SEMS-RM DOCID # 100016418

Claim 28 (#78, 79)
Removal Site
Evaluation Report

Final | September 18,2018

NAVAJO

() stantec NATION”

Response Trust-First Phase




@ Stantec

Claim 28 (#78, 79)
Removal Site Evaluation
Report - Final

September 18, 2018

Prepared for:

Navagjo Nation AUM Environmental Response Trust
— First Phase

Prepared by:

Stantec Consulting Services Inc.



Tile and Approval Sheet

Title: Claim 28 Removal Site Evaluation Repor

Approvals
This Removal Site Evaluation Report is approved for implementation without conditions.

el Lz
Dr. Donal Date

Navajo Mation Environmantal Protaction Agency

Executive Director
% .

- By T/1%jr8
Linda Reeves Date :
US Environmental Protection Agency, Region 8
Remedial Project Manager

(LA AN— 10/01/2018
Sadie Hoskle Date
Mavajo Mation AUM Environmental Response Trust — First Phase
Trustes
= S?-éh—n.n_h-«:m
. 10/01/2018
Toby Leason, P.G. Date

Stantec Consulting Services, Inc.
Project Technical Lead

Revision Log

0 May 15, 2018 Sﬂbﬂﬁﬂndhﬂtﬂﬁth&a&nﬁmﬁ% v

1 September 18, 2018 Submission of Final RSE report to Agencies

NAYVAJO
() stantec N NATION



Sign-off Sheet

This document entitled Claim 28 Removal Site Evaluation Report was prepared by MWH, now part of
Stantec Consulting Services Inc. (Stantec) on behalf of the Navajo Nation AUM Environmentall
Response Trust — First Phase (the “Client”) for submittal to the Navajo Nation Environmental
Protection Agency (NNEPA) and United States Environmental Protection Agency (USEPA)
(collectively, the “Agencies”). The material in it reflects Stantec's professional judgment in light of
the scope, schedule and other limitations stated in the document and in the contract between
Stantec and the Client. The opinions in the document are based on conditions and information
existing at the time the document was published and do not take info account any subsequent
changes. In preparing the document, Stantec did noft verify information supplied to it by others. Any
use which a third party makes of this document is the responsibility of such third party. Such third
party agrees that Stantec shall not be responsible for costs or damages of any kind, if any, suffered
by it or any other third party as a result of decisions made or actions taken based on this document.

Per the Navajo Nation AUM Environmental Response Trust Agreement — First Phase, Section 5.4.1,
(United States [US], 2015) the following certification must be signed by a person who supervised or
directed the preparation of the Removal Site Evaluation report: "Under penalty of law, | certify that
to the best of my knowledge, after appropriate inquiries of all relevant persons involved in the
preparation of this report, the information submitted herein is frue, accurate, and complete. | am
aware that there are significant penalties for submitting false information, including the possibility of
fine and imprisonment for knowing violations."

L
[

A U
Prepared by e (K.“-.}. W‘

(signature)

Emily Yeager, P.G.

o II."'.,_
Reviewed by w"‘\kx I
N

(signature)
Kelly Johnson, PhD, P.G.
L i
Approved by h;‘?\:ﬁ'“%
(signature)

Toby Leeson, P.G.

NAYAJO
() stantec K L

L Ervei al
Response Fuet- A Phass



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

Table of Contents

1.1
1.2
1.3

2.1

2.2

3.1
3.2

3.3

3.4

4.1

4.2

4.3
4.4
4.5

BACKGROUND .......ceeeeeeieeeeccrnneeeeeeeeeeesssnneeeeessessssssssnessesasssssssssnnnsesessssssssssnnnsssssssssns 1.1
PURPOSE AND OBJECTIVE OF THE REMOVAL SITE EVALUATION ............uvvveeeeeennnne. 1.2
REPORT ORGANIZATION......ceeereeeieeeccirrnreeeeteeeeecesnnnteeeesesessssssnnnnsesesssssssssnnssasessssssnns 1.4
SITE HISTORY AND LAND USE ........ouuiiiiieeeeicceeeeccreeeeeeesneeeeessneesessssnneessssssesssssnneans 2.1
2.1.1 Mining Practices and BACKGrOUNd ..........cocviiiiiiicciieeeeeecee e 2.1
2.1.2 Ownership and Surrounding LANA USE.....ccuvieeiiieciiieeiiecee e 2.2
2.1.3 SO ACCESS ettt ettt et e e e e s be e e sabe e e sareeesaaeeesaaeeesnreaanns 2.2
2.1.4 Previous Work at the SIt€ ..o 2.3
PHYSICAL CHARAGCTERISTICS.......ccc oo eeeeteeecccccrrteeeeceeeseennneeeeeesesssssssssssasssssssnnns 2.8
2.2.1 Regional and Site PhysSiOGraphy ...cc.eecceieeeiee e 2.8
222 GEeOlOGIC CONAITIONS ..ottt ee e e eraees 2.9
2.2.3 ReQIONAI ClIMATE ...iiiiieeeeeeee e 2.10
22.4 Surface Water HydroloQYy .....eeeiie ettt 2.11
2.2.5 Vegetation and WIlAlIfe ... 2.11
2.2.6 CUNUIOI RESOUICTES ...ttt ettt ettt ettt e e aee e e tae e e s eeaaraeaeeans 2.12
2.2.7 Observations of Potential Mining and Reclamation .........cccceeeuveeeee. 2.12
INTRODUGCTION ......ceereeeeieeeccccrnneeeeeeeeeseesssnneeeeeeesssssssnnnsessessssssssssnnsasssssssssssssnsaneasenns 3.1
SUMMARY OF SITE CLEARANCE ACTIVITIES ........oueeeeeeeecccerreeeeeeececccnneeeeeeeeesesnnnnns 3.3
3.2.1 DESKIOPD STUAY ..ttt e ee e e e 3.3
3.2.2 Field INVESHIGAONS ...t 3.4
SUMMARY OF REMOVAL SITE EVALUATION ACTIVITIES ........cccovveeeierneeeeecneeeeeeennnee 3.12
3.3.1 Baseline STudies ACTIVITIES ..ocuvui i 3.12
3.3.2 Site Characterization Activities and Assessment........cccoeeeeveeecieecineen, 3.17
3.3.3 Identification Of TENORM AFEQAS ....ccoviieiiieceiie et eeie et 3.22
DATA MANAGEMENT AND DATA QUALITY ASSESSMENT.........cccovveiiiireeerecnneeennne 3.23
3.4.1 DAta MONAGEMENT ... e raeae s 3.23
3.4.2 Data QuAality ASSESSMENT ... 3.24

BACKGROUND REFERENCE AREA STUDY RESULTS AND CALCULATION OF

INVESTIGATION LEVELS........ .. eeeeeeeeecccecerreeeeeeeececenneneseeeeessesssssssssssssssssensssssssaeens 4.1
SITE GAMMA RADIATION SURVEY RESULTS AND PREDICTED RADIUM-226
CONGCENTRATIONS .....ceeeeeeeeeeeeecccrrteeeeeeeeeeeessnsasaeeeeeesssssssssssssessssssssssssssssessssssssnnnnnns 4.4
4.2.1 Site Gamma RAAIAON RESUNS .....cceeiriieieceeeee e 4.4
42.2 Gamma Correlation RESUIS ......eivvirieee e e 4.7
SOIL METALS AND RADIUM-226 ANALYTICAL RESULTS .......euverrrreeeeeeccnnnrrnneeeeeeeennns 4.10
CONSTITUENTS OF POTENTIAL CONCERN .......outtiiieeeeiccettrteeeeeeeeeenneneeeeeeeeeenennnnnees 4.14
AREAS THAT EXCEED THE INVESTIGATION LEVELS .........cccoooeeeeeeeeecccereneeeeeeeeenns 414
7] NAVAJD
@ Stantec NATION

AL Zmaimnnreriol
Fniparss e A P



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

4.6 AREAS OF TENORM AND NORM ......coiiittttecccieteeccctteessesnneeeessasaesesssssessesssssaesssnnns 415
4.7 TENORM VOLUME ESTIMATE...........tteeeeiciteeeecreeteecessneeesesssnaeeesessessesssssssssssssassssennnns 4.20
48  SURFACE WATER AND WELL WATER ANALYTICAL RESULTS..........ccorrrreeeeeeeeecnnennnes 4.24
4.9 GEOPHYSICAL SURVEY RESULTS.......ccocitteeeiccieeeeecreeeeesecrneeeeessaeeeesssassessssssaeessssaenas 4.25
4.10 POTENTIAL DATA GAPS AND SUPPLEMENTAL STUDIES........ccooiiiriieeerrreeeecccreeeeeennns 4.26

4.10.1 DOTA GQPS vttt eeeree e et e e et eeertreeeeeeetbaeeeeesttreesesnaraeeeeennreens 4.26

4.10.2 SUPPIEMENTAl STUIES. ...ttt 4.27
5.0 SUMMARY AND CONGCLUSIONS ......ceeeeeeceeertteeeeeetneeeeerenneeeesseneeeessssesessssnsessssssnnsesses 5.1
6.0 ESTIMATE OF REMOVAL SITE EVALUATION COSTS.....oeeeeeeeceeeerteeeeeeeeceeeeneneeeeennnnes 6.1
7.0 REFEREINGCES....... o oeeeeiieeeeceeteteeeeeeteteeeeeenneeeesanneseesssnessessssesessssssssssssssnssssssnsssssssnnseesnnnns 7.1
LIST OF TABLES

Table 3-1a Identified Water Features

Table 3-1b Water Well Specifications for 04T-386

Table 3-2 Soil and Sediment Sampling Summary

Table 3-3 Mine Feature Samples and Area

Table 3-4 Water Sampling Summary

Table 4-1 Background Reference Area Soil Sample Analytical Results

Table 4-2 Static Gamma Measurement Summary

Table 4-3 Gamma Correlation Study Soil Sample Analytical Results

Table 4-4a Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A
Table 4-4b Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B
Table 4-5 Summary of Investigation Level Exceedances in Soil at Borehole Locations

Table 4-6a Water Sampling Investigation Level Derivation

Table 4-6b Water Sampling Analytical Results

LIST OF FIGURES

Figure 1-1 Site Location

Figure 2-1 Site Features

Figure 2-2 Historical Mine Drawing

Figure 2-3 Regional Aerial Photograph

-] MANVA LD
" @ Stantec MATICHN

ALK Zmair el
Fpigarss e A PRER



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

Figure 2-4 Regional Topographic Map

Figure 2-5 Site Topography

Figure 2-6 Regional Geology

Figure 2-7a Site Geology

Figure 2-7b Site Exposed Bedrock

Figure 2-8 Cross Section A— A’

Figure 2-9a Site Map

Figure 2-9b Mine Claim Area Site Map

Figure 3-1a Historical Aerial Photograph Comparison

Figure 3-1b 1952 Historical Aerial Photograph Comparison

Figure 3-1c 1966 Historical Aerial Photograph Comparison

Figure 3-2 Potential Background Reference Areas

Figure 3-3 Background Reference Areas — Sample Locations

Figure 3-4 Gamma Radiation Survey Areas

Figure 3-5 Gamma Correlation Study Locations

Figure 3-6a Site Characterization Surface and Subsurface Sample Locations
Figure 3-6b Sample Locations Compared to Mining-Related Features
Figure 3-7 Geophysical Surveys

Figure 4-1a Gamma Radiation Survey Results

Figure 4-1b Gamma Radiation Survey Results for Survey Area A
Figure 4-1c Gamma Radiation Survey Results for Survey Area B

Figure 4-1d Exploration Area - Gamma Radiation Survey Results
Figure 4-2a Predicted Concentrations of Ra-226 in Soil Using the Correlation Equation

Figure 4-2b Predicted Concentrations of Ra-226 in Soil Compared to Ra-226 Concentrations in
Soil/Sediment

Figure 4-2c Predicted Ra-226 Concentrations in Surface Soil Compared to Ra-226 ILs

Figure 4-3a Surface and Subsurface Metals and Ra-226 Analytical Results Northeast Quadrant

] NAVAJD
i @ Stantec MATION

ALK Zmair el

Fgarel Kot -AST DGR



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

Figure 4-3b Surface and Subsurface Metals and Ra-226 Analytical Results Northwest Quadrant
Figure 4-3c Surface and Subsurface Metals and Ra-226 Analytical Results Southeast Quadrant
Figure 4-3d Surface and Subsurface Metals and Ra-226 Analytical Results Southwest Quadrant

Figure 4-3e Surface and Subsurface Metals and Ra-226 Analytical Results Western Mine Waste
Burial Pit

Figure 4-4a Lateral Extent of Surface and Subsurface IL Exceedances
Figure 4-4b Survey Area A Lateral Extent of Surface and Subsurface IL Exceedances

Figure 4-4c Survey Area B Lateral Extent of Surface and Subsurface IL Exceedances
Figure 4-5a Vertical Extent of IL Exceedances in Unconsolidated Material for Survey Area A
Figure 4-5b Vertical Extent of IL Exceedances in Unconsolidated Material for Survey Area B

Figure 4-5¢ Vertical Extent of IL Exceedances in Unconsolidated Material for Western Mine Waste
Burial Pit

Figure 4-6 TENORM Compared to Lateral Extent of IL Exceedances

Figure 4-7 TENORM Compared to Gamma Radiation Survey Results

Figure 4-8a TENORM that Exceeds the ILs

Figure 4-8b Survey Area A TENORM that Exceeds ILs

Figure 4-8c Survey Area B TENORM that Exceeds ILs

Figure 4-8d TENORM that Exceeds ILs Compared to Mining Related Features
Figure 4-9a Volume Estimate of TENORM that Exceeds ILs

Figure 4-9b Group 1 Contours for Volume Estimates

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



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

LIST OF APPENDICES
Appendix A — Subcontractor Reports
A.1 Radiological Characterization of the Claim 28 Abandoned Uranium Mine
A.2 Geophysical Characterization of the Navajo Nation Claim 28 Site
Appendix B - Photographs
B.1 Site Photographs
B.2 Regional Site Photographs
Appendix C - Field Activity Forms
C.1 Soil Sample Field Forms
C.2 Drilling and Hand Auger Borehole Logs
C.3 Water Sample Field Forms
Appendix D — Evaluation of RSE Data
D.1 Background Reference Area Selection
D.2 Statistical Evaluation
Appendix E — Cultural and Biological Resource Clearance Documents
Appendix F - Data Usability Report, Laboratory Analytical Data, and Data Validation Reports
F.1 Data Usability Report

F.2 Laboratory Analytical Data and Data Validation Reports

1] MAVAJD
v @ Stantec MATION

ALK Zmair el

Fgarel Kot -AST DGR



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

Executive Summary

Infroduction

The Claim 28 site (the Site) is located within the Navajo Nation, Chinle Bureau of Indian Affairs
(BIA) Agency, Tachee/Blue Gap Chapter in northeastern Arizona. The Site is also identified as
one abandoned uranium mine (AUM) claim with two mine site identifications of #78 and #79.
The Site is one of 46 “priority” 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 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, 20074q).

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, and the Navajo Nation, as Beneficiary, and
the Trustee (Sadie Hoskie). The Trust Agreement was developed in accordance with a settlement
on April 8, 2015 between the US and Navajo Nation for the investigation of 16 specified priority
AUMs. The Site was added to the list of 16 priority AUMs based on the results of surface water
sampling investigations conducted for the Site that documented exceedances of drinking water
standards (USEPA, 2018).

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 October 2017 at the Site. The RSE study included review of relevant
information and collection of data related to historical mining activities to support future
Response Action evaluations at the Site. It was not intfended to establish cleanup levels or
determine cleanup options or potential remedies. The primary objective of the RSE process was
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 were based on the background gamma measurements (in counts per minute [cpm]), and
Radium-226 (Ra-226) and metals concentrations, determined through statistical analyses, that
were used to evaluate potential mining-related impacts. The area inclusive of the Site has
naturally occurring radioactive materials (NORM), which was the reason the area was
prospected and mined.

Site History and Physical Characteristics

The Site is located within the Colorado Plateau physiographic province, which is an area of
approximately 240,000 square miles in the Four Corners region of Utah, Colorado, Arizona, and
New Mexico. Regionally the Site is located in the southwestern portion of the Colorado Plateau,
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on Black Mesa, which is within the Black Mesa structural basin area. Black Mesa bedrock consists
of the Toreva and Wepo Formations, where uranium deposits occur within the fluvial upper
sandstone of the Toreva Formation. Regionally the Toreva Formation is the largest uranium
producer from the Black Mesa area. The Site is also located within the Little Colorado River
Valley watershed, an area of approximately 27,000 square miles spanning Arizona and New
Mexico. Topographically the Site is located on a mesa bench, mesa sidewall, foothills and valley
bottom af an elevation range of approximately 6,750 to 7,000 feet above mean sea level. On-
site overland surface water flow, when present, is controlled by a decrease in elevation to the
southwest from the mesa top to the valley bottom. Overland surface water flow occurs in
several ephemeral drainages located on-site that drain to the southwest until they drain under
Baird Route 29 and then drain fo the southeast.

The Site was in operation between 1957 and 1968. Mine workings at the Site consisted of an
open pit. The USAEC reported total ore production from the Site was 4,181.08 tons
(approximately 8,362,160 pounds) of ore that contained 17,327.367 pounds of 0.21 percent UsOs
(uranium oxide) and 13,400.06 pounds of 0.27 percent V205 (vanadium oxide).

In 1992 and 2000 the Navajo Abandoned Mine Lands Reclamation Program (NAML) performed
reclamation activities at the Site which included backfilling pits and rim strip frenches with mine
waste and covering the mine waste with suitable backfill material. In 2011 Weston Solutions
(Weston) performed site screening on behalf of the USEPA. Between 2013 and 2017 three
academic studies were conducted using the analytical results of media samples (i.e., soil, mine
waste, spring water, and seep water) collected from the Site (Shuey, et al., 2014, Blake et al.,
2015, and Avasarala, et al. 2017).

Summary of Removal Site Evaluation Activities

The Trust’s Site RSE investigation consisted of Site Clearance activities and RSE activities.

¢ Site Clearance consisted of a desktop study of historical information, site mapping, potential
background reference area evaluation, biological (vegetation and wildlife) surveys, and
cultural resource survey.

The Trust's RSE activities consisted of Baseline Studies and Site Characterization and Assessment.

¢ 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 study (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 the primary method to
evaluate potential mining-related impacts or areas containing elevated 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 be used as screening tools for site assessments.
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o Site Characterization Activities and Assessment included surface and subsurface soil and
sediment sampling, surface water and well water sampling, and a geophysical survey. 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 and well water analyses were used to evaluate mining
impacts to surface water and well water. The results of the geophysical survey were used o
inform the TENORM volume estimate.

Findings and Discussion

Surface and subsurface soil and sediment sampling results. Two background reference areas
were selected to develop surface gamma, subsurface static gamma, Ra-226, and metals ILs for
the Site. Arsenic, molybdenum, selenium, uranium, vanadium, and Ra-226 concentrations and
gamma radiafion measurements in soil/sediment exceeded their respective ILs and are
confirmed constituents of potential concern (COPCs) for the Site. Based on the data analyses
performed for this report along with the multiple lines of evidence, approximately 44.7 acres, out
of the 73.1 acres of the Survey Area (i.e., the full areal of the Site surface gamma survey), were
estimated to contain TENORM. Of the 44.7 acres that contain TENORM, 31.6 acres contain
TENORM exceeding ILs. The volume of TENORM in excess of ILs was estimated to be 21,012 cubic
yards (yd3) (69,584 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 sail.
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 pond, one seep,
and one windmill well. Sample analyses indicated that the seep water sample had radionuclides
(Ra-226, Ra-228, and adjusted gross alpha) and total and dissolved metals (beryllium, cadmium,
thallium, uranium, and zinc) concentrations greater than their respective ILs. Based on these
results, the above radionuclides and metals were confirmed as COPCs for the seep water.
Results of general chemistry parameters indicated that TDS and sulfate were also above their
respective ILs for all three water features. Based on these results, TDS and sulfate are confirmed
COPC:s for all three water features. Because radionuclides and metals exceeded their
respective ILs for the seep, and TDS and sulfate exceeded their respective ILs in the samples
collected at all three water features, further characterization may be necessary at these
locations to evaluate potential mining-related impacts.

Based on the Site Clearance and RSE data collection and analyses for the Site, potential data
gaps were identified and are presented in Section 4.10 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

bcy
ya
e.g.

et seq.
etc.

ft

ft2

i.e.
Hg/L
mg/kg
MR/hr
pCi/g

Adkins
Ampet
ags
AMLR
amsl
AUM

bgs
BIA

CaCOs3
CCcv
Cooper
CFR
COPC
cpm

Dinétahddd
DMP
DQO

ERG
ESA

FSP

GIS
GPS

HASP
HGI

degrees Fahrenheit
bank cubic yard
cubic yard

exempli gratia

and what follows

et cetera

feet

square feet

id est

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

Adkins Consulting Inc.

Ampet Corporation

above ground surface

Abandoned Mine Lands Reclamation
above mean sea level

abandoned uranium mine

below ground surface
Bureau of Indian Affairs

calcium carbonate

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

Dinétahddd Cultural Resource Management
Data Management Plan
data quality objective

Environmental Restoration Group, Inc.
Endangered Species Act

Field Sampling Plan

geographic information system
global positioning system

Health and Safety Plan
Hydrogeophysics Inc.
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ICAL initial calibration

ICB/CCB initial/continuing calibration blank

ICP-MS Inductively Coupled Plasma Mass Spectrometry

ICV initial calibration verification

IL Investigation Level

LCS/LCSD laboratory control sample/laboratory control sample duplicate

MARSSIM Multi-agency Radiation Survey and Site Investigation Manuall

MBTA Migratory Bird Treaty Act

MCL maximum contaminant level

METALS Metal Exposure Toxicity Assessment on Tribal Lands in the Southwest
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
NORM Naturally Occurring Radioactive Material

NSDWR National Secondary Drinking Water Regulations
QA/QC quality assurance/quality control

QAPP Quality Assurance Project Plan

R2 Pearson’s Correlation Coefficient

Ra-226 Radium 226

Ra-228 Radium 228

Redente Redente Ecological Consultants

RSE Removal Site Evaluation

SEM scanning electron microscope

SOP standard operating procedure

Stantec Stantec Consulting Services Inc.

T&E threatened and endangered

Th-230 thorium-230

Th-232 thorium-232

TCP traditional cultural property
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TENORM
TDS

U-235
U-238
UsOs
UCL
UNM
us
USAEC
uscC
USDA
USDOI
USEPA
USFWS
USGS
UTL

XPS
XRF

Weston

V205

Xi

Technologically Enhanced Naturally Occurring Radioactive Materials

total dissolved solids

uranium 235

uranium 238

uranium oxide

upper confidence limit
University of New Mexico
United States

US Atomic Energy Commission
United States Code

US Department of Agriculture
US Department of the Interior
US Environmental Protection Agency
US Fish and Wildlife Service

US Geological Survey

upper tolerance limit

X-ray photoelectron spectroscopy
X-ray fluorescence

Weston Solutions

vanadium oxide
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Glossary

Alluvium — material deposited by flowing water.
Arkosic — containing af least 25 percent feldspar.
Arroyo - a steep sided gully cut by running water in an arid or semiarid region.

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

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

Carnotite — A secondary mineral resulting from the alteration of uraninite, montroseite, or
davidite. Occurs in sandstones, especially in paleochannels, near fossil carbonaceous matterin
calcretes and near playas (Mindat, 2018).

Class A material - mine waste piles, overburden, subsoil, topsoil or other suitable backfill material
with Ra-226 concentration equal to or less than the average Ra-226 concentration of the
background area in the immediate vicinity of the project as computed from ground-contact
radiological measurements. The material will be free from solid waste, hazardous waste, toxic
waste, oil/grease, frash, vegetation, combustible materials and materials that retard vegetative
growth (NAML, 2000).

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 confractual 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).
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Earthworks - human-caused disturbance of the land surface.

Electrical Resistivity — geophysical investigation method that measures a material’s resistance to
electrical current.

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

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

Escarpment - a steep slope or long cliff that forms as an effect of faulting or erosion and
separates two relatively leveled areas having differing elevations.

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

Feldspar — an abundant rock-forming mineral typically occurring as colorless or pale-colored
crystals and consisting of aluminosilicates of potassium, sodium, and calcium.

Furrowed - to make a rut, groove, or trail in the ground.
Gamma - ¢ type of radiation that occurs as the result of the natural decay of uranium.

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

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

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

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

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

Multi-channel analysis of surfface wave (MASW) — geophysical investigation method that
measures the elastic condition of the subsurface to produce an image based on differences in
transmission time of the seismic wave.

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.

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

Radium-228 (Ra-228) — a radioactive isotope of radium that is produced by the natural decay of
uranium.

Remedial Action (or remedy) — “those actions consistent with permanent remedy taken instead
of, orin addition to, removal action in the event of a release or threatened release of a
hazardous substance intfo 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 o 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).
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Runnel - a narrow channel in the ground for liquid to flow through.

Secular equilibrium - a type of radioactive equilibrium in which the half-life of the precursor
(parent) radicisotope 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).

Subarkosic — containing 5 to 15 percent feldspar.

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.

Traditional Cultural Property (TCP) - “a location of an event (a ceremony, belief, prayer, sweat
lodge, plant gathering areas, and others as defined within the Navajo Nation Policy to Protect
Traditional Cultural Properties) where the location itself maintains historic or traditional cultural
value regardless of the value of any existing structure.” (NNHPD, 2016)

Undulation — having a wavy form or outline.

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

Upper Tolerance Limit (UTL) — a confidence limit on a percentile of the population rather than a
confidence limit on the mean. For example, a 95 percent one-sided UTL for 95 percent
coverage represents the value below which 95 percent of the population values are expected
to fall with 95 percent confidence. In other words, a 95 percent UTL with coverage coefficient 95
percent represents a 95 percent UCL for the 25t percentile (USEPA, 2015).
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Uranium (U) - a naturally occurring radioactive element that may be present in relatively high
concentrations in the geologic materials in the southwest United States.

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

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

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

1.1  BACKGROUND

This report summarizes the purpose and objectives, field investigation activities, findings, and
conclusions of Site Clearance and Removal Site Evaluation (RSE) activities conducted between
August 2015 and October 2017 at the Claim 28 site (the Site) located in northeastern Arizona, as
shown in Figure 1-1. The Site is also identified by the United States Environmental Protection
Agency (USEPA) as one abandoned uranium mine (AUM) claim with two mine site identifications
of #78 and #79 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
polygons (refer to Figure 2-1) used for the RSE encompassed an area of approximately

15.4 acres (670,824 square feeft [ft2]) and were provided as part of the 2007 AUM Atlas. Per the
2007 AUM Atlas these polygons and other factors represents the locations and surface extent of
the AUMs. In addition, exploration area boundary polygons (refer to Figure 2-1) that encompass
an area of approximately16.8 acres were also provided as part of the 2007 AUM Atlas.

Stantec Consulting Services Inc. (Stantec; formerly MWH), performed Site Clearance activities in
accordance with the Site Clearance Work Plan (MWH, 2016a), and performed RSE activities in
accordance with the Removal Site Evaluation Work Plan ([RSE Work Plan] MWH, 2016b). The Site
Clearance Work Plan and the RSE Work Plan were approved in April and October 2016,
respectively, by the NNEPA and the USEPA (collectively, the Agencies). Stantec conducted this
investigation on behalf of Sadie Hoskie, Trustee pursuant to Section 1.1.21 of the Navajo Nation
AUM Environmental Response Trust Agreement — First Phase (the Trust Agreement), effective April
30, 2015 (United States [US], 2015). The Trust Agreement is made by and among the US, as Settlor,
and as Beneficiary on behalf of the USEPA and the Navajo Natfion, as Beneficiary, and the
Trustee. The Trust Agreement was developed in accordance with a settflement on April 8, 2015
between the US and Navajo Nation for the investigation 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
wafter contamination (USEPA, 2013). The 16 priority AUMs included in the Trust Agreement are
located on Navajo Lands throughout southeastern Utah, northeastern Arizona, and western New
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Mexico, as shown in Figure 1-1. Per the USEPA, the Site was added to the list of 16 priority AUMs
based on the results of surface water sampling investigations conducted for the Site that
documented exceedances of drinking water standards (NNEPA, 2018). These investigations were
performed by academic researchers and are discussed in Sections 2.1.4.7 and 2.1.4.8. The
remaining 15 priority AUMs were selected by the US and Navajo Nation, as described in the Trust
Agreement:

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

The purpose of the RSE process is to review relevant information and collect data related to
historical mining activities to support future Removal or Remedial Action evaluations at the Site. It
is not infended to establish cleanup levels or determine cleanup options or potential remedies.
The primary objective of the RSE process is fo determine the volume of technologically
enhanced naturally occurring radioactive material (TENORM) at the Site in excess of
Investigation Levels (ILs) as a result of historical mining activities. ILs are based on the
background gamma measurements (in counts per minute [cpm]), and Radium-226 (Ra-226)
and metals concentrations, determined through statistical analyses, that are used to evaluate
potential mining-related impacts. The USEPA (2017) defines TENORM as:

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

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

An understanding of the extent and volume of TENORM that exceeds the ILs af the Site is key
information for future Removal or Remedial Action evaluations, including whether, and to what

! The Agencies selected the priority mines based on gamma radiation, but the Trust Agreement erroneously
states: “levels of Radium -226".
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extent, a Response Action is warranted under federal and Navajo law. Definitions presented in
the glossary for “Removal”, “Remedial Action”, and “Response” are defined in 40 Code of
Federal Regulations (CFR) Section 300.5 of the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP; USEPA, 1992).

The Trust conducted Site Clearance activities prior to commencing the RSE tasks 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

e Topographic and geologic maps

e Available data concerning perennial surface water features and water wells

e Previous studies and reclamation activities

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

Site Clearance field activities — included the following:

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

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

e Cultural resource surveys

Following Site Clearance activities, RSE activities consisted of two separate tasks: 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
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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

Site Characterization Activities and Assessment - included the following:

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

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

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

Details regarding the Site Clearance activities are provided in the Claim 28 Site Clearance Data
Report (Site Clearance Data Report; MWH, 2016c) and summarized in Section 3.2 of this report.
Details regarding the Baseline Study activities are provided in the Claim 28 Site Baseline Studies
Field Report (Stantec, 2017) and summarized in Section 3.3 of this report. Details regarding the
Site Characterization Activities and Assessment are provided in Section 3.3 of this report. Findings
are presented in Section 4.0 of this report.

1.3 REPORT ORGANIZATION

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

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

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

Section 2.0 Site History and Physical Characteristics — Presents the history, land use, and physical
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,
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and the volume of TENORM that exceeds the ILs. Potential data gaps are also presented, as
applicable.

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

Section 6.0 Estimate of Removal Site Evaluation Costs — A statement of actual or estimated costs
incurred in complying with the Trust Agreement, as required by the Trust Agreement.

Section 7.0 References - Lists the reference documents cited in this RSE report.
Tables Included at the end of this RSE report.
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 and the geophysical survey
report for the Site

e Appendix B - Includes photographs of the Site
e Appendix C - Includes copies of RSE field activity forms

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

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

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

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

2.1 SITE HISTORY AND LAND USE
2.1.1 Mining Practices and Background

The Site is located on the Navajo Nation, in northeastern Arizona and approximately 5.9 miles
northeast of the Tachee/Blue Gap Chapter House, Arizona, as shown in Figure 1-1 inset. The Site
is located within the Black Mesa Mining District on Black Mesa (refer to Section 2.2.2). A summary
of historical mining on the Site is presented below.

In 1947, the US Atomic Energy Commission (USAEC) began a procurement program for uranium
concentrate. In January 1954, uranium-bearing outcrops on the eastern side of Black Mesa were
brought to the attention of the USAEC (Chenoweth, 1990). The uranium discovery was made in
an area of the Colorado Plateau where uranium discoveries had not previously occurred and
was also in a geologic formation (the Toreva Formation, refer to Section 2.2.2) that was typically
unproductive for uranium. Based on the discovery, the USAEC performed an aerial
reconnaissance survey of the eastern side of Black Mesa between February and November
1954. The survey identified 37 radioactive anomalies within the Toreva Formation. With the
discovery of uranium on the eastern side of Black Mesa, an increase in prospecting occurred in
the area and numerous mining permits were issued in 1954 and 1955.

In May 1956, the Navajo Tribal Minerals Department held a lease sale for an area within the
Black Mesa Mining District, which had previously been closed to mining. Leases would be
granted to the highest bidder (Chenoweth, 1990). The Minerals Department issued a map of the
previously closed area to the bidders. The map was subdivided into four tracts that consisted of
individual mining claims. The Site (i.e., the Trust Claim 28 AUM) was located on Tract 1. On May
31, 1956, Uranium Industries, Inc. of Grand Junction, Colorado won the bid to lease Tract 1. Tract
1 was 513.8 acres and contained eight mining claims (Claim #s 15, 16, 25, 26, 27, 28, 29, and 30).
For Tract 1, Uranium Industries Inc. assigned prospecting rights o Ampet Corporation (Ampet) of
Denver, Colorado and on July 13, 1956, a prospecting permit was issued to Ampet. In the
summer of 1957, a drilling permit was issued to Ampet for Tract 1. During drilling efforts, Ampet
drilled 127 boreholes on the Tract 1 Claim 28 area, with a total footage of 6,000 ft (Hill, 1957 and
Chenoweth, 1990). Of note, the Tract 1 Claim 28 area was approximately 45.4 acres
(Chenoweth, 1990) whereas the Trust Claim 28 AUM boundary polygons (refer to Figure 2-1) used
for this RSE encompassed an area of approximately 15.4 acres (USEPA, 2007a), plus the
exploration area of 16.8 acres (USEPA, 2007a) that was gamma scanned as part of this
investigation (refer to Section 3.3.1.2). From the driling efforts, Ampet discovered a large ore
body located behind the mineralized exposure on the rim. Based on the drilling results, Ampet
selected four claims (Claim #s 27, 28, 29, and 30) within Tract 1 to be leased, with lease no. 14-
20-603-3184 pertaining to Claim 28 (i.e., the Site). While waiting for the lease to be finalized,
Ampet began mining at the Site by stripping a small open pit. The mining involved drilling and
blasting, picking, and using a jackhammer to extract the ore from the open pit (Martin, 1991). In
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September 1957, the first shipment of ore from the Site was sent to the USAEC ore-buying station
in Tuba City, Arizona and contained 24 tons of ore averaging 0.12 percent UsOg (uranium oxide),
0.12 V205 (vanadium oxide), and 0.06 CaCOs (calcium carbonate) (Chenoweth, 1990). The
lease was issued on September 13, 1957, and mining at the Site contfinued until September 1958.
Between 1957 and 1958, Ampet produced 2,833.73 tons of ore from the Site averaging 0.26
percent UsOg and 0.27 percent V20s. On July 29, 1959 Ampet cancelled the lease for the Site
(no. 14-20-603-3184).

On July 19, 1961, Tachine Yazzie, Etsiddy Bitsie, and Charles James were issued Mining Permit 557
for the Site. The mining rights were then assigned to LaSalle Mining Company of Grand Junction,
Colorado and approved on August 17, 1961 by the Bureau of Indian Affairs (BIA). The mining
permit was cancelled on July 19, 1962 before mining was starfed under Mining Permit 557
(Martin, 1991).

On June 6, 1966, Joseph I. Costanza was issued Mining Permit 613 for the Site and on

July 26, 1966, Mr. Costanza was assigned the permit. Mr. Costanza began mining at the open pit
on-site in November 1966, under the company name Pioneer Driling Company (Martin, 1991). In
December 1966, Pioneer Driling Company shipped an ore shipment from the Site to United
Nuclear-Homestake Partners mill near Grants, New Mexico (Chenoweth, 1990). The shipment
contained 2.0 tons of ore averaging 0.19 percent UsOs. During 1967 and 1968, Mr. Costanza used
Gilbert Shumway and Wendell Jones as mining contractors to mine the Site. The final shipment of
ore from the Site was sent in January 1968 from Pioneer Driling Company. The shipment
contained 138.59 tons of ore averaging 0.14 percent UzOs.

The USAEC reported total ore production from the Site (between 1957 and 1968) was 4,181.08
tons (approximately 8,362,160 pounds) of ore that contained 17,327.367 pounds of 0.21 percent
UsOs and 13,400.06 pounds of 0.27 percent V205 (Chenoweth 1990, and Scarborough, 1981).

2.1.2 Ownership and Surrounding Land Use

The Site is located within the Navajo Nation, Chinle BIA Agency in Section 20 of Township 33
North, Range 23 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 Tachee/Blue Gap Chapter of
the Navajo Nation, as shown in Figure 1-1, and is in Grazing Unit 4, as designated by the Navajo
Naftion Division of Natural Resources (NNDNR, 2006). The Site is currently uninhabited, but one
home-site is located southwest of and within 0.25 miles of the Site, as shown in Figure 2-1. Eight
other home-sites are located within 1 mile 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
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applicable. In addition, the Trustee consulted with the Tachee/Blue Gap Chapter officials and
nearby residents and nofified them of the work.

2.1.4 Previous Work at the Site
2.1.4.1 1991 Reclamation Grant

In 1991, the Site was identified for reclamation under a US Department of the Interior (USDOI)
Office of Surface Mining construction grant application for the NAML for fiscal year 1991

(USDOI, n.d.a). The date the grant was issued is unknown. The purpose of the grant was to
provide financial funding fo NAML for the construction phase of reclamation activities at four
project areas, one of which included the Site, located within the Black Mesa Mining District. The
Site was identified as NC-0701 in the grant application. The grant listed the following reclamation
activities for areas that had open pits, of which the Site was one:

e Improve access roads leading to the site

e Determine the stability of the walls, floor conditions, and possible groundwater presence at
the open pit

e Remove loose material from the highwalls for stabilization

¢ Remove any trash or contaminated materials if initial hydrological assessments indicated the
presence of groundwater

e Backfill the open pit using uncontaminated material obtained from predesignated borrow
areas to alevel of 3 ft above the existing water table

e Backfill the remainder of the open pit to ground level using radiological material exceeding
200 microRoentgens per hour [uR/hr] first and then continue backfiling using material with
descending radiological content

e Contour the backfilled area to blend with the natural topography

e Install appropriate drainages and terraces where erosion is probable

e Re-contour access roads and sparsely vegetate them

Re-seed in disturbed areas and not on rocky cliff terrains

Reclamation activities were conducted in 1992 and 2000 as described in Sections 2.1.4.3 and
2.1.4.4.

2.1.4.2 1991 Archaeological Clearance Investigations

In 1991, an archival and ethnographic investigation was conducted by the Navajo Nation
Archaeology Department at the Site to determine if archaeological clearance could be
granted for the above listed reclamation activities to occur on Site (Martin, 1991). The Site was
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identified as Claim 28 and NC-0701 in the investigation report. The Navajo Nation Archaeology
Department investigation resulted in archaeological clearance for reclamation activities to
commence on-site.

2.1.4.3 1992 Reclamation Activities

Between June 1992 and October 1992, NAML oversaw reclamation activities at the Site. NAML
reported the progress of the activities in field notes (NAML, 1992a). On October 6, 1992, NAML
issued an internal memorandum detailing the progress of reclamation activities on-site

(NAML, 1992b). The memorandum reported reclamation on-site was 98 percent complete, with
the following details:

e The access road still needed to be partially re-contoured for future maintenance work.

¢ The fotal impacted area reclaimed was 20 acres, which included two rim strips (with
associated frenches) and three pits.

¢ The north side of the site still needed to be revegetated. Revegetation was only on the north
side because of the carbonaceous nature of the soil.

e The post-reclamation radiological survey was completed. Areas of high anomalies still
needed to be addressed with clean material for top soil prior to revegetation.

e Rockriprap was installed and stabilized with concrete cement for erosion control.

e 4,995 cubic yards (yd3) of contaminated material was used to backfill the pits and rim strip
tfrenches.

e 1,173 ydd of material was used to upgrade the access road to the Site.
o 24,355 ydd of clean material was used for top soil and to stabilize the highwall.

2.1.4.4 2000 Reclamation Activities

In 2000, NAML identified the Site for additional reclamation of mine waste material. NAML issued
an invitation for bids for the reclamation of 12 AUMs, referred to as the Mesa Grande
Abandoned Mine Lands Reclamation (AMLR) Project (NAML, 2000). The 12 AUMs were divided
between two project areas, depending on their location: The Black Mesa 2 AMLR Project or the
Cove 3 AMLR Project. The Site was included in the Black Mesa 2 Project and was referred to in
the bid document as NA-0701 (the Site is also identified in the 2007 AUM Atlas as NA-0701). The
bid document stated that the Site had approximately 8,000 bank cubic yards (bcy) of waste
material that needed to be excavated, buried, and covered with Class A material. The bid
document included a historical drawing of the Site that showed the locations of work Area A
(eastern mine waste burial pit), Area B (mesa bench and mesa sidewall), and Area C (mesa
sidewall), the location of check dams, and the potential haul road. For comparison, the
historical NAML drawing is presented next to a current image of the Site in Figure 2-2.
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The bid document listed the following reclomation activities were needed for the Site:

e Excavate a burial pit 250 ft long by 100 ft wide by 3 ft deep in Area A and stockpile the
excavated Class A material nearby the burial pit. Earthwork quantities for this work item were
estimated to be 2,800 bcy. Class A material was defined in the bid document as: mine waste
piles, overburden, subsoil, topsoil or other suitable backfill material with Ra-226 concentration
equal to or less than the average Ra-226 concentration of the background area in the
immediate vicinity of the project as computed from ground-contact radiological
measurements. The material will be free from solid waste, hazardous waste, toxic waste,
oil/grease, frash, vegetation, combustible materials and materials that retard vegetative
growth.

e Excavate the uranium mine waste material from Area B and any other radioactive material
from the slopes in Area C per the direction of the Project Representative. Haul and place the
waste materials in Area A and compact them for burial in the burial pit. Earthwork quantities
for this work item were estimated to be 8,000 bcy.

e Cover the deposited radioactive mine waste with the stockpiles Class A material spreading it
in as uniform thickness as possible. The reclaimed surface should form a mound with side
slopes no steeper than 3h:1v (horizontal to vertical). Cover any radioactive hot spots with
Class A material. Earthwork quantities for this work item were estimated to be 2,800 bcy.

o Repair the riprap check dams located on the previously reclaimed Area B with 50 yd?3 of
additional riprap.

e Total work quantity shall not exceed an estimated13,600 bcy of earthwork and 50 yd3 of
riprap.

A closeout report for the Black Mesa 2 Project, for the reporting period of April 1, 1997 through
March 31, 2001, was issued by the USDOI Office of Surface Mining (USDOI, n.d.b). The date the
closeout report was issued is unknown. The report stated that on February 15, 2001, the work at
the Black Mesa Project sites (of which the Site was one) was completed by LC/TWC — A Joint
Venture of Lansing Construction and Triad Western Constructors. The Black Mesa project was
started on December 4, 2000 and ended on February 15, 2001. USDQOI Office of Surface Mining
issued a Notice of Final Acceptance on March 21, 2001 with a two-year warranty period until
March 21, 2003.

2.1.4.5 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 Black Mesa East 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., 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
determine what action, if any, was needed.
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The aerial radiological survey for the Black Mesa East area covered approximately 72.56 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 7 yR/hr to 16 uR/hr
and excess bismuth (i.e., bismuth activity greater than approximately 3.5 uR/hr) present in
approximately 0.03 square miles (21.2acres) of the area within a 0.25 mile radius of the Site
(2007 AUM Atlas). The aerial radiological survey results for the Black Mesa East area indicated a
gross exposure rate range of 3.31 uR/hr to 30.51 uR/hr and excess bismuth (i.e., bismuth activity
greater than approximately 3.5 uR/hr) present in approximately 0.36 square miles of the 72.56
square miles of the Black Mesa East flight area (Hendricks, 2001).

2.1.4.6 2011 Site Screening

In 2011, Weston performed site screening on behalf of the USEPA (Weston, 2011). The screening
included: (1) recording site observations (i.e., number of homes, water sources, and sensifive
environments? around the Site); (2) recording the type, number, and reclamation status of mine
features; and (3) performing a surface gamma survey. Weston reported the Site was reclaimed
and the area of the Site associated with USEPA mine identification #78 appeared to have waste
rock scattered throughout the slope/bench area and below a potential adit. Weston also
reported one home-site with three structures was within 0.25 miles of the Site, a residential pond
was within a one-mile radius of the Site and located 0.25 miles southwest of the Site, and no
sensitive environments. Based on Weston's performance of a surface gamma survey, it
determined that the highest gamma measurements were greater than nine times the site-
specific background level used for its gamma screening.

2.1.4.7 2013-2014 Study of Uranium in Soil, Mine Waste, and Spring Water

In 2013 and 2014, the University of New Mexico (UNM) Metal Exposure Toxicity Assessment on
Tribal Lands in the Southwest (METALS) Center conducted a study of soil, “mine waste”, and
spring water in relation to the Site (Shuey, et al., 2014). The study was conducted based on
Tachee/Blue Gap Chapter and Black Mesa Chapter community concerns about “possible
ongoing release of hazardous substances from AUMs and possible contamination of water in a
spring used by local families for drinking water”.

One water sample, one soil sample, two “soil-waste mixture” samples, and one “non-impacted”
sample were collected for the Study. The water sample was collected from a spring (locally
called Waterfall Spring) located 3.1 miles northeast of the Site. The soil was collected from mine
identification #79, the “soil-waste mixture” samples were collected from mine identification #78,
and the “non-impacted” sample was collected from a background sample location
approximately 0.5 mile southeast of the Site.

The water sample was analyzed for 27 analytes, including trace metals, major ions, and total
dissolved solids (TDS) by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) consistent with

2 Weston defined sensitive environments as “all sensitive environments located within visible range of the mine site,
including: wetlands, endangered species, habitats and approximate locations of sites that may be under protection of
the government of the Navajo Nation”
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USEPA standard methods. The metal content of soil and “soil-waste mixture” samples were
determined by X-ray photoelectron spectroscopy (XPS) and X-ray fluorescence (XRF). A
scanning electron microscope (SEM) was also used to examine the distribution, sizes, and
composition of metal-rich particles within the soil and “soil-waste mixture” samples.

Shuey, et al. (2014) reported the water sample had uranium concentrations 2.3 fimes greater
than the federal and tribal drinking water standard, and the “XPS and XRF analyses showed
concentrations of uranium, vanadium, and arsenic in mine wastes exceeding both their
respective crustal averages and local background in non-impacted soils”. Furthermore, Shuey,
et al. (2014) reported that “preliminary SEM analyses indicated the wastes contained uranium-
vanadium compounds on fine-grained particles that are vulnerable to re-suspension in windy
condifions, posing a potential inhalation risk".

2.1.4.8 2014-2015 Study of Chemical Interactions of Uranium and Co-occurring Metals

In 2014 and 2015, a study was conducted to assess the presence, chemical interaction, and
mobility of uranium and other co-occurring metals in soils at the Site and in springs located
adjacent to and nearby the Site (Blake et al., 2015). The study was conducted because
"elevated concentrations of metals were of concern due to human exposure pathways and
exposure of livestock that were ingesting water in the area”.

Four water samples and three “solid” samples were collected for the Study. Two water samples
were collected from a seep located on-site and two water samples were collected from a
spring (locally called Waterfall Spring) located 3.1 miles northeast of the Site. The solid samples
were referred to for the study as mine waste 1 (MW1), mine waste 2 (MW2), and baseline
reference soil (BRS). MW1and MW2 were “solid” samples collected on-site from an erosional
channel that was eroding through “"mine waste". The BRS was a soil sample collected from
“local range land that had not been impacted by mining activities” located approximately
1.24 miles from the Site. The BRS sample location direction from the Site was not provided in
Blake et al (2015), nor was a map provided that showed the sample locations in relation to the
Site.

Blake, et al. (2015) conducted spectroscopy, microscopy, diffraction, and aqueous chemistry
analyses of the media samples to assess the chemical composition and structure of the
"abandoned mine waste solids”. Results of the analyses showed concentrations of uranium in
the water samples that were 2 to 5 times greater than the USEPA drinking water standard for
uranium. As reported by Blake, et al. (2015), the “study demonstrates that mine wastes are
significant potential sources of heavy metals that can be released rapidly in the water system
and, hence, can present a major source of potential exposure to metals to people living close
to abandoned mine waste sites.” Blake, et al. (2015) also reported that “the results from the
study contribute to a better understanding of the metal contents of the wastes and the
chemical interactions that affect metal occurrence and mobility.”
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2.1.4.9 2017 Study of the Reactive Transport of Uranium and Vanadium from
Abandoned Uranium Mine Wastes

In 2017, Avasarala, et al. (2017) published a paper reporting their findings on a study they
conducted for the reactive transport of water-soluble uranium and vanadium from AUM wastes.
The objective of the study was to investigate the reactive fransport of uranium and vanadium
from samples collected in relation to the Site “by integrating flow-through column experiments
with reactive fransport modeling, and electron microscopy...to betfter understand the
mechanisms affecting the reactivity of mine wastes and the fransport of uranium and vanadium
under environmentally relevant conditions”.

The study was conducted using the “soil-waste mixture” samples collected for the Shuey, et al.
(2014) study and the baseline reference soil sample collected for the Blake, et al. (2015) study
(refer to Sections 2.1.4.7 and 2.1.4.8). The samples were sequentially reacted in flow-through
columns at pH 7.9 and pH 3.4 to evaluate the effect of environmentally relevant conditions
encountered in relation to the Site on the release of uranium and vanadium.

Avasarala, et al. (2017) reported the results of the study suggested that the release of uranium
and vanadium is affected by water pH and the crystalline structure of uranium-vanadium
bearing minerals. Avasarala, et al. (2017) further stated that the information obtained from the
study “can be useful to better understand the mobility of uranium and vanadium in neighboring
community water sources to assess risks for human exposure. Additionally, the identification of
factors affecting the dissolution of uranium-vanadium bearing minerals under environmentally
relevant conditions evaluated in this study is relevant to inform remediation and resource
recovery inifiatives in sites where these uranium-vanadium bearing minerals are abundant”.

2.2 PHYSICAL CHARACTERISTICS
2.2.1 Regional and Site Physiography

The Site is located within the Colorado Plateau physiographic province, which is an area of
approximately 240,000 square miles in the Four Corners region of Utah, Colorado, Arizona, and
New Mexico. Figure 2-3 presents a current regional aerial photograph (NAIP, 2018) of the Site
within a portion of the Colorado Plateau. The Colorado Plateau is typically high desert with
scaftered forests and varying topography having incised drainages, canyons, cliffs, buttes,
arroyos, and other features consistent with a regionally uplifted, high-elevation, semi-arid
plateau (Encyclopedia Britannica, 2017). The physiographic province landscape includes
mountains, hills, mesas, foothills, iregular plains, alkaline basins, some sand dunes, and wetlands.
This physiographic province is a large 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
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is composed of six sections: Uinta Basin, High Plateaus, Grand Canyon, Canyon Lands, Navajo,
and Datil-Mogollon. The Site is located within the Navajo section.

Figure 2-4 presents the regional US Geological Survey (USGS) topographic map of a portion of
the Colorado Plateau in the vicinity of the Site. Figure 2-5 presents the Site topography (Cooper
Aerial Surveys Company [Cooper; refer to Section 3.2.2.1]) within a portion of the Colorado
Plateau. The Site is located on a mesa bench, mesa sidewall, foothills and valley bottom at an
elevation range of approximately 6,750 to 7,000 feet above mean sea level (ft amsl) (refer to
Figure 2-5).

2.2.2 Geologic Conditions
2.2.2.1 Regional Geology

Regionally the Site is located in the southwestern portion of the Colorado Plateau, on Black
Mesa, which is within the Black Mesa structural basin area (USGS, 2000). The Black Mesa basin is
a Laramide orogeny structure that is asymmetrical with a steep dip on the eastern flank and a
gentler dip on the western margin, and is crossed by numerous small-scale folds. The basin is
bounded by the Kaibab uplift to the west, the Defiance uplift to the east, the Monument uplift to
the north, and the Mogollon slope to the south. Black Mesa is defined by prominent
escarpments along its north and east sides that resulted from erosion of cliff forming strata,
including the Late Jurassic Morrison Formation and Cow Springs Sandstone. Black Mesa is
capped by resistant sandstone strata of the Late Cretaceous Yale Point, Wepo, and Toreva
Formations. Black Mesa is roughly circular, approximately 65 miles in diameter, and covers an
area of 3,300 square miles. Elevations range from approximately 6,000 ft amsl in the southwestern
portion to 8,000 ft amsl along the northeastern escarpment. Black Mesa is a dissected mesa that
rises as much as 2,000 ft above the surrounding terrain along its eastern margin, and slopes
gently to the southwest, where the cliffs are between 200 ft and 300 ft high. The top of Black
Mesa slopes gently to the southwest, tending to expose younger strata in higher areas to the
north and northeast and gradually older strata to the southwest.

Black Mesa bedrock consists of the Lower and Upper Cretaceous Mancos Shale and the Upper
Cretaceous Mesaverde Group (Scarborough, 1981). These geologic formations represent a
complex inter-tonguing of marine and non-marine depositional environments (Chenoweth,
1990). Figure 2-6 depicts a regional geology map showing the Site in relation to the regionall
extent of the Cretaceous Formations. Regionally the Mesaverde group, where the Site is
located, can be further subdivided into the Toreva and Wepo Formations, where uranium
deposits occur within the fluvial upper sandstone of the Toreva Formation. The Toreva Formation
consists of 25 ft to 120 ft of very coarse to fine-grained arkosic to subarkosic sandstone that
grades upward into coal, carbonaceous shale, siltstone, and finer grained sandstone in the
overlying carbonaceous member of the Wepo Formation. Regionally the Toreva Formation is the
largest uranium producer from the Black Mesa area (Scarborough, 1981). All of the known ore
deposits lie above the regional water table and are oxidized (Chenoweth, 1990).
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2.2.2.2 Site Geology

Bedrock outcrops on or adjacent to the Site consist of Toreva Formation and Mancos Shale, as
shown in Figure 2-7a. The Toreva Formation consists of light-brown and yellowish-gray fine- to
coarse-grained sandstone and lesser amounts of gray siltstone and carbonaceous shale. The
Mancos Shale consists of predominantly light- to dark-gray marine shale with subordinate tan
fine-grained sandstone and siltstone and sand-bedded or concretionary limestone with locally
discontinuous coal seams. Uranium was located at the Site in carnotite within the Toreva
sandstone, beneath the carbonaceous siltstone (Scarborough, 1981). Of the mines that were
producing uranium from the Toreva Formation, the Site was the largest uranium producer
(Scarborough, 1981). A geologic profile of the geologic formations forming the mesa bench,
mesa sidewall, foothills, and valley bottom is shown in Figure 2-6a. Shallow or outcropping
mineralized bedrock on Site is shown in Figure 2-7b.

Unconsolidated deposits on-site (i.e., Quaternary deposits) are eolian deposits, alluvium, and
colluvium consisting of organic soil and poorly and well graded sand and silt, with varying
amounts of clay and gravel, as shown on the borehole logs in Appendix C.2. During the Site
Characterization field activities, boreholes were advanced through the unconsolidated deposits
using either a 3-inch diameter hand auger or a Geoprobe™ 8140LC rotary sonic drilling rig (refer
to Section 3.3.2.2 and the borehole logs in Appendix C.2). The unconsolidated deposits ranged
in depth from 0.25 ft to 34.0 ft below ground surface (bgs) at borehole locations.

A cross-section for the Site was produced (refer to Figure 2-8) that shows the extent and
orientation of the consolidated and unconsolidated deposits coincident with earthworks related
to the eastern reclamation mine waste burial pit (refer to Figure 2-2 and Section 2.1.4). The
boreholes located closest to the cross-section line were used to generate the cross-section
figure and all boreholes were used to determine the average unconsolidated material depth to
assist with projecting depth to bedrock in relation to the cross-section.

According to the US Department of Agriculture (USDA) Soil Survey for parts of Apache and
Navajo Counties, Arizona, soils on-site that have not been disturbed, are classified as Arabrab-
Vessilla-Lindrith soil complex consisting of eolian deposits derived from sandstone over alluvium
derived from sandstone and shale (USDA, 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 020800, Black Mountain Mission, Arizona (Western Regional
Climate Center, 2017) located approximately 8 miles south of the Site, ranges between

38.4 degrees Fahrenheit (°F) in January to 89.6°F in July. Daily temperature extremes reach as
high as 99°F in summer and as low as -16°F in winter. Black Mountain Mission receives an average
annual precipitation of 8.3 inches, with August being the wettest month, averaging 1.82 inches,
and May being the driest month, averaging 0.12 inches.
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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 17 miles northeast 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 Window Rock, Arizona airport located
61 miles to the southeast of the Site, had the most complete record of wind conditions. A wind
rose for the Window Rock, Arizona airport is presented on Figure 1-1. The wind rose was
produced using data contained in the 2007 AUM Atlas for the years 1996 to 2006. Predominant
winds were from the southwest and south (refer to the wind rose on Figure 1-1).

2.2.4 Surface Water Hydrology

The Site is located within the Little Colorado River Valley watershed, an area of approximately
27,000 square miles spanning Arizona and New Mexico, as shown in Figure 1-1. On-site overland
surface water flow, when present, is controlled by a decrease in elevation to the southwest from
the mesa top to the valley bottom (refer to Figures 2-4, 2-9a, and 2-9b).

Several ephemeral drainages are present on-site that drain to the southwest until they drain
under Baird Route 29 and then drain southeast, as shown in Figures 2-1 and 2-9a. A diversion
drainage and culverts were placed along Baird Route 29 to channel water from the Site toward
an engineered drainage channel located south of Baird Route 29. One of the drainages (north
of claim #79) previously crossed the road near the home-site and terminated in the pond.
However, during RSE activities Stantec field personnel (field personnel) observed the drainage
was now diverted southeast along Baird Route 29 to a culvert, placed under Baird Route 29, and
intfo the engineered drainage. One drainage terminates in a pond. The other two drainages
drain through the culverts placed under Baird Route 29, and intfo the engineered drainage
channel. The seep and areas of the drainage located west of the berms on the mesa bench
were deeply incised, up to approximately 10 ft bgs where it flows from the mesa bench to the
mesa sidewall and up to 15 ft bgs on the valley bottom, close to the mesa sidewall.

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 (refer to Appendix E).

2.2.5 Vegetation and Wildlife

In April 2016, Adkins conducted a wildlife survey, as part of Site Clearance activities. A
vegetation survey was notf required for the Site (refer to Section 3.2.2.3). Information about the
wildlife 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.
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Vegetation communities found within the physiographic fransitional area described in Section
2.2.1 include shrublands with big sagebrush, rabbitbrush, winterfat, shadscale saltbush, and
greasewood; and grasslands of blue grama, western wheatgrass, green needlegrass, and
needle-and-thread grass. Higher elevations may support pinyon pine and juniper woodlands.
The vegetation communities’ on-site included sagebrush and scattered pinyon pine and juniper
(refer to Appendix E). During the surveys, Stantec and/or its subcontractors observed on-site
wildlife including common raven, cottontail rabbit, coyote, mule deer, turkey vulture, red-tailed
hawk, American kestrel. A golden eagle was observed approximately one mile south of the Site
and a ferruginous hawk pair were observed approximately 0.5 miles north of the Site (refer to
Appendix E).

2.2.6 Cultural Resources

In April 2016, as part of Site Clearance activities, Dinétahddd Cultural Resource Management
(Dinétahddd), under contract to Stantec, conducted a cultural resource survey, as well as
ethnographic and historical data reviews, and interviewed local residents living near the Site
(Dinétahddd, 2016). The local residents recalled that mining occurred at the open pit on-site in
the 1950s. They stated that a bull dozer driver scraped the mesa-top to bedrock and then miners
would drill and set off explosive charges. After the charges were set off the miners would shovel
the ore into wheelbarrows and push the ore to a stockpile area. From the stockpile area, a
loader operator would then load the ore intfo small frucks used to haul the ore down the mesa.
The residents also recalled that the miners worked small holes along the mesa sidewall with picks,
pry-bars, and shovels.

During the 2016 cultural resource survey Dinétahddd identified one archaeological site, one
isolated occurrence, and one fraditional cultural property (TCP). Appendix E includes a copy of
the Cultural Resource Compliance Form, and findings of the cultural resource survey are
summarized in Section 3.2.2.4.

2.2.7 Observations of Potential Mining and Reclamation

During RSE activities, field personnel observed the following features indicative of potential
mining or reclamation activities at the Site: berms, potential haul roads, mine waste burial pits,
mining/reclaimed disturbed areas, and an exploration area.

On March 21, 2017 representatives from NAML met on-site with field personnel to verify
what/where reclamation activities had occurred. NAML verified the following (refer to
Figure 2-2):

e Mine waste material from accessible areas of the slopes and benches of the mesa sidewalll
was removed and placed in the eastern mine waste burial pit.

e The location of the Area A/eastern mine waste burial pit where mine waste material from the
mesa sidewall was buried. NAML estimated the mine waste burial pit thickness as
approximately 15 ft.
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e Confirmation that NAML was not aware of what was buried in the western mine waste burial
pit.

¢ The potential haul road on the mesa sidewall was destroyed by NAML.

e A shallow pit (less than 10 ft deep) was present on the west side of the mesa bench. Nearby
mine waste material was used to backfill the pit and then clean cover material was put in
place. The area was then re-vegetated. The location of the historical pit is shown in Figures
2-9a and 2-9b.

e Historical reclamation documents and notes mention more than one pit (pits) and rim strip
frenches. The presence of one reclaimed pit was discussed with NAML on-site, additional pits
and/or rim strip trenches were not discussed with NAML.

¢ The east side of the mesa bench was scraped and furrowed with weathered bedrock
exposed at the surface. The area was not re-vegetated and there was little to no vegetative
growth in that area (potentially as the result of the aforementioned carbonaceous soil).

Details regarding these observations are presented in Section 3.2.2.1. These observations and
NAML confirmations were used, along with additional lines of evidence (refer to Section 3.3.3), fo
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 RSE activities conducted between August 2015 and
October 2017. The purpose of the RSE activities was to review relevant information and collect
data related to historical mining activities to support future Removal or Remedial Action
evaluations for the Site. Site Clearance activities were conducted before RSE activities to obtain
information necessary to develop the RSE Work Plan. Site Clearance activities were performed in
accordance with the approved Site Clearance Work Plan. RSE activities were performed in
accordance with the approved RSE Work Plan. The RSE is not infended to establish cleanup
levels or determine cleanup options or potential remedies.

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

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

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

3 (1) State the problem; (2) Identify the goals of the study; (3) Identify the information inputs; (4) Define the
boundaries of the study; (5) Develop the analytical 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

e Selecting radiation survey techniques

e Site preparation

e Quality control

e Health and safety

e Survey planning and design

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

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

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



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

SUMMARY OF SITE INVESTIGATION ACTIVITIES
September 18, 2018

Sections 3.2 and 3.3 summarize the field investigation methods and procedures for data
collection during the Site Clearance activities and the RSE activities, which 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 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 topographic and geologic maps.

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

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

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

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

e Historical photographs (USGS, 2016) for the Site were selected from 1952, 1966, 1967, 1971,
1997, and 2005 for comparison against a current 2017 image (Cooper, 2017). The selected
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historical photographs are shown in Figure 3-1a. Figure 3-1b compares the aerial photograph
from 1952 and the current 2017 image and Figure 3-1c compares the aerial photograph
from 1966 and the current 2017 image. The 1952 image shows the Site before mining
occurred, the 1966 image shows the Site during mining operations, and the current image
shows the Site after reclamation. The grid of east to west-tfrending roads in the exploration
area were developed between 1967 and 1971.

¢ The current aerial photograph review confirmed the Site was uninhabited, but one home-site
is located southwest of and within 0.25 miles of the Site, as shown in Figure 2-1. Numerous dirt
roads were identified within 0.25 miles of the Site, refer to Figures 2-1 and 2-3. The road type
(i.e., potential haul road or road unrelated to historical mining) was identified by the current
aerial photograph review, historical document review, and visual identification during the
Site Clearance field investigations (refer to Section 3.2.2.1).

e Two water features were identified within a one-mile radius of the Site based the review of
information provided by the NNDWR and the 2007 AUM Atlas, refer to Table 3-1a, Table 3-1b,
and Figure 2-1.

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

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

3.2.2 Field Investigations
3.2.2.1 Site Mapping

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

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

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

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

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

e Topographic features

e Potential background reference areas

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

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

e Claim boundaries — 100-ft buffers of the claim boundaries, as shown in Figure 2-9a, were
marked in the field with stakes and/or flagging and mapped with a global positioning system
(GPS).

e Drainages — Several ephemeral drainages were mapped, as shown in Figures 2-1 and 2-%9a.
The drainages drained to the southwest unftil they drained under Baird Route 29 and then
they drained southeast. A diversion drainage and culverts were placed along Baird Route 29
to channel water from the Site toward an engineered drainage channel located south of
Baird Route 29. One of the drainages (north of claim #79) previously crossed the road near
the home-site and terminatfed in the pond. It was diverted southeast along Baird Route 29 to
a culvert, placed under Baird Route 29, and into the engineered drainage. One drainage
terminated in a pond, and the other two drainages drained through the culverts, placed
under Baird Route 29, and into the engineered drainage channel. Drainages are shown in
Appendix B-1 photograph numbers 2, 7, 9, and 10, and Appendix B-2 photograph numbers
16, and 17. The pond where one of the drainages terminated is shown in Appendix B-2
photograph number 18. Areas of the seep and drainage located west of the berms on the
mesa bench and the mesa sidewall were deeply incised up to approximately 10 ft bgs
where it flows from the mesa bench to the mesa sidewall and up to 15 ft bgs on the valley
bottom, close to the mesa sidewall.

o Topographic features — The mapped area can be divided into five topographic areas: the
(1) mesa top; (2) mesa sidewall (i.e., vertical cliffs and steep colluvium-covered bedrock
slope); (3) mesa bench (i.e., a shelf-like feature that occurs along the mesa sidewall);

(4) foothills; and (5) valley bottom, as shown in Figure 2-5. The mesa top is somewhat
distinctive at the Site because it is not a flat surface that is typically associated with a mesa.
Instead, the mesa top is characterized by an undulating surface that is the result of a north-
trending monocline that was superimposed on the mesa structure. These undulations
continue into the valley bottom, forming the small foothills that are located at the base of
the mesa, just east of the claim boundary. The Site is located primarily on the mesa bench,
sidewall, and on the valley bofttom.

¢ Mine waste burial pits — Two mine waste burial pits were mapped, as shown in Figures 2-9a
and 2-9b. The easternmost mine waste burial pit was coincident with Area A of the
reclamation, as shown in Figure 2-2 and discussed in Section 2.1.4. The eastern mine waste
burial pit was placed in an east-west frending minor drainage (approximately 300 ft long)
that drained to the drainage channel that ran along the southeast 100-ft claim buffer. A
berm was present in the area of the western mine waste burial pit, portions of it were
surrounded by a fence, and it was assumed to also be related to the reclamation that
occurred on-site. The mine waste burial pits are also shown as part of the earthworks in
Figures 2-7a and 2-7b. The western mine waste burial pit is shown in Appendix B-1
photograph number 3. The eastern mine waste burial pit is shown in Appendix B-1
photograph numbers 11 and 15.

e Berms - Berms were mapped, as shown in Figure 2-9a and 2-9b. The berms were located
along the eastern claim boundaries of both claim #78 and claim #79 and were used fo slow
storm water runoff to prevent erosion on the mesa bench and the mesa sidewall. The berm
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along the eastern claim boundary of claim #79 was also along the eastern boundary of the
western mine waste burial pit. The check dams installed by NAML along the eastern
boundary of claim #78 were mapped as berms. Berms are shown in Appendix B-1
photograph numbers 6, 8, and 14.

e Exploration area — The exploration area north of the Site was identified by a grid of east to
west-frending roads, as shown in Figure 2-9a. Installation of the roads in the exploration area
occurred between 1967 and 1971 (refer to Figure 3-1a). Drilling-related disturbances
(e.g.. boreholes and/or piles of drill cuttings) were not observed by field personnel within the
exploration area. Field personnel also did not observe waste piles or reclamation features in
the exploration area. The exploration area roads are also shown as part of the earthworks in
Figures 2-7a and 2-7b.

e Mining/reclaimed disturbed area — A mining/reclaimed disturbed area was mapped for
areas that were actively disturbed by mining and/or reclamation activities, as shown in
Figures 2-9a and 2-9b. The area was coincident with Area B of the reclamation, as shown in
Figure 2-2 and discussed in Section 2.1.4. The mining/reclaimed disturbed area is also shown
as part of the earthworks in Figures 2-7a and 2-7b. A portion of the mining/reclaimed
disturbed area is shown in Appendix B-1 photograph number 12. On the mesa bench the
western portion includes cover material that was revegetated, and the eastern portion was
scraped and furrowed to weathered bedrock. Large impassable erosional runnels were
present on the mesa sidewall.

¢ Potential mine waste material — Potential mine waste material was mapped along the mesa
sidewall where mine waste was fransported from areas that were actively disturbed by
mining, as shown in Figures 2-9a and 2-9b. The area of the potfential mine waste material
included areas downslope of the potential haul road and a portion of the sidewall where
mine waste may have been pushed off the mesa bench (northern portion of the polygon).
The potential mine waste material was mapped based on field personnel observations of
color changes of sediments (e.g., the dark sediments in the western corner of claim #78) and
erosion along the mesa sidewall. The potential mine waste material was not shown as part of
the earthworks in Figures 2-7a and 2-7b because it was uncertain whether the material was
present due to natural mass wasting, being bulldozed off of the mesa bench, or a mixture of
both.

e Potential haul roads — Potential haul roads were mapped, as shown in Figures 2-1, 2-4, 2-9q,
and 2-9b. Two potential haul roads ran from Baird Route 29 to claim #79 and one of the
mine waste burial pits, and then converge into one road on the foothills. The area of the
potential haul road that ran along the mesa sidewall from the portion of the mining
disturbed area south of the seep to the mesa bench was removed during reclamation and
was inaccessible in places due to erosion on the mesa sidewall. A third potential haul road
branched several times and ran along the mesa bench, and through the exploration area
and the mining/reclaimed disturbed area. The potential haul roads are also shown as part of
the earthworks in Figures 2-7a and 2-7b. A view of the re-claimed potential haul road is
shown in Appendix B-1 photograph numbers 4 and 5.

e Former retention pond — A former retention pond was mapped, as shown in Figure 2-9a and
2-9b. The pond was dry during RSE activities, but likely collects water during storm events. The
high watermark on the pond suggested that the pond was 100 ft in diameter and less than
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five ft deep when filled with water. The former retention pond is shown in Appendix B-1
photograph number 13.

e Structures — The Site is currently uninhabited, but one home-site was located southwest of
and within 0.25 miles of the Site, as shown in Figure 2-1.

e Utilities — A power line was mapped, as shown in Figure 2-9a. The power line was located
near the home-site.

o Water Features - Field personnel assessed the two water features identified during the desk
top study and findings are summarized in Table 3-1a. In addition, during site mapping
activities field personnel identified a seep located near the southeast portion of the claim
#78 boundary, refer to Table 3-1a and Figure 2-1 location S078-Seep-1. The seep daylighted
on the mesa side wall along a geologic contact. The area where water daylighted was
approximately 50 ft wide.

Field personnel did not observe the potential adit reported by Weston (2011) or the two rim strips
and three pits discussed in Section 2.1.4. The rim strips and pits were not observed because they
were reclaimed. In addition, the 2007 AUM Atlas identified a pit and a waste pile on-site; these
features were not observed by field personnel. Field personnel did observe a berm in the same
area as the waste pile but did not observe a pit. This is likely because the 2007 AUM Atlas
located the pit in the mining/reclaimed disturbed area.

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 dataset
against the 2007 AUM Atlas will require addition 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)
¢ Allow additional evaluation of areas that were inaccessible due to steep or unsafe terrain

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

Stantec proposed to perform aerial photography in order to provide an overview of the Site and
identify features that could not otherwise be accomplished safely on foot. USEPA is not
authorized to allow drones on sites it oversees: therefore, drone use was not an option. Although
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aerial photography was not included in the approved Scope of Work (MWH, 2016d), the Trustee
notified the Agencies and obtained approval prior to commencement of the work. The Trust
also consulted with Tachee/Blue Gap 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 AuUtoCAD files (2-dimensional and 3-dimensional) that included elevation contours (refer to
Figure 2-4) and plan features

e Elevation point files

e Triangular Irregular Network surface files

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

3.2.2.2 Potential Background Reference Area Evaluation

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

e BG-1 encompassed an area of 816 ft2 (approximately 0.02 acres), was located 1,170 ft west
of claim #79, was cross-wind and hydrologically cross-gradient from the Site and was across
a drainage. The soils, limited colluvium, and bedrock outcrops represented the lower mesa
sidewall and foothills areas of the Site within the Mancos Shale and the transition to
undifferentiated Quaternary deposits on the valley floor. The vegetation and ground cover
at BG-1 were similar fo the Site.

e BG-2 encompassed an area of 1,229 2 (approximately 0.03 acres), was located 1,220 ft
northwest of claim #79, and was cross-wind and hydrologically cross-gradient from the Site.
The thin soils, colluvium, and bedrock outcrops represented the Toreva Formation. The
vegetation and ground cover at BG-2 were similar fo the mesa top, mesa bench, and
portions of the mesa sidewall.

Of note, based on review of the RSE results it was determined that mining-related impacts
extend further along the valley bottom than was originally assumed. Based on these findings, the
lack of a background reference area for the Quaternary deposits was identified and is included
as a data gap in Section 4.10.

The potential background reference areas were selected based on MARSSIM guidance
(i.e., similar geology and ground conditions, distance from the Site, etc.) to:
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1. Represent undisturbed conditions atf the Site (e.g., pre-mining conditions)

2. Provide a basis for establishing the ILs

The approved RSE Work Plan did not specify any minimum or maximum size criteria for these
areas. Stantec does not view the size of the selected background reference areas as affecting
the validity of the background concentrations. The sizes were based on professional judgment
that the 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 provided a useful reference for comparison to the Site. However, it
will be important to consider the variations in concentrations when conducting future site
assessment work and/or to support future Removal or Remedial Action evaluations at the Site.

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 United States Code (USC) §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 crifical habitat proposed to be designated for such species (15 USC
§1531(a)(2); USFWS, 1998). An “action area”, as defined in the regulations implementing the ESA,
includes "“all areas to be affected directly or indirectly by the Federal action and not merely the
immediate area involved in the action” (50 CFR §402.2; USFWS, 1998).

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,
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"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.

Vegetdtion Survey - In preparation for the vegetation survey, Redente Ecological Consultants
(Redente) submitted data requests for species of concern to the NNDFW-NNHP, and for Federal
T&E species, to the USFWS. The NNDFW-NNHP responded to MWH by letter dated

November 19, 2015. A copy of this letter is included in Appendix E. The letter stated that no
species of concern were known to occur within the proximity of the Site. Therefore, a vegetation
survey was not required for the Site. Based on the data request results, Redente also completed
a desktop vegetation assessment for the Site and concurred with NNDFW-NNHP and USFWS
findings.

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

Adkins performed the survey under a permit issued by NNDFW for the purpose of assessing
habitat potential for ESA-listed or Navajo Nation Endangered Species List (NNESL) animall
species. Adkins biologists with experience identifying local wildlife species led the field survey,
which consisted of walking tfransects 10 ft apart throughout the Site, including a 100-ft buffer
beyond the claim boundaries. 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 eight ESA-species
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with the potential to occur in the area of the Site; three birds (California Condor, Mexican
spotted owl, and western yellow-billed cuckoo), two fish (roundtail chub and Zuni bluehead
sucker), two mammails (black-footed ferret and gray wolf), and one reptile (northern Mexican
garter snake). The NNDFW included: four birds (mountain plover [G4], golden eagle [G3],
ferruginous hawk [G3], and American peregrine falcon [G4]), and one mammal (banner tailed
kangaroo rat [G4]). All species on the USFWS list and all species from the NNDFW list, with the
exceptions of the golden eagle and ferruginous hawk, 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, two birds remained as species of concern warranting
further analysis during the survey: golden eagle and ferruginous hawk.

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 western burrowing owl. These 16 MBTA bird species were added for further analysis
during the survey for effects to potential habitat.

The wildlife survey revealed two NNESL species of concern that had the potential to occur within
or near the Site based on habitat suitability or actual recorded observation: golden eagle and
ferruginous hawk. Based on these findings Adkins recommended the use of best management
practices to protect potential habitat during RSE activities, specifically: (1) confining equipment
travel to within the boundaries of the Site; (2) minimizing travel corridors as much as possible; (3)
limiting 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. In addition to these recommendations, Adkins also recommended that additional
surveys may need to be performed at the cliffs located within 0.25 miles of the Site, if RSE
activities: (1) involved large groups of people and vehicles (greater than six), machinery, or loud
equipment; and (2) occurred during ferruginous hawk breeding season (March 1st fo May 1st for
nests with no eggs and until mid-to late-July for productive nests), refer to Section 3.3.2.2.

3.2.2.4 Cultural Resource Survey

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

The survey included the areas of the claim boundaries and the 100-ft claim boundary buffer, as
shown in Figures 2-9a and 2-9b. Dinétahddd did not survey areas on steep terrain due to safety
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concerns. The survey identified one archaeological site, one isolated occurrence, and one TCP.
The TCP was located within the 100-ft claim boundary buffer. For confidentiality reasons, details
regarding the cultural resource survey findings are not provided herein. A copy of the cultural
resources survey report is not included in Appendix E for confidentiality reasons; NNHPD can be
contacted for additional information. NNHPD contact information is located on the Cultural
Resource Compliance Form included in Appendix E. According to NNHPD, this form is the
equivalent of a “permit” to conduct the work.

Based on the survey findings Dinétahddé recommended during RSE activities that the
boundaries of the archaeological site and the TCP must be flagged. In addition, they
recommended that an archaeologist monitor all ground disturbing activities, including soil
sampling, within 50 ft of the archaeological site and TCP boundaries. Dinétahdéd also stated
that visible fencing must be installed along the eastern boundary of the TCP and along the
boundaries of the archaeological site prior to any ground-disturbing activities occurring within
50 ft of these features. While conducting RSE activities on-site, flagging placed by Dinétahddé
was still visible and field personnel used a GPS loaded with the TCP and archaeological site
boundaries to verify that driling was not conducted within 50 ft of the TCP or archaeological site
boundaries. Dinétahddd also stipulated that RSE activities must be halted at any time if cultural
resources were encountered.

Dinétahddd also escorted field personnel during: (1) the collection of subsurface soil samples at
the background reference areas (refer to Section 3.3.1.1); and (2) during Site Characterization
borehole subsurface soil/sediment sample collection in locations outside the 100-ft buffer (refer
to Section 3.3.2.2). The Trust requested that Dinétahddd's archeologist 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 separate tasks: Baseline Studies and Site Characterization
activities. The Baseline Studies included a Background Reference Area Study, Site gamma
survey, and Gamma Correlation Study. The results of the Baseline Studies were used to plan and
prepare the Site Characterization field investigations, which included surface and subsurface soil
and sediment sampling, and surface water and well water sampling. Results of the RSE activities
are presented in Section 4.0 and 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
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sampling, and subsurface soil sampling. The soil sample locations in the background reference
areas were initially selected using a triangular grid, set on a random origin. Where possible,
samples were collected at the center points of the friangles. However, in some instances, the
actual sample locations had to be moved in the field if sampling was not possible (e.g., the
location consisted of exposed bedrock or there was a large bush blocking access). In these
cases, the closest accessible location was selected instead.

The background reference areas were selected based on a variety of factors, including
MARSSIM criteria, which indicated whether the areas were representative of unmined locations,
regardless of the sizes of the areas. These factors are described in this RSE report and
accompanying appendices. The objectives of the background reference area study were to
measure gamma radiation levels emitted by naturally occurring, undisturbed uranium-series
radionuclides, and concentrations of other naturally occurring constituents. The results were
used to establish background gamma levels and concentrations of Ra-226 and specific metals
(uranium, arsenic, molybdenum, selenium, and vanadium). The soil sampling locations at the
background reference areas are presented in Figure 3-3. Field personnel performed the
Background Reference Area Study in accordance with the RSE Work Plan, Sections 4.2, 4.4,
and 4.5.

The surface gamma surveys at BG-1 and BG-2 were completed in May 2016. ERG performed the
surface gamma surveys using Ludlum Model 44-10 2-inch by 2-inch sodium iodide (Nal) high-
energy gamma detectors (the detectors). Each detector was coupled to a Ludlum Model 2221
ratemeter/scaler that in turn was coupled to a Trimble ProXRT GPS unit with a NOMAD 900 series
datalogger. The detector tagged individual gamma measurements with associated
geopositions recorded using the Universal Transverse Mercator Zone 12 North coordinate system.
ERG matched and calibrated the detector to a National Institute of Standards and Technology-
fraceable cesium-137 check source, and function-checked the equipment prior-to and after
each workday. ERG performed the surveys by walking the background reference areas with the
detector carried by hand, along transects that varied depending on encountered topography.
The gamma measurements were collected with the height of the detector varying from 1ft 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 tree) during the surface gamma surveys they went around the obstruction.
Subsequent to each workday, ERG downloaded the gamma measurements to a computer and
secure server.

The same equipment used for the surface gamma survey was also used to collect static one-
minute gamma measurements at the ground surface and down-hole (subsurface) at borehole
location S078-BG1-013 (BG-1). 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.
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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-In October and November 2016, 12 surface soil grab samples were collected from
12 locations, and two subsurface soil grab samples were collected from borehole
S078-BG1-13. While reviewing potential subsurface hand auger locations atf BG-1,
Dinétahdddé recommended that the hand auger borehole location should be stepped out
from BG-1 to avoid a nearby archaeological finding. In accordance with this suggestion, the
subsurface background location (S078-BG1-013) was advanced southwest of BG-1 (refer to
Appendix D.1).

e BG-2-1In October 2016, 10 surface soil grab samples were collected from 10 locations. No
subsurface soil samples were collected from BG-2 because of shallow soil on bedrock.

The lack of a subsurface soil samples from BG-2 will not affect the derivation of Ra-226 or metall
ILs because the Ra-226 and metals ILs (i.e., surface and subsurface) were based on surface soil
samples (refer to Section 4.1).

Samples were shipped to a USEPA approved laboratory, ALS Environmental Laboratories in Fort
Collins, Colorado for analyses. Samples were collected according to the methods described in
the RSE Work Plan, Section 3.8.1.1. The results of the surface gamma survey, static surface and
subsurface gamma measurements, and surface and subsurface soil sample analytical results
provided background reference data to guide the Site Characterization surface and subsurface
soil/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. Approximately1.4 acres of the mesa sidewall were
not surveyed during the surface gamma survey because field personnel were unable to safely
access these areas, as shown on Figure 3-4. This is identified as a data gap in Section 4.10. In
addition, the approximate centerline of the western and eastern extents of the northern
potential haul roads were surveyed, but the shoulders were not due to miscommunication with
the field personnel. This is identified as a potential data gap in Section 4.10.

The surface gamma survey was used as the primary method to evaluate the extent of potential
mining-related impacts or areas containing elevated radionuclides associated with uranium
mineralization.

In November 2016 and April 2017, the surface gamma survey was performed using the same
methods and equipment, as described in Section 3.3.1.1, with the exception that the detector
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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 areas, a
100-ft buffer around the claim areas, 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.

In addition to the Site surface gamma survey, af the USEPA's request, field personnel conducted
a surface gamma survey of a section of the exploration area (approximately 13 acres) adjacent
to the claim boundary on the mesa bench/mesa top (as shown in Figures 2-1 and 2-9a). Results
of this gamma survey are included in Section 4.2.

The full areal of the Site surface gamma survey is referred to as the Survey Area, as shown in
Figure 3-4. The Survey Area was 73.1 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
where potential mining-related impacts were observed. Survey Area A geologically represents
the Mancos Shale (based on BG-1), and Survey Area B geologically represents the Toreva
Formation (based on BG-2).

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

3.3.1.3 Gamma Correlation Study

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

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

¢ Gamma measurements (in cpm) and exposure rates (in uR/hr)

Two regression analyses were conducted for these correlations. The first regression analysis was
performed using co-located high-density surface gamma measurements and laboratory
concentrations of Ra-226 in surface soil to develop a correlation equation (refer to Section 4.2.2).
The correlation equation allows for Ra-226 concentrations in soil and sediment to be estimated
(predicted) based on gamma measurements in the field.
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This correlation equation was not used in the field to estimate Ra-226 concentrations or to
evaluate the extent of Ra-226 concentrations. The correlation was used to develop a site-
specific prediction for Ra-226 concentrations from the actual gamma survey data and was
compared to actual concentrations from the soil/sediment samples to evaluate the usability of
the correlation for future Removal or Remedial Action evaluations, 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 used as a health and safety tool,
and are not part of the data analyses for the RSE report, a summary of the exposure rate
correlation is not presented in this report. Appendix A provides a discussion of the correlations
and the regression equations for both correlations.

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

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

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

] NAVAJOD
3.16 () stantec i



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

SUMMARY OF SITE INVESTIGATION ACTIVITIES
September 18, 2018

The objectives of the thorium analyses were for site characterization and evaluation of potential
effects of thorium on the correlation. The data can be used to assess the potential effects of
thorium-232 (Th-232) series radioisofopes on the correlation of gamma measurements o
concentrations of Ra-226 in surface saoils (i.e., if gamma-emitting radioisotopes in the Th-232
series, such as actinium-228, lead-212, and thallium-208, are impacting gamma measurements
at the Site), as discussed in Section 4.2.2. Uranium, radium, and thorium occur in three natural
decay series (uranium-238 [U-238], Th-232, and U-235), each of which include significant gamma
emitters (USEPA, 2007b). Therefore, in order to develop a correlation between gamma radiation
and Ra-226 concentrations, the gamma radiation from each significant decay series present at
the Site, may need to be taken into account. Typically, only U-238, and sometimes Th-232, are
present in significant quantities. The contribution from the U-235 decay series 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 equiliorium 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 fo its decay products (refer to
Appendix A). If the U-238 decay series is out of secular equilibrium, the quantities of the daughter
products become depleted. This could be considered for potential site assessments

(e.g.. when evaluating the contribution of the daughter products to the total risk related to U-238
during a human health and/or ecological risk assessment). As part of the RSE, the secular
equilibrium evaluation was a general indicator (e.g., screening level assessment) of the status of
equilibrium at the sites. It was not used to characterize the extent of constituents of potential
concern (COPCs) at the Site. The secular equilibrium evaluation is discussed here only because
Th-230 was included in the isotopic thorium analysis.

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

Site Characterization activities included surface soil and sediment sampling and associated
laboratory analyses. The soil/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
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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 April and October 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. Seventy-three surface soil/sediment grab samples were collected from 73
locations in the Survey Area (47 from Survey Area A and 26 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/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/sediment sampling and associated
laboratory analyses. Similar to the surface soil/sediment sampling discussed in Section 3.3.2.1,
subsurface sampling locations were selected based on professional judgment (i.e., non-
randomly) to evaluate concentrations of Ra-226 and metals in relation to the surface gamma
survey measurements and site features (e.g., historical mining features and geologic features).
Grab samples were collected with the intent to characterize specific intervals of interest (e.g.,
material within zones with elevated static gamma measurements). Composite samples were
collected to provide a screening level assessment across an interval (e.g., where historical
mining features were located). Additionally, surface and subsurface static gamma
measurements were collected in the boreholes using the same equipment as described in
Section 3.3.1.1. Static gamma measurements were collected by holding the detector in the
borehole for a one-minute integrated count and are not comparable to the surface gamma
survey measurements, which were collected as a walkover survey.

Subsurface samples were collected by advancing subsurface boreholes to a desired sample
depth using either a 3-inch diameter hand auger or a Geoprobe™ 8140LC rotary sonic drilling
rig. Before subsurface samples could be collected using the drill rig, improvements to two access
roads needed to be completed so that the drill rig could access sample locations. Therefore, on
September 27 and 28, 2017, Stantec, and their subcontractors Dinétahddé, Clawson Excavating,
Inc., and ERG, performed access road improvement activities. A Linkbelt 290 excavator was
used to move and break boulders with either a hydraulic hammer or the bucket of the
excavator, and a Caterpillar 140G road grader was used to level the ground surface (where
needed). The excavator was then used to compact the soil within the roadway. All materials
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used for road improvements were sourced from the Site and no fill materials were brought to the
Site. A water truck sprayed water during improvement activities to assist with compaction and
provide dust suppression. In addition, during the road improvement activities Dinétahddd was
on-site to monitor all ground disturbing activities and verify that cultural resources were not
disturbed. Based on their observations, Dinétahddé did not observe cultural resources during the
access road improvement activities, as presented in a memorandum submitted to NNHPD
(Dinétahddd, 2017). ERG was also on-site during the access road improvement activities and
acted as the radiation safety officer. The access roads will not be maintained, and in April 2018
the upper access road was blocked with a K-rail. The lower access road was not blocked
because it terminated in an open area and any placed barrier could be readily bypassed.

In addition, the potential supplementary biological surveys recommended by Adkins (refer to
Section 3.2.2.3) were not required because sample collection using the sonic drilling rig occurred
in October 2017, which was outside of the ferruginous hawk breeding season (March 1st to

May 1st for nests with no eggs and until mid- to late-July for productive nests).

To collect subsurface samples, field personnel advanced the hand auger to the desired sample
depth manually, or the sonic drilling rig advanced the boreholes to the desired sample depth.
The sonic drilling rig was equipped with a 4-inch diameter sonic core barrel that used cutting
rotation and vibration to advance the boreholes. The sonic drilling method is ideal for use in
rocky soils fo obtain confinuous samples in materials that are difficult fo sample using other
drilling methods (ASTM, 2016) and it recovers a confinuous and relatively undisturbed core
sample for review and analysis that is representative of the lithological column at that borehole
location (refer to Appendix C.2).

Sixty-two boreholes were advanced in the Survey Area (40 in Survey Area A and 22 in Survey
Area B). Boreholes were advanced until: (1) refusal at bedrock/hard surface; (2) termination
within bedrock or native material; (3) the borehole collapsed; (4) subsurface static gamma
measurements were decreasing (it was a field error to use this criterion, this has been identified
as a potential data gap in Section 4.10, additional field work may be necessary); or (5) the
borehole depth was below depths where waste was observed. Borehole depths ranged from
0.25 1o 36.5 ft bgs, and the depth of unconsolidated deposits to bedrock in boreholes ranged
from 0.25 to 34.0 ft bgs. Some boreholes were terminated prior to reaching bedrock.
S078-SCX-034 was the deepest borehole (extending to 35.0 ft bgs) terminated before bedrock
was reached. The boreholes were advanced through organic soil and poorly and well graded
sand and silt with varying amounts of clay and gravel, clay, coal, shale, and sandstone (refer to
Appendix C.2 for borehole logs). Subsurface sampling was limited in some areas on the mesa
sidewall due to unsafe terrain.

In April and October 2017, samples were collected from the locations shown in Figure 3-6a and
are summarized in Table 3-2. Sample locations compared to the location of mining-related
features are shown in Figure 3-6b. The number of subsurface samples collected within specific
mine features are listed in Table 3-3. One hundred and five subsurface samples (90 soil/sediment,
three soil/bedrock, three boulder, and nine bedrock) samples were collected from 48 borehole
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locations in the Survey Area. Multiple samples were collected from many of the boreholes.
Eighty-four samples were collected from Survey Area A and 21 from Survey Area B.

One cross-section for the Site was produced using the subsurface borehole information, as
shown in Figure 2-8, refer to Section 2.2.2.2. Cross-section A-A’ is oriented roughly northwest-
southeast. Lithological descriptions from five boreholes (refer to Appendix C.2), in conjunction
with subsurface geology observations made by field personnel, were used to model the
northwest-southeast extent of earthworks material, consolidated deposits related to the eastern
mine waste burial pit. The approximate depth of the earthworks material along cross-section
A-A'is 15 ft bgs and the depth to bedrock near A is approximately 35 ft bgs.

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

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

3.3.2.3 Geophysical Survey

Site Characterization activities included conducting an electrical resistivity geophysical survey at
the Site. The geophysical survey was conducted to assist with identifying any potential mine-
related subsurface voids or tunnels, because open voids, funnels, etc. could pose a safety risk at
the Site. In addition, these concerns arose because these features had been observed on other
AUM sites. Because open voids, tunnels, and the like could pose a safety risk at the Site, the
geophysical survey was conducted to assist with identifying any potential mine-related
subsurface voids or tunnels. In addition, the results of the geophysical survey can be used for
identifying: (1) material type of unconsolidated deposits; and (2) depth of unconsolidated
deposits to bedrock. Although a geophysical survey was not included in the Scope of Work
(MWH, 2016d), the Trustee notified the Agencies and obtained approval prior to work
commencing the survey. The Tachee/Blue Gap Chapter officials and nearby residents were
consulted and notified of the additional field work. In October 2017, Hydrogeophysics Inc. (HGI),
under confract to Stantec, performed the geophysical survey at the Site.

Electrical resistivity surveys are used to identify material types by measuring a material’s
resistance to electrical current. Materials with low electrical resistivity (high conductivity) will
include materials with higher clay or moisture content, or conductive bedrock. Materials with
high electrical resistivity (low conductivity) will include air-filled voids or loose unconsolidated fill
material, based on the assumption that the void space had increased resistivity compared to
the surrounding bedrock or sediments. These assumptions also depended on other factors
including sediment grain size, moisture content, chemical composition of the soil or bedrock,
and the degree of compaction.
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The electrical resistivity survey conducted on-site consisted of 10 elecftrical resistivity survey lines,
as shown in Figure 3-7, and was conducted in three investigation areas:

e Area 1included two perpendicular lines in the western mine waste burial pit located on
claim #79

e Area 2included four lines in the southern area of claim# 78 at the base of the foothills and
mesa sidewall, and in the area of the eastern mine waste burial pit

e Area 3included four lines in the northern area of claim #78 in the mining/reclaimed
disturbed area on the mesa top

Resistivity data were collected using a multichannel electrical resistivity system consisting of
cables, stainless steel electrodes, and a battery power supply, with an electrode spacing of
approximately 10 ft. Electric current was fransmitted intfo the earth through one pair of
electrodes (fransmitting dipole) that were in contact with the soil. The resultant voltage potential
was then measured across another pair of electrodes (receiving dipole). Numerous electrodes
were deployed along the survey lines. A complete set of measurements occurred when each
electrode (or adjacent electrode pair) passed current, while all other adjacent electrode pairs
were utilized for voltage measurements. Electrode locations were surveyed using a handheld
GPS.

HGI's geophysical characterization report, included in Appendix A.2, provides a complete
description of the geophysical survey objectives, theory, methods, results and interpretation of
results. A summary of the interpretation of the geophysical survey results is presented in
Section 4.9.

3.3.2.4 Surface Water and Well Water Sampling

One surface water feature and one well water feature were identified during the Site Clearance
desktop study and one surface water feature was identified during site mapping, as shown in
Figure 2-1 and Table 3-1a. All three water features were sampled as described below.

On October 19, 2016, a surface water sample (S078-WS-001) was collected from the pond
identified as Pond/Well/1050475 in the 2007 AUM Atlas. The size of the pond varies with seasonall
runoff and can be up to 150 ft across. Per the USEPA (2018), a local resident occasionally fills the
pond using water supplied by the Navajo Tribal Utility Authority. The pond is shown in Appendix
B-2 photograph number 18.

On November 5, 2016, a surface water sample (S078-WS-002) was collected from the seep
identified by Stantec as S078-Seep-1. The seep daylighted along a geologic contact located on
the mesa sidewall and was approximately 50 ft long. The surface water sample was collected
from the area where the seep water pooled, which was approximately 1 ft by 1 ft, refer to
Appendix B-1 photograph number 1.
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On October 19, 2016, a well water sample (S078-WL-001) was collected from the water well
identified as 04T-386/Tank 4T-386/CH981123BGWO002 in the NNDWR database and the 2007 AUM
Atlas. Water well 04T-386 was completed in September 1954 at a total depth of 902 ft bgs and
was screened from 802 to 902 ft bgs (refer to Table 3-1b for additional well build specifications).
Water well 04T-386 was a windmill well located 1.0 mile south of the Site and the well water
sample was collected from the valve atf the frough associated with the water well. The windmill
well is shown in Appendix B-2 photograph number 19.

The water samples collected for dissolved metals analyses were sampled and field filtered using
a peristaltic pump, Teflon® tubing, and 0.45-micron inline filter in the field at the fime of sample
collection per the RSE Work Plan, Section 4.6.1. All other analyses did not require in-field filtering.
The samples were collected, packaged, and shipped in accordance with the RSE Work Plan,
Sections 4.6, 4.9, 4.11, and Appendix E. ACZ Laboratories, Inc. in Steamboat Springs, Colorado
conducted the mercury analysis and ALS Environmental Laboratories in Fort Collins, Colorado
conducted all other analyses including Ra-226 and Radium-228 (Ra-228), gross alpha, and the
following total and dissolved metals: antimony, arsenic, barium, beryllium, cadmium, chromium,
cobalt, copper, lead, mercury, 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, temperature, salinity and oxidation reduction
potential). Table 3-4 provides a summary of the water analyses. Results of these analyses were
used to evaluate potential mining-related impacts to surface water and well water. Surface
water and well water analytical results are presented in Section 4.8. Field forms are provided in
Appendix C.3 and the laboratory analytical data and Data Usability Report for the analyses are
provided in Appendix F. Investigation of groundwater is not included in the scope of this RSE.

3.3.3 Identification of TENORM Areas

Areas 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)
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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 static gamma measurements

b. Soil/sediment sampling and analyses

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

3.4 DATA MANAGEMENT AND DATA QUALITY ASSESSMENT

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

3.4.1 Data Management

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

e 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
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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.

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.

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.

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

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

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

o Accuracy Based on the initial calibration (ICAL), initial calibration verification (ICV),
continuing calibration verification (CCV), MS/MSD, and LCS, the data are accurate as
qualified.
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o Representativeness Based on the results of the sample preservation and holding fime
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 qualified.

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

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

Based on the results of the data validation, all data are considered valid as qualified.
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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 surveys in BG-1 and BG-2 did not
cover the areal extent of the sample locations; the lack of coverage in BG-1 is identified as a
data gap due to the distance of the samples from the gamma survey area. 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. Of note, in review of the RSE results it was determined that mining-related
impacts extend further along the valley bottom than was originally assumed. Based on these
findings, the lack of a background reference area for the Quaternary deposits is included as a
data gap in Section 4.10.

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. 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 statistical
parameter for the entire population of the variable, whereas the actual results are from a
sample of the population. UTLs were calculated in accordance with USEPA's ProUCL 5.1
Technical Guidance, Sections 3.4 and 5.3.3 (USEPA, 2015). Appendix D.2 presents a
comprehensive discussion on the derivation of the ILs for the Site, which are presented below.
The RSE Work Plan also stated that gamma radiation measurements from the background
surface and subsurface soil would be combined to develop the IL for surface gamma radiation

7| MAVAIC
4 () stantec ToN



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

FINDINGS AND DISCUSSION
September 18, 2018

at the Site. However, the surface gamma radiation ILs were instead developed from the surface
gamma survey data only; as requested by the Agencies, this is identified as a deviation from the
RSE Work Plan. The subsurface static gamma measurements were excluded for two reasons:

(1) they were collected using a different method (static one-minute measurements versus a
walkover gamma survey); and (2) because of the downhole geometric effects that influence
subsurface static gamma measurements (refer to the discussion of geometric effects below).

The ILs for Survey Area A (i.e., the Mancos Shale; refer to Figures 2-7a, 2-7b, and 3-4) were
established using statistical analysis of background data collected from BG-1 (refer to Figures 3-2
and 3-3) and are as follows:

e Arsenic — 3.35 milligrams per kilogram (mg/kg)

e Molybdenum - 0.568 mg/kg

e Selenium-1.10 mg/kg

e Uranium-3.21 mg/kg

e Vanadium - 12.2 mg/kg

e Ra-226-3.59 pCi/g

e Surface gamma measurements — 20,677 cpm

The ILs for Survey Area B (i.e., the Toreva Formation; refer to Figures 2-7a, 2-7b, and 3-4) were
established using statistical analysis of background data collected from BG-2 (refer to Figures 3-2
and 3-3) and are as follows:

e Arsenic — 18.6 mg/kg

e Molybdenum -0.371 mg/kg

e Selenium - None (no IL could be calculated because the two detections at BG-2 are not
distinct values; refer to Appendix D.2).

e Uranium - 1.46 mg/kg

e Vanadium -22.3 mg/kg

e Ra-226-2.02 pCi/g

e Surface gamma measurements — 14,707 cpm

In addition to the surface gamma survey performed in background reference areas, subsurface
static gamma measurements were collected in the borehole completed at BG-1. These
measurements were used to establish a subsurface static gamma screening level for Survey
Areas A. The selected subsurface static gamma screening level value for Survey Area A met the
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following criteria: (1) it was the lowest value measured at or below 1 ft bgs and (2) it was not
directly measured on bedrock.

A borehole was completed in BG-1 (S078-BG1-013) with a termination depth of 2.6 ft bgs (refer to
Appendix C.2) and a subsurface static gamma measurement was identified as an IL for Survey
Area A. A subsurface borehole was not completed for BG-2 as a result of shallow soil on
bedrock. Therefore, the need for subsurface static gamma data for BG-2 is identified as a
potential data gap.

The subsurface static gamma screening level from BG-1 provides a comparison and assessment
tool for Survey Area A and is included as an IL 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 stafistically
derived. For this reason, subsurface static gamma IL exceedances should be considered in
conjunction with additional lines of evidence including: (1) down-hole frends 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 BG-1 are summarized in Table 4-2 and in
Appendix C.2. Five subsurface static gamma measurements were evaluated to identify the
subsurface static gamma IL for Survey Area A. Measurements of 22,744; 29,180; 31,995; 32,404;
and 32,569 cpm were collected from BG-1 borehole S078-BG1-013, at down-hole depths of 0.5,
1.0, 1.5, 2.0, and 2.6 ft bgs, respectively. The lowest measured value (22,744 cpm) was at a depth
of 0.5 ft bgs; however, because sample depths of at least 1.0 ft bgs are preferable, the 1.0-ft
measurement of 29,180 cpm was selected as the subsurface static gamma IL for Survey Area A.

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 1ft to 2 ft bgs, the detector is essentially surrounded by solid ground and further
increases related to borehole geometry are not expected. Because downhole geometric
effects influence static gamma measurements just below ground surface, static gamma
measurements collected at or greater than 0.1 ft bgs are considered subsurface.

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

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

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

4.2.1 Site Gamma Radiation Results
4.2.1.1 Surface Gamma Survey

Results of the Site surface gamma survey are shown in Figure 4-1a where the calculated surface
gamma ILs for each background reference area are used to set bin ranges with color coding to
illustrate the spatial extent and patterns of surface gamma measurements within the entire
Survey Area. The bins ranges were based on the minimum site gamma measurement, the
background reference area ILs, and the maximum site gamma measurement. The maximum
survey measurement was 301,035 cpm, which was greater than 14 fimes the maximum IL (i.e.,
BG-1 IL of 20,677 cpm), and was measured at a mining disturbed bedrock outcrop within Survey
Area B in the western portion of the mining/reclaimed disturbed area (refer to Figures 2-2b and
4-1q).

Surface gamma measurements were generally highest in the western portion of the claim #78
mining/reclaimed disturbed areaq, in areas of thin soil and exposed bedrock along the mesa
sidewall east of the claim #78 boundary, and in the area of the western mine waste burial pit.
The western portion of the mining/reclaimed disturbed area, on the mesa bench, includes cover
material that was re-vegetated; the eastern portion was scraped and furrowed to weathered
bedrock. The mesa sidewall portion of the eastern mining/reclaimed disturbed area is shown in
Appendix B-1 photograph number 12.

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
20,677 cpm) occurred primarily in five areas: (1) on the mesa sidewall; (2) along the portion
of the potential haul road that runs from west of claim #79 to the mesa sidewall; (3) in the
western valley bottom portions of Survey Area A, including the western mine waste burial pit;
(4) along bedrock outcrops located on the valley bottom; and (5) in the drainage that runs
along the southeastern portion of the Site. The highest observed concentrations were
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located on the eastern mesa sidewall and foothills adjacent to a drainage and potential
haul road. Most surface gamma exceedances were less than two times the BG-1 IL.

e Survey Area B (refer Figure 4-1c) — Surface gamma IL exceedances (greater than
14,707 cpm) occurred primarily in three areas: (1) along the portion of the potential haul
road on the mesa sidewall where it accesses the mesa bench area; (2) along the eastern
portion of the mesa sidewall where it is bisected by the potential haul and a drainage; and
(3) east of the claim #78 boundary. The highest concentrations were observed on bedrock
outcrops on the western portion of the mining/reclaimed disturbed area (greater than
twenty fimes the IL) and eastern mesa sidewall (greater than eleven times the IL), with
measurements decreasing with distance from these areas.

The lateral extent of IL exceedances outside the eastern and western Survey Area B mesa
sidewall were not surveyed. This is identified as a potential data gap. However, the IL
exceedances occur in areas of thin soil and exposed bedrock with no observed mining-related
disturbance, and therefore appear to be representative of naturally occurring conditions.

One background reference area (BG-1) was selected to represent the Mancos Shale and the
Quaternary deposits on the valley bottom. BG-1 was located within the Mancos Shale along the
border with the Quaternary deposits. Outside of known mining-impacted areas (e.g., the
western mine waste burial pit), surface gamma measurements are less than two times the BG-1
IL (refer to Figure 4-1b). However, the BG-1 IL (i.e., the BG-1 IL of 20,677) is elevated when
compared to IL values for Quaternary deposits at other AUMs. Due to the potential extent of
mining-related impacts infto Quaternary deposits southwest of the claim areas (identified by IL
exceedances), a separate background reference area is warranted to represent the
Quaternary deposits. This is identified as a data gap. Of note, the addition of a separate
background reference area to represent the Quaternary deposits will alter the estimate of the
lateral and vertical extent of mining-related impacts developed from this evaluation.

A surface gamma survey was also conducted in the exploration area located on the mesa
bench/mesa top (refer to Section 3.3.1.2). The spatial patterns of surface gamma measurements
in the exploration area are shown in Figure 4-1d. Surface gamma measurements within the
exploration area ranged from 7,942 cpm to 20,428 cpm. In general, higher surface gamma
survey measurements occurred in the northern portion of the exploration area; however, no
distinct spatial pattern was observed. All measurements were less than two times the BG-2

(i.e., Toreva Formation) IL.

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

1. Field personnel were unable to perform the surface gamma survey in some areas along the
mesa sidewall because of access and safety issues. Approximately 1.4 acres could not be
surveyed due to unsafe terrain (refer to Figure 3-4).

2. The survey was not extended laterally along the Survey Area B mesa sidewall where gamma
measurements were greater than the IL because of professional judgement that the mining-
impacted material did not extend across the drainages on the west and east sides of the
Site and that the material at the extent of the survey was NORM. This data gap is considered
minor because the areas are not disturbed by mining and the IL exceedances appear to be
representative of naturally occurring conditions.
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3.

Only the approximate centerline of the western and eastern extents of the northern potential
haul road were surveyed. The road shoulders were not surveyed due to a miscommunication
with the field feam.

The gamma survey was not extended laterally from portions of the western and eastern
extent of the potential haul roads where gamma measurements were greater than the IL,
due to miscommunication with the field personnel. However, gamma measurements on the
potential haul roads were less than two fimes the IL (refer to Figure 4-1c¢).

A background reference area is warranted fo better evaluate potential mining-related
impacts in the Quaternary deposits on the valley bottom.

4.2.1.2 Subsurface Gamma Survey

Surface and subsurface static gamma measurements were collected at all but one of the 62
borehole locations. A surface static gamma measurement was not collected at S078-SCX-058;
refer to Appendix C.2. Surface and subsurface static gamma measurement locations are shown
in Figure 3-6b. 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:

4.6

Survey Area A — The subsurface static gamma IL (29,180 cpm) was exceeded in soil/sediment
in 35 of the 40 boreholes in Survey Area A. Locations where subsurface static gamma
measurements did not exceed the IL were generally located in the valley bottom and
foothill areas along the periphery of Survey Area A, outside of mining-disturbed or impacted
areas. The maximum subsurface static measurement (499,890 cpm) was measured in soil at
7.0 ft bgs in borehole S078-SCX-041, which was in the center of the western mine waste burial
pit. In general, surface and subsurface static gamma measurements were less than two
times the IL and increased slightly or remained approximately constant with depth. There are
two exceptions to the above: (1) at a number of locations collected within the identified
mine waste burial pits static gamma measurements were five to ten times the IL,
measurements increased with depth where coincident with potential buried material, and
then decreased with depth after that; and (2)at location S078-SCX-037 gamma
measurements were collected from the potential haul road in the foothills and static gamma
measurements increased with depth to approximately ten fimes the IL in soil samples
collected above bedrock. Nineteen of the 40 borehole locations had measurements
collected from bedrock in addition to soil and/or sediment. Subsurface static gamma
measurements in bedrock typically were similar to, or slightly higher than, measurements in
the overlying soil/sediment.

Survey Area B — A subsurface static gamma IL was not established for Survey Area B. The
maximum subsurface static gamma measurement in soil (127,896 cpm) was collected af 1.0
ft bgs in borehole S078-SCX-024, which was in a berm that was used o divert water from
draining into the mining/reclaimed disturbed area on the east side of the mesa bench in
Survey Area B. Subsurface soil/sediment static gamma measurements generally increased or
remained constant with depth with the highest measurement at each location generally
measured at the soil/bedrock interface. The exceptions to this are S078-SCX-024 (maximum
detection location described above) and -SCX-026 described below. In borehole
S078-SCX-026, static gamma measurements initially increased with depth to 62,658 cpm at
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4.0 ft bgs, and then decreased further down-hole; S078-SCX-026 is located in the area of the
potential haul road and downgradient from the seep. Subsurface static gamma
measurements were collected in bedrock in 12 of the 21 locations in Survey Area B. The
maximum subsurface static gamma measurement in bedrock (578,306 cpm) was collected
at 8.0 ft bgs in borehole S078-SCX-012 in the western portion of the mining/reclaimed
disturbed area. Subsurface static gamma measurements in bedrock typically were similar to,
or up fo two fimes the measurements in the overlying soil/sediment in the eastern and
northern areas of the mining/reclaimed disturbed area. In the western portion of the
mining/reclaimed disturbed area, gamma measurements were significantly higher in
bedrock than those measured in overlying soil, this is also the primary zone that was targeted
for mining, per discussions on-site with NAML representatives.

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.

The correlation was developed as a potential field screening tool for future Removal or Remedial
Action evaluations. The Trust has provided all correlation data to the Agencies. Analytical results
of the correlation samples, which were used to develop the correlation equation, are presented
in Table 4-3. The mean value of the gamma survey results from the correlation plots, with their
corresponding Ra-226 concenfrations 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 0.71, which is not within the acceptance
criterion of 0.8 to 1.0 described in the RSE Work Plan. The adjusted R2 value is likely lower because
correlation locations S078-C03-001 and S078-C04-001 have similar Ra-226 concentrations

(19.1 and 19.9 pCi/g, respectively) but the mean gamma count rates for the two locations are
not similar (33,222 cpm and 52,335 cpm, respectively). These results were possibly due to the
presence of gamma radiation heterogeneity at correlation location S078-C04-001 (in
comparison to more homogenous measurements at correlation location S078-C03-001), that
was not captured in the five-point composite soil sample (refer to Appendix A for correlation
location statistics). The correlation model may have been influenced by additional
environmental conditions and 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 concenftrations. The inability to construct a stafistically 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:

Gamma (cpm) = 1,380 x Surface Soil Ra-226 (pCi/g) + 16,142
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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 (16,151 cpm) and greater than the
maximum (52,335 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 0.007 pCi/g and the concentration associated with the maximum mean
gamma measurement is 26.2 pCi/g. Therefore, predicted Ra-226 concentrations less than

0.007 pCi/g and greater than 26.2 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 16,151 to 52,335 cpm. The correlation was focused on the lower range because
future Removal or Remedial Action decisions become 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 16,143 cpm. The predicted concentrations are shown in Figure 4-2a
and the values less than zero are generally located in undisturbed areas 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 -7.8 to 206.4 pCi/g, with a mean
of 2.6 pCi/g, and a standard deviation, of 5.5 pCi/g. Bin ranges in

Figure 4-2a are based on these mean and standard deviation values.

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

When comparing the predicted Ra-226 concentrations 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. A majority of
the measured Ra-226 laboratory concentrations were within the applicable predicted Ra-226
bin ranges (44 out of 76 locations), laboratory Ra-226 concentrations were lower than the
predicted bin range at 15 locations and were higher than the predicted bin range at 16
locations. Notable locations where the laboratory Ra-226 concentrations were not within the
predicted range included: (1) most of the samples in the western portion of the
mining/reclaimed disturbed area on the mesa bench (S078-SCX-001, -SCX-002, -SCX-012,
-SCX-015, -SCX-016, and -SCX-017) where surface soil/sediment samples have laboratory Ra-226
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concentrations that were lower than the predicted Ra-226 concentrations; (2) sample
S078-SCX-024 collected from the berm near the upstream segment of the eastern drainage,
which had a laboratory Ra-226 concentration that was higher than the predicted Ra-226
concentration in the vicinity of the sample; (3) samples SO078-SCX-004, -SCX-005, and -SCX-037
collected on the mesa sidewall had laboratory concentrations lower than the predicted Ra-226
concentrations; and (4) sample S078-CX-002 collected from the valley bottom west of the claim
#79 boundary, which has a laboratory Ra-226 concentration that was higher than the predicted
Ra-226 concentration in the vicinity of the sample.

These results indicated that the correlation equation may predict higher or lower Ra-226
concentrations than the actual concentrations at specific locations. This is 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. Laboratory results for Ra-226 exceeded ILs for the vast majority of the site. While
these locations generally fell in areas where predicted Ra-226 concentrations were also above
ILs, a number of laboratory results exceeded ILs in the southern portion of Survey Area A and
northern portion of Survey Area B where predicted Ra-226 concentrations were below 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
radioisotopes on the correlation of gamma measurements to concentrations of Ra-226 in
surface soils (i.e., to evaluate whether gamma-emitting radioisotopes in the Th-232 series are
impacting gamma measurements at the Site). The justification for the analysis is provided in
Section 3.3.1.3. A multivariate linear regression (MLR) regression 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 fo 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 equiliorium. 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
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Ra-226 and Th-230 are not in secular equilibrium at the Site (refer to figures in Appendix A). This
may be an important consideration in the future if a human health and/or ecological risk
assessment is performed.

4.3 SOIL METALS AND RADIUM-226 ANALYTICAL RESULTS

A total of 73 surface soil/sediment grab samples (57 soil and 16 sediment) from 73 locations,

90 subsurface soil/sediment grab samples (77 soil and 13 sediment) from 46 borehole locations,
and 18 samples that contained bedrock or boulder material from 15 borehole locations were
collected at the Site (refer to Table 3-2). 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. Figures 4-3a
through 4-3e present the spatial patterns, both laterally and vertically, of metals and Ra-226
detections and IL exceedances in the soil/sediment and bedrock samples.

Ra-226 and/or metals concentrations exceeded their respective ILs in all but one surface soil
sample (S078-SCX-038 in Survey Area A) and in all but one subsurface sample (S078-SCX-053 in
Survey Area A). The maximum Ra-226 and metals concentrations were detected in the western
and eastern mine waste burial pits in Survey Area A, in the berm near the upstream segment of
the eastern drainage in Survey Area B, and in the mesa sidewall in both Survey Areas A and B.
The maximum concentrations for Ra-226 were detected along the potential haul road
(S078-SCX-037) and in the western mine waste burial pit (S078-SCX-041). The maximum
concentrations for uranium and vanadium were detected in subsurface soil in the western mine
waste burial pit (S078-SCX-041). The maximum concentration for arsenic was detected in
subsurface soil in the eastern mine waste burial pit (S078-SCX-036). The maximum concentration
for molybdenum was detected in surface soil sample near the eastern boundary of claim #78
(S078-SCX-005), and the maximum concentration for selenium was detected in a soil sample
along the potential haul road on the mesa sidewall (SO78-SCX-026). Presented sample counts
include normal samples and do not include duplicate samples. Surface and subsurface
soil/sediment IL exceedances for each analyte, with respect to each of the two survey areas,
are described below:

e Ra0-226

o Survey Area A -The Ra-226 IL (3.59 pCi/g) was exceeded in 31 of 47 surface
soil/sediment samples and 42 of 75 subsurface soil/sediment samples. Survey Area A Ra-
226 concentrations ranged from 1.17 to 134 pCi/g. The highest concentrations occurred
in subsurface soil along the potential haul road at the base of the mesa sidewall
(134 pCi/g at S078-SCX-037), and subsurface soil in the center of the western mine waste
burial pit (20 pCi/g at S078-SCX-041). In both cases the highest concentrations occurred
at inftermediate depths within the boreholes with concentrations decreasing in shallower
and deeper soil/sediment. All other Ra-226 concentrations were less than ten fimes the IL.
Additionally, Ra-226 was detected in all nine samples that contained bedrock or boulder
material at concentrations ranging from 1.68 to 47.7 pCi/g.

o Survey Area B —The Ra-226 IL (2.02 pCi/g) was exceeded in 20 of 26 surface soil/sediment
samples and all 15 subsurface soil/sediment samples. Survey Area B Ra-226
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concentrations ranged from 1.48 to 24.8 pCi/g. The highest concentration (24.8 pCi/g)
occurred in surface sediment in the berm near the upstream segment of the eastern
drainage (S078-SCX-024). All other Ra-226 concentrations were less than fen times the IL
and displayed no apparent spatial patterns or concentrations gradients. Additionally,
Ra-226 was detected in all nine samples that contained bedrock or boulder material at
concentrations ranging from 0.94 to 136 pCi/g.

Uranium

Survey Area A — The uranium IL (3.21 mg/kg) was exceeded in 31 of 47 surface
soil/sediment samples and 54 of 75 subsurface soil/sediment samples. Survey Area A
uranium concentrations ranged from 0.73 to 140 mg/kg. The highest concentrations (up
to 140 mg/kg) occurred in subsurface soil in the center of the western mine waste burial
pit (S078-SCX-041). Uranium was also detected at concentrations ranging from 39 to 55
mg/kg in subsurface soil/sediment within the eastern mine waste burial pit (S078-SCX-031,
-SCX-034, and -SCX-035). The detected high concentrations all occurred at infermediate
depths within each borehole, likely coincident with buried waste material. All other
uranium concentrations were less than ten times the IL. Additionally, uranium was
detected in all nine samples that contained bedrock or boulder material at
concentrations ranging from 2.0 to 140 mg/kg.

Survey Area B — The uranium IL (1.46 mg/kg) was exceeded in all 26 surface soil/sediment
samples and all 15 subsurface soil/sediment samples. Survey Area B uranium
concentrations ranged from 1.7 to 92 mg/kg. The highest concentration (92 mg/kg)
occurred in surface sediment in the berm near the upstream segment of the eastern
drainage (S078-SCX-024). Uranium was also detected at concentrations ranging from 28
to 65 mg/kg in surface and subsurface soil along the potential haul road in the southern
portion of the mining/reclaimed disturbance area (S078-SCX-026). All other uranium
concentrations were less than 23 mg/kg. Additionally, uranium was detected in all nine
samples that contained bedrock or boulder material at concentrations ranging from 0.74
to 400 mg/kg.

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 exceeded the maximum regional value in 42 out of 122
Survey Area A soil/sediment samples, and ten out of 42 Survey Area B soil/sediment samples.

4.11

Arsenic

Survey Area A — The arsenic IL (3.35 mg/kg) was exceeded in 38 of 47 surface
soil/sediment samples and 65 of 75 subsurface soil/sediment samples. Survey Area A
arsenic concentrations ranged from 1.7 to 20 mg/kg. The highest concentrations
occurred in subsurface soil in the eastern portion of the eastern mine waste burial pit

(20 and 12 mg/kg at S078-SCX-036 and -SCX-035, respectively). The detected high
concentrations occurred at an intermediate depth (3.0 ft bgs) in borehole S078-SCX-035
and at the bottom depth (16.0 ft bgs) in borehole SO078-SCX-036. All other arsenic
concentrations were less than three fimes the IL. Additionally, arsenic was detected in alll
nine samples that contained bedrock or boulder material at concentrations ranging
from 2.3 o 4.7 mg/kg.
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o Survey Area B —The arsenic IL (18.6 mg/kg) was not exceeded in any of the 26 surface
soil/sediment samples or any of the 15 subsurface soil/sediment samples in Survey Area B.
Arsenic concentrations ranged from 1.8 to 18 mg/kg. The highest concentration in Survey
Area B occurred in a subsurface soil sample collected on the mesa sidewall. Arsenic was
detected in eight of the nine samples that contained bedrock or boulder material at
concentrations ranging from 2.6 to 6.3 mg/kg.

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). All arsenic concentrations were within the typical range of regional values
in the soil/sediment samples from Survey Areas A and B.

e Molybdenum

o Survey Area A — The molybdenum IL (0.568 mg/kg) was exceeded in 14 of 47 surface
soil/sediment samples and 34 of 75 subsurface soil/sediment samples. Detected Survey
Area A molybdenum concentrations ranged from 0.2 to 2.8 mg/kg and molybdenum
was not detected in one surface soil sample (S078-CX-004). The highest concentration
(2.8 mg/kg) occurred in subsurface soil in the center of the western mine waste burial pit
(SO78-SCX-041). Molybdenum was also detected in subsurface soil/sediment in the center
of the eastern mine waste burial pit (S078-SCX-032) and the central drainage at the base
of the mesa sidewall (S078-SCX-037) at 2.0 and 1.9 mg/kg, respectively. The detected
high concentrations all occurred at the bottom depth within each borehole. All other
molybdenum concentrations were less than three times the IL. Additionally, molybdenum
was detected in all nine samples that contained bedrock or boulder material at
concentrations ranging from 0.27 to 2.5 mg/kg.

o Survey Area B — The molybdenum IL (0.371 mg/kg) was exceeded in 19 of 26 surface
soil/sediment samples and all 15 subsurface soil/sediment samples. Detected Survey
Area B molybdenum concentrations ranged from 0.27 to 5.0 mg/kg. The highest
concentration (5.0 mg/kg) occurred in surface soil in the mesa sidewall in the eastern
portion of the claim #78 boundary (S078-SCX-005). Molybdenum was also detected at
concentrations ranging from 2.9 to 3.3 mg/kg in surface and subsurface soil in the mesa
sidewall (S078-SCX-003 and -SCX-004) and northeast of the claim #78 boundary
(SO78-SCX-062). All other molybdenum concentrations were less than, or approximately
equal to, five times the IL. Additionally, molybdenum was detected in seven of the nine
samples that contained bedrock or boulder material at concenfrations ranging from 0.49
to 2.6 mg/kg; molybdenum was not detected in one bedrock sample (S078-SCX-020).

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). All molybdenum concentrations were within the typical range of regional values in
soil/sediment samples from Survey Areas A and B.

e Selenium — A selenium IL for Survey Area B was not identified because in BG-2 only two
detections of selenium exist, and the detections both have the same concentration of
1 mg/kg. One distinct detection value is insufficient for ProUCL to calculate an IL.
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o

Survey Area A — The selenium IL (1.10 mg/kg) was exceeded in 43 of 47 surface
soil/sediment samples and 71 of 75 subsurface soil/sediment samples. Detected Survey
Area A selenium concentrations ranged from 1.1 to 6.3 mg/kg; selenium was not
detected in five surface and subsurface soil/sediment samples. The highest
concentration (6.3 mg/kg) occurred in subsurface soil in the eastern portion of the
eastern mine waste burial pit (S078-SCX-035). This detection occurred at an infermediate
depth (7.0 ft bgs) with lower concenfrations in shallower and deeper samples. The
highest selenium concentrations occurred in subsurface soil within the eastern mine
waste burial pit (S078-SCX-031 and -SCX-035). Additionally, selenium was detected in
eight of the nine samples that contained bedrock or boulder material at concentrations
ranging from 1.1 to 8.3 mg/kg.

Survey Area B - Selenium was detected in 21 of 26 surface soil/sediment samples and
13 of 15 subsurface soil/sediment samples at concentrations ranging from 1.3 to 13
mg/kg. The highest concentration (13 mg/kg) occurred in subsurface soil along the haul
road in the southern portion of the mining/reclaimed disturbance area (S078-SCX-026).
Selenium was also detected at a concentration of 7.8 mg/kg in subsurface soil in the
northeast of the claim #78 boundary (S078-SCX-062). All other selenium concentrations
were less than 3.7 mg/kg. As noted above, a selenium IL was not identified for Survey
Area B. Additionally, selenium was detected in six of the nine samples that contained
bedrock or boulder material at concentrations ranging from 1.1 o 7.3 mg/kg.

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 both survey areas, with the exception of locations $313-SCX-035 in Survey Area A, and
S$313-SCX-026 and -SCX-062 in Survey Area B.

¢ Vanadium

o

4.13

Survey Area A — The vanadium IL (12.2 mg/kg) was exceeded in 43 of 47 surface
soil/sediment samples and 70 of 75 subsurface soil/sediment samples. Survey Area A
vanadium concentrations ranged from 7.1 to 140 mg/kg. The highest concentration

(140 mg/kg) occurred in subsurface soil in the center of the western mine waste burial pit
(S078-SCX-041). Vanadium was also defected at concentrations ranging from 100 to 120
mg/kg in surface and subsurface soil/sediment within the eastern mine waste burial pit
(S078-SCX-031, -SCX-032, and -SCX-035). The detected high concentrations occurred at
an intermediate depth in the western mine waste burial pit, and at surface, intermediate,
and bofttom depths in boreholes at the eastern mine waste burial pit. All other vanadium
concentrations were less than six times the IL. Additionally, vanadium was detected in all
nine samples that contained bedrock or boulder material at concentrations ranging
from 10 to 95 mg/kg.

Survey Area B — The vanadium IL (22.3 mg/kg) was exceeded in seven of 26 surface
soil/sediment samples and four of 15 subsurface soil/sediment samples. Survey Area B
vanadium concentrations ranged from 9.4 to 74 mg/kg. The highest concentration

(74 mg/kg) occurred in surface sediment in the berm near the upstream segment of the
eastern drainage (S078-SCX-024). Vanadium was also deftected at concentrations
ranging from 56 to 60 mg/kg in surface and subsurface soil along the potential haul road
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in the southern portion of the mining/reclaimed disturbance area (S078-SCX-026). All
other vanadium concentrations were less than two tfimes the IL. Additionally, vanadium
was detected in all nine samples that contained bedrock or boulder material at
concentrations ranging from 10 to 410 mg/kg.

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). All vanadium concentrations were within the typical range of regional values in
soil/sediment samples from Survey Areas A and B.

4.4 CONSTITUENTS OF POTENTIAL CONCERN

Based on the results presented in Sections 4.2 and 4.3, gamma radiation and concentrations of
Ra-226, arsenic, molybdenum, selenium, uranium, and vanadium in soil/sediment exceeded
their respective ILs in Survey Areas A and B. Therefore, these constituents were confirmed as
COPC:s for the Site.

4.5 AREAS THAT EXCEED THE INVESTIGATION LEVELS

The approximate lateral extent of surface gamma IL exceedances in soil/sediment is 35.3 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 L
exceedances. Twelve sample locations were located in areas that were not included in the
35.3 acres, as follows:

e Three locations within the eastern mine waste burial pit footprint (S078-SCX-031, -SCX-035,
and -SCX-036) had uranium concentrations greater than 10 fimes the uranium IL, and
arsenic, selenium, vanadium, and Ra-226 concentrations up to greater than five times their
respective ILs, but static gamma measurements below the IL. The areas around these
samples are included in the TENORM volume estimate in Section 4.7.

e Three locations in the valley bottom, located cross-gradient from the potential mine waste
on the mesa sidewall (SO78-SCX-060), near Baird Route 29 (S078-CX-006), and in the down-
stream portion of the eastern drainage (S078-SCX-010), had Ra-226 or metals concentrations
less than, or approximately equal to, two times their respective ILs, but static gamma
measurements below the IL. These areas within the valley bottom, were outside of the areas
that were estimated to be impacted by mining, and were not included in the TENORM
volume estimate in Section 4.7.

e Four locations in the northern portion of the mining/reclaimed disturbed areaq, located in the
upstream section of the western drainage (S078-CX-008), along the potential haul road
(SO78-SCX-022 and -SCX-025), and in the northern berm up-slope from the central and
eastern drainages (S078-CX-014), had molybdenum, uranium, and Ra-226 concentrations
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typically less than two times their respective ILs. The molybdenum concentration in
S078-SCX-025 was less than three times the molybdenum IL. These areas within the
mining/reclaimed disturbed area were included in the TENORM volume estimate in Section
4.7 because of the amount of visible ground disturbance in the areas of these samples.

¢ Two locations northeast of the claim #78 boundary, located cross-gradient from the eastern
drainage (S078-CX-013) and near a potential haul road (S078-SCX-062), had vanadium and
Ra-226 less than three times their respective ILs and molybdenum and uranium
concentrations less than ten times their respective ILs for location SO78-SCX-062. There was no
visual evidence of mining disturbance of the ground surface at both sample locations.
Therefore, these areas were not included in the TENORM volume estimate in Section 4.7.

Figures 4-5a, 4-5b, and 4-5c show 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 Figures 4-5a, 4-5b, and 4-5¢ show the surface gamma IL
exceedances for reference.

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

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. Surface gamma IL exceedances covered approximately three
quarters of Survey Area B while predicted Ra-226 exceedances covered approximately half of
the Survey Area. The most noticeable differences were in the central (including the central
portion of claim #79) and northern portions of Survey Area B where much of the predicted
Ra-226 concentrations fell below the Ra-226 IL. Surface gamma and predicted Ra-226
exceedances covered approximately the same areas within Survey Area A.

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, 44.7 acres, out of the 73.1 acres of the Survey Areqa, were estimated to contain
TENORM at the Site. This estimate is inclusive of three areas: the mining/reclaimed disturbed area
and surrounding areas (primarily the mesa bench and upper mesa sidewall), the lower mesa
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sidewall and foothills, and the valley bottom. The area containing TENORM is shown in relation to
the lateral extent of IL exceedances in Figure 4-6 and in relatfion to 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 review indicated that a mine waste burial pit was present on-site.
Also, documentation noted that two rim strips and three pits were reclaimed, and an
adit, an additional pit and waste pile were present on-site; however, Stantec personnel
did not observe these features.

Between 1957 and 1968, 4,181.08 tons of ore that contained 17,327 pounds of 0.21
percent UsOs and 13,400 pounds of 0.27 percent V20Oswere produced from the Site.

Historical document review suggested that reclamation activities had taken place for
two rim strips, three pits, and along the potential haul road on the mesa sidewall. This
resulted in the creation of one mine waste burial pit, a large disturbance area and partial
revegetation of the mesa bench, emplacement of berms and check dams along the
eastern drainage, and removal of the potential haul road along the mesa sidewall.

o Geology/geomorphology

o

4.16

Bedrock aft the Site consisted of two geologic formations: (1) the Toreva Formation; and
(2) the Mancos Shale. On-site uranium was located in carnotite within the Toreva
sandstone, beneath a carbonaceous siltstone. Additionally, portions of the Site consisted
of shallow or outcropping bedrock. Therefore, the geology and geomorphology of the
Site was conducive to the presence of NORM at or near the ground surface.

Several ephemeral drainages are present on-site that drain to the southwest until they
are diverted to culverts along Baird Route 29 and then drain southeast (see Figures 2-1
and 2-9a). A diversion drainage and culverts were placed along Baird Route 29 to
channel water from the Site toward an engineered drainage channel located south of
Baird Route 29. One of the drainages (north of claim #79) previously crossed the road
near the home-site and terminated in the pond. It is now diverted southeast along Baird
Route 29 to a culvert, placed under Baird Route 29, and intfo the engineered drainage.
One drainage terminates in a pond, and the other two drainages drain through the
culverts, placed under Baird Route 29, and into the engineered drainage channel. The
drainages could have transported NORM/TENORM to the southwest.

An active seep was identified on the mesa sidewall in the southern portion of the claim
#78 boundary and within the mining/reclaimed disturbed area. Because the seep was
located in the mining/reclaimed disturbed areq, flow from the seep could have
transporfed NORM/TENORM downgradient.
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Disturbance Mapping — Stantec field personnel observed the following features:

o

Mine waste material from accessible areas of the slopes and benches of the mesa
sidewall was removed and placed in the eastern mine waste burial pit.

The location of the western and eastern mine waste burial pits.

Two potential haul roads ran from Baird Route 29 to claim#79 and the eastern mine
waste burial pit, and then converged into one road on the foothills. The area of the
potential haul road that ran along the mesa sidewall from the portion of the mining
disturbed area south of the seep to the mesa bench was removed during reclamation.
The portion of the potential haul road that crossed the mesa bench toward the
exploration area was removed during reclamation activities. The potential haul road
continues through the exploration area and then toward the northwest to where it
eventually meets Baird Route 29 again. Another spur of the potential haul road continues
to the southeast along the mesa sidewall.

The west side of the mesa bench was reclaimed and revegetated. During an on-site visit,
NAML personnel stated that a pit or pits were present in the western portion of the
mining/reclaimed disturbed area. The pit was less than 10 ft deep. It was backfilled with
waste material and clean cover material was placed followed by revegetation of the
areaq.

The east side of the mesa bench, with weathered bedrock at the surface, was scraped
and furrowed. The area was not re-vegetated and there was little to no vegetative
growth in that area. A series of check dams/berms were placed in the eastern drainage
to deter erosion of the mesa edge, but a large erosional incision was present along the
mesa edge and runnels were present on the mesa sidewall.

e Site Characterization

4.17

Mining-related disturbances were present in the mining/reclaimed disturbed area and
surrounding areas located on the mesa bench and upper mesa sidewall; these areas
comprise the majority of Survey Areas B and the northeastern portion of Survey Area A,
are inclusive of portions of the potential haul roads, and the upper sections of the
ephemeral drainages. Surface gamma IL exceedances were generally observed in the
southern/southwestern portions of the mesa bench and along the mesa sidewall,
coincident with the mining/reclaimed disturbed area, and in surrounding areas. The
highest surface gamma measurements were observed in the western portion of the
mining/reclaimed disturbed area coincident with bedrock outcrops exposed at the
junction of the potential haul road and the revegetated area. A mix of coal-like and
sandstone bedrock outcrops were present where the highest gamma measurements
were collected on the Site (western mining/reclaimed area and east of the claim #78
boundary), this is likely the carnotite ore material that was targeted during mining
operations. The highest Ra-226, uranium, and vanadium concentrations in soil/sediment
within the mining/reclaimed disturbed area were measured in surface sediment at the
berm near the upstream section of the eastern drainage, while the highest arsenic,
molybdenum, and selenium concentrations were measured in surface and subsurface
soil on the mesa sidewall in the southern porfion and just south from the
mining/reclaimed disturbed area. The lateral extent of TENORM is defined based on IL
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exceedances in the southern sections of this area and by observed disturbance areas
and haul roads in the northern portion.

Historical documentation as well as NAML personnel identified the general area of a
historical pit within the mining/reclaimed disturbed area on the western side of the mesa
bench. A number of boreholes and a geophysical survey were completed as part of the
RSE, on the mesa top in an attempft to identify the location of the pit(s). Boreholes were
placed based on information from NAML personnel and the 1966 historical aerial
photograph. Bedrock (including weathered sandstone, shale, and coal) was
encountered at or shallower than 2.0 ft bgs in boreholes throughout the
remediated/revegetated area (S078-SCX-012, -SCX-013, -SCX-015, -SCX-016, and
-SCX-017). A backfilled pit was not identified, because buried waste material was not
observed, and bedrock was encountered at shallow depths (2.0 ft or less). However, a
large outcrop which forms a topographic high point was present at the top of the haul
road adjacent to the area reported as a historical pit, as shown in Appendix B-2
photograph number 20.

It is assumed that the historical “pit” may have consisted of the surface excavation of this
outcrop down to the surrounding ground surface.

Some of the highest surface gamma survey measurements for the Site were collected
near a coal/sandstone bedrock outcrop, on the mesa bench, east of the claim #78
boundary. Ground disturbance is limited in the area of the outcrop and a large amount
of the colluvium down-slope from the area of the outcrop exceeded the IL. This area was
included as TENORM due fo the disturbance in the area of the outcrop and because it is
adjacent to visible mining related disturbance. It is important to note that gamma survey
measurements in undisturbed areas on the mesa sidewall east of this area also
exceeded the IL. These areas were assumed to be NORM. Runoff from both the TENORM
and NORM areas drain into the eastern drainage at the Site.

The lower mesa sidewall and foothills comprise the eastern and northeastern portions of
Survey Area A and are inclusive of a section of the mesa sidewall potential haul road,
the eastern mine waste burial pit, potential mine waste material on the mesa sidewall,
and segments of the eastern and central drainages. Surface gamma IL exceedances
were generally observed throughout this area with the higher measurements along the
mesa sidewall (coincident with the potential haul road and central drainage) and along
the eastern drainage. The potential mine waste material on the western portion of the
mesa sidewall included dark colored colluvium/waste material that was likely
dozed/pushed off the mesa bench during mining operations. The highest Ra-226
concentration was measured in subsurface soil along the potential haul road near the
base of the mesa sidewall, while the highest metals concentrations were measured in
subsurface soil within the eastern mine waste burial pit footprint. The lateral extent of
TENORM is defined based on IL exceedances along the mesa sidewall, the eastern and
central ephemeral drainages, and potential haul road. Limited areas within the foothills
west of the eastern drainage were not included in the TENORM area due to having only
sporadic surface gamma exceedances (typically less than two times the IL) associated
with exposed bedrock, and the lack of observed mining activity disturbance. Surface
gamma survey measurements exceeded the IL in limited areas east of the eastern
drainage. These areas are upgradient and across from the Site drainage and are
assumed to contain NORM.
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The valley bottom, located in the south and southwestern portions of the Site, comprises
the maijority of Survey Area A, and is inclusive of the western mine waste burial pit, the
claim #79 boundary, areas down-slope from potential mine waste and mining/reclaimed
disturbed areas, and the downstream segments of the ephemeral drainages. Surface
gamma IL exceedances were generally observed in the northern portion of the valley
bottom with the higher measurements collected within the western mine waste burial pit.
The highest Ra-226 and metals concentrations were measured in subsurface soil within
the western mine waste burial pit footprint, with the exception of molybdenum for which
the highest concentration was measured immediately down-slope from the potential
mine waste observed on the mesa sidewall. The lateral extent of TENORM is defined
based on IL exceedances along the valley bottom coincident with the claim #79
boundary, western mine waste burial pit, and potential haul road, and down-slope from
observed potential mine waste material on the mesa sidewall. Limited areas south of the
claim #79 boundary were not included in the TENORM area due to having only sporadic
surface gamma exceedances (typically less than two times the IL) likely associated with
exposed bedrock, and the lack of observed mining activity disturbance. It is important to
consider that the addition of a separate background reference area to represent the
Quaternary deposits within the valley bottom will alter the estimate of the lateral and
vertical extent of mining-related impacts developed from this evaluation.

Boreholes and geophysics were completed to characterize the volume of TENORM
buried in the eastern mine waste burial pit. Buried waste material included silt, sand,
gravels, and boulders. The static gamma survey measurements shown on the borehole
logs in Appendix C.2 are indicative of the depth of waste material in the mine waste
burial pit. The mine waste burial pit was placed in an existing drainage area that was
excavated prior to placing waste. The waste material was placed on top of the
colluvial/alluvial material that was present in the drainage. Waste material appears to
extend to approximately 17.0, 20.0, 17.5, and 14.5 ft bgs in the S078-SCX-031, -SCX-032,
-SCX-035, and -SCX-036 boreholes, respectively (refer to borehole logs). It is important to
note that the depth of waste material was estimated based on analytical results and
when static gamma measurements stabilized downhole. It is also assumed that the
natural material below the waste material contains NORM. Information from NAML
personnel during the on-site visit generally corroborate these findings, NAML personnel
recalled that waste material extended to approximately 15 ft bgs. Results of the
geophysical surveys also support these findings and correlate well with the borehole logs,
as a consistent resistive break is present at approximately 15 to 20 ft bgs along the length
of the mine waste burial pit.

Boreholes were completed in the western mine waste burial pit in an attempt to identify if
buried mine waste was present, and to identify the location of the waste. Historical
documents that detailed reclamation activities did not include information about the
western mine waste burial pit and NAML personnel that visited the Site could not provide
information about the western mine waste burial pit. The area consisted of a
revegetated disturbed area surrounded by a barbed wire fence and an earthen berm
along the eastern edge. Conclusive information about buried waste material was only
identified in one borehole (SO078-SCX-041) where mine waste material appeared to be
present from approximately 6.0 to 9.0 ft bgs, but the material above 6.0 ft may include
TENORM as well. TENORM may also be present in the area of the S078-SCX-046 borehole
(e.g., variable subsurface static gamma measurements), but information was not
conclusive. While subsurface static gamma measurements and metals/Ra-226
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concentrations exceeded the ILs in other nearby boreholes (S078-SCX-042, -SCX-043,
-SCX-047, -SCX-048, and -SCX-050), there was no direct evidence that TENORM was
present (i.e., fluctuating subsurface static gamma measurements or Ra-226/metals
concentrations over an interval that contained waste material, or material properties
that were visibly indicative of fill). Subsurface materials in the nearby boreholes generally
appeared to be natural/undisturbed and were representative of geologic materials that
would be expected to be present downslope from a steep sidewall that contained
NORM (prior to mining activities). A volume estimate is provided for the western mine
waste burial pit in Section 4.7.

o Metals concentrations in samples collected outside of the area of TENORM were within
the regional concentration values except for SO78-SCX-62 on the mesa fop where the
selenium and uranium concentrations exceeded the regional values.

o Itisimportant to consider that the subsurface static gammal IL for Survey Area A (there is
no subsurface static gamma IL for Survey Area B) was not used as a standalone
measurement to delineate the vertical extent of TENORM that exceeded the IL at the
Site. The static gamma IL was used as one line of evidence as described in Section 4.1.
For example, the downhole increasing/decreasing trends of static gamma
measurements in boreholes within the eastern mine waste burial pit provide more useful
information regarding the location of buried mine waste than the presence of an IL
exceedance.

The area of the Site considered to contain TENORM (i.e., multiple lines of evidence pointed to
the presence of mining-related impacts) was 44.7 acres, as shown on Figure 4-8a. Portions of the
TENORM exceeded one or more IL; where approximately 31.6 acres contained TENORM that
exceeded the surface gamma IL and the majority of the sample locations where Ra-226 and/or
metals ILs were exceeded. TENORM exceeding the ILs was observed at six sample locations 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 IL is approximately 91,012 yd3, as
shown in Figure 4-9a. This estimate was calculated using ESRI ArcGIS Desktop 10.3.1 Spatial
Analyst Extension cut/fill tool (ESRI, 2017). The volume analysis also utilized 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 atf 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
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areas of these groups are shown in Figure 4-9a. Assumptions used fo calculate the volume were
as follows:

General Assumptions

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

Portions of the areas delineated as exposed bedrock on Figure 4-9a contain small amounts
of colluvium that is mining-disturbed within the areas of TENORM.

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 3-ft-tall
boulder in an area where TENORM was assumed to extend 1 ft bgs), the additional volume
of the boulders was assumed to be accounted for by the TENORM depth estimates.

The subsurface static gamma IL for Survey Area A (there is no subsurface static gamma IL for
Survey Area B) was not used as a standalone measurement to delineate the vertical extent
of TENORM that exceeded the IL at the Site. The static gamma IL was used as one line of
evidence as described in Section 4.1.

Group Assumptions

4.21

Group 1 (18,841 yd3) — Contours of the thickness of the eastern mine waste burial pit were
generated to support these volume calculations (refer to Figure 4-9b). The thickness contours
were based on: (1) the depth of waste material (bottom surface) observed in boreholes;
and (2) elevation profiles of the top of the mine waste burial pit area (top surface) based on
topographic contours from the orthophotographs (Cooper, 2017). These data were used to
generate cross-section A — A’ shown in Figure 2-9. The mine waste burial pit thickness
contours ranged from 2 ft bgs near the edges of the mine waste burial pit, fo 25 ft bgs near
the center (refer to Figure 4-9b). Waste material appeared to extend to approximately 17.0,
20.0, 17.5, and 14.5 ft bgs in the S078-SCX-031, -SCX-032, -SCX-035, and -SCX-036 boreholes,
respectively (refer to borehole logs). Additional information about the eastern mine waste
burial pit is described in Section 4.6 above. Note that the waste material in the mine waste
burial pit is covered with fill material that does not exceed the ILs at the surface in some
locations. Also note that the mine waste burial pit was created during reclamation activities
by filling in an existing minor drainage.

Group 2 (1,318 yd3) — The volume of the western mine waste burial pit was estimated based
on the data collected from several boreholes in and around the mine waste burial pif. The
thickness of the material exceeding ILs varied widely between boreholes from 4.5 to 20 ft
bgs, and a thickness of 10 ft was used for the volume estimate over the Group 2 area. Waste
material was observed between 6 to 9 ft bgs in borehole S078-SCX-041, but many other
boreholes in the area did not show direct evidence of buried waste material. Additional
information about the western mine waste burial pit is described in Section 4.6 above.

Group 3 (2,878 yd3) — The volume of TENORM exceeding ILs in Group 3 was based on field
observations and borehole data. The TENORM material was assumed to be 0.5 ft thick over
the area of the polygon. Much of the Group 3 area consists of highly weathered bedrock at
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the surface. Soil was removed from much of the Group 3 area during previous reclamation
activities and disturbance from the scraping of the surface was observed.

e Group 3a (1,068 yd?) — The volume of TENORM exceeding ILs in Group 3a was based on
Ra-226 and/or metals IL exceedances in sample locations (S078-CX-008, -CX-014, -SCX-022,
and -SCX-025) in an area of the mesa bench that was disturbed by mining-related activities,
but where surface gamma measurements were less than the IL. TENORM was assumed to
extend to 0.5 ft over the area of the Group 3a polygon.

e Group 4 (11,384 yd?3) — The volume of TENORM exceeding ILs in Group 4 was based on field
observations and borehole data and was assumed to be 1.0 ff thick over the area of the
polygon. The portions of Group 4 on top of the mesa include some of the primary mining
areas (refer to Section 2.0), and several boreholes were completed in this portion of the
Group to support the volume estimates. Some areas along the mesa sidewall in the lower
portions of Group 4 that are within the potential mine waste area shown in Figure 2-9a were
not able to be accessed safely. Mine-impacted materials derived from the mesa top were
visible on the cliffs and slopes in the lower portions of Group 4, though subsurface soil
sampling and gamma surveying was limited in these areas.

e Group 5 (17,452 yd3) — Group 5 conisists of the mesa sidewall adjacent to the primary mining
areas. The area was partially covered by mine waste rock situated on the steep slope. The
volume of TENORM exceeding ILs was assumed to be 3.0 ft thick over that area based on
field observations, historical aerial photography and mine drawings, and limited soil sampling
and gamma radiation surveys. Portions of Group 5 could not be accessed safely, and drill rig
access was not possible. Consequently, those portions of the area were not evaluated.
Based on field mapping, the thickest waste material (estimated at 5 ft thick) was present in
the upper (northern) portion of Group 5. The lower and western portions of the group
contained some bedrock outcrops and thinner (estimated at 1 to 2 ft thick) deposits of
waste rock that was tfransported downslope due to mass wasting.

e Group 6 (2,562 yd?3) — Group 6 consists of the mesa sidewalls in the eastern portions of the
Site. This area was cross-gradient from the primary mining areas, across a drainage, and did
not contain visible waste rock or surface disturbance other than limited ground disturbance
near the coal/sandstone outcrop on the mesa bench. The volume of TENORM exceeding ILs
was estimated to be 0.5 ft thick based on field mapping and gamma measurements.

o Group 7 (665 yd3) - TENORM exceeding ILs in the area of the eastern drainage was
estimated to be 0.5 ff thick based on field mapping and gamma measurements. The entire
drainage was assumed to contain TENORM above the ILs though surface gamma
measurements indicated that some portions of the drainage did not contain TENORM above
the ILs. Elevated gamma survey measurements may also be attributed to bedrock outcrops
in the drainage and runoff from NORM material east of the Site.

e Group 8 (7,541 yd3) — Group 8 conisists of a disturbed area and waste rock downslope of the
southeast corner of Group 5. This area appeared to be a staging area for mining and/or
reclamation operations. The volume of TENORM exceeding ILs in this area was assumed to
be 5.0 ft thick based on four boreholes (S078-SCX-027 through -SCX-030). Downhole static
gamma survey and soil sampling data exceeded ILs in these boreholes, though results are
variable and some elevated static gamma measurements and Ra-226/metals
concentrations are likely due to the presence of NORM. The down-hole data are relatively
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stable (e.g., subsurface static gamma measurements did not fluctuate with changes in
subsurface lithology). The depth of TENORM (5.0 ft) was estimated based on the likely
amount of disturbance that occurred in the areaq, including the use of heavy machinery and
potential stockpiling activities.

e Group 92 (18,704 yd3) — Group 9 consists of the valley floor area and the lowest elevations at
the Site. The volume of TENORM exceeding ILs in this area was assumed to be 1.0 ft thick
based on results of surface and subsurface soil samples, gamma survey results, and field
mapping. Depth to bedrock is highly variable in Group 9 with bedrock outcrops atf the
surface in some locations and soil thicknesses of over 20 ft in others. Downhole gamma
survey measurements and metals concentrations exceeded ILs in some boreholes, though
results were variable, and it was not clear whether subsurface material was NORM or
TENORM. Based on historical data and aerial photographs, excavation and/or burial of
waste rock was not conducted in this area. It is important to consider that the addition of a
separate background reference area to represent the Quaternary deposits will alter the
estimate of the lateral and vertical extent of mining-related impacts developed for Group 9.

e Group 10 (5,530 yd3) — Based on field observations, the volume of TENORM exceeding ILs in
the areas of the potential haul roads was assumed to extend to an average of 2.0 ft bgs.
Portions of the road contain cut surfaces where bedrock is exposed at the surface (TENORM
will be limited), while other portions on the road contain unconsolidated fill material that was
used to create a level road base surface (i.e., thicker amounts of TENORM, including the
area where the potential haul road runs parallel to the drainage below the mesa sidewall).

e Group 11 (3,069 yd3) — The volume of TENORM exceeding ILs in the area of the main site
drainage was estimated based on a crifical review of aerial imagery (Cooper, 2017 and
Google Earth, 2018), field mapping of sediment thicknesses within the drainage (ranging
from an estimated 0.1 to 4 ft bgs), and gamma measurements. The entire drainage was
assumed to contain 3 ft of TENORM above the ILs. Many parts of the drainage are deeply
incised and safe access for sampling or scanning was not possible.

Historical reclamation planning documents stated that approximately 8,000 bcy of waste
material was to be placed in the eastern mine waste burial pit, and the total work quantity was
not to exceed 13,600 bcy, with the additional 5,600 bcy being stockpiled material and cover
material. Based on RSE Site Characterization activities, including drilling and geophysics,
approximately 18,841 yd3 of TENORM (including cover material) was estimated to be present in
the eastern mine waste burial pit. The calculated volume of the eastern mine waste burial pit
was less than 1.5 times the amount of waste material and cover material listed in the
reclamation documents, which is a reasonable comparison. However, it is important to consider
that the reclamation documents were planning documents and a final volume from
reclamation activities was not provided.

A NAML memorandum stated that approximately 5,000 yd3 of waste material was placed in pits
on the mesa top. The areas of the backfilled pits were not identified using data collected during
RSE Site Characterization activities that included driling and geophysical surveys. However,
areas of reclamation and revegetation were identified on the mesa top. It was assumed that
the pits were shallow surface excavations in the revegetated area (this area is included in Group
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4 above). Because the pits could not be identified a direct comparison of the approximate
portion of the volume of Group 4 coincident with the revegetated area was not applicable.

4.8 SURFACE WATER AND WELL WATER ANALYTICAL RESULTS

The surface water and well water samples collected as part of the Site Characterization
activities were analyzed for the constituents listed in Section 3.3.2.4 to evaluate potential mining-
related impacts. All three water features observed in the field (refer to Section 3.3.2.4) were
sampled. The locations of these water features are shown in Figure 2-1 and included the
following:

e Pond/Well/1050475 (sample S078-WS-001) located 0.25 miles southwest of the claim #79
boundary

e S078-Seep-1 seep (sample S078-WS-002) located along a geologic contact in the mesa
sidewall in the southeast portion of the claim #78 boundary

e 04T-386/Tank 4T-386/CH981123BGW002 water well (sample SO78-WL-001) located
approximately 1.0 mile south of the claim #79

The analytical results from the samples 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 that the sample from the S078-Seep-1 seep (S078-WS-002) had
radionuclides as well as total and dissolved metals concentrations greater than ILs. Radiological
constituents Ra-226, Ra-228, and adjusted gross alpha concentrations ranged from
approximately five to 30 times their respective ILs; the highest elevated concentration, adjusted
gross alpha, measured at 421 pCi/L compared to the IL of 15 pCi/L. Metals including beryllium,
cadmium, thallium, uranium, and zinc concentrations ranged from less than two o
approximately 16 times greater than ILs. Beryllium and uranium concentrations were 65 and 190
micrograms per liter (ug/L), respectively, compared to ILs of 4 and 30 ug/L. Cadmium, thallium,
and zinc concentrations were less than two times their respective ILs. The pH of the seep sample
was 3.67, which was indicative of acidic conditions. All other metals and radionuclides were
below their respective ILs in the three samples. Based on these results, the above radionuclides
and metals are confirmed COPCs for Seep S078-Seep-1 water.

Results of general chemistry parameters indicated that TDS and sulfate were above their
respective ILs in the samples collected from all three features (S078-WL-001, SO78-WS-001, and
S078-WS-002). Based on these results, TDS and sulfate are confirmed COPCs for all three features.
All other general chemistry parameters were below their respective ILs in the three sampiles.

- ."*I.l"\"-'r.l"'q...l'_:'
4.24 () stantec L



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

FINDINGS AND DISCUSSION
September 18, 2018

Because radionuclides and metals exceeded their respective ILs for SO78-Seep-1, and TDS and
sulfate exceeded their respective ILs in the samples collected at all three water features, further
characterization may be considered at these locations to evaluate potential mining-related
impacts. It should be noted that elevated constituent concentrations and the low pH measured
in water from S078-Seep-1 may be attributable to the geochemical composition of coal seams
within the Toreva Formation rather than historical mining operations at the Site; however, further
investigation is needed to determine the source(s) of potential seep water impacts at the Site.
The laboratory analytical data and Data Usability Report are provided in Appendix F.

4.9 GEOPHYSICAL SURVEY RESULTS

The results of the geophysical survey are provided in Appendix A.2. A summary of the
interpretation of the geophysical survey results is presented below.

e Area 1-Survey results indicated approximately 7 to12 ft bgs of resistive material near the
surface, underlain by lower resistivity material. This generally correlated with the depth to
bedrock observed in the driling data.

e Area 2 - Survey results indicated approximately 10 to15 ft bgs of resistive material near the
surface. This correlated with the drilling data in the area of the eastern mine waste burial pit:
depths of native unconsolidated material (sand and gravel) and depths of reclamation
material.

e Area 3 - Survey results indicated resistive material ranging in thickness from 10 to 35 ft bgs.
This resistivity signature was typically associated with unconsolidated deposits at the Site.
However, bedrock is at or near the surface across much of the mesa top, where Area 3 was
located, based on field mapping and the results of the drilling investigation. Thus,
discontinuous resistivity in the subsurface of Area 3 was likely a result of varying bedrock
compositions. The mesa top bedrock contained beds of coal, sandstone, siltstone, and other
types of sedimentary rock (refer to Appendix C.2).

An important consideration is that the interpretations of geophysical survey data are based on a
number of assumptions and minor physical variations in subsurface properties. Therefore,
interpretation results should be considered "suggestive” of subsurface conditions. Interpretation
of geophysical survey data requires the consideration of multiple lines of evidence, including a
comparison to subsurface data collected during drilling activities. An assessment of the
geophysical data on its own, without additional supporting investigation techniques, can lead to
false conclusions. In instances where the results of geophysical surveys contradict with direct
observations collected during drilling and sampling, the driling data should be considered more
reliable.

Results of the geophysical survey were used to inform the TENORM volume estimate, specifically
supporting the depth to bedrock and thicknesses of potential mine-impacted fill. These results
are presented in Sections 4.6 and 4.7.
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4.10 POTENTIAL DATA GAPS AND SUPPLEMENTAL STUDIES

4.10.1 Data Gaps

Nine potential data gaps were identified based on the Site Clearance and RSE data collection
and analyses for the Site as described in Sections 3.3 and 4.2. These data gaps can be
considered for subsequent evaluations in support of future Removal or Remedial Action
evaluations at the Site.

1.

Only the approximate center of the western and eastern extents of the northern potential
haul road were surveyed. The road shoulders were not surveyed due to a miscommunication
with the field team.

The surface gamma survey does not cover the areal extent of samples collected in BG-1.

Subsurface static gamma measurements were not collected in BG-2 due to the shallow
depth of soil on bedrock.

Field personnel were unable to perform the surface gamma survey in some areas along the
mesa sidewall because of access and safety issues. Approximately 1.4 acres could not be
surveyed due to unsafe terrain. These areas were included in the TENORM area and volume
estimates.

The survey was not extended laterally along the Survey Area B mesa sidewall where gamma
measurements were greater than the IL because of professional judgement that the mining-
impacted material did not extend across the drainages on the west and east sides of the
Site and that the material at the extent of the survey was NORM. This data gap is considered
minor because the areas are not disturbed by mining and the IL exceedances appear to be
representative of naturally occurring conditions.

The gamma survey was not extended laterally from portions of the western and eastern
extent of the potential haul roads where gamma measurements were greater than the IL
due to miscommunication with the field personnel. However, gamma measurements on the
potential haul roads were less than two times the IL.

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

Field personnel terminated two boreholes because of decreasing static gamma
measurements, using this criterion was a field error.

A background reference area is warranted fo better evaluate potential mining-related
impacts in the Quaternary deposits on the valley bottom.
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4.10.2 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. It was identified that Ra-226 and Th-230 concentrations were in equilibrium at the Site.
However, sample results did not indicate that they were in secular equilibrium. This may be
an important consideration in the future if a human health and/or ecological risk assessment
is performed.

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

3. 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.

4. Additional sampling may be required downgradient of the eastern mine waste burial pit to
evaluate infiltfration and potential subsurface transport from the area of the burial pit.

5. Large boulders located along or af the base of the mesa sidewall were included in the area
of the surface gamma survey but were not otherwise evaluated. Additional characterization
of the boulders may be required prior to future Removal or Remedial Actions.
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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 October 2017. The Site is known as the Claim 28 site and is also identified by the USEPA
as AUM claim with two mine site identifications of #78 and #7%in the 2007 AUM Aflas.

The purpose of the RSE was to review relevant information and collect data related to historical
mining activities to support future Removal or Remedial Action evaluations at the Site. It is not
infended to establish cleanup levels or determine cleanup options or potential remedies. The
primary objective of the RSE process is to determine the location and volume of TENORM that
may be present at the Site in excess of ILs, because of historical mining activities. To meet these
objectives, 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. Surface water and well water samples were
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 on
the actual gamma radiation measurements and soil/sediment analyfical results. However,
predicted Ra-226 concentrations were compared to the actual Ra-226 laboratory results and ILs
from the surface soil/sediment samples.

The Site was located within the Black Mesa Mining District on Black Mesa. The Site was in
operation between 1957 and 1968. Mine workings at the Site consisted of an open pit. The
USAEC reported total ore production from the Site was 4,181.08 tons (approximately 8,362,160
pounds) of ore that contained 17,327.367 pounds of 0.21 percent UsOsand 13,400.06 pounds of
0.27 percent V20s.

Two potential background reference areas (BG-1 and BG-2) were considered and the same two
potential background reference areas were selected to develop surface gamma, subsurface
gamma, Ra-226, and metdals ILs for the for the two Survey Areas (Survey Area A and B) at the
Site.

Arsenic, molybdenum, selenium, uranium, vanadium, and Ra-226 concenfrations and gamma
radiation measurements in soil/sediment exceeded their respective ILs and are confirmed
COPC:s for the Site.

Surface gamma measurements and Ra-226 and metals concentrations were generally highest in
areas that were coincident with the western portion of the mining/reclaimed disturbed area and
the western and eastern Mine Waste Burial Pits. The maximum gamma survey measurement was
301,035 cpm, which was greater than 14 times the maximum surface gammalIL (i.e., BG-1 IL of
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20,677 cpm), and occurred in the western portion of the mining/reclaimed disturbed area. The
highest Ra-226 and metals concentrations, and subsurface static gamma measurements were
also detected in the western and eastern Mine Waste Burial Pits and western portion of the
mining/reclaimed disturbed area, as well as in the berm near the upstream segment of the
eastern drainage and in the mesa sidewall.

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

Based on the data analysis performed for this report along with the multiple lines of evidence,
approximately 44.7, out of the 73.10 acres of the Survey Areq, were estimated to contain
TENORM. This estimate is inclusive of three areas: the mining/reclaimed disturbed area and
surrounding areas (primarily the mesa bench and upper mesa sidewall), the lower mesa sidewall
and foothills, and the valley bottom. The areas outside of the TENORM boundary have sporadic
surface gamma IL exceedances, and show no signs of mining-related disturbance. Therefore,
they are considered NORM (i.e., naturally occurring). Of the 44.7 acres that contain TENORM,
31.6 acres contain TENORM that exceeds the ILs. The volume of TENORM in excess of ILs is
estimated to be 21,012 yd? (69,584 cubic meters). It should be noted that the COPC
measurements and concentrations in the area that contains TENORM that exceeds the ILs are
generally higher than the COPC measurements and concentrations in the area of NORM
located outside the TENORM boundary.

Water samples were collected from one surface water pond (Pond/Well/1050475), one seep
(SO78-Seep-1), and one windmill well (04T-386/Tank 4T-386/CH?81123BGW002). Sample analyses
indicated that seep water sample S078-WS-002 (S078-Seep-1) had radionuclides

(Ra-226, Ra-228, and adjusted gross alpha) and total and dissolved metals (beryllium, cadmium,
thallium, uranium, and zinc) concentrations greater than respective ILs. These results included an
adjusted gross alpha concentration of 421 pCi/L, which was approximately 30 times the IL

(15 pCi/L), a beryllium concentration of 65 ug/L, which was approximately 16 times the IL (4
hg/L); and a uranium concentration of 190 ug/L, which was approximately six fimes the IL (30
hg/L). The pH of the seep water was 3.67. Based on these results, the above radionuclides and
metals were confirmed as COPCs for the seep water. All other metals and radionuclides were
below their respective ILs in the three water samples. Results of general chemistry parameters
indicated that TDS and sulfate were also above their respective ILs for all three water features
(SO78-WL-001, SO78-WS-001, and S078-WS-002). All other general chemistry parameters were
below their respective ILs in the three samples. Based on these results, TDS and sulfate are
confirmed COPC:s for all three features. Because radionuclides and metals exceeded their
respective ILs for SO78-Seep-1, and TDS and sulfate exceeded their respective ILs in the samples
collected at all three water features, further characterization may be necessary at these
locations to evaluate potential mining-related impacts. It should be noted that elevated
constituent concentrations and the low pH measured in water from S078-Seep-1 may be
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attributable to the geochemical composition of coal seems within the Toreva Formation rather
than historical mining operations at the Site; however, further investigation is needed to
determine the source(s) of potential seep water impacts at the site.

Nine potential data gaps were identified based on the Site Clearance and RSE data collection
and analyses for the Site, as listed in Section 4.10. 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 Claim 28 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 Claim 28 RSE were $741,600.
Stantec's costs associated with interim actions (access road improvements and sign installation)
were $70,500. In addition, Administrative costs provided by the Trust were estimated currently at
$191,50045. Administrative costs will change due to continued community outreach and close
out activities.

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

Identified Water Features

Claim 28
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1

Source of Identified Water

Identified Water Feature
Feature

Water Feature
Identification

Field Sample
Identification

Field Personnel Observations

Pond 2007 AUM Atlas®

Pond/Well/1050475

S078-WS-001

This location was a pond that varies in size
seasonally with runoff (i.e., the pond can
be up to 150 feet across). On October 19,
2016 field personnel collected surface
water sample ID S078-WS-001 from the
pond. Field personnel did not observe a
water well at this location.

Windmill Well 2007 AUM Atlas', NNDWR

04T-386/Tank 4T-
386/CH981123BGWO002

S078-WL-001

This location was a windmill well, two water
tanks, and water trough. On October 19,
2016 field personnel collected water well
sample ID S078-WL-001 from the valve at
the trough.

Seep Stantec/Trust

S078-Seep-1

S078-WS-002

This location was a water seep. The seep
daylighted on the mesa side wall along a
geologic contact. The area where water
daylighted was approximately 50 feet
wide. On November 5, 2016 field personnel
collected surface water sample ID SO078-WS-
002 from an area where the seep was
pooling. The pooled area was
approximately one foot by one foot.

Notes

ID - identification

NNDWR - Navajo Nation Department of Water Resources
L USEPA, 2007a
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Table 3-1b
Water Well Specifications for 04T-386
Claim 28
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 ofl
Description Water Well Information
Tribal Well Number 04T-386
Easting® 599579.00
Northing® 4009827.00
Operator Tribe Operations and Maintenance
Well Completed Date 9/15/1954
Elevation (ft amsl) 6,662
Well Depth (ft bgs) 902
Well Type Water Well
Well Status Active
Well Use Domestic
Well Borehole Diameter (inches) unknown

10.75 inches from ground surface to 130 ft bgs, 5.0 inches

Well Casing Diameter (inches) from 544 t0902 ft bgs

Top of Well Casing (ft ags) unknown
Bottom of Well Casing (ft bgs) 902

Well Build Material Steel
Top of Well Screen Perforation (ft bgs) 802
Bottom of Well Screen Perforation (ft bgs) 902
Notes

ft - feet

ft ags - feet above ground surface

ft amsl - feet above mean sea level

ft bgs - feet below ground surface

! Coordinate System: NAD 1983 UTM Zone 12N
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Navajo Nation AUM Environmental Response Trust - First Phase

Table 3-2

Soil and Sediment Sampling Summary

Claim 28

Removal Site Evaluation Report - Final

Page 1 of 5
Sample Types
Sample Location Sample Depth Sample Sample  Sample Collection Survey Sample Easting! Northing! Metals, Ra-226 Thorium
(ft bgs) Media Category Method Area Date Total

Background Reference Area Study - Background Area 1
S078-BG1-001 0-05 soil SF grab NA 10/19/2016 599034.66 4011791.07 N;FD N;FD -
S078-BG1-002 0-05 soil SF grab NA 10/19/2016 599034.71 4011794.95 N;MS;MSD N -
S078-BG1-003 0-05 soil SF grab NA 10/19/2016 599031.70 4011795.77 N N -
S078-BG1-004 0-05 soil SF grab NA 10/19/2016 599028.38 4011794.49 N N -
S078-BG1-005 0-05 soil SF grab NA 10/19/2016 599028.79 4011791.63 N N -
S078-BG1-006 0-05 soil SF grab NA 10/19/2016 599025.85 4011789.85 N N -
S078-BG1-007 0-05 soil SF grab NA 10/19/2016 599031.04 4011790.11 N N -
S078-BG1-008 0-05 soil SF grab NA 10/19/2016 599030.87 4011786.66 N N -
S078-BG1-009 0-05 soil SF grab NA 10/19/2016 599028.99 4011784.40 N N -
S078-BG1-010 0-05 soil SF grab NA 10/19/2016 599025.75 4011786.64 N N -
S078-BG1-011 0-05 soil SF grab NA 11/10/2016 599020.44 4011777.85 N;FD N;FD -
S078-BG1-013 0-05 soil SF grab NA 11/10/2016 599020.36 4011779.04 N N -
S078-BG1-013 05-1.0 soil SB grab NA 11/10/2016 599020.36 4011779.04 N N -
S078-BG1-013 2-26 soil SB grab NA 11/10/2016 599020.36 4011779.04 N N -

Background Reference Area Study - Background Area 2
S078-BG2-001 0-05 soil SF grab NA 10/19/2016 599111.91 4011952.68 N;FD N;FD -
S078-BG2-002 0-05 soil SF grab NA 10/19/2016 599109.17 4011952.12 N N -
S078-BG2-003 0-05 soil SF grab NA 10/19/2016 599114.87 4011954.42 N N -
S078-BG2-004 0-05 soil SF grab NA 10/19/2016 599113.00 4011957.09 N N -
S078-BG2-005 0-05 soil SF grab NA 10/19/2016 599108.40 4011956.05 N N -
S078-BG2-006 0-05 soil SF grab NA 10/19/2016 599110.55 4011957.41 N N -
S078-BG2-007 0-05 soil SF grab NA 10/19/2016 599115.57 4011959.23 N N -
S078-BG2-008 0-05 soil SF grab NA 10/19/2016 599109.48 4011960.71 N N -
S078-BG2-009 0-05 soil SF grab NA 10/19/2016 599111.67 4011962.87 N;MS;MSD N -
S078-BG2-010 0-05 soil SF grab NA 10/19/2016 599114.35 4011962.06 N N -

Correlation 5-point composite NA
S078-C01-001 0-05 soil SF 5-point composite NA 11/11/2016 599470.76 4011392.84 -- N;FD N;FD
S078-C02-001 0-05 soil SF 5-point composite NA 11/11/2016 599285.16 4011574.96 -- N N
S078-C03-001 0-05 soll SF 5-point composite NA 11/11/2016 599324.79 4011616.18 -- N N
S078-C04-001 0-05 soil SF 5-point composite NA 11/11/2016 599641.10 4011600.03 -- N N
S078-C05-001 0-05 soll SF 5-point composite NA 11/11/2016 599014.40 4011770.94 -- N N

Characterization
S078-CX-001 0-05 sediment SF grab A 4/18/2017 599260.41 4011442.09 N N -
S078-CX-002 0-05 soil SF grab A 4/18/2017 599260.90 4011503.65 N N -
S078-CX-003 0-05 soil SF grab A 4/18/2017 599340.89 4011687.84 N N -
S078-CX-004 0-05 soil SF grab A 4/18/2017 599385.00 4011717.54 N N -
S078-CX-005 0-05 soil SF grab A 4/18/2017 599407.97 4011376.22 N N -
S078-CX-006 0-05 soil SF grab A 4/18/2017 599218.96 4011341.11 N N -
S078-CX-007 0-05 soil SF grab B 4/19/2017 599674.06 4011846.08 N;FD N;FD -
S078-CX-008 0-05 sediment SF grab B 4/19/2017 599595.00 4011806.56 N;MS;MSD N -
S078-CX-009 0-05 sediment SF grab B 4/19/2017 599473.79 4011794.56 N N -
S078-CX-010 0-05 soil SF grab B 4/19/2017 599645.61 4011700.58 N N -
S078-CX-011 0-05 soil SF grab A 4/19/2017 599504.71 4011616.44 N;FD N;FD -
S078-CX-012 0-05 sediment SF grab B 4/19/2017 599681.80 4011519.23 N N -
S078-CX-013 0-05 soil SF grab B 10/21/2017 599709.16 4011757.26 N N -
S078-CX-014 0-05 soil SF grab B 10/21/2017 599693.66 4011808.07 N N -
S078-SCX-001 0-05 sediment SF grab B 4/19/2017 599471.70 4011745.36 N;FD N;FD -
S078-SCX-001 10-15 sediment SB grab B 4/19/2017 599471.70 4011745.36 N N -
S078-SCX-001 15-20 sediment SB grab B 4/19/2017 599471.70 4011745.36 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

@ Stantec

MAVAID

N NATIOM
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Characterization continued
S078-SCX-002 0-05 soil SF grab B 4/19/2017 599507.56 4011704.56 N N -
S078-SCX-002 05-1.0 soil SB grab B 4/19/2017 599507.56 4011704.56 N N -
S078-SCX-002 1.0-20 soil SB grab B 4/19/2017 599507.56 4011704.56 N N -
S078-SCX-002 2.0-275 soil SB grab B 4/19/2017 599507.56 4011704.56 N N -
S078-SCX-003 0-05 soil SF grab B 4/19/2017 599573.30 4011675.45 N N -
S078-SCX-003 05-1.0 soil SB grab B 4/19/2017 599573.30 4011675.45 N N -
S078-SCX-004 0-05 sediment SF grab B 4/19/2017 599629.40 4011662.09 N N -
S078-SCX-005 0-05 soil SF grab B 4/19/2017 599687.74 4011615.16 N N -
S078-SCX-006 0-05 soil SF grab A 4/20/2017 599336.37 4011657.30 N N -
S078-SCX-006 05-15 soil SB grab A 4/20/2017 599336.37 4011657.30 N N -
S078-SCX-006 15-25 soil SB grab A 4/20/2017 599336.37 4011657.30 N N -
S078-SCX-007 0-05 sediment SF grab A 4/20/2017 599329.07 4011534.77 N;MS;MSD N -
S078-SCX-007 05-20 sediment SB composite A 4/20/2017 599329.07 4011534.77 N N -
S078-SCX-007 2.0-25 sediment SB grab A 4/20/2017 599329.07 4011534.77 N N -
S078-SCX-008 0-05 soil SF grab A 4/20/2017 599457.65 4011525.24 N N -
S078-SCX-009 0-0.25 soil SF grab A 4/20/2017 599516.60 4011472.83 N N -
S078-SCX-010 0-05 sediment SF grab A 4/20/2017 599436.40 4011275.95 N N -
S078-SCX-010 05-25 sediment SB composite A 4/20/2017 599436.40 4011275.95 N N -
S078-SCX-010 25-3.0 sediment SB grab A 4/20/2017 599436.40 4011275.95 N N -
S078-SCX-011 0-05 soil SF grab A 4/20/2017 599301.95 4011350.34 N N -
S078-SCX-011 05-15 soil SB grab A 4/20/2017 599301.95 4011350.34 N N -
S078-SCX-011 15-20 soil SB grab A 4/20/2017 599301.95 4011350.34 N N -
S078-SCX-012 0-05 sediment SF grab B 10/11/2017 599536.93 4011763.61 N N -
S078-SCX-012 75-85 bedrock SB grab B 10/11/2017 599536.93 4011763.61 N N -
S078-SCX-012 10.0-11.0 bedrock SB grab B 10/11/2017 599536.93 4011763.61 N N -
S078-SCX-012 11.5-12.0 bedrock SB grab B 10/11/2017 599536.93 4011763.61 N N -
S078-SCX-012 12.0-13.0 bedrock SB grab B 10/11/2017 599536.93 4011763.61 N N -
S078-SCX-013 0-05 sediment SF grab B 10/11/2017 599547.77 4011758.60 N N -
S078-SCX-013 10-15 sediment SB grab B 10/11/2017 599547.77 4011758.60 N N -
S078-SCX-013 25-3.0 bedrock SB grab B 10/11/2017 599547.77 4011758.60 N N -
S078-SCX-014 0-05 soil SF grab B 10/11/2017 599539.54 4011780.47 N N -
S078-SCX-015 0-05 sediment SF grab B 10/11/2017 599513.14 4011758.28 N N -
S078-SCX-015 3.0-4.0 bedrock SB grab B 10/11/2017 599513.14 4011758.28 N;FD N;FD -
S078-SCX-016 0-05 sediment SF grab B 10/11/2017 599490.49 4011758.99 N N -
S078-SCX-017 0-05 soil SF grab B 10/11/2017 599494.43 4011722.86 N N -
S078-SCX-017 05-20 soil SB composite B 10/11/2017 599494.43 4011722.86 N N -
S078-SCX-018 0-05 soil SF grab B 10/12/2017 599566.25 4011793.96 N N -
S078-SCX-018 05-1.0 soil SB grab B 10/12/2017 599566.25 4011793.96 N N -
S078-SCX-019 0-05 bedrock SF grab B 10/12/2017 599581.53 4011746.78 N N -
S078-SCX-020 0-05 bedrock SF grab B 10/12/2017 599610.00 4011715.10 N N -
S078-SCX-021 0-05 soil SF grab B 10/12/2017 599633.31 4011711.36 N;MS;MSD N -
S078-SCX-022 0-05 soil SF grab B 10/12/2017 599688.73 4011860.16 N N -
S078-SCX-023 0-05 bedrock SF grab B 10/12/2017 599687.75 4011860.78 N N -
S078-SCX-024 0-05 sediment SF grab B 10/12/2017 599705.91 4011779.18 N;FD N;FD -
S078-SCX-025 0-05 soil SF grab B 10/12/2017 599627.27 4011796.32 N N -
S078-SCX-026 0-05 soil SF grab B 10/13/2017 599638.17 4011635.60 N;MS;MSD N -
S078-SCX-026 40-5.0 soil SB grab B 10/13/2017 599638.17 4011635.60 N N -
S078-SCX-026 8.0-9.0 soil SB grab B 10/13/2017 599638.17 4011635.60 N N -
S078-SCX-027 0-05 soil SF grab B 10/13/2017 599622.11 4011607.35 N N -
S078-SCX-027 5.0-6.0 soil SB grab B 10/13/2017 599622.11 4011607.35 N N -
S078-SCX-027 6.0-7.0 soil SB grab B 10/13/2017 599622.11 4011607.35 N N -
S078-SCX-027 11.0-12.0 soil SB grab B 10/13/2017 599622.11 4011607.35 N N -
S078-SCX-027 12.0-13.0 soil SB grab B 10/13/2017 599622.11 4011607.35 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

@ Stantec
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Characterization continued
S078-SCX-028 0-05 soil SF grab A 10/14/2017 599622.54 4011588.49 N;FD N;FD -
S078-SCX-028 40-5.0 soil SB grab A 10/14/2017 599622.54 4011588.49 N N -
S078-SCX-028 12.0-13.0 soil SB grab A 10/14/2017 599622.54 4011588.49 N N -
S078-SCX-028 28.0-29.0 soil SB grab A 10/14/2017 599622.54 4011588.49 N N -
S078-SCX-028 32.0-33.0 bedrock SB grab A 10/14/2017 599622.54 4011588.49 N N -
S078-SCX-029 0-05 soil SF grab A 10/14/2017 599618.36 4011572.48 N N -
S078-SCX-029 40-5.0 soil SB grab A 10/14/2017 599618.36 4011572.48 N N -
S078-SCX-029 8.0-9.0 soil SB grab A 10/14/2017 599618.36 4011572.48 N N -
S078-SCX-029 15.5-16.5 soil SB grab A 10/14/2017 599618.36 4011572.48 N N -
S078-SCX-030 0-05 soil SF grab A 10/14/2017 599597.44 4011602.30 N;FD N;FD -
S078-SCX-030 5.0-6.0 soil SB grab A 10/14/2017 599597.44 4011602.30 N N -
S078-SCX-030 11.0-13.0 soil SB composite A 10/14/2017 599597.44 4011602.30 N N -
S078-SCX-031 0-05 soil SF grab A 10/16/2017 599586.26 4011545.64 N;MS;MSD N -
S078-SCX-031 3.0-40 soil SB grab A 10/16/2017 599586.26 4011545.64 N N -
S078-SCX-031 9.0-10.0 soil SB grab A 10/16/2017 599586.26 4011545.64 N N -
S078-SCX-031 17.0-18.0 soil SB grab A 10/16/2017 599586.26 4011545.64 N N -
S078-SCX-031 21.0-22.0 soil SB grab A 10/16/2017 599586.26 4011545.64 N N -
S078-SCX-032 0-05 soil SF grab A 10/16/2017 599603.88 4011534.55 N N -
S078-SCX-032 3.0-40 boulder SB grab A 10/16/2017 599603.88 4011534.55 N N -
S078-SCX-032 14.0-15.0 soil SB grab A 10/16/2017 599603.88 4011534.55 N N -
S078-SCX-032 18.0-19.0 soil SB grab A 10/16/2017 599603.88 4011534.55 N N -
S078-SCX-032 20.0-21.0 soil SB grab A 10/16/2017 599603.88 4011534.55 N N -
S078-SCX-033 0-05 soil SF grab A 10/16/2017 599602.89 4011524.26 N N -
S078-SCX-033 3.0-40 soil/bedrock SB grab A 10/16/2017 599602.89 4011524.26 N;FD N;FD -
S078-SCX-034 0-05 soil SF grab A 10/16/2017 599610.08 4011542.99 N N -
S078-SCX-034 40-5.0 soil SB grab A 10/16/2017 599610.08 4011542.99 N N -
S078-SCX-034 10.0-11.0 boulder SB grab A 10/16/2017 599610.08 4011542.99 N N -
S078-SCX-034 17.0-18.0 soil SB grab A 10/16/2017 599610.08 4011542.99 N N -
S078-SCX-034 22.0-23.0 soil SB grab A 10/16/2017 599610.08 4011542.99 N N -
S078-SCX-035 0-05 soil SF grab A 10/17/2017 599645.47 4011514.95 N N -
S078-SCX-035 2.0-3.0 soil SB grab A 10/17/2017 599645.47 4011514.95 N N -
S078-SCX-035 6.0-7.0 soil SB grab A 10/17/2017 599645.47 4011514.95 N N -
S078-SCX-035 18.0-19.0 boulder SB grab A 10/17/2017 599645.47 4011514.95 N N -
S078-SCX-035 27.0-28.0 soil SB grab A 10/17/2017 599645.47 4011514.95 N N -
S078-SCX-036 0-05 soil SF grab A 10/17/2017 599644.49 4011515.57 N N -
S078-SCX-036 1.0-20 soil SB grab A 10/17/2017 599644.49 4011515.57 N;FD N;FD -
S078-SCX-036 11.0-12.0 soil SB grab A 10/17/2017 599644.49 4011515.57 N N -
S078-SCX-036 15.0- 16.0 soil SB grab A 10/17/2017 599644.49 4011515.57 N N -
S078-SCX-037 0-05 sediment SF grab A 10/17/2017 599560.83 4011622.29 N N -
S078-SCX-037 5.0-6.0 sediment SB grab A 10/17/2017 599560.83 4011622.29 N N -
S078-SCX-037 7.0-8.0 sediment SB grab A 10/17/2017 599560.83 4011622.29 N N -
S078-SCX-038 0-05 soil SF grab A 10/17/2017 599509.62 4011558.06 N;FD N;FD -
S078-SCX-038 10.0-11.0 soil SB grab A 10/17/2017 599509.62 4011558.06 N;MS;MSD N -
S078-SCX-038 12.0-13.0 soil SB grab A 10/17/2017 599509.62 4011558.06 N N -
S078-SCX-039 0-05 soil SF grab A 10/17/2017 599446.43 4011549.72 N N -
S078-SCX-039 12.0-13.0 soil SB grab A 10/17/2017 599446.43 4011549.72 N N -
S078-SCX-039 16.0-17.0 soil SB grab A 10/17/2017 599446.43 4011549.72 N N -
S078-SCX-040 0-05 sediment SF grab A 10/18/2017 599381.03 4011565.07 N N -
S078-SCX-040 40-5.0 sediment SB grab A 10/18/2017 599381.03 4011565.07 N N -
S078-SCX-040 11.0-12.0 sediment SB grab A 10/18/2017 599381.03 4011565.07 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
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Characterization continued
S078-SCX-041 0-05 soil SF grab A 10/18/2017 599373.42 4011530.84 N N -
S078-SCX-041 3.0-40 soil SB grab A 10/18/2017 599373.42 4011530.84 N N -
S078-SCX-041 5.0-6.0 soil SB grab A 10/18/2017 599373.42 4011530.84 N N -
S078-SCX-041 7.0-9.0 soil SB composite A 10/18/2017 599373.42 4011530.84 N N -
S078-SCX-041 10.0-11.0 soil SB grab A 10/18/2017 599373.42 4011530.84 N N -
S078-SCX-041 14.0-15.0 soil SB grab A 10/18/2017 599373.42 4011530.84 N N -
S078-SCX-041 17.0-18.0 soil SB grab A 10/18/2017 599373.42 4011530.84 N N -
S078-SCX-042 0-05 soil SF grab A 10/18/2017 599356.35 4011530.21 N N -
S078-SCX-042 6.0-7.0 soil SB grab A 10/18/2017 599356.35 4011530.21 N N -
S078-SCX-042 12.0-13.0 soil SB grab A 10/18/2017 599356.35 4011530.21 N N -
S078-SCX-043 0-05 soil SF grab A 10/18/2017 599370.16 4011515.30 N;FD N;FD -
S078-SCX-043 7.0-8.0 soil SB grab A 10/18/2017 599370.16 4011515.30 N N -
S078-SCX-044 0-05 sediment SF grab A 10/18/2017 599331.53 4011525.39 N N -
S078-SCX-044 40-5.0 sediment SB grab A 10/18/2017 599331.53 4011525.39 N N -
S078-SCX-044 9.0-10.0 sediment SB grab A 10/18/2017 599331.53 4011525.39 N N -
S078-SCX-045 0-05 soil SF grab A 10/18/2017 599360.48 4011586.89 N;MS;MSD N -
S078-SCX-045 6.0-7.0 soil SB grab A 10/18/2017 599360.48 4011586.89 N N -
S078-SCX-046 0-05 soil SF grab A 10/19/2017 599373.37 4011540.48 N N -
S078-SCX-046 3.0-40 soil SB grab A 10/19/2017 599373.37 4011540.48 N N -
S078-SCX-046 6.0-7.0 soil SB grab A 10/19/2017 599373.37 4011540.48 N N -
S078-SCX-047 0-05 soil SF grab A 10/19/2017 599375.20 4011532.48 N N -
S078-SCX-047 3.0-40 soil SB grab A 10/19/2017 599375.20 4011532.48 N N -
S078-SCX-047 8.0-9.0 soil SB grab A 10/19/2017 599375.20 4011532.48 N N -
S078-SCX-047 11.0-12.0 soil/bedrock SB grab A 10/19/2017 599375.20 4011532.48 N N -
S078-SCX-048 0-05 soil SF grab A 10/19/2017 599370.99 4011522.09 N N -
S078-SCX-048 3.0-40 soil SB grab A 10/19/2017 599370.99 4011522.09 N N -
S078-SCX-048 8.0-9.0 soil SB grab A 10/19/2017 599370.99 4011522.09 N N -
S078-SCX-048 12.0-13.0 soil/bedrock SB grab A 10/19/2017 599370.99 4011522.09 N N -
S078-SCX-049 0-05 soil SF grab A 10/19/2017 599367.23 4011530.72 N;FD N;FD -
S078-SCX-049 2.0-3.0 soil SB grab A 10/19/2017 599367.23 4011530.72 N N -
S078-SCX-050 0-05 soil SF grab A 10/19/2017 599360.78 4011538.65 N;MS;MSD N -
S078-SCX-050 7.0-8.0 soil SB grab A 10/19/2017 599360.78 4011538.65 N N -
S078-SCX-051 0-05 soil SF grab A 10/19/2017 599362.05 4011619.09 N N -
S078-SCX-051 16.0-17.0 soil SB grab A 10/19/2017 599362.05 4011619.09 N N -
S078-SCX-052 0-05 soil SF grab A 10/19/2017 599361.08 4011619.70 N N -
S078-SCX-052 9.0-10.0 soil SB grab A 10/19/2017 599361.08 4011619.70 N N -
S078-SCX-053 0-05 soil SF grab A 10/19/2017 599360.14 4011652.57 N N -
S078-SCX-053 9.0-10.0 soil SB grab A 10/19/2017 599360.14 4011652.57 N N -
S078-SCX-054 0-05 soil SF grab A 10/20/2017 599328.52 4011644.68 N;FD;MS;MSL  N;FD -
S078-SCX-054 8.0-9.0 soil SB grab A 10/20/2017 599328.52 4011644.68 N;FD N;FD -
S078-SCX-054 16.0-17.0 soil SB grab A 10/20/2017 599328.52 4011644.68 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

@ Stantec
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Characterization continued
S078-SCX-055 0-05 soil SF grab A 10/20/2017 599272.03 4011523.88 N;FD N;FD -
S078-SCX-055 14.0-15.0 soil SB grab A 10/20/2017 599272.03 4011523.88 N N -
S078-SCX-055 18.0-19.0 bedrock SB grab A 10/20/2017 599272.03 4011523.88 N N -
S078-SCX-056 0-05 soil SF grab A 10/20/2017 599245.86 4011477.20 N N -
S078-SCX-056 2.0-3.0 soil SB grab A 10/20/2017 599245.86 4011477.20 N N -
S078-SCX-056 9.0-10.0 soil SB grab A 10/20/2017 599245.86 4011477.20 N N -
S078-SCX-057 0-05 soil SF grab A 10/20/2017 599232.36 4011447.67 N N -
S078-SCX-057 6.0-7.0 soil SB grab A 10/20/2017 599232.36 4011447.67 N N -
S078-SCX-057 22.0-23.0 soil SB grab A 10/20/2017 599232.36 4011447.67 N N -
S078-SCX-058 0-05 soil SF grab A 10/20/2017 599318.90 4011484.62 N N -
S078-SCX-058 7.0-8.0 soil SB grab A 10/20/2017 599318.90 4011484.62 N N -
S078-SCX-058 14.0-15.0 bedrock SB grab A 10/20/2017 599318.90 4011484.62 N;FD N;FD -
S078-SCX-059 0-05 soil SF grab A 10/20/2017 599361.85 4011489.69 N N -
S078-SCX-059 3.0-40 soil SB grab A 10/20/2017 599361.85 4011489.69 N N -
S078-SCX-059 6.0-7.0 soil SB grab A 10/20/2017 599361.85 4011489.69 N N -
S078-SCX-060 0-05 soil SF grab A 10/21/2017 599282.44 4011645.66 N N -
S078-SCX-060 05-21 soil SB composite A 10/21/2017 599282.44 4011645.66 N;MS;MSD N -
S078-SCX-061 0-05 soil SF grab A 10/21/2017 599231.91 4011488.14 N N -
S078-SCX-061 05-15 soil SB grab A 10/21/2017 599231.91 4011488.14 N;FD N;FD -
S078-SCX-062 0-05 soil SF grab B 10/13/2017 599731.39 4011844.87 N N -

Notes

-- Not Sampled

N Normal

FD Field Duplicate

MS Matrix Spike

MSD Matrix Spike Duplicate

Ra-226 Radium 226

NA Not Applicable

SB Subsurface Sample

SF Surface Sample

ft bgs feet below ground surface

1 Coordinate System: NAD 1983 UTM Zone 12N
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Table 3-3
Mine Feature Samples and Area
Claim 28
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1
Volume of TENORM

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

Samples exceeding ILs (yd®)
Eas_tern_ Mine Waste 6 19 36,036 18,841
Burial Pit
We_sterr_1 Mine Waste 6 16 3.567 1,318
Burial Pit
Mining/Reclaimed . "
Disturbed Area 23 27 363,678 B
Berm 2 0 3,211 --
Potential Haul Roads 9 8 w* 5,530
Drainages 6 8 ok --

Notes

sq.ft - square feet

yd?® - cubic yards

ILs - investigation levels

TENORM - technologically enhanced naturally occurring radioactive material

-- Discrete volume was not identified for feature

* Sample counts include samples collected within the potential haul roads and drainages mapped within
the mining/reclaimed disturbed area

** 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
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Water Sampling Summary

Table 3-4

Claim 28

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

Pagelofl
Sample Types

Field Sample Water Feature Sample N N Gross Metals, . .
Identification Identification Date Easting Northing Ra-226 Ra-228 Alpha Dissolved Metals, Total DS Anions Cations
Surface Water
S078-WS-001 Pond/Well/1050475 10/19/2016 599119.87 4011161.50 N N N N N;MS;MSD N N
5078-WS-002° S078-Seep-1 11/5/2016 599650.44 4011662.72 N N N N;MS;MSD  N;MS;MSD N N
Well Water

04T7-386/Tank 4T-
S078-WL-001 386/CH981123BGW002 10/19/2016 599543.94 4010021.93 [N;FD N;FD N;FD N;FD 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 mercury analysis also included laboratory MS/MSD, all other metals analyses did not include laboratory MS/MDS
® 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

Claim 28

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 3

Location Identification S078-BG1-001 Dup

S078-BG1-001 S078-BG1-002 S078-BG1-003 S078-BG1-004 SO078-BG1-005 S078-BG1-006 S078-BG1-007

S078-BG1-008

S078-BG1-009

S078-BG1-010 S078-BG1-011

Date Collected 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 11/10/2016
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 13 14 1.3 2 24 14 24 2 14 14 1.9 3
Molybdenum 0.18 <0.18 0.2 0.26 0.35 <0.2 0.35 <0.2 <0.19 0.3 0.25 0.34
Selenium <0.86 <0.91 <0.99 <0.93 0.93 <0.99 0.94 <1 <0.96 <1 <0.93 <1
Uranium 11 0.7 0.59 0.69 2.4 2.4 2 0.93 0.64 0.51 15 17
Vanadium 6.4 6.3 5.8 7.7 9.9 6.3 9.9 9.6 6.6 6.3 7.3 9.9
Radionuclides (pCi/g)
Radium-226 1.73+0.35 2.11+0.38 1.45+0.28 1.54+0.3 3.14+0.49 1.39+0.3 2.83+0.5J+ 1.8+0.32 1.78+0.34 1.78+0.35 248+0.4 2.45+0.39
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
D Sample dilution required for analysis; reported values reflect the dilution
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



Table 4-1

Background Reference Area Soil Sample Analytical Results

Claim 28

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

Page 2 of 3

Location Identification S078-BG1-011 Dup

S078-BG1-013

S078-BG1-013 S078-BG1-013 S078-BG2-001

S078-BG2-001 Dup S078-BG2-002

S078-BG2-003

S078-BG2-004

S078-BG2-005

S078-BG2-006

Date Collected 11/10/2016 11/10/2016 11/10/2016 11/10/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016
Depth (feet) 0-05 0-05 0.5-1.0 20-26 0-05 0-05 0-05 0-05 0-05 0-05 0-05
Analyte (Units)
Metals' (mg/kg)
Arsenic 4.9 21 2 2.3 4.9 4.1 3.6 3.2 34 4.5 3.7
Molybdenum 0.33 0.34 0.33 0.29 0.35 0.28 0.22 0.28 0.23 0.23 0.27
Selenium <1 <1 <0.99 <0.99 <0.96 <0.93 <0.97 <0.95 <0.89 1 <0.98
Uranium 2.3 1.2 13 1 11 1 1.2 0.74 0.94 0.95 1
Vanadium 17 7.6 8.2 10 18 13 10 12 9.8 11 12
Radionuclides (pCi/g)
Radium-226 2.89+0.45 2.03+0.35 2.13+0.39 2.96 +0.48 1.4+0.32 1.76 £ 0.37 1.63+0.32 1.64+0.34 141+0.34 151+0.31 1.58 £ 0.39
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
D Sample dilution required for analysis; reported values reflect the dilution
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



Table 4-1
Background Reference Area Soil Sample Analytical Results
Claim 28
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 3 of 3

Location Identification S078-BG2-007 S078-BG2-008 S078-BG2-009 S078-BG2-010
Date Collected 10/19/2016 10/19/2016 10/19/2016 10/19/2016

Depth (feet) 0-05 0-05 0-05 0-05
Analyte (Units)
Metals' (mg/kg)
Arsenic 14 3.6 6.1 10
Molybdenum 0.26 0.28 0.25 J- 0.26
Selenium <0.92 <0.9 <0.96 1
Uranium 0.75 0.7 0.57 0.68
Vanadium 14 11 13 J+ 19

Radionuclides (pCi/g)
Radium-226 1.42 +0.28 1.79+0.34 1.7+0.34 1.23+0.28

Notes

Bold  Bolded result indicates positively identified compound
mg/kg milligrams per kilogram

pCi/g picocuries per gram

L 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

D Sample dilution required for analysis; reported values reflect the dilution

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



Static Gamma Measurement Summary

Table 4-2

Claim 28

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 11

Subsurface
Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-BG1-013 Background Area 1 * 0.0 soil 17,864
S078-BG1-013 Background Area 1 * 0.5 SOl 22,744
S078-BG1-013 Background Area 1 * 1.0 soil 29,180
S078-BG1-013 Background Area 1 * 15 soil 31,995
S078-BG1-013 Background Area 1 * 2.0 SOl 32,404
S078-BG1-013 Background Area 1 * 2.6 SOl 32,569
S078-SCX-006 A - 0.0 soil 26,316
S078-SCX-006 A 29,180 0.5 soil 35,765
S078-SCX-006 A 29,180 1.0 soil 31,821
S078-SCX-006 A 29,180 15 soil 27,354
S078-SCX-006 A 29,180 2.0 soil 24,223
S078-SCX-006 A 29,180 25 soil 23,218
S078-SCX-007 A - 0.0 sediment 22,617
S078-SCX-007 A 29,180 0.5 sediment 29,563
S078-SCX-007 A 29,180 1.0 sediment 32,252
S078-SCX-007 A 29,180 15 sediment 33,977
S078-SCX-007 A 29,180 2.0 sediment 35,605
S078-SCX-007 A 29,180 25 sediment 36,602**
S078-SCX-008 A - 0.0 soil 28,044
S078-SCX-008 A 29,180 0.5 soil 45,480**
S078-SCX-009 A - 0.0 soil 27,449
S078-SCX-009 A 29,180 0.25 soil 28,365**
S078-SCX-010 A - 0.0 sediment 17,713
S078-SCX-010 A 29,180 0.5 sediment 23,342
S078-SCX-010 A 29,180 1.0 sediment 25,363
S078-SCX-010 A 29,180 15 sediment 26,693
S078-SCX-010 A 29,180 2.0 sediment 27,266
S078-SCX-010 A 29,180 25 sediment 27,241
S078-SCX-010 A 29,180 3.0 sediment 26,967
S078-SCX-011 A - 0.0 soil 23,093
S078-SCX-011 A 29,180 0.5 soil 29,557
S078-SCX-011 A 29,180 1.0 soil 28,377
S078-SCX-011 A 29,180 15 soil 24,778
S078-SCX-011 A 29,180 2.0 soil 22,733
S078-SCX-028 A - 0.0 soil 24,424
S078-SCX-028 A 29,180 1.0 soil 29,730
S078-SCX-028 A 29,180 2.0 soil 28,018
S078-SCX-028 A 29,180 3.0 soil 30,372
S078-SCX-028 A 29,180 4.0 soil 31,988
S078-SCX-028 A 29,180 5.0 soil 30,100
S078-SCX-028 A 29,180 6.0 soil 28,718
S078-SCX-028 A 29,180 7.0 soil 27,170
S078-SCX-028 A 29,180 8.0 soil 27,010
S078-SCX-028 A 29,180 9.0 soil 25,586
S078-SCX-028 A 29,180 10.0 soil 24,378
S078-SCX-028 A 29,180 11.0 soil 23,552
S078-SCX-028 A 29,180 12.0 soil 23,870
S078-SCX-028 A 29,180 13.0 soil 23,434
S078-SCX-028 A 29,180 14.0 soil 23,290
S078-SCX-028 A 29,180 15.0 soil 23,162
S078-SCX-028 A 29,180 16.0 soil 23,470
S078-SCX-028 A 29,180 17.0 soil 23,918
S078-SCX-028 A 29,180 18.0 soil 23,344
S078-SCX-028 A 29,180 19.0 soil 23,132
S078-SCX-028 A 29,180 20.0 soil 23,196
S078-SCX-028 A 29,180 21.0 soil 24,080
S078-SCX-028 A 29,180 22.0 soil 22,914
S078-SCX-028 A 29,180 23.0 soil 23,672
S078-SCX-028 A 29,180 24.0 soil 23,332
S078-SCX-028 A 29,180 25.0 soil 23,814
S078-SCX-028 A 29,180 26.0 soil 24,042

Notes
Bold

*

**

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Static Gamma Measurement Summary

Table 4-2

Claim 28

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 11

Subsurface
Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-028 Continued
S078-SCX-028 A 29,180 27.0 soil 23,986
S078-SCX-028 A 29,180 28.0 soil 24,792
S078-SCX-028 A 29,180 29.0 soil 25,036
S078-SCX-028 A 29,180 30.0 bedrock 25,600
S078-SCX-028 A 29,180 31.0 bedrock 27,526
S078-SCX-028 A 29,180 32.0 bedrock 26,754
S078-SCX-028 A 29,180 33.0 bedrock 26,992
S078-SCX-028 A 29,180 34.0 bedrock 29,838
S078-SCX-028 A 29,180 35.0 bedrock 39,094
S078-SCX-028 A 29,180 36.0 bedrock 44,008
S078-SCX-028 A 29,180 37.0 bedrock 34,292
S078-SCX-029 A - 0.0 soll 19,164
S078-SCX-029 A 29,180 1.0 soll 26,914
S078-SCX-029 A 29,180 2.0 soil 30,164
S078-SCX-029 A 29,180 3.0 soil 35,088
S078-SCX-029 A 29,180 4.0 soll 36,600
S078-SCX-029 A 29,180 5.0 soil 33,626
S078-SCX-029 A 29,180 6.0 soil 31,324
S078-SCX-029 A 29,180 7.0 soll 29,222
S078-SCX-029 A 29,180 8.0 soil 26,654
S078-SCX-029 A 29,180 9.0 soil 23,752
S078-SCX-029 A 29,180 10.0 soll 23,416
S078-SCX-029 A 29,180 11.0 soil 24,462
S078-SCX-029 A 29,180 12.0 soil 22,864
S078-SCX-029 A 29,180 13.0 soll 23,552
S078-SCX-029 A 29,180 14.0 soil 22,496
S078-SCX-029 A 29,180 15.0 soil 23,340
S078-SCX-029 A 29,180 16.0 soll 22,814
S078-SCX-029 A 29,180 17.0 bedrock 19,150
S078-SCX-029 A 29,180 18.0 bedrock 23,654
S078-SCX-029 A 29,180 19.0 bedrock 34,976
S078-SCX-029 A 29,180 20.0 bedrock 47,522
S078-SCX-030 A - 0.0 soil 24,268
S078-SCX-030 A 29,180 1.0 soll 30,822
S078-SCX-030 A 29,180 2.0 soll 33,094
S078-SCX-030 A 29,180 3.0 soll 34,274
S078-SCX-030 A 29,180 4.0 soll 35,616
S078-SCX-030 A 29,180 5.0 soll 34,106
S078-SCX-030 A 29,180 6.0 soil 36,328
S078-SCX-030 A 29,180 7.0 soll 35,578
S078-SCX-030 A 29,180 8.0 soil 34,890
S078-SCX-030 A 29,180 9.0 soil 32,720
S078-SCX-030 A 29,180 10.0 soil 28,976
S078-SCX-030 A 29,180 11.0 soil 26,002
S078-SCX-030 A 29,180 12.0 soll 25,488
S078-SCX-030 A 29,180 13.0 soil 24,952
S078-SCX-030 A 29,180 14.0 soil 25,588
S078-SCX-030 A 29,180 15.0 soll 26,148
S078-SCX-030 A 29,180 16.0 soll 26,734
S078-SCX-030 A 29,180 17.0 soil 27,804
S078-SCX-030 A 29,180 18.0 soil 26,812
S078-SCX-030 A 29,180 19.0 soll 26,626
S078-SCX-030 A 29,180 20.0 soil 26,092
S078-SCX-030 A 29,180 21.0 bedrock 23,300
S078-SCX-030 A 29,180 22.0 bedrock 23,288
S078-SCX-030 A 29,180 23.0 bedrock 22,302
S078-SCX-030 A 29,180 245 bedrock 21,664
S078-SCX-031 A - 0.0 soll 18,836
S078-SCX-031 A 29,180 1.0 soil 29,342
S078-SCX-031 A 29,180 2.0 soll 36,770
S078-SCX-031 A 29,180 3.0 soll 61,322
S078-SCX-031 A 29,180 4.0 soil 123,360
S078-SCX-031 A 29,180 5.0 soil 81,326
S078-SCX-031 A 29,180 6.0 soll 97,320
S078-SCX-031 A 29,180 7.0 soil 100,900
S078-SCX-031 A 29,180 8.0 soil 98,740
S078-SCX-031 A 29,180 9.0 soll 105,132
S078-SCX-031 A 29,180 10.0 soil 99,566
S078-SCX-031 A 29,180 11.0 soll 130,920
S078-SCX-031 A 29,180 12.0 soll 113,300
S078-SCX-031 A 29,180 13.0 soil 103,842
S078-SCX-031 A 29,180 14.0 soll 104,690
S078-SCX-031 A 29,180 15.0 soll 99,584
S078-SCX-031 A 29,180 16.0 soll 88,758
S078-SCX-031 A 29,180 17.0 soil 61,412
S078-SCX-031 A 29,180 18.0 soll 46,008
S078-SCX-031 A 29,180 19.0 soll 41,120
S078-SCX-031 A 29,180 20.0 soil 42,996
S078-SCX-031 A 29,180 21.0 soll 36,218
S078-SCX-031 A 29,180 22.0 soll 32,002

Notes
Bold

*

**

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Static Gamma Measurement Summary

Table 4-2

Claim 28

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 3 of 11

Subsurface
Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-031 Continued
S078-SCX-031 A 29,180 23.0 soil 29,802
S078-SCX-031 A 29,180 24.0 soil 30,352
S078-SCX-031 A 29,180 25.0 soil 29,530
S078-SCX-031 A 29,180 26.0 soil 28,852
S078-SCX-031 A 29,180 27.0 soll 30,604
S078-SCX-031 A 29,180 28.0 soll 31,050
S078-SCX-031 A 29,180 29.0 soil 37,110
S078-SCX-031 A 29,180 295 soll 42,702
S078-SCX-032 A - 0.0 soil 24,058
S078-SCX-032 A 29,180 1.0 soll 55,198
S078-SCX-032 A 29,180 2.0 soll 124,690
S078-SCX-032 A 29,180 3.0 soil 202,260
S078-SCX-032 A 29,180 4.0 soll 95,026
S078-SCX-032 A 29,180 5.0 soll 78,380
S078-SCX-032 A 29,180 6.0 soil 75,504
S078-SCX-032 A 29,180 7.0 soil 73,664
S078-SCX-032 A 29,180 8.0 soll 68,992
S078-SCX-032 A 29,180 9.0 soil 84,742
S078-SCX-032 A 29,180 10.0 soil 66,200
S078-SCX-032 A 29,180 11.0 soll 60,164
S078-SCX-032 A 29,180 12.0 soil 99,262
S078-SCX-032 A 29,180 13.0 soil 123,142
S078-SCX-032 A 29,180 14.0 soll 102,406
S078-SCX-032 A 29,180 15.0 soil 102,022
S078-SCX-032 A 29,180 16.0 soil 92,190
S078-SCX-032 A 29,180 17.0 soll 71,762
S078-SCX-032 A 29,180 18.0 soil 43,940
S078-SCX-032 A 29,180 19.0 soil 37,460
S078-SCX-032 A 29,180 20.0 soll 39,894
S078-SCX-032 A 29,180 21.0 soll 42,598
S078-SCX-032 A 29,180 22.0 soil 39,534
S078-SCX-032 A 29,180 23.0 soll 33,072
S078-SCX-032 A 29,180 24.0 soll 33,746
S078-SCX-032 A 29,180 245 soil 38,924
S078-SCX-033 A - 0.0 soll 20,234
S078-SCX-033 A 29,180 1.0 soll 35,854
S078-SCX-033 A 29,180 2.0 soll 44,136
S078-SCX-033 A 29,180 3.0 soll 36,140
S078-SCX-033 A 29,180 4.0 bedrock 30,048
S078-SCX-033 A 29,180 5.0 bedrock 27,948
S078-SCX-034 A - 0.0 soil 21,342
S078-SCX-034 A 29,180 1.0 soll 37,094
S078-SCX-034 A 29,180 2.0 soil 73,328
S078-SCX-034 A 29,180 3.0 soil 77,370
S078-SCX-034 A 29,180 4.0 soll 77,078
S078-SCX-034 A 29,180 5.0 soll 93,252
S078-SCX-034 A 29,180 6.0 soil 98,970
S078-SCX-034 A 29,180 7.0 soil 105,602
S078-SCX-034 A 29,180 8.0 soll 110,386
S078-SCX-034 A 29,180 9.0 boulder 112,824
S078-SCX-034 A 29,180 10.0 boulder 114,628
S078-SCX-034 A 29,180 11.0 boulder 120,780
S078-SCX-034 A 29,180 12.0 boulder 121,358
S078-SCX-034 A 29,180 13.0 boulder 126,580
S078-SCX-034 A 29,180 14.0 soll 108,270
S078-SCX-034 A 29,180 15.0 soll 83,576
S078-SCX-034 A 29,180 16.0 soil 45,466
S078-SCX-034 A 29,180 17.0 soll 32,474
S078-SCX-034 A 29,180 18.0 soll 29,946
S078-SCX-034 A 29,180 19.0 soil 28,244
S078-SCX-034 A 29,180 20.0 soll 27,352
S078-SCX-034 A 29,180 21.0 soll 26,842
S078-SCX-034 A 29,180 22.0 soil 25,152
S078-SCX-034 A 29,180 23.0 soil 24,906
S078-SCX-034 A 29,180 24.0 soll 25,252
S078-SCX-034 A 29,180 25.0 soil 29,872
S078-SCX-034 A 29,180 26.0 soil 28,066
S078-SCX-034 A 29,180 27.0 soll 25,626
S078-SCX-034 A 29,180 28.0 soil 23,434
S078-SCX-034 A 29,180 29.0 soll 24,128
S078-SCX-034 A 29,180 30.0 soll 25,156
S078-SCX-034 A 29,180 31.0 soil 25,560
S078-SCX-034 A 29,180 32.0 soll 24,634
S078-SCX-034 A 29,180 33.0 soll 23,576
S078-SCX-034 A 29,180 34.0 soll 23,308
S078-SCX-034 A 29,180 345 soil 25,554

Notes
Bold

*

**

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Static Gamma Measurement Summary

Table 4-2

Claim 28

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 4 of 11

Subsurface
Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-035 A - 0.0 soil 18,368
S078-SCX-035 A 29,180 1.0 soil 29,314
S078-SCX-035 A 29,180 2.0 soil 39,426
S078-SCX-035 A 29,180 3.0 soil 80,288
S078-SCX-035 A 29,180 4.0 soil 89,048
S078-SCX-035 A 29,180 5.0 soll 91,338
S078-SCX-035 A 29,180 6.0 soll 91,404
S078-SCX-035 A 29,180 7.0 soil 94,082
S078-SCX-035 A 29,180 8.0 soll 87,146
S078-SCX-035 A 29,180 9.0 soll 88,702
S078-SCX-035 A 29,180 10.0 soil 90,672
S078-SCX-035 A 29,180 11.0 soll 108,048
S078-SCX-035 A 29,180 12.0 soll 101,880
S078-SCX-035 A 29,180 13.0 soil 91,524
S078-SCX-035 A 29,180 14.0 soll 91,078
S078-SCX-035 A 29,180 15.0 soll 95,660
S078-SCX-035 A 29,180 16.0 soil 91,418
S078-SCX-035 A 29,180 17.0 soll 90,254
S078-SCX-035 A 29,180 18.0 boulder 72,348
S078-SCX-035 A 29,180 19.0 boulder 62,806
S078-SCX-035 A 29,180 20.0 boulder 45,914
S078-SCX-035 A 29,180 21.0 boulder 37,700
S078-SCX-035 A 29,180 22.0 boulder 33,542
S078-SCX-035 A 29,180 23.0 boulder 30,850
S078-SCX-035 A 29,180 24.0 boulder 30,558
S078-SCX-035 A 29,180 25.0 boulder 32,564
S078-SCX-035 A 29,180 26.0 soil 25,126
S078-SCX-035 A 29,180 27.0 soll 21,058
S078-SCX-035 A 29,180 28.0 soil 26,956
S078-SCX-035 A 29,180 29.0 soil 42,356
S078-SCX-036 A - 0.0 soll 17,864
S078-SCX-036 A 29,180 1.0 soil 30,042
S078-SCX-036 A 29,180 2.0 soll 36,920
S078-SCX-036 A 29,180 3.0 soll 88,376
S078-SCX-036 A 29,180 4.0 soil 118,526
S078-SCX-036 A 29,180 5.0 soil 114,962
S078-SCX-036 A 29,180 6.0 soll 112,500
S078-SCX-036 A 29,180 7.0 soll 95,596
S078-SCX-036 A 29,180 8.0 soil 97,030
S078-SCX-036 A 29,180 9.0 soll 92,356
S078-SCX-036 A 29,180 10.0 soll 90,986
S078-SCX-036 A 29,180 11.0 soll 93,092
S078-SCX-036 A 29,180 12.0 soll 93,438
S078-SCX-036 A 29,180 13.0 soil 88,194
S078-SCX-036 A 29,180 14.0 soil 71,804
S078-SCX-036 A 29,180 15.0 soll 39,022
S078-SCX-036 A 29,180 16.0 soil 31,790
S078-SCX-036 A 29,180 17.0 soil 29,590
S078-SCX-036 A 29,180 18.0 soil 28,476
S078-SCX-036 A 29,180 19.0 soil 35,992
S078-SCX-037 A - 0.0 soll 25,698
S078-SCX-037 A 29,180 1.0 soil 35,774
S078-SCX-037 A 29,180 2.0 soil 41,724
S078-SCX-037 A 29,180 3.0 soll 45,976
S078-SCX-037 A 29,180 4.0 soil 62,758
S078-SCX-037 A 29,180 5.0 soil 60,812
S078-SCX-037 A 29,180 6.0 soll 103,820
S078-SCX-037 A 29,180 7.0 soil 241,116
S078-SCX-037 A 29,180 8.0 soil 146,270
S078-SCX-037 A 29,180 9.0 bedrock 202,244
S078-SCX-037 A 29,180 10.0 bedrock 158,312
S078-SCX-038 A - 0.0 soll 19,558
S078-SCX-038 A 29,180 1.0 soll 26,574
S078-SCX-038 A 29,180 2.0 soil 28,386
S078-SCX-038 A 29,180 3.0 soil 30,670
S078-SCX-038 A 29,180 4.0 soll 36,230
S078-SCX-038 A 29,180 5.0 soil 42,512
S078-SCX-038 A 29,180 6.0 soil 44,278
S078-SCX-038 A 29,180 7.0 soll 44,484
S078-SCX-038 A 29,180 8.0 soil 46,404
S078-SCX-038 A 29,180 9.0 soll 44,636
S078-SCX-038 A 29,180 10.0 soll 69,372
S078-SCX-038 A 29,180 11.0 soil 40,376
S078-SCX-038 A 29,180 11.5 soll 39,714

Notes
Bold

*

*%

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Subsurface
Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-039 A - 0.0 soil 21,382
S078-SCX-039 A 29,180 1.0 soil 30,966
S078-SCX-039 A 29,180 2.0 soil 32,130
S078-SCX-039 A 29,180 3.0 soil 32,878
S078-SCX-039 A 29,180 4.0 soil 33,476
S078-SCX-039 A 29,180 5.0 soll 34,042
S078-SCX-039 A 29,180 6.0 soll 33,422
S078-SCX-039 A 29,180 7.0 soil 33,386
S078-SCX-039 A 29,180 8.0 soll 33,984
S078-SCX-039 A 29,180 9.0 soll 39,146
S078-SCX-039 A 29,180 10.0 soil 35,812
S078-SCX-039 A 29,180 11.0 soll 36,988
S078-SCX-039 A 29,180 12.0 soll 36,440
S078-SCX-039 A 29,180 13.0 soil 33,846
S078-SCX-039 A 29,180 14.0 soll 38,592
S078-SCX-039 A 29,180 15.0 soll 36,098
S078-SCX-039 A 29,180 16.0 soil 49,718
S078-SCX-039 A 29,180 17.0 soll 127,112**
S078-SCX-040 A - 0.0 sediment 21,032
S078-SCX-040 A 29,180 1.0 sediment 30,596
S078-SCX-040 A 29,180 2.0 sediment 35,344
S078-SCX-040 A 29,180 3.0 sediment 36,936
S078-SCX-040 A 29,180 4.0 sediment 37,392
S078-SCX-040 A 29,180 5.0 sediment 37,934
S078-SCX-040 A 29,180 6.0 sediment 35,970
S078-SCX-040 A 29,180 7.0 sediment 35,466
S078-SCX-040 A 29,180 8.0 sediment 39,478
S078-SCX-040 A 29,180 9.0 sediment 38,824
S078-SCX-040 A 29,180 10.0 sediment 38,994
S078-SCX-040 A 29,180 11.0 sediment 34,546
S078-SCX-040 A 29,180 12.0 sediment 23,102
S078-SCX-040 A 29,180 13.0 boulder 18,558
S078-SCX-040 A 29,180 14.0 boulder 25,318
S078-SCX-040 A 29,180 15.0 sediment 35,520
S078-SCX-041 A - 0.0 soil 33,594
S078-SCX-041 A 29,180 1.0 soll 40,912
S078-SCX-041 A 29,180 2.0 soll 53,108
S078-SCX-041 A 29,180 3.0 soll 93,608
S078-SCX-041 A 29,180 4.0 soll 144,332
S078-SCX-041 A 29,180 5.0 soll 227,790
S078-SCX-041 A 29,180 6.0 soil 464,024
S078-SCX-041 A 29,180 7.0 soll 499,890
S078-SCX-041 A 29,180 8.0 soil 464,900
S078-SCX-041 A 29,180 9.0 soil 337,070
S078-SCX-041 A 29,180 10.0 soil 108,614
S078-SCX-041 A 29,180 11.0 soil 70,432
S078-SCX-041 A 29,180 12.0 soll 62,574
S078-SCX-041 A 29,180 13.0 soil 63,832
S078-SCX-041 A 29,180 14.0 soil 65,914
S078-SCX-041 A 29,180 15.0 soll 64,104
S078-SCX-041 A 29,180 16.0 soll 69,610
S078-SCX-041 A 29,180 17.0 soil 64,344
S078-SCX-041 A 29,180 18.0 soil 64,082
S078-SCX-041 A 29,180 19.0 bedrock 47,178
S078-SCX-041 A 29,180 20.0 bedrock 27,262
S078-SCX-041 A 29,180 20.5 bedrock 29,012
S078-SCX-042 A - 0.0 soll 24,512
S078-SCX-042 A 29,180 1.0 soil 33,666
S078-SCX-042 A 29,180 2.0 soll 34,172
S078-SCX-042 A 29,180 3.0 soll 36,012
S078-SCX-042 A 29,180 4.0 soil 35,332
S078-SCX-042 A 29,180 5.0 soll 33,038
S078-SCX-042 A 29,180 6.0 soll 36,592
S078-SCX-042 A 29,180 7.0 soil 38,402
S078-SCX-042 A 29,180 8.0 soil 37,564
S078-SCX-042 A 29,180 9.0 soll 37,778
S078-SCX-042 A 29,180 10.0 soil 38,450
S078-SCX-042 A 29,180 11.0 soil 38,120
S078-SCX-042 A 29,180 12.0 soll 37,596
S078-SCX-042 A 29,180 13.0 soil 36,764
S078-SCX-042 A 29,180 14.0 soll 34,652**
S078-SCX-043 A - 0.0 soll 21,300
S078-SCX-043 A 29,180 1.0 soil 33,038
S078-SCX-043 A 29,180 2.0 soll 36,956
S078-SCX-043 A 29,180 3.0 soll 36,720
S078-SCX-043 A 29,180 4.0 soil 37,100
S078-SCX-043 A 29,180 5.0 soll 36,444
S078-SCX-043 A 29,180 6.0 soll 36,526
S078-SCX-043 A 29,180 7.0 soil 37,762
S078-SCX-043 A 29,180 8.0 soll 35,708**

Notes
Bold

*%

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area 11
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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Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-044 A - 0.0 sediment 22,554
S078-SCX-044 A 29,180 1.0 sediment 30,738
S078-SCX-044 A 29,180 2.0 sediment 32,568
S078-SCX-044 A 29,180 3.0 sediment 34,070
S078-SCX-044 A 29,180 4.0 sediment 33,758
S078-SCX-044 A 29,180 5.0 sediment 39,700
S078-SCX-044 A 29,180 6.0 sediment 43,808
S078-SCX-044 A 29,180 7.0 sediment 44,334
S078-SCX-044 A 29,180 8.0 sediment 42,966
S078-SCX-044 A 29,180 9.0 sediment 42,740
S078-SCX-044 A 29,180 10.0 sediment 43,744
S078-SCX-044 A 29,180 11.0 sediment 43,284
S078-SCX-044 A 29,180 12.0 sediment 44,634
S078-SCX-044 A 29,180 13.0 sediment 48,130
S078-SCX-044 A 29,180 14.0 sediment 49,472
S078-SCX-044 A 29,180 15.0 sediment 49,812
S078-SCX-044 A 29,180 16.0 sediment 51,282
S078-SCX-044 A 29,180 17.0 sediment 53,730
S078-SCX-044 A 29,180 18.0 sediment 52,882
S078-SCX-044 A 29,180 19.0 sediment 51,818
S078-SCX-044 A 29,180 20.0 sediment 50,042
S078-SCX-044 A 29,180 21.0 sediment 50,718
S078-SCX-044 A 29,180 22.0 sediment 51,644
S078-SCX-044 A 29,180 23.0 bedrock 57,130
S078-SCX-044 A 29,180 24.0 bedrock 56,410
S078-SCX-044 A 29,180 245 bedrock 57,438
S078-SCX-045 A - 0.0 soll 21,518
S078-SCX-045 A 29,180 1.0 soil 33,940
S078-SCX-045 A 29,180 2.0 soil 34,380
S078-SCX-045 A 29,180 3.0 soll 33,810
S078-SCX-045 A 29,180 4.0 soll 35,094
S078-SCX-045 A 29,180 5.0 soil 35,788
S078-SCX-045 A 29,180 6.0 soll 36,438
S078-SCX-045 A 29,180 7.0 soll 36,508
S078-SCX-045 A 29,180 8.0 soil 38,344
S078-SCX-045 A 29,180 9.0 soil 39,342
S078-SCX-045 A 29,180 10.0 soll 39,718
S078-SCX-045 A 29,180 11.0 soll 39,118
S078-SCX-045 A 29,180 12.0 soil 36,702
S078-SCX-045 A 29,180 13.0 soll 28,312
S078-SCX-045 A 29,180 14.0 soll 29,578
S078-SCX-045 A 29,180 15.0 soll 31,960
S078-SCX-045 A 29,180 16.0 soll 32,822
S078-SCX-045 A 29,180 17.0 soil 31,536
S078-SCX-045 A 29,180 18.0 bedrock 30,272
S078-SCX-045 A 29,180 19.0 bedrock 27,464
S078-SCX-046 A - 0.0 soll 26,998
S078-SCX-046 A 29,180 1.0 soil 38,542
S078-SCX-046 A 29,180 2.0 soil 41,626
S078-SCX-046 A 29,180 3.0 soll 57,256
S078-SCX-046 A 29,180 4.0 soll 57,980
S078-SCX-046 A 29,180 5.0 soil 45,554
S078-SCX-046 A 29,180 6.0 soil 42,230
S078-SCX-046 A 29,180 7.0 soll 43,012
S078-SCX-046 A 29,180 8.0 soil 43,490
S078-SCX-046 A 29,180 9.0 soil 44,356
S078-SCX-046 A 29,180 10.0 soll 45,980
S078-SCX-046 A 29,180 11.0 soil 40,888
S078-SCX-046 A 29,180 12.0 soil 33,746
S078-SCX-046 A 29,180 13.0 soll 34,914
S078-SCX-046 A 29,180 14.0 soll 34,234
S078-SCX-046 A 29,180 14.5 soll 35,934
S078-SCX-047 A - 0.0 soll 23,754
S078-SCX-047 A 29,180 1.0 soil 37,106
S078-SCX-047 A 29,180 2.0 soil 44,804
S078-SCX-047 A 29,180 3.0 soll 61,152
S078-SCX-047 A 29,180 4.0 soil 63,636
S078-SCX-047 A 29,180 5.0 soil 57,420
S078-SCX-047 A 29,180 6.0 soll 53,866
S078-SCX-047 A 29,180 7.0 soil 52,178
S078-SCX-047 A 29,180 8.0 soll 51,092
S078-SCX-047 A 29,180 9.0 soll 48,996
S078-SCX-047 A 29,180 10.0 soil 49,356
S078-SCX-047 A 29,180 11.0 soll 43,736
S078-SCX-047 A 29,180 12.0 bedrock 37,046
S078-SCX-047 A 29,180 13.0 bedrock 32,898
S078-SCX-047 A 29,180 135 bedrock 28,710

Notes
Bold

*

**

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-048 A - 0.0 soil 22,424
S078-SCX-048 A 29,180 1.0 soil 34,858
S078-SCX-048 A 29,180 2.0 soil 37,122
S078-SCX-048 A 29,180 3.0 soil 41,524
S078-SCX-048 A 29,180 4.0 soil 39,738
S078-SCX-048 A 29,180 5.0 soll 40,060
S078-SCX-048 A 29,180 6.0 soll 38,388
S078-SCX-048 A 29,180 7.0 soil 37,502
S078-SCX-048 A 29,180 8.0 soll 38,942
S078-SCX-048 A 29,180 9.0 soll 39,292
S078-SCX-048 A 29,180 10.0 soil 40,622
S078-SCX-048 A 29,180 11.0 soll 39,524
S078-SCX-048 A 29,180 12.0 soll 39,204
S078-SCX-048 A 29,180 13.0 soil 38,946
S078-SCX-048 A 29,180 14.0 bedrock 33,752
S078-SCX-049 A - 0.0 soil 30,472
S078-SCX-049 A 29,180 1.0 soil 47,324
S078-SCX-049 A 29,180 2.0 soll 44,912
S078-SCX-049 A 29,180 3.0 soil 34,692
S078-SCX-049 A 29,180 4.0 soil 35,580
S078-SCX-049 A 29,180 5.0 soll 23,872*
S078-SCX-050 A - 0.0 soil 24,718
S078-SCX-050 A 29,180 1.0 soll 31,272
S078-SCX-050 A 29,180 2.0 soil 35,008
S078-SCX-050 A 29,180 3.0 soil 37,412
S078-SCX-050 A 29,180 4.0 soll 35,334
S078-SCX-050 A 29,180 5.0 soll 33,170
S078-SCX-050 A 29,180 6.0 soil 36,272
S078-SCX-050 A 29,180 7.0 soll 40,208
S078-SCX-050 A 29,180 8.0 soll 38,220
S078-SCX-050 A 29,180 9.0 soil 36,188
S078-SCX-050 A 29,180 10.0 soll 36,040
S078-SCX-050 A 29,180 11.0 soll 36,592
S078-SCX-050 A 29,180 12.0 soil 39,332
S078-SCX-050 A 29,180 13.0 soil 38,700
S078-SCX-050 A 29,180 14.0 soll 44,230
S078-SCX-050 A 29,180 15.0 soll 45,436
S078-SCX-051 A - 0.0 soll 32,068
S078-SCX-051 A 29,180 1.0 soil 38,422
S078-SCX-051 A 29,180 2.0 soil 36,676
S078-SCX-051 A 29,180 3.0 soil 25,516
S078-SCX-051 A 29,180 4.0 soil 25,126
S078-SCX-051 A 29,180 5.0 soll 30,652
S078-SCX-051 A 29,180 6.0 soil 37,248
S078-SCX-051 A 29,180 7.0 soil 34,178
S078-SCX-051 A 29,180 8.0 soll 30,254
S078-SCX-051 A 29,180 9.0 soll 25,482
S078-SCX-051 A 29,180 10.0 soil 25,502
S078-SCX-051 A 29,180 11.0 soil 27,438
S078-SCX-051 A 29,180 12.0 soll 29,524
S078-SCX-051 A 29,180 13.0 soll 36,852
S078-SCX-051 A 29,180 14.0 soil 41,772
S078-SCX-051 A 29,180 15.0 soll 45,420
S078-SCX-051 A 29,180 16.0 soil 45,526
S078-SCX-051 A 29,180 17.0 soil 42,860
S078-SCX-051 A 29,180 18.0 soll 36,532
S078-SCX-051 A 29,180 19.0 bedrock 28,850
S078-SCX-052 A - 0.0 soll 33,702
S078-SCX-052 A 29,180 1.0 soll 48,192
S078-SCX-052 A 29,180 2.0 soil 35,568
S078-SCX-052 A 29,180 3.0 soil 34,210
S078-SCX-052 A 29,180 4.0 soll 35,256
S078-SCX-052 A 29,180 5.0 soil 35,804
S078-SCX-052 A 29,180 6.0 soil 36,716
S078-SCX-052 A 29,180 7.0 soll 35,954
S078-SCX-052 A 29,180 8.0 soil 36,762
S078-SCX-052 A 29,180 9.0 soll 40,042
S078-SCX-052 A 29,180 10.0 soll 37,740
S078-SCX-052 A 29,180 11.0 soil 38,912
S078-SCX-052 A 29,180 12.0 soll 43,082
S078-SCX-052 A 29,180 13.0 soll 42,110
S078-SCX-052 A 29,180 14.0 soll 39,802
S078-SCX-052 A 29,180 15.0 soil 39,542
S078-SCX-052 A 29,180 16.0 soll 40,246
S078-SCX-052 A 29,180 17.0 soll 35,864
S078-SCX-052 A 29,180 18.0 soil 34,108
S078-SCX-052 A 29,180 19.0 soll 35,962
S078-SCX-052 A 29,180 20.0 soll 38,920

Notes
Bold

*

**

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-053 A - 0.0 soil 21,038
S078-SCX-053 A 29,180 1.0 soil 27,030
S078-SCX-053 A 29,180 2.0 soil 27,066
S078-SCX-053 A 29,180 3.0 soil 26,202
S078-SCX-053 A 29,180 4.0 soil 27,536
S078-SCX-053 A 29,180 5.0 soll 27,700
S078-SCX-053 A 29,180 6.0 soll 28,338
S078-SCX-053 A 29,180 7.0 soil 27,746
S078-SCX-053 A 29,180 8.0 soll 26,180
S078-SCX-053 A 29,180 9.0 soll 24,352
S078-SCX-053 A 29,180 10.0 soil 24,438
S078-SCX-053 A 29,180 11.0 bedrock 24,862
S078-SCX-053 A 29,180 12.0 bedrock 27,616
S078-SCX-053 A 29,180 13.0 bedrock 28,374
S078-SCX-053 A 29,180 14.0 bedrock 30,770
S078-SCX-053 A 29,180 15.0 bedrock 29,286
S078-SCX-053 A 29,180 16.0 bedrock 30,136
S078-SCX-053 A 29,180 17.0 bedrock 33,274
S078-SCX-054 A - 0.0 soil 25,872
S078-SCX-054 A 29,180 1.0 soil 26,522
S078-SCX-054 A 29,180 2.0 soll 23,240
S078-SCX-054 A 29,180 3.0 soil 21,566
S078-SCX-054 A 29,180 4.0 soil 20,318
S078-SCX-054 A 29,180 5.0 soll 20,894
S078-SCX-054 A 29,180 6.0 soil 22,240
S078-SCX-054 A 29,180 7.0 soil 21,646
S078-SCX-054 A 29,180 8.0 soll 24,996
S078-SCX-054 A 29,180 9.0 soil 28,474
S078-SCX-054 A 29,180 10.0 soil 26,030
S078-SCX-054 A 29,180 11.0 soll 23,304
S078-SCX-054 A 29,180 12.0 soll 23,106
S078-SCX-054 A 29,180 13.0 soil 24,810
S078-SCX-054 A 29,180 14.0 soll 29,474
S078-SCX-054 A 29,180 15.0 soll 35,108
S078-SCX-054 A 29,180 16.0 soil 38,794
S078-SCX-054 A 29,180 17.0 soil 35,016
S078-SCX-054 A 29,180 18.0 soll 30,572
S078-SCX-055 A - 0.0 soll 32,988
S078-SCX-055 A 29,180 1.0 soll 25,936
S078-SCX-055 A 29,180 2.0 soll 22,572
S078-SCX-055 A 29,180 3.0 soil 22,808
S078-SCX-055 A 29,180 4.0 soll 22,818
S078-SCX-055 A 29,180 5.0 soil 22,626
S078-SCX-055 A 29,180 6.0 soil 22,214
S078-SCX-055 A 29,180 7.0 soil 22,432
S078-SCX-055 A 29,180 8.0 soil 25,518
S078-SCX-055 A 29,180 9.0 soll 30,212
S078-SCX-055 A 29,180 10.0 soil 30,814
S078-SCX-055 A 29,180 11.0 soil 33,928
S078-SCX-055 A 29,180 12.0 soll 33,524
S078-SCX-055 A 29,180 13.0 soll 32,200
S078-SCX-055 A 29,180 14.0 soil 27,942
S078-SCX-055 A 29,180 15.0 soil 26,018
S078-SCX-055 A 29,180 16.0 soll 27,734
S078-SCX-055 A 29,180 17.0 soil 40,740
S078-SCX-055 A 29,180 18.0 bedrock 48,528
S078-SCX-055 A 29,180 19.0 bedrock 51,010
S078-SCX-055 A 29,180 20.0 bedrock 39,146
S078-SCX-055 A 29,180 21.0 bedrock 31,894
S078-SCX-056 A - 0.0 soll 26,962
S078-SCX-056 A 29,180 1.0 soil 23,920
S078-SCX-056 A 29,180 2.0 soll 21,700
S078-SCX-056 A 29,180 3.0 soll 20,842
S078-SCX-056 A 29,180 4.0 soil 23,380
S078-SCX-056 A 29,180 5.0 soil 24,188
S078-SCX-056 A 29,180 6.0 soll 22,886
S078-SCX-056 A 29,180 7.0 soil 20,910
S078-SCX-056 A 29,180 8.0 soil 21,138
S078-SCX-056 A 29,180 9.0 soll 21,872
S078-SCX-056 A 29,180 10.0 soil 23,206
S078-SCX-056 A 29,180 11.0 soll 24,226
S078-SCX-056 A 29,180 12.0 soll 25,966
S078-SCX-056 A 29,180 13.0 soil 23,530
S078-SCX-056 A 29,180 14.0 soll 24,500
S078-SCX-056 A 29,180 15.0 soll 24,566

Notes
Bold

*%

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-057 A - 0.0 soil 19,654
S078-SCX-057 A 29,180 1.0 soil 20,956
S078-SCX-057 A 29,180 2.0 soil 21,744
S078-SCX-057 A 29,180 3.0 soil 21,038
S078-SCX-057 A 29,180 4.0 soil 19,680
S078-SCX-057 A 29,180 5.0 soll 22,758
S078-SCX-057 A 29,180 6.0 soll 21,914
S078-SCX-057 A 29,180 7.0 soil 21,186
S078-SCX-057 A 29,180 8.0 soll 20,706
S078-SCX-057 A 29,180 9.0 soll 20,772
S078-SCX-057 A 29,180 10.0 soil 22,580
S078-SCX-057 A 29,180 11.0 soll 24,526
S078-SCX-057 A 29,180 12.0 soll 24,294
S078-SCX-057 A 29,180 13.0 soil 29,344
S078-SCX-057 A 29,180 14.0 soll 24,104
S078-SCX-057 A 29,180 15.0 soll 22,094
S078-SCX-057 A 29,180 16.0 soil 24,842
S078-SCX-057 A 29,180 17.0 soll 28,062
S078-SCX-057 A 29,180 18.0 soll 27,706
S078-SCX-057 A 29,180 19.0 soil 27,056
S078-SCX-057 A 29,180 20.0 soil 32,996
S078-SCX-057 A 29,180 21.0 soll 32,786
S078-SCX-057 A 29,180 22.0 soil 32,914
S078-SCX-057 A 29,180 23.0 soil 36,650
S078-SCX-057 A 29,180 24.0 bedrock 36,900
S078-SCX-057 A 29,180 24.5 bedrock 39,174
S078-SCX-058 A 29,180 1.0 soll 32,592
S078-SCX-058 A 29,180 2.0 soll 36,394
S078-SCX-058 A 29,180 3.0 soil 36,400
S078-SCX-058 A 29,180 4.0 soll 33,602
S078-SCX-058 A 29,180 5.0 soll 32,290
S078-SCX-058 A 29,180 6.0 soil 33,056
S078-SCX-058 A 29,180 7.0 soll 35,864
S078-SCX-058 A 29,180 8.0 soll 42,910
S078-SCX-058 A 29,180 9.0 soil 42,828
S078-SCX-058 A 29,180 10.0 bedrock 44,734
S078-SCX-058 A 29,180 11.0 bedrock 39,464
S078-SCX-058 A 29,180 12.0 bedrock 46,074
S078-SCX-058 A 29,180 13.0 bedrock 48,540
S078-SCX-058 A 29,180 14.0 bedrock 43,804
S078-SCX-058 A 29,180 15.0 bedrock 64,572
S078-SCX-059 A - 0.0 soll 19,694
S078-SCX-059 A 29,180 1.0 soil 34,426
S078-SCX-059 A 29,180 2.0 soil 42,936
S078-SCX-059 A 29,180 3.0 soil 46,788
S078-SCX-059 A 29,180 4.0 soil 47,172
S078-SCX-059 A 29,180 5.0 soll 48,822
S078-SCX-059 A 29,180 6.0 soil 47,732
S078-SCX-059 A 29,180 7.0 soil 55,206
S078-SCX-059 A 29,180 8.0 bedrock 44,844
S078-SCX-059 A 29,180 9.0 bedrock 39,854
S078-SCX-059 A 29,180 9.5 bedrock 38,068
S078-SCX-060 A - 0.0 soll 14,707
S078-SCX-060 A 29,180 0.5 soil 18,576
S078-SCX-060 A 29,180 1.0 soil 20,686
S078-SCX-060 A 29,180 15 soll 21,159
S078-SCX-060 A 29,180 2.0 soll 21,659
S078-SCX-061 A - 0.0 soll 15,994
S078-SCX-061 A 29,180 0.5 soll 21,883
S078-SCX-061 A 29,180 1.0 soil 23,522
S078-SCX-061 A 29,180 15 soil 24,144
S078-SCX-001 B -- 0.0 sediment 28,943
S078-SCX-001 B NA 0.5 sediment 29,148
S078-SCX-001 B NA 1.0 sediment 34,423
S078-SCX-001 B NA 15 sediment 38,437
S078-SCX-001 B NA 20 sediment 55,800**
S078-SCX-002 B - 0.0 soll 23,546
S078-SCX-002 B NA 0.5 soil 29,130
S078-SCX-002 B NA 1.0 soll 29,609
S078-SCX-002 B NA 15 soll 31,255
S078-SCX-002 B NA 2.0 soil 36,169
S078-SCX-002 B NA 2.75 soll 81,681**
S078-SCX-003 B - 0.0 soll 20,994
S078-SCX-003 B NA 0.5 soil 27,330
S078-SCX-003 B NA 1.0 soll 28,368**
S078-SCX-004 B - 0.0 sediment 65,316
S078-SCX-004 B NA 0.5 sediment 78,423
S078-SCX-005 B - 0.0 soll 29,781
S078-SCX-005 B NA 0.5 soll 32,837*

Notes
Bold

*%

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Static Gamma Measurement Summary

Table 4-2

Claim 28

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 10 of 11

Subsurface
Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-012 B -- 0.0 sediment 22,208
S078-SCX-012 B NA 1.0 sediment 107,530
S078-SCX-012 B NA 2.0 bedrock 113,130
S078-SCX-012 B NA 3.0 bedrock 64,402
S078-SCX-012 B NA 4.0 bedrock 100,162
S078-SCX-012 B NA 5.0 bedrock 132,386
S078-SCX-012 B NA 6.0 bedrock 293,338
S078-SCX-012 B NA 7.0 bedrock 548,808
S078-SCX-012 B NA 8.0 bedrock 578,306
S078-SCX-012 B NA 9.0 bedrock 352,848
S078-SCX-012 B NA 10.0 bedrock 367,136
S078-SCX-012 B NA 11.0 bedrock 423,278
S078-SCX-013 B - 0.0 sediment 17,964
S078-SCX-013 B NA 1.0 sediment 48,790
S078-SCX-013 B NA 2.0 bedrock 146,872
S078-SCX-013 B NA 3.0 bedrock 193,960
S078-SCX-013 B NA 4.0 bedrock 135,520
S078-SCX-013 B NA 5.0 bedrock 46,982
S078-SCX-013 B NA 6.0 bedrock 40,278
S078-SCX-013 B NA 7.0 bedrock 37,464
S078-SCX-013 B NA 8.0 bedrock 37,468
S078-SCX-013 B NA 9.0 bedrock 41,254
S078-SCX-013 B NA 9.5 bedrock 44,646
S078-SCX-014 B - 0.0 soll 16,962
S078-SCX-014 B NA 1.0 soil 15,252
S078-SCX-014 B NA 2.0 bedrock 14,908
S078-SCX-014 B NA 25 bedrock 14,832
S078-SCX-015 B - 0.0 sediment 21,422
S078-SCX-015 B NA 1.0 sediment 101,696
S078-SCX-015 B NA 2.0 bedrock 208,354
S078-SCX-015 B NA 3.0 bedrock 73,044
S078-SCX-015 B NA 4.0 bedrock 65,478
S078-SCX-015 B NA 5.0 bedrock 48,148
S078-SCX-015 B NA 6.0 bedrock 56,036
S078-SCX-015 B NA 7.0 bedrock 76,224
S078-SCX-015 B NA 8.0 bedrock 90,888
S078-SCX-016 B - 0.0 sediment 27,540
S078-SCX-016 B NA 1.0 sediment 80,854
S078-SCX-016 B NA 2.0 bedrock 209,058
S078-SCX-016 B NA 3.0 bedrock 280,246
S078-SCX-016 B NA 4.0 bedrock 473,736
S078-SCX-016 B NA 5.0 bedrock 483,466
S078-SCX-016 B NA 6.0 bedrock 518,208
S078-SCX-016 B NA 7.0 bedrock 403,728
S078-SCX-016 B NA 8.0 bedrock 286,844
S078-SCX-017 B - 0.0 soil 18,082
S078-SCX-017 B NA 1.0 soil 29,370
S078-SCX-017 B NA 2.0 soll 52,480
S078-SCX-017 B NA 3.0 bedrock 201,318
S078-SCX-017 B NA 35 bedrock 169,406
S078-SCX-018 B - 0.0 soll 15,140
S078-SCX-018 B NA 1.0 soil 26,988
S078-SCX-018 B NA 2.0 bedrock 20,924
S078-SCX-018 B NA 3.0 bedrock 24,126
S078-SCX-018 B NA 4.0 bedrock 22,100
S078-SCX-018 B NA 45 bedrock 18,982
S078-SCX-019 B - 0.0 bedrock 16,756
S078-SCX-019 B NA 1.0 bedrock 27,218
S078-SCX-019 B NA 2.0 bedrock 27,138
S078-SCX-019 B NA 3.0 bedrock 24,760
S078-SCX-019 B NA 4.0 bedrock 23,600
S078-SCX-020 B - 0.0 bedrock 16,644
S078-SCX-020 B NA 1.0 bedrock 19,828
S078-SCX-020 B NA 2.0 bedrock 23,826
S078-SCX-020 B NA 3.0 bedrock 24,734
S078-SCX-021 B - 0.0 soll 17,860
S078-SCX-021 B NA 1.0 bedrock 23,408
S078-SCX-021 B NA 2.0 bedrock 23,032
S078-SCX-021 B NA 3.0 bedrock 20,892
S078-SCX-021 B NA 4.0 bedrock 23,588
S078-SCX-021 B NA 5.0 bedrock 17,646
S078-SCX-021 B NA 6.0 bedrock 14,086
S078-SCX-022 B - 0.0 soil 12,436
S078-SCX-022 B NA 1.0 soll 18,724
S078-SCX-022 B NA 2.0 soll 22,992
S078-SCX-022 B NA 3.0 bedrock 23,610

Notes
Bold

*

**

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
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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Static Gamma Measurement Summary

Table 4-2

Claim 28

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 11 of 11

Subsurface
Static Gamma

Static Gamma

Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)
S078-SCX-023 B - 0.0 bedrock 16,006
S078-SCX-023 B NA 1.0 bedrock 27,074
S078-SCX-023 B NA 2.0 bedrock 30,488
S078-SCX-023 B NA 3.0 bedrock 31,470
S078-SCX-023 B NA 4.0 bedrock 29,984
S078-SCX-024 B - 0.0 sediment 24,876
S078-SCX-024 B NA 1.0 sediment 127,896
S078-SCX-024 B NA 2.0 bedrock 44,562
S078-SCX-024 B NA 3.0 bedrock 30,354
S078-SCX-025 B - 0.0 soll 12,920
S078-SCX-025 B NA 1.0 soll 18,308
S078-SCX-025 B NA 2.0 bedrock 21,844
S078-SCX-025 B NA 3.0 bedrock 29,002
S078-SCX-025 B NA 4.0 bedrock 28,968
S078-SCX-025 B NA 5.0 bedrock 27,678
S078-SCX-026 B - 0.0 soll 25,720
S078-SCX-026 B NA 1.0 soil 34,826
S078-SCX-026 B NA 2.0 soil 40,422
S078-SCX-026 B NA 3.0 soll 56,608
S078-SCX-026 B NA 4.0 soil 62,658
S078-SCX-026 B NA 5.0 soil 54,660
S078-SCX-026 B NA 6.0 soll 40,164
S078-SCX-026 B NA 7.0 soll 35,100
S078-SCX-026 B NA 8.0 soil 28,302
S078-SCX-026 B NA 9.0 soll 27,398
S078-SCX-026 B NA 10.0 soll 27,412
S078-SCX-026 B NA 11.0 soil 22,980
S078-SCX-026 B NA 12.0 soll 21,298
S078-SCX-026 B NA 13.0 soll 21,290
S078-SCX-026 B NA 14.0 bedrock 23,658
S078-SCX-026 B NA 15.0 bedrock 25,082
S078-SCX-027 B - 0.0 soll 21,614
S078-SCX-027 B NA 1.0 soil 28,294
S078-SCX-027 B NA 2.0 soll 27,264
S078-SCX-027 B NA 3.0 soil 28,790
S078-SCX-027 B NA 4.0 soil 30,596
S078-SCX-027 B NA 5.0 soll 33,140
S078-SCX-027 B NA 6.0 soil 30,692
S078-SCX-027 B NA 7.0 soil 27,544
S078-SCX-027 B NA 8.0 soil 22,802
S078-SCX-027 B NA 9.0 soil 23,176
S078-SCX-027 B NA 10.0 soll 25,272
S078-SCX-027 B NA 11.0 soll 26,640
S078-SCX-027 B NA 12.0 soil 37,884
S078-SCX-027 B NA 13.0 soll 41,380
S078-SCX-027 B NA 14.0 bedrock 25,380
S078-SCX-027 B NA 15.0 bedrock 28,442
S078-SCX-027 B NA 16.0 bedrock 50,962
S078-SCX-027 B NA 17.0 bedrock 52,736
S078-SCX-062 B - 0.0 soil 14,039
S078-SCX-062 B NA 0.5 soil 20,157
S078-SCX-062 B NA 0.83 soil 20,869**

Notes
Bold

*

**

NA

IL

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level
The subsurface gamma investigation levels are derived from the background area [
Measurement collected at interface of unconsolidated material and refusal material (e.g., bedrock)

A borehole in Survey Area B was not completed, therefore a subsurface static gamma
investigation level was not established for Survey Area B
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

Removal Site Evaluation Report - Final

Claim 28

Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1

Location Identification S078-C01-001 Dup

S078-C01-001 SO078-C02-001 S078-C03-001 S078-C04-001

S078-C05-001

pCi/g picocuries per gram

@ Stantec

Date Collected 11/11/2016 11/11/2016 11/11/2016 11/11/2016 11/11/2016 11/11/2016
Depth (feet) 0-0.5 0-05 0-0.5 0-0.5 0-05 0-0.5
Analyte (Units)
Radionuclides (pCi/g)
Radium-226 2.1+0.42 1.9+0.34 2.69 +0.47 19.1+24 199+25 2.69 + 0.46
Thorium-228 0.74+0.14 0.66 +0.13 1+0.18 1.38£0.23 1.48 £ 0.25 1.16 £ 0.2
Thorium-230 1.41+0.24 1.42 £0.25 1.94+0.33 11.7+1.8 123+1.9 1.88+£0.31
Thorium-232 0.67 +0.13 0.75+0.14 0.99+0.18 1.26£0.21 1.41+0.24 1.15+0.2
Notes
Bold Bolded result indicates positively identified compound
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Table 4-4a

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

Claim 28

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

Page 1 of 10
Location Identification S078-CX-001 S078-CX-002 S078-CX-003 S078-CX-004 S078-CX-005 S078-CX-006 S078-CX-011 S078-CX-011Dup S078-SCX-006 S078-SCX-006 S078-SCX-006 S078-SCX-007 S078-SCX-007 S078-SCX-007 S078-SCX-008
Date Collected 4/18/2017 4/18/2017 4/18/2017 4/18/2017 4/18/2017 4/18/2017 4/19/2017 4/19/2017 4/20/2017 4/20/2017 4/20/2017 4/20/2017 4/20/2017 4/20/2017 4/20/2017
Depth (feet) 0-05 0-05 0-05 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-05 05-15 15-25 0-0.5 05-2.0 20-25 0-05
Sample Category surface surface surface surface surface surface surface surface surface subsurface subsurface surface subsurface subsurface surface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab composite grab grab
Media sediment soil soil soil soil soil soil soil soil soil soil sediment sediment sediment soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 4 4.5 3.3 1.8 3.5 4.2 7.1 7.3 3.9 5.2 4.5 4.2 J+ 5.9 3.8 4.4
Molybdenum 0.568 0.62 0.83 0.48 <0.2 0.68 0.6 0.85 0.84 0.67 0.46 0.38 0.62 0.64 0.54 0.27
Selenium 1.10 2 1.9 15 1.3 1.2 1.8 2.6 2.6 15 1.7 1.5 1.8 1.4 1.8 1.4
Uranium 3.21 8.7 23 6.8 1.3 7.1 5.6 6.3 7.6 8.8 4 2.4 4.7 J 6.8 4.8 3.1
Vanadium 12.2 25 26 15 14 32 26 22 21 17 19 15 30J 26 36 39
Radionuclides (pCi/qg)
Radium-226 3.59 7.8+1.1J+ 24.8+3.1 83+1.1 3.32+£0.54 153+2 5.18+0.74J+ 5.01+0.7 492 +0.73 88+1.2 3.49+054J+ 1.2+0.28J+ 3.81+£0.57 3.98 £ 0.57 4.05+0.61 9.1+£1.2
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data

@ Stantec

MNAVALD

NATION



Table 4-4a
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A
Claim 28
Removal Site Evaluation Report- Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 2 of 10

Location Identification S078-SCX-009 S078-SCX-010 S078-SCX-010 SO078-SCX-010 S078-SCX-011 S078-SCX-011 S078-SCX-011 S078-SCX-028 S078-SCX-028Dup S078-SCX-028 S078-SCX-028 S078-SCX-028 S078-SCX-028 S078-SCX-029 S078-SCX-029

Date Collected  4/20/2017 4/20/2017 4/20/2017 4/20/2017 4/20/2017 4/20/2017 4/20/2017 10/14/2017 10/14/2017 10/14/2017 10/14/2017 10/14/2017 10/14/2017 10/14/2017 10/14/2017
Depth (feet) 0-0.25 0-0.5 05-25 25-3.0 0-0.5 05-15 15-2.0 0-05 0-0.5 4.0-5.0 12.0-13.0 28.0-29.0 32.0-33.0 0-0.5 40-5.0
Sample Category surface surface subsurface subsurface surface subsurface subsurface surface surface subsurface subsurface subsurface subsurface surface subsurface
Sample Collection Method grab grab composite grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil sediment sediment soil soil soil soil soil soil soil soil bedrock soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 5.7 3.7 4.4 4.9 3.7 4.3 5 4.3 5.9 4.1 4.8 3.6 3.1 4.2 5.3
Molybdenum 0.568 0.25 0.29 1.1 0.48 0.45 0.32 0.36 0.45 0.61 0.49 0.6 0.33 25 0.42 0.58
Selenium 1.10 3.9 1.2 1.4 2 1.9 1.5 1.3 1.8 2.1 2 1.7 <1.1 1.6 1.4 2.7
Uranium 3.21 3.3 2.1 3 4.2 8 5 2.4 11 12 4.2 1.9 1.4 2.2 4.6 9.8
Vanadium 12.2 56 19 16 19 23 21 18 21 27 24 19 18 16 33 27
Radionuclides (pCi/qg)
Radium-226 3.59 6.34 + 0.92 J+ 2.86 £0.47 2.56 +0.42 J+ 4.01+0.65J+ 5.41+£0.79 3.48 £ 0.54 J+ 1.86 + 0.39 3.11+0.52 2.71+£0.46 2.47+£0.43 211+0.41 1.65+0.33 2.78+0.44 4.09+0.6 493 +0.72
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A

Table 4-4a

Claim 28

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

Page 3 of 10

Location Identification S078-SCX-029 S078-SCX-029 S078-SCX-030

S078-SCX-030Dup SO78-SCX-030 S078-SCX-030 S078-SCX-031 S078-SCX-031 S078-SCX-031 S078-SCX-031

S078-SCX-031

S078-SCX-032

S078-SCX-032

S078-SCX-032

S078-SCX-032

Date Collected 10/14/2017 10/14/2017 10/14/2017 10/14/2017 10/14/2017 10/14/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017
Depth (feet) 8.0-9.0 15.5-16.5 0-05 0-05 5.0-6.0 11.0-13.0 0-05 3.0-4.0 9.0 -10.0 17.0-18.0 21.0-22.0 0-05 3.0-4.0 14.0-15.0 18.0-19.0
Sample Category subsurface subsurface surface surface subsurface subsurface surface subsurface subsurface subsurface subsurface surface subsurface subsurface subsurface
Sample Collection Method grab grab grab grab grab composite grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil soil soil boulder soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 4.8 6.4 4 4.9 4.2 4.9 5.6 4.5 4.6 5.4 9.4 4.8 2.7 6.8 4.4
Molybdenum 0.568 0.68 0.59 0.56 0.61 0.59 0.5 0.53 0.46 0.71 1.5 15 0.49 0.27 1.3 0.53
Selenium 1.10 1.6 1.4 1.3 1.6 1.9 1.6 1.5 1.7 3 4.2 2.4 2.1 3.9 2.2 2
Uranium 3.21 2 15 7.5 5.9 7 3 4.3 15 47 39 16 6.6 140D 11 8.5
Vanadium 12.2 16 16 31 36 26 20 110J 33 48 56 39 27 95 23 23
Radionuclides (pCi/qg)
Radium-226 3.59 2.1+£0.32 1.4+0.3 3.99+0.6 4.22 +0.63 3.38+0.5 1.99 + 0.36 291+0.48 8+1 17+2.1 248+ 3 8+1.1 3.23+0.52 47.7 £5.6 J- 4.74 £ 0.7 247104
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A

Table 4-4a

Claim 28

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

Page 4 of 10

Location Identification

S078-SCX-032 S078-SCX-033

S078-SCX-033

S078-SCX-033Dup SO078-SCX-034 S078-SCX-034 S078-SCX-034 S078-SCX-034 S078-SCX-034 S078-SCX-035 S078-SCX-035

S078-SCX-035

S078-SCX-035

S078-SCX-035

S078-SCX-036

Date Collected 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/16/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017
Depth (feet) 20.0-21.0 0-0.5 3.0-4.0 3.0-4.0 0-0.5 4.0-5.0 10.0-11.0 17.0-18.0 22.0-23.0 0-05 20-3.0 6.0-7.0 18.0-19.0 27.0-28.0 0-05
Sample Category subsurface surface subsurface subsurface surface subsurface subsurface subsurface subsurface surface subsurface subsurface subsurface subsurface surface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil/bedrock soil soil soil boulder soil soil soil soil soil boulder soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 6.3 4.1 3.5 4.8 5.1 4.1 4.7 4.7 7.7 4.1 12 4.3 2.3 7.1 4.5
Molybdenum 0.568 2 0.35 0.3 0.39 0.67 0.59 0.73 0.51 1 0.38 1.1 0.67 0.43 1.3 0.62
Selenium 1.10 3.9 2.1 1.2 1.8 25 3.1 3.1 1.8 1.6 1.2 4.6 6.3 <1 2 1.4
Uranium 3.21 31 6 2.2 3.5 8 55 a7 7.6 2.4 2.5 46 42 2 17 3.1
Vanadium 12.2 120 11 11 15 34 53 58 21 23 19 100 51 13 21 22
Radionuclides (pCi/qg)
Radium-226 3.59 159+2 276 £0.43 2.88 +0.47 3.08 £ 0.52 3.81+£0.56 239129 199+24 3.02+0.51 1.9+0.34 237+04 21.7+2.6 13.6+1.7 1.68 +0.34 2+0.39 2.59+0.44
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A

Claim 28

Removal Site Evaluation Report- Final
Navajo Nation AUM Environmental Response Trust - First Phase
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Location Identification S078-SCX-036 S078-SCX-036Dup

S078-SCX-036 S078-SCX-036 S078-SCX-037 S078-SCX-037 S078-SCX-037 S078-SCX-038 S078-SCX-038Dup

S078-SCX-038

S078-SCX-038

S078-SCX-039

S078-SCX-039

S078-SCX-039

Date Collected 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017 10/17/2017
Depth (feet) 1.0-2.0 1.0-2.0 11.0-12.0 15.0-16.0 0-0.5 5.0-6.0 7.0-8.0 0-05 0-0.5 10.0-11.0 12.0-13.0 0-05 12.0-13.0 16.0-17.0
Sample Category subsurface subsurface subsurface subsurface surface subsurface subsurface surface surface subsurface subsurface surface subsurface subsurface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 3.9 4.3 5 20 3.3 1.7 3.4 2.9 2.5 597 5.9 3 4.7 1.8
Molybdenum 0.568 0.46 0.49 1.2 0.59 0.48 0.61 1.9 0.2 0.24 0.75 0.59 0.22 0.48 0.44
Selenium 1.10 1.3 1.5 1.8 1.4 1.3 1.4 2 <0.98 <1 1.9 2.3 1.1 2.2 1.9
Uranium 3.21 3.5 4.3 17 2.8 3.1 13 9.9 1.4 1.1 15 32 2.4 16 5.8
Vanadium 12.2 18 19 35 14 30 67 51 12 13 30 J- 28 19 32 18
Radionuclides (pCi/qg)
Radium-226 3.59 3.06 £ 0.47 3.01+£0.48 82+1.1 1.74 +0.31 4.77 £ 0.69 134 + 16 13.4+1.7 2.01+0.36 2.3+£0.33 6.47 £ 0.89 4.64 £ 0.69 3.24 £ 0.49 J- 5.05+0.72 6.94 £ 0.91
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-4a
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A

Claim 28

Removal Site Evaluation Report- Final

Page 6 of 10

Navajo Nation AUM Environmental Response Trust - First Phase

Location Identification S078-SCX-040

S078-SCX-040

S078-SCX-040 S078-SCX-041 S078-SCX-041 S078-SCX-041 S078-SCX-041 S078-SCX-041 S078-SCX-041 S078-SCX-041

S078-SCX-042

S078-SCX-042

S078-SCX-042

S078-SCX-043

S078-SCX-043Dup

Date Collected 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017
Depth (feet) 0-0.5 4.0-5.0 11.0-12.0 0-05 3.0-4.0 5.0-6.0 7.0-9.0 10.0-11.0 14.0-15.0 17.0-18.0 0-05 6.0-7.0 12.0-13.0 0-0.5 0-05
Sample Category surface subsurface subsurface surface subsurface subsurface subsurface subsurface subsurface subsurface surface subsurface subsurface surface surface
Sample Collection Method grab grab grab grab grab grab composite grab grab grab grab grab grab grab grab
Media sediment sediment sediment soil soil soil soil soil soil soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 3.9 3.8 2.5 4.4 4.4 4.9 3.4 5.1 4 4.3 3.4 3.1 4.1 3.7 3.5
Molybdenum 0.568 0.42 0.5 0.33 0.73 0.57 1.2 0.28 0.49 0.41 2.8 0.36 0.97 0.87 0.36 0.38
Selenium 1.10 1.9 1.6 1.5 15 1.6 1.6 3.2 1.8 1.6 1.5 1.5 15 15 1.3 1.3
Uranium 3.21 3.6 4.8 14 4.3 10 51 140D 12 4.7 10 2.7 9.4 8.4 4.5 3.4
Vanadium 12.2 21 22 12 26 34 49 140 24 24 30 20 12 16 22 21
Radionuclides (pCi/qg)
Radium-226 3.59 4.54 £ 0.64 4.69 £+ 0.65 2.49+0.43 454 +0.58 5.95+ 0.82 J- 21.5+2.6 90+ 11 5.3+0.74 6.21+0.84 8+1.1 5.2 £ 0.67 3.1+0.47 3.57 £ 0.55 4.88 + 0.68 4.15+0.61
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A
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Removal Site Evaluation Report- Final
Navajo Nation AUM Environmental Response Trust - First Phase
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Location Identification S078-SCX-043 S078-SCX-044 S078-SCX-044 S078-SCX-044 S078-SCX-045 S078-SCX-045 S078-SCX-046 S078-SCX-046 S078-SCX-046

S078-SCX-047

S078-SCX-047

S078-SCX-047

S078-SCX-047

S078-SCX-048 S078-SCX-048

Date Collected 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/18/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017
Depth (feet) 7.0-8.0 0-0.5 40-5.0 9.0-10.0 0-0.5 6.0-7.0 0-05 3.0-4.0 6.0-7.0 0-05 3.0-4.0 8.0-9.0 11.0-12.0 0-0.5 3.0-4.0
Sample Category subsurface surface subsurface subsurface surface subsurface surface subsurface subsurface surface subsurface subsurface subsurface surface subsurface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab grab grab
Media soil sediment sediment sediment soil soil soil soil soil soil soil soil/bedrock soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 3.1 3.2 4 4.6 4.1 3.3 3.8 3 3.3 4.7 3.1 3.1 9.7 3.7
Molybdenum 0.568 0.43 0.53 0.37 0.72 0.56 0.4 0.48 0.48 0.37 0.5 0.49 0.34 0.51 0.45
Selenium 1.10 1.4 1.2 1.4 2.6 1.7 1.4 1.6 1.4 1.4 1.4 1.6 1.1 1.7 1.5
Uranium 3.21 5.3 4.1 2.1 12 4.6J 5.6 5.9 6.6 7.2 9.4 5.7 10 8.8 6.7
Vanadium 12.2 17 18 18 20 23 J+ 23 23 21 22 43 20 16 44 24
Radionuclides (pCi/qg)
Radium-226 3.59 2.96 £0.49 3.76 £ 0.54 J- 3.17£0.49 4.14 £ 0.62 5.56 £ 0.73 4.16 £ 0.63 5.02 £+ 0.68 4.43 £ 0.63 3.66 £ 0.53 5.14 £ 0.73 5.97 £ 0.82 4.07 £ 0.62 2.67 +£0.47 6.89+£0.9 5.49+£0.74
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Navajo Nation AUM Environmental Response Trust - First Phase

Page 8 of 10

Location Identification S078-SCX-048 S078-SCX-048

S078-SCX-049 SO078-SCX-049Dup S078-SCX-049 S078-SCX-050 S078-SCX-050 S078-SCX-051 S078-SCX-051 S078-SCX-052

S078-SCX-052 S078-SCX-053

S078-SCX-053

S078-SCX-054

Date Collected 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/19/2017 10/20/2017
Depth (feet) 8.0-9.0 12.0-13.0 0-05 0-05 20-3.0 0-0.5 7.0-8.0 0-05 16.0-17.0 0-05 9.0-10.0 0-05 9.0 -10.0 0-0.5
Sample Category subsurface subsurface surface surface subsurface surface subsurface surface subsurface surface subsurface surface subsurface surface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil/bedrock soil soil soil soil soil soil soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 3.3 4.2 5.3 3.5 3.4 3 2.9 3.8 4.8 3.7 4.1 4.1 2.7 5.1
Molybdenum 0.568 0.38 0.34 0.42 0.41 0.32 0.37 0.86 0.77 0.5 1.5 1 0.3 0.26 0.39
Selenium 1.10 1.7 1.5 1.4 1.4 1.3 1.1 1.4 1.3 1.7 1.4 1.7 1.3 <1 1.4
Uranium 3.21 7.5 10 7.5 6.3 6 2.8 9 24 11 14 5.7 1.6 1.9 2
Vanadium 12.2 20 24 26 24 20 19 25 21 22 19 27 9.2 7.1 15
Radionuclides (pCi/qg)
Radium-226 3.59 4.28 £+ 0.61 5.01+£0.74 5.25+0.74 7.81+0.97 4.14 £ 0.59 4.18 £ 0.6 J- 6.44 + 0.86 14.4+1.8 453 +0.7 94+1.2 5.79+0.78 2.7+0.47 2.01+£0.38 1.66 + 0.33
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Location Identification S078-SCX-054Dup

S078-SCX-054

S078-SCX-054Dup S078-SCX-054 S078-SCX-055 S078-SCX-055Dup S078-SCX-055 S078-SCX-055 S078-SCX-056

S078-SCX-056

S078-SCX-056

S078-SCX-057

S078-SCX-057

S078-SCX-057

Date Collected 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017
Depth (feet) 0-0.5 8.0-9.0 8.0-9.0 16.0-17.0 0-0.5 0-0.5 14.0-15.0 18 .0- 19.0 0-0.5 2.0-3.0 9.0-10.0 0-05 6.0-7.0 22.0-23.0
Sample Category surface subsurface subsurface subsurface surface surface subsurface subsurface surface subsurface subsurface surface subsurface subsurface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil bedrock soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 5.3 5.4 4.9 3.4 4.7 5 5.2 3 5.2 4.6 4.9 5.1 9.1 4.4
Molybdenum 0.568 0.53 0.45 0.4 0.35 0.75 0.64 0.35 0.29 0.37 0.36 0.41 0.36 0.88 0.36
Selenium 1.10 1.8 2.1 1.9 1.2 1.9 1.7 1.9 8.3 1.5 1.1 1.4 1.2 1.2 1.5
Uranium 3.21 7.8 2.3 2.1 1.6 24 16 15 3.8 5.2 1.3 2 3 1.3 2.4
Vanadium 12.2 19 18 17 15 23 21 20 10 17 12 16 17 27 20
Radionuclides (pCi/qg)
Radium-226 3.59 5.22 +0.76 2.85+0.46 2.93+0.48 2.95+0.47 159+2 10+1.3 3.07+0.48 5.31+0.75 2.14 £0.39 1.2+0.26 1.8+0.37 2.32+0.41 1.17 £ 0.26 2.88+0.5
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data

@ Stantec

-] MNAVAID
N NATION



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

Table 4-4a

Claim 28
Removal Site Evaluation Report- Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 10 of 10

Location Identification S078-SCX-058

S078-SCX-058

S078-SCX-058 S078-SCX-058Dup S078-SCX-059 S078-SCX-059 S078-SCX-059 S078-SCX-060

S078-SCX-060

S078-SCX-061

S078-SCX-061

S078-SCX-061Dup

Date Collected 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/20/2017 10/21/2017 10/21/2017 10/21/2017 10/21/2017 10/21/2017
Depth (feet) 0-0.5 7.0-8.0 14.0-15.0 14.0-15.0 0-0.5 3.0-4.0 6.0-7.0 0-0.5 05-21 0-05 05-15 05-15
Sample Category surface subsurface subsurface subsurface surface subsurface subsurface surface subsurface surface subsurface subsurface
Sample Collection Method grab grab grab grab grab grab grab grab composite grab grab grab
Media soil soil bedrock soil soil soil soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals" (mg/kg) Level
Arsenic 3.35 3.5 5.6 4.6 3.3 5.4 4 3.9 3.7 3.9 4.8 4.8 5
Molybdenum 0.568 0.52 0.57 1 0.72 0.6 0.73 0.51 0.3 0.42 0.39 0.32 0.37
Selenium 1.10 1.4 2 25 1.5 2.5 2.1 2.3 <0.99 <0.97 1.2 1.4 1.3
Uranium 3.21 6 5.9 5 2.8 1.8 17 21 0.73 0.93 1.3 1.4 1.3
Vanadium 12.2 17 35 29 24 30 30 25 11 12 17 18 18
Radionuclides (pCi/qg)
Radium-226 3.59 3.62 £ 0.55 4.71 £ 0.67 8+1.1 78+1 5.12 £ 0.69 6.63 + 0.91 5.4+0.76 1.19+0.26 1.29 +0.29 1.94 +0.35 1.87 £ 0.37 J+ 1.58 +0.34
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result greater than or equal to the investigation level
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-diluted value
< Result not detected above associated laboratory reporting limit
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-4b
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B

Claim 28

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

Page 1 of 4
Location Identification S078-CX-007Dup S078-CX-007 S078-CX-008 S078-CX-009 S078-CX-010 S078-CX-012 S078-CX-013 S078-CX-014 S078-SCX-001 S078-SCX-001 S078-SCX-001 S078-SCX-001Dup SO078-SCX-002 S078-SCX-002 S078-SCX-002
Date Collected 4/19/2017 4/19/2017 4/19/2017 4/19/2017 4/19/2017 4/19/2017 10/21/2017 10/21/2017 4/19/2017 4/19/2017 4/19/2017 4/19/2017 4/19/2017 4/19/2017 4/19/2017
Depth (feet) 0-05 0-05 0-05 0-0.5 0-0.5 0-0.5 0-0.5 0-05 0-05 1.0-15 15-20 0-05 0-05 05-1.0 1.0-2.0
Sample Category surface surface surface surface surface surface surface surface surface subsurface subsurface surface surface subsurface subsurface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil sediment sediment soil sediment soil soil sediment sediment sediment sediment soil soil soil
Analyte (Units)
Investigation
Metals' (mg/kg) Level
Arsenic 18.6 2 1.8 4.6J 3.5 3.3 7.7 5.8 5.1 2.7 3.2 3.4 5 3 3.7 4.9
Molybdenum 0.371 0.51 0.49 0.6 15 1.6 0.53 0.31 0.27 0.33 0.81 0.66 0.63 0.72 0.91 0.98
Selenium NA <1
Uranium 1.46 2.8 2.8 2.3 22 2.3 3.5 1.8 2.2 6.4 4.8 4.6 31 4.3 4.7 4
Vanadium 22.3 13 10 16 J- 28 15 30 21 19 20 17 20 59 9.8 9.4 13
Radionuclides (pCi/qg)
Radium-226 2.02 2.55+0.48 2.61 +0.46 1.72+0.3 146+1.9 2.21 +0.39 4.45 + 0.63 2.08+04 2.07 £ 0.33 5.61 +0.77 2.49+0.44 3.03+05 142+1.8 1.9+0.36 25+04 257 +0.47
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
milligrams per kilogram
picocuries per gram
An investigation level is not identified because in BG-2 only two detections of selenium exist, and the detections both have the same value of 1 mg/kg. One distinct detection value is insufficient for Pro UCL to calculate an investigation level.
Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value

mg/kg
pCi/g
NA

Result not detected above associated laboratory reporting limit

Sample dilution required for analysis; reported values reflect the dilution

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

@ Stantec

4 NAVA IO
PRegirow



Table 4-4b
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B
Claim 28
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 2 of 4

Location Identification S078-SCX-002 S078-SCX-003 S078-SCX-003 S078-SCX-004 S078-SCX-005 S078-SCX-012 S078-SCX-012 S078-SCX-012 S078-SCX-012 S078-SCX-012 SO078-SCX-013 S078-SCX-013

S078-SCX-013 S078-SCX-014

S078-SCX-015

Date Collected  4/19/2017 4/19/2017 4/19/2017 4/19/2017 4/19/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017
Depth (feet) 2.0-2.75 0-05 05-1.0 0-0.5 0-0.5 0-05 7.5-85 10.0-11.0 11.5-12.0 12.0-13.0 0-05 1.0-15 25-3.0 0-05 0-05
Sample Category subsurface surface subsurface surface surface surface subsurface subsurface subsurface subsurface surface subsurface subsurface surface surface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil sediment bedrock bedrock bedrock bedrock sediment sediment bedrock soil sediment
Analyte (Units)
Investigation
Metals (mg/kg) Level
Arsenic 18.6 4.7 3.9 9 5.8 8 5 3.2 4.6 4.2 <0.2 4.5 5.2 6.3 2.4 2.8
Molybdenum 0.371 1.2 3.3 2.9 3.1 5 0.9 1.1 2.6 1.3 <0.2 0.4 0.5 1.3 0.29 0.41
Selenium NA - ST EsSamamaa nsa. <0e . e e <099 <0.99
Uranium 1.46 12 5.6 4 3.7 35 3.5 400 D 140D 140D 25 2.4 5 130D 4.7 1.9
Vanadium 22.3 25 11 12 15 16 22 410 160 220 24 16 21 270 13 11
Radionuclides (pCi/g)
Radium-226 2.02 5.85+0.8 4.63 £ 0.66 4.72 £0.69 4.68 £ 0.69 4.71 £ 0.66 23+0.43 136 + 16 J- 59.1+£7 J- 117 £ 14 18.5+ 2.3 J- 2.29+0.43 2.8+0.45 51.5+6.2 2.77+0.44 1.48 £0.28
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-2 only two detections of selenium exist, and the detections both have the same value of 1 mg/kg. One distinct detection value is insufficient for Pro UCL to calculate an investigation level.
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
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data



Table 4-4b
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B
Claim 28
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 3 of 4

Location Identification S078-SCX-015 S078-SCX-015Dup S078-SCX-016 S078-SCX-017 S078-SCX-017 S078-SCX-018 S078-SCX-018 S078-SCX-019 S078-SCX-020 S078-SCX-021 SO078-SCX-022 S078-SCX-023 S078-SCX-024 S078-SCX-024Dup

Date Collected 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/11/2017 10/12/2017 10/12/2017 10/12/2017 10/12/2017 10/12/2017 10/12/2017 10/12/2017 10/12/2017 10/12/2017
Depth (feet) 3.0-4.0 3.0-4.0 0-0.5 0-0.5 05-2.0 0-05 05-1.0 0-0.5 0-05 0-05 0-0.5 0-0.5 0-05 0-05
Sample Category subsurface subsurface surface surface subsurface surface subsurface surface surface surface surface surface surface surface
Sample Collection Method grab grab grab grab composite grab grab grab grab grab grab grab grab grab
Media bedrock sediment sediment soil soil soil soil bedrock bedrock soil soil bedrock sediment sediment

Analyte (Units)

Investigation

Metals" (mg/kg) Level
Arsenic 18.6 2.7 2.4 8.7 4.7 4.4 5 1.9 2.8 3.6 3.2 6.1 2.6 6.4 6
Molybdenum 0.371 1.2 1.4 1.9 0.36 0.41 0.33 0.41 1.6 <0.2 0.31 J- 0.62 0.49 0.5 0.49
Selenium NA <0.94 <1 14 0% <11 22 <11 18 <1 PEsE <099 12 1414
Uranium 1.46 35 39 4.3 1.7 3.2 4.6 18 2.1 0.74 2.1 2.8 5.6 92 90
Vanadium 22.3 12 12 27 16 18 19 16 19 10 14 J+ 17 20 74 72

Radionuclides (pCi/qg)

Radium-226 2.02 176122 17.7+2.2 1.95+0.39 1.64 +0.36 3.02+0.47 2.36 +0.42 16.6 +2.1 2.02 +£0.37 0.94 £ 0.26 2.31+0.42 1.7 +0.33 2.55+0.46 248+ 3 22+2.7
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-2 only two detections of selenium exist, and the detections both have the same value of 1 mg/kg. One distinct detection value is insufficient for Pro UCL to calculate an investigation level.
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

D Sample dilution required for analysis; reported values reflect the dilution

J Data are estimated due to associated quality control data

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

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



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

Table 4-4b

Claim 28
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 4 of 4

Location Identification S078-SCX-025

S078-SCX-026

S078-SCX-026 S078-SCX-026 SO078-SCX-027 S078-SCX-027 S078-SCX-027 S078-SCX-027 S078-SCX-027 S078-SCX-062

Date Collected 10/12/2017 10/13/2017 10/13/2017 10/13/2017 10/13/2017 10/13/2017 10/13/2017 10/13/2017 10/13/2017 10/13/2017
Depth (feet) 0-0.5 0-05 4.0-5.0 8.0-9.0 0-05 5.0-6.0 6.0-7.0 11.0-12.0 12.0-13.0 0-05
Sample Category surface surface subsurface subsurface surface subsurface subsurface subsurface subsurface subsurface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals (mg/kg) Level
Arsenic 18.6 3.8 5.8 3 4.7 4.2 4 4.1 18 4.9 13D
Molybdenum 0.371 1.3 0.7 J- 0.52 1.1 0.56 0.49 0.57 0.73 0.46 3.1D
Selenium NA <1 8 37 18 21 24 18 27 33 78D
Uranium 1.46 2.7 46 28 65 8.7 14 4.3 25 7.8 11D
Vanadium 22.3 14 56 60 57 32 42 22 22 19 42D
Radionuclides (pCi/g)
Radium-226 2.02 2.8+0.43 5.31+£0.78 J+ 12.6 £1.6 5.91 £ 0.85 3.34+0.51 4.72 £0.67 272x0.44 2.28+0.42 4.14 £ 0.56 5.89 £ 0.86 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-2 only two detections of selenium exist, and the detections both have the same value of 1 mg/kg. One distinct detection value is insufficient for Pro UCL to calculate an investigation level.
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
D Sample dilution required for analysis; reported values reflect the dilution
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data



Table 4-5

Summary of Investigation Level Exceedances in Soil at Borehole Locations

Claim 28

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

Page 1 of 2

Sample Location

Survey Area

Investigation Level Exceedances

S078-SCX-001"

Mo, Se, U, Ra-226

S078-SCX-002*

Mo, Se, U, V, Ra-226

S078-SCX-003*

Mo, Se, U, Ra-226

S078-SCX-004*

Mo, Se, U, Ra-226

S078-SCX-005*

Mo, Se, U, Ra-226

S078-SCX-006

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-007

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-008

As, Se, V, Ra-226, Static Gamma

S078-SCX-009

As, Se, U, V, Ra-226

S078-SCX-010

As, Mo, Se, U, V, Ra-226

S078-SCX-011

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-012*

Mo, Se, U, V, Ra-226

S078-SCX-013*

Mo, Se, U, Ra-226

S078-SCX-014

U, Ra-226

S078-SCX-015

Mo, U

S078-SCX-016"

Mo, Se, U, V

S078-SCX-017*

Mo, Se, U, Ra-226

S078-SCX-018"

Mo, Se, U, Ra-226

S078-SCX-021*

Se, U, Ra-226

S078-SCX-022

Mo, U

S078-SCX-024*

Mo, Se, U, V, Ra-226

S078-SCX-025

Mo, U, Ra-226

S078-SCX-026"

Mo, Se, U, V, Ra-226

S078-SCX-027*

Mo, Se, U, V, Ra-226

S078-SCX-028

As, Mo, Se, U, V, Static Gamma

S078-SCX-029

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-030

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-031

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-032

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-0332

As, Se, U, Static Gamma

S078-SCX-034

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-035

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-036

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-037

>I>I>I>I>I>I>DI>IPIPD|I|v|l||l|lv|l|w||w|lo|o|wo|>|>I>I>|>|>D|0|m|o|w|m

As, Mo, Se, U, V, Ra-226, Static Gamma

Notes

! Detection of Se included for

ZIncludes a sample that crosses the soil to bedrock contact
IL - Investigation Level

As - Arsenic

Mo - Molybdenum

Ra-226 - Radium 226

Se - Selenium

U - Uranium

V - Vanadium

] NANAID
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Table 4-5

Summary of Investigation Level Exceedances in Soil at Borehole Locations

Claim 28

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

Page 2 of 2

S078-SCX-038

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-039

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-040

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-041

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-042

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-043

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-044

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-045

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-046

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-0472

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-0482

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-049

As, Se, U, V, Ra-226, Static Gamma

S078-SCX-050

Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-051

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-052

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-053

As, Se

S078-SCX-054

As, Se, V, Static Gamma

S078-SCX-055

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-056

As, Se, U,V

S078-SCX-057

As, Mo, Se, V, Static Gamma

S078-SCX-058

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-059

As, Mo, Se, U, V, Ra-226, Static Gamma

S078-SCX-060

As

S078-SCX-061

As, Se, V

S078-SCX-062"

D> (> [(Z>|Z[>(> |22 (>>|>|>(>|>|>(>]>

Mo, Se, U, V, Ra-226

Notes

! Detection of Se included for
ZIncludes a sample that crosses the soil to bedrock contact

IL - Investigation Level

As - Arsenic

Mo - Molybdenum
Ra-226 - Radium 226

Se - Selenium
U - Uranium
V - Vanadium

@ Stantec
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Table 4-6a
Water Sampling Investigation Level Derivation

Claim 28

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

@ Stantec
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Table 4-6b
Water Sampling Analytical Results
Claim 28
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Pagelofl

047-386/Tank 4T- 047-386/Tank 4T- 04T-386/Tank 4T- 04T-386/Tank 4T- Pond/Well/1 Pond/Well/

Water Feature Identification|386/CH981123B 386/CH981123BG 386/CH981123BG 386/CH981123BG 050475 1050475 S078-Seep-1 S078-Seep-1
GWO002 WO002 W002 WO002
Field Sample Identification| S078-WL-001 S078-WL-001 S078-WL-001 Dup S078-WL-001 Dup [S078-WS-001 SO78-WS-001 S078-WS-002 S078-WS-002
Date Collected 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016 10/19/2016( 11/5/2016 11/5/2016
Matrix Water Well Water Well Water Well Water Well Surface Watesurface Wate| Surface Water Surface Water
Preparation Dissolved Total Dissolved Total Dissolved Total Dissolved Total

Analyte (Units)

Investigation

Radionuclides (pCi/L) Level
Ra-226 51 NS 2+0.56 NS 2.04 £0.57 NS 0.35+0.17 NS 74+ 18
Ra-228 51 NS 2.49+0.7 NS 3.15+0.84 NS 0+0.32 NS 259+6
Gross Alpha -- NS 04 NS 7.8+4.7 NS 13.1+£2.9 NS 549 £+ 90 B
Adjusted Gross Alpha 2 15 NS NA NS NA NS 3.6 NS 421
Gross Beta - NS 8.1+4.1 NS 129+4.4 NS 32.7+55 NS 254 + 42

Mercury (ng/L)
Mercury 2000 <0.5 <0.5 0.5 <0.5 2.9 1.6 4.5 12

Metals * (ug/L)

Antimony 5.6 1.6 <0.3 <0.3 <0.3 0.79 1.3 <0.3 <0.3
Arsenic 10 <2 <2 <2 <2 <2 <2 4.1 4.2
Barium 2000 7.5 8.8 7.2 8.8 140 130 8.6 9.6
Beryllium 4 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 65 65

Cadmium 5 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 8.9 8.8
Chromium, Total 100 <10 <10 <10 <10 <10 <10 <10 <10
Cobalt -- <1 <1 <1 <1 1.1 1 560 570
Copper 1300 <10 <10 <10 <10 <10 <10 <10 <10
Lead 15 <0.5 <0.5 <0.5 <0.5 1.1 1.2 12 12

Molybdenum -- 1.3 15 1 1.2 6.5 6.3 <1 <1

Nickel 610 <5 <5 6.1 <5 8.3 <5 530 530
Selenium 50 <1 <1 <1 <1 <1 <1 30 30

Silver 35 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Thallium 2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 2.2 2.3
Uranium 30 12 13 12 12 15 14 180 190
Vanadium -- <1 <1 <1 <1 2.7 2 3.8 4

Zinc 2100 340 360 340 350 <20 <20 2700 2700

General Chemistry Parameters (mg/L)

TDS 500 -- 2200 -- 2300 -- 460 -- 3900
Carbonate -- -- <20 -- <20 -- <20 -- <20
Bicarbonate -- -- 340 -- 350 -- 160 -- <20
Chloride 250 -- 22D -- 22D -- 12 -- 38D
Sulfate 250 -- 1500 D -- 1600 D -- 140D -- 3100 D
Calcium -- 340000 340000 330000 340000 81000 77000 470000 480000
Sodium -- 160000 170000 160000 170000 4100 3900 53000 55000

Field Parameters

Oxidation Reduction Potential(millivolts) -- -- a0 -- -- -- 95.9 -- 194.8
pH(pH units) -- -- 7.6 -- -- -- 8.45 -- 3.67
Salinity(PPTV) -- -- 1.57 -- -- -- 0.33 -- 2.71
Specific Conductivity(uS/cm) -- -- 2314 -- -- -- 468.9 -- 4057
Temperature(°C) -- -- 13.1 -- -- -- 8.6 -- 15.2
Turbidity(NTU) -- -- 1.02 -- -- -- 33.2 -- 9.09
Flow Rate(L/HR) -- -- -- -- -- -- -- -- 47

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

L/HR liters per hour

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

MWD
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CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

FIGURE ACRONYMS/ABBREVIATIONS
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Site Clearance |dentified
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Habitable Building

Seep?

Flow Direction
Intermittent Stream/River
Potential Haul Road
Road

Exploration Area

Pond

Claim Boundary

1/4-Mile Claim Boundary
Buffer

1-Mile Claim Boundary Buffer
Other Claim Boundary

010504755

,

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

2. Seep identified during field mapping. Site Features

3. Claim 28 includes two abandoned uranium mines,
#78 and #79.

4. The drai ¢ of mine #79 that previous! g : : i : Removal Site Evaluation
. The drainage west of mine at previously crosse ; S R L ) Crlz st ! ! - = Ll S A ! - . . .

the road near the home-site and terminated in the pond i R il i oy e ER SRS Tl T gy apal el - . G i SRR Claim 28 Mine Site
was diverted in a drainage channel along Baird Rte 29. | . - k

i g e et = L o 386 - RS it e i 7 DATE: DOCUMENT NAME:
| ] = - W : . | ; ‘ - e e : 7/31/2018
REFERENCES: P e 2ol S LR H BV g { 7 : o T S s : Removal Site Evaluation Report
Coordinate System: NAD 1983 UTM Zone 12N : i B 2 T o S W ahacing by £y ¥ AUTHOR: REVIEWER:
Basemap image accessed from the National Agriculture p ; / oo RPN A Py T _
Imagery Program (NAIP) web mapping service | ¢ 4 L 57 . ¥ ; i SRk ; Y = A Sta nteC FIGURE: 2 1
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Area C

Area B

Potential Haul Road

Area B
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Area A/ Eastern Mine Waste Burial Pit

Planned Reclamation Activities Listed on Map No. 8

1. Excavate a burial pit 250 ft long x 100 ft wide x 3 ft deep in Area A
and stockpile the excavated Class A material nearby the burial pit.
Earthwork quantities for this work item were 2,800 byd®.

2. Excavate completely the uranium mine waste material from Area B
and any other radioactive material from the slopes of Area C per the
direction of the Project Representative. Haul the materials to Area A.
Place the waste materials in Area A and compact them for burial in the
burial pit. Earthwork quantities for this work item were 8,000 byd3.

3. Cover the deposited radioactive mine waste with the stockpiles Class A
material spreading it in as uniform thickness as possible. The reclaimed
surface should form a mound with side slopes no steeper than 3h:1v
(horizontal to vertical). Cover any radioactive "Hot Spots" with Class A
material. Earthwork quantities for this work item were 2,8000 byd3.

4. Repair the riprap check dams on the previously reclaimed area over
Area B with 50 yd” additional riprap.

Total work quantity for the site shall not exceed 13,600 byd® of
earthwork and 50 yd® of riprap.
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P Drainage

X =x =X Fence

— Potential Haul Road
%% Mine Waste Burial Pit

EB Potential Mine Waste
Material

Mining / Reclaimed
Disturbed Area

r’__, Claim Boundary

NOTES:

Historical site drawing orientation and scale is
approximate due to lack of tie points needed for
georeferencing.

Claim 28 includes two abandoned uranium mines,
#78 and #79.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Historical Site Drawing:

Navajo Abandoned Mine Land Reclamation
Program (NAML), Tuba City Field Office, Tuba City,
Arizona, 2000. Mesa Grande AMLR Project,

Black Mesa 2, NA-0701, Map No. 8 (7/17/2000).

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

TITLE:

Historical Mine Drawing

PROJECT:

Removal Site Evaluation
Claim 28 Mine Site
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7/31/2018 DOCUMENT NAME:

Removal Site Evaluation Report
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NOTE:

Claim 28 includes two abandoned uranium mines,
#78 and #79.

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 8/1/2018

Regional Aerial Photograph
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"] Claim Boundary
Other Claim Boundary

NOTE:
Claim 2B inchedes two abandoned uranium minas,
#78 and 79,

REFERENCES:
Coordinate System: MAD 1983 UTM Zone 12M

Basemap: ESRI USA Togo Maps service
accessed 07/2016.
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NOTES:

The extent of the base map is based on the
Cooper aerial surveys conducted on June 16, 2017.

Claim 28 includes two abandoned uranium mines,
#78 and #79.

REFERENCES:

Site-specific contours were generated as part of
aerial surveys conducted on June 16, 2017.

Coordinate System: NAD 1983 UTM Zone 12N
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NOTES:

Based on field observations at the Site, bedrock units shown
are near surface, but do not necessarily outcrop and may be
overlain by minor Q deposits.

Claim 28 includes two abandoned uranium mines, #78 and #79.

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 8/21/2018

Geology adapted from O'Sullivan, R.B., and Beikman, H.M (1963):
O'Sullivan, R.B., and Beikman, H.M, 1963, Geology, structure and
uranium deposits of the Shiprock quadrangle, New Mexico and

' | Arizona: U.S. Geological Survey 1-345, scale 1:250,000.
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—————— Geologic Contact (Inferred)

QUATERNARY

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

- _ . Earthworks: Human-caused
‘- - ===« = disturbance of the land surface related
to mining or reclamation.
HOLOCENE / PLEISTOCENE

Kt: Toreva Formation (Upper
Cretaceous). Light-brown and
yellowish-gray fine- to coarse-grained
sandstone and lesser amounts of gray
R siltstone and carbonaceous shale.

50 100 150 200 250 300 350 400 Km: Mancos Shale — undifferentiated
(Lower and Upper Cretaceous).

Predominantly light- to dark-gray
marine shale with subordinate tan fine-
grained sandstone and siltstone and
bedded or concretionary limestone.
Locally discontinuous coal seams.
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2. Projected distance indicates the distance the boring was
offset from the cross-section line in plan view (not depth) for
borings that are not located on the cross-section line.
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NOTES:

1. Approximate location of historical pit identified by NAML |

personnel during on-site visit in March 2017.

2. The drainage west of mine #79 that previously crossed
the road near the home-site and terminated in the pond
was diverted in a drainage channel along Baird Rte 29.

3. Claim 28 includes two abandoned uranium mines,
#78 and #79.

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 8/1/2018
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| NOTES:

1. Approximate location of historical pit identified by NAML
personnel during on-site visit in March 2017.

| 2. Claim 28 includes two abandoned uranium mines, #78 and

#79.

3. The drainage west of mine #79 that previously crossed
the road near the home-site and terminated in the pond
was diverted in a drainage channel along Baird Rte 29.

| REFERENCES:

Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys
Co. on June 16, 2017.
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|"__| Claim Boundary
1= *  Approximate Site Location,
== not georeferenced

NOTES:

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

2. Image is not georeferenced, scale not available.

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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NOTE:

Claim 28 includes two abandoned uranium mines,
#78 and #79.

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

2. 1952 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.

1952 Historical Aerial
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NOTE:

Claim 28 includes two abandoned uranium mines,
#78 and #79.

REFERENCES:

1. Coordinate System: NAD 1983 UTM Zone 12N
2. 1966 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.

1966 Historical Aerial
Photograph Comparison
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NOTE:

Claim 28 includes two abandoned uranium mines,
#78 and #79.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys
Co. on June 16, 2017.
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Attempted Borehole Location
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NOTE:

Claim 28 includes two abandoned uranium mines,
#78 and #79.

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. Areas within Survey Areas that were
not surveyed (1.4 acres) due to steep/unsafe terrain.

2. Gamma survey area is approximately 73.1 acres.
3. Claim 28 includes two abandoned uranium mines,

#78 and #79.

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 9/17/2018
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Gamma Survey
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29,415 - 64,887
(>2x BG-2 UTL to Maximum)
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S78-C04:001" 1.

O s NOTES:
4 F §

— i s -{;u‘-""‘; g "?r . & s ! 'dt. " = | ) " ol Claim 28 includes two abandoned uranium mines,
| 1SO78:C02-001" PO S T T ] Bt o s N L e #78 and #79.

T

£ 4

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

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys
Co. on June 16, 2017.
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Claim 28 includes two abandoned uranium mines,
#78 and #79.

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

Subsurface soil samples range from 0.5 - 33.0 ft bgs
Static gamma measurements range from 0.0 - 37.0 ft bgs

Surface and subsurface static gamma measurements

were collected at all borehole locations with one exception;
only subsurface static gamma measurements were collected
at S078-SCX-058.

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 9/13/2018
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NOTES:

1. Approximate location of historical pit identified by NAML
| personnel during on-site visit in March 2017.

2. Claim 28 includes two abandoned uranium mines,
#78 and #79.

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

4. Subsurface soil samples range from 0.5 - 33.0 ft bgs

5. Static gamma measurements range from 0.0 - 37.0 ft bgs
| 6. Surface and subsurface static gamma measurements
were collected at all borehole locations with one exception;
only subsurface static gamma measurements were collected
at S078-SCX-058.

REFERENCES:

Coordinate System: NAD 1983 UTM Zone 12N

Main extent basemap image accessed from the National Agriculture
Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 9/13/2018

Inset basemap image flown by Cooper Aerial Surveys
Co. on June 16, 2017.
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X
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Resistivity Survey Line

Claim Boundary

D 100-Foot Claim Buffer

NOTE:
Claim 28 includes two mines, #78 and #79

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Geophysical surveys were performed by Hydrogeophysics,
Inc. The geophysical survey report is presented in
Appendix A.2.

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 9/26/2018
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Gamma Survey
Counts per Minute (CPM)
5,437 - 14,707
®  (Minimum to BG-2 IL)

14,708 - 20,677
(>BG-2 IL to BG-1IL)

20,678 - 29,414
(>BG-1 IL to 2x BG-2 IL)

29,415 - 147,070
(>2x BG-2 IL to 10x BG-2 IL)

147,071 - 301,035
(10x BG-2 IL to Maximum)

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

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 9/13/2018
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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/arcgis/services/) on 9/13/2018

Inset image flown by Cooper Aerial Surveys
Co. on June 16, 2017.
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Ra-226 Mean Gamma

| 1. Surface gamma survey measurements were converted
to predicted Ra-226 concentrations using the following
correlation equation:
Gamma (CPM) = 1,380 * Surface Soil Ra-226 (pCi/g) + 16,142.

- _. : | 2.The correlation equation predicted Ra-226 concentrations that |
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s N ol i o N FiL 3. Mean (u) of predicted concentrations of Ra-226 in soil

(2.6 pCilg). Predicted Concentrations of Ra-226 in
| 4. Standard deviation (o) of predicted concentrations of SOII USIhg the Correlatlon Equatlon
Ra-226 in soil (5.5 pCi/g).

5. Ra-226 concentrations predicted from gamma measurements Removal Site Evaluation
exceeding approximately 52,000 CPM or below approximately . . .
16,000 CPM are extrapolated from the regression model and are Claim 28 Mine Site

| uncertain.
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1.The number in parentheses following sample

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

2. Surface gamma survey measurements were converted
| topredicted Ra-226 concentrations using the following
- | correlation equation:
Gamma (CPM) = 1,380 * Surface Soil Ra-226 (pCi/g) + 16,142.

F N LI

3. The correlation equation predicted Ra-226 concentrations that
are less than zero for gamma survey measurements below
16,143 cpm.

] 4. Mean (p) of predicted concentrations of Ra-226 in soil
(2.6 pCilg).

4| 5. Standard deviation (o) of predicted concentrations of
| Ra-226 in soil (5.5 pCi/g).

16,000 CPM are extrapolated from the regression model and are
| uncertain.

| Basemap image accessed from the National Agriculture

gy Imagery Program (NAIP) web mapping service
tps://gis.apfo.usda.gov/arcgis/sewices/) on 9/13/2018
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NOTES:
Refer to Figure 3-4 for Survey Area delineation.

A subsurface static gamma IL was not established for
Survey Area B.
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Notes:

1. Range of Investigation Level (IL) Exceedance in
unconsolidated material selected based on unconsolidated

material analytical results, subsurface gamma measurements,

and subsurface observations.

| 2. Subsurface static gamma measurements are compared to
the subsurface static gamma IL (29,180 cpm).

3. uk = unknown, no confirmation if refusal in borehole
was on bedrock.

4. Refer to Figure 3-4 for Survey Area delineation.
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1. Range of Investigation Level (IL) Exceedance in
unconsolidated material selected based on unconsolidated
material analytical results and subsurface observations.

2. A subsurface static gamma IL was not established for
Survey Area B.

3. uk = unknown, no confirmation if refusal in borehole
was on bedrock.

4. No soil = bedrock is present at ground surface.
5. Refer to Figure 3-4 for Survey Area delineation.
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Notes:

1. Range of Investigation Level (IL) Exceedance in
unconsolidated material selected based on unconsolidated

material analytical results, subsurface gamma measurements,

and subsurface observations.

2. uk = unknown, no confirmation if refusal in borehole
| was on bedrock.

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

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 9/17/2018
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NOTE:

1. Portions of the areas delineated as exposed
bedrock contain small amounts of colluvium.
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NOTES:
Refer to Figure 3-4 for Survey Area delineation.
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NOTE:
Gamma Survey Area B is approximately 24.9 acres
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NOTES:
Refer to Figure 3-4 for Survey Area delineation.
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1. Portions of the areas delineated as exposed
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2. See Figure 4-9b

3. Group 3a included based on IL exceedance at sample
locations.

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 9/14/2018

: . o W g T T ‘ gt B | F 2 B A b AR Volume Estimate of
' 3 - . y 2 DA P i R R T A TENORM that Exceeds ILs
_ Removal Site Evaluation

Claim 28 Mine Site

© - |oatE: DOCUMENT NAME:
.- 9/14/2018
'
DZ cBB

| oes |
4 1

5,530




NAVAJO
NATION

AUM Environmental
Response Trust-First Phase

LEGEND

PREN Approximate Burial Pit Contour
~ =7 (thickness in feet)

r'__, Claim Boundary

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

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

Group 1 Contours
for Volume Estimates

Removal Site Evaluation
Claim 28 Mine Site

: 8/23/2018 DOCUMENT NAME:

Removal Site Evaluation Report
Bl EDZ CBB
4 @ Stantec

. 4-9b




APPENDICES



CLAIM 28 (#78, 79) REMOVAL SITE EVALUATION REPORT - FINAL

September 18, 2018
Appendix A Subcontractor Reports

A.1 Radiological Characterization of the Claim
28 Abandoned Uranium Mine

A.2 Geophysical Characterization of the
Navajo Nation Claim 28 Site

TGN
O stantec Kt



Radiological Characterization of the
Claim 28 Abandoned Uranium Mine

September 16, 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 1
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 14
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 18

4.0 Deviations t0 RSE WOTK Plan......uuiii ittt e e sttt e e s stte e e s sbee e e sssbaeaessnbeeeessnseeessnnseeeesns 22

R0 @(o] o Tl [T ] o] o -3 PSPPSR 22

6.0 REFEIEINCES ...ttt ettt st s e e s bt e e s bt e e s be e sbteesabeesabeessabeesabeeenbteenabaesareesabeeeas 23

Tables

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

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

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

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

soils obtained in the correlation study

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

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

Table 7 Co-located gamma count rate and exposure rate measurements
Table 8 Predicted exposure rates in the potential Background Reference Areas
Table 9 Predicted exposure rates in the Survey Area

Radiological Survey of the Claim 28
Abandoned Uranium Mine i
Prepared for Stantec Consulting Services Inc.

ERG
September 16, 2018



Figures

Figure 1 Location of the Claim 28 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. Evaluation of secular equilibrium in the uranium decay series

Figure 10 Predicted concentrations of radium-226 in the Survey Area

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 - 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 Draft Report - Radiological Characterization of the Claim 28 Abandoned Uranium Mine

Radiological Survey of the Claim 28

ERG

Abandoned Uranium Mine i

Prepared for Stantec Consulting Services Inc.

September 16, 2018



Acronyms

ANSI American National Standards Institute
AUM abandoned uranium mine

BG1 Background Reference Area 1

BG2 Background Reference Area 2

cpm counts per minute

DQOs data quality objectives

ERG Environmental Restoration Group, Inc.
ft foot

GPS global positioning system

m meter

MDL method detection limit

uR/h microRoentgens per hour

pCi/g picocuries per gram

R? Pearson’s Correlation Coefficient

RSE removal site evaluation

o] standard deviation

Stantec Stantec Consulting Services Inc.

Radiological Survey of the Claim 28
Abandoned Uranium Mine iii
Prepared for Stantec Consulting Services Inc.

ERG
September 16, 2018



Executive Summary

This report addresses the radiological characterization of the Claim 28 abandoned uranium mine (AUM)
located in the Tahchee/Blue Gap Chapter of the Navajo Nation near Tachee, 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 May 5, November 5, 7, 8, 10, and 11, 2016; and
March 20 and 21, and April 18, 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 assess the status of equilibrium in the uranium decay
series. These and additional results for the RSE are addressed in the “Claim 28 Removal Site Evaluation
Report” (Stantec, 2018).

The findings of the RSE pertaining to these activities are:

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

e Elevated count rates were observed largely on waste rock situated at the western edge of the
larger of the two mine claims and on naturally occurring materials in the approximate southern
half of that claim, extending onto the valley floor.

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) = 1380.1*[radium-226 (pCi/g)] + 16141.8
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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 -7.8 to 206.4, with
a central tendency (median) of 1.3 pCi/g.

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

e There is evidence that 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 5x10™* + 7.4537

e The distribution of exposure rates predicted using this model resembles a lognormal
distribution. The values in the Survey Area range from 7.5 to 158, with a central tendency
(median) of 16.4 uR/h.
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1.0 Introduction

This report addresses the radiological characterization of the Claim 28 abandoned uranium mine (AUM)
located in the Tahchee/Blue Gap Chapter of the Navajo Nation near Tachee, 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 May 5, November 5, 7, 8, 10, and 11, 2016; and
March 20 and 21, and April 18, 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. Section 3.0 of the RSE Workplan 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 “Claim 28 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 “Claim 28 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. Pursuant to the approved RSE
Workplan, 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 Workplan. 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 Workplan
and are provided in Appendix E therein.
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The 2x2 sodium iodide (Nal) detectors used in this investigation are sensitive to sub-surface radium-226
decay products and other gamma emitting radionuclides. The purpose of the gamma correlation was to
estimate radium-226 concentrations in the upper 15 cm of soil. ERG selected correlation plots based on
the range of gamma radiation levels observed. If subsurface soil concentrations of gamma emitting
radionuclides were variable between correlation locations, this variability would be included in the

regression model, and if the magnitude of the effect were sufficiently large, it would result in failure of
the DQOs related to the regression analysis.
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Figure 1. Location of the Claim 28 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 PR3037272 5547772
Reference Areas

PR150507 282966
PR154615 138368
Survey Area PR295014 196086
PR303727° 254772°
PR320678 282971

Notes:
aDetection system used in the correlation studies described in Sections 3.1 and 3.3.

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 15,584 to 22,609 counts per minute (cpm), with a mean and median of 18,165
and 17,880 cpm, respectively.

e BG2 ranged from 10,048 to 16,423 cpm, with a mean and median of 12,709 and 12,518 cpm,
respectively.

Figure 3 depicts histograms of the gamma count rates in the potential 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}da'\rd
Reference Area Deviation
1 237 15,584 22,609 18,165 17,880 1,381
2 338 10,048 16,423 12,709 12,518 1,117

Notes:
cpm = counts per minute
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Figure 2. Gamma count rates in the potential Background Reference Areas.
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Figure 3. Histograms of gamma count rates in the potential 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 largely on waste rock situated at the western edge of the larger of the two mine claims and on
naturally occurring materials in the approximate southern half of that claim, extending onto the valley
floor.
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Figure 4. Gamma count rates in the Survey Area.
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Figure 5 is a histogram of the gamma count rate measurements made in the Survey Area, including the
area surveyed outside the 100-ft buffer. As stated in Section 2.1, the red and green lines on the figure
are theoretical normal and lognormal distributions, respectively. They are presented to show what could
be expected if the distributions were normal or lognormal. The distribution of the right-tailed set of
measurements, evaluated using U.S. Environmental Protection Agency software ProUCL (version
5.1.002), is not defined. The box plot in Figure 6 depicts cutoffs as horizontal bars, from bottom to top,
for the following values or percentiles: minimum, 0.5, 2.5, 10, 25, 50, 75, 90, 97.5, 99.5, and maximum.
The 25%™, 50", and 75th percentiles (the three horizontal lines of the box inside the box plot) are 15,184,
17,914, and 21,670 cpm, respectively.

Table 3 is a statistical summary of the measurements, which range from 5,437 to 301,035 cpm and have
a central tendency (median) of 17,914 cpm.

100000+
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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.

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

Parameter Gamma Count Rate (cpm)
n 108,660
Minimum 5,437
Maximum 301,035
Mean 19,475
Median 17,914
Standard Deviation 7,672
Notes:

cpm = counts per minute
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3.0 Correlation Studies

The following sections address the activities under two types of correlation studies outlined in the RSE
Workplan: 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 November 11, 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 Workplan. The activities were performed
contemporaneously, by area and all on the same day, such that variations in the gamma count rate
measurements could be limited largely to those posed by the soils and rocks at the locations. Figure 7
shows the GPS-based gamma count rate measurements in the five areas (labeled with location
identifiers).

The soil samples were analyzed by ALS Laboratories in Ft Collins, CO for radium-226 and isotopic
thorium. The latter analysis was included to assess the potential effects of thorium series isotopes on
the correlation and evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium
in the uranium decay series. Table 4 lists the results of the gamma count rate measurements and
radium-226 concentrations in the soil samples. The means of the gamma count rate measurements
range from 16,151 to 52,335 cpm. The concentrations of radium-226 in the soil samples range from 1.9
to 19.9 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 “Claim 28 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 ?r:‘ez? Mean Minimum [ Maximum o Result | Error 20 MDC
S078-C01-001 113.2 | 16,151 14,772 19,419 763 1.9 0.34 0.39
S078-C02-001 42.5 24,027 20,120 28,985 1,866 2.69 0.47 0.56
5078-C03-001 71.7 33,222 30,071 37,554 1,459 19.1 2.4 0.6
5078-C04-001 41.4 52,335 35,196 64,887 6,923 19.9 25 0.7
S078-C05-001 1114 | 18,846 16,056 22,113 1,136 2.69 0.46 0.51

Notes:

aResult is the average of primary and duplicate sample results.
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)
Sample ID Result | Error£20 | MDC | Result | Errort2oco MDC Result | Error+2 o | MDC
S078-C01-001 0.66 0.13 0.04 1.42 0.25 0.07 0.75 0.14 0.02
S078-C02-001 1 0.18 0.04 1.94 0.33 0.07 0.99 0.18 0.02
S078-C03-001 1.38 0.23 0.04 11.7 1.8 0.1 1.26 0.21 0.02
S078-C04-001 1.48 0.25 0.05 12.3 1.9 0.1 1.41 0.24 0.02
S078-C05-001 1.16 0.2 0.04 1.88 0.31 0.07 1.15 0.2 0.02

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. A linear function, shown in Figure 8, was used to predict
this relationship resulting in adjusted R? value of 0.7. This linear relationship is described by the

equation:

Gamma Count Rate (cpm) = 1380.1*[radium-226 (pCi/g)] + 16141.8

The root mean square error and p-value for the model are 2.6 x10* and 0.047, 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.

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
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predicted concentrations of radium-226 in the Survey Area. The range of the predicted concentrations
of radium-226 in the Survey Area is -7.8 to 206.4 pCi/g, with a mean and median of 2.4 and 1.3 pCi/g,
respectively. 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.

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 Workplan. 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 (0.38 and 0.59 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 0.08 with
an adjusted R?of 0.6. The thorium-232 coefficient is not significant and the R?value does not meet the
project DQO. Subsequently it is concluded that thorium-232 and thorium-228 concentrations in soil are
not significant predictors of gamma count rate. The p-value for radium-226 was significant as described
above, although the R? value did not meet project DQOs.

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 locations, it is one of
many potential correlation confounders that are all linked to the spatial heterogeneous of the
environmental conditions, and especially the spatial heterogeneous 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.

Figure 9 shows the predicted concentrations of radium-226, the spatial and numerical distribution of
which mirror those depicted in Figure 4.
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Figure 8. Correlation of gamma count rates and concentrations of radium-226 in surface soils.

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

Parameter Radium-226 (pCi/g)

n 108,660
Minimum -7.8

Maximum 206.4
Mean 2.4
Median 1.3
Standard Deviation 6.1

Notes:

pCi/g = picocuries per gram

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
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condition results from an environmental process which chemically selects for and 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 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 Workplan specified that an evaluation of secular equilibrium would be made at each
of the 16 Trust AUMs, and so a robust statistical examination of secular equilibrium status for radium-
226 and its decay products at each AUM was conducted. Evaluation of secular equilibrium for each mine
site proceeded as follows:

1. Construction of a figure that depicts soil concentrations of thorium-230 plotted against soil
concentrations of radium-226.

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

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

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

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

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 radium-226 and thorium-
230 are in secular equilibrium at the site.

ii. If the y=xline falls partially or completely outside the bounds of the 95% UCL
bands on the regression, ERG concludes that there is evidence that radium-226
and thorium-230 are in equilibrium, but not secular equilibrium at the site.
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Based on this method, ERG concludes there is evidence that thorium-230 and radium-226 are in
equilibrium, but not secular equilibrium (Figure 9).
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Figure 9. Evaluation of secular equilibrium in the uranium decay series.
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Figure 10. Predicted concentrations of radium-226 in the Survey Area.
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3.3 Exposure rates and gamma count rates

On October 11, 2016 field personnel made co-located one-minute static count rate and exposure rate
measurements at the five locations within the Survey Area, representing the range of gamma count
rates obtained in the GPS-based gamma survey. Figure 7 shows the locations of the co-located
measurements, which were made in the centers of the areas.

The gamma count rate and exposure rate measurements were made at 0.5 meters (m) and 1 m above
the ground surface, respectively. The gamma count rate measurements were made using one of the
sodium iodide detection systems used in the GPS-based gamma survey of the AUM (Serial Number
PR303727/254772). The exposure rate measurements were made using a Reuter Stokes Model RSS-131
(Serial Number 07JO0KM1) high pressure ionization chamber (HPIC) at six-second intervals for about 10
minutes. The exposure rates used in the comparison was the mean of these measurements, less those
occurring in initial instrument spikes. The HPIC was in current calibration and function checked before
and after use. Calibration forms for the HPIC are provided in Appendix A. Table 7 presents the results for
the two types of measurements made at each of the five locations. Appendix B presents the individual
(one second) exposure rate measurements.

The best predictive relationship between the measurements is linear with an R? of 0.9947 indicating a
strong, positive correlation. The root mean square error and p-value for the model are 0.659598 and
0.0002, respectively; these parameters are not DQOs and are included only as information.

The following equation is the linear regression (shown in Figure 10) between the mean exposure rate
and gamma count rate results in Table 7 that was generated using MS Excel:

Exposure Rate (microRoentgens per hour [UR/h]) = 5x10* x Gamma Count Rate (cpm) + 7.4537

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.

Table 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 BG1is15.2to 18.8 uR/h, with a mean and median of 16.5 and 16.4 uR/h, respectively
e BG2is12.5to 15.7 uR/h, with a mean and median of 13.8 and 13.7 uR/h, respectively

The range of predicted exposure rates in the Survey Area is 10.2 to 158 uR/h, with a mean and median
of 17.2 and 16.4 uR/h, respectively.
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Table 7. Co-located gamma count rate and exposure rate measurements.

Location

Gamma Count Rate

Exposure Rate

(cpm) (1R/h)
S078-C01-001 16,092 15.3
S078-C02-001 25,299 20
S078-C03-001 33,606 25.3
S078-C04-001 53,767 35.2
S078-C05-001 18,734 17.9

Notes:

cpm = counts per minute

UR/h = microRoentgens per hour
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Figure 11. Correlation of gamma count rates and exposure rates.
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Table 8. Predicted exposure rates in the potential Background Reference Areas.

Potential Background Reference Area | BG1 | BG2
Exposure

Parameter Rate (uR/h)

n 237 338

Minimum 15.2 12.5

Maximum 18.8 15.7

Mean 16.5 13.8

Median 16.4 | 13.7

Standard Deviation 0.7 0.6

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 108,660
Minimum 10.2
Maximum 158
Mean 17.2
Median 16.4
Standard Deviation 3.8

Notes:

UR/h = microRoentgens per hour

Radiological Survey of the Claim 28
Abandoned Uranium Mine

Prepared for Stantec Consulting Services Inc.

20

ERG
September 16, 2018



Legend

D Mire Claim Ares

Predicied Exposurs Rate (uR/Mhr)
10.2 - 17.5 (p: mean)
17.5-21.6 (p+ 1a)
21.6-25.7 (u + 20)
25.7 - 298 (p + 3d)
29.8 - 158

Figure 12. Predicted exposure rates in the Survey Area.
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4.0 Deviations from the RSE Work Plan

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

5.0 Conclusions

The findings of the RSE pertaining to these activities are:

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

e Elevated count rates were observed largely on waste rock situated at the western edge of the
larger of the two mine claims and on naturally occurring materials in the approximate southern
half of that claim, extending onto the valley floor.

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 linear model:

Gamma Count Rate (cpm) = 1380.1*[radium-226 (pCi/g)] + 16141.8

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 -7.8 to 206.4, with
a central tendency (median) of 1.3 pCi/g.

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

e There is evidence 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 (uR/h) = Gamma Count Rate (cpm) x 5x10™* + 7.4537

The distribution of exposure rates predicted using this model resembles a lognormal distribution. The
values in the Survey Area range from 7.5 to 158, with a central tendency (median) of 16.4 uR/h.

e  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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v Meter Zeroed v Battery Check (Min 4.4 VDO) Barometric Pressure: 246 inches Hg
Source Distance: — Contact ¥ 6 inches _ Other: Threshold:  10mYy Temperalure: 73 °F
Source Geometry ¥ Side Below | Other: Window: Relative Humidity: 20 %
Instrument found within tolerance: ¥ Yes ~ No
g _ Integraved
Range/Multiplier Reference Setting "As Found Reading” Meter Reading 1-Min. Count  Log Scale Cour
£ 1000 400 400 400 I0RTT3 400
K 10 104} 100 100 100
x 100 <) 400 400 I9887 400
x 100 100 104) 100 100
x 10 400 400 400 3988 400
x 100 100 100 100
x1 400 400 400 399 400
x1 100 100 100 100
High Violtage Source Counts Background Voltage Plateau
700 33957
RO0 65946 i
T0000 _?.—'—"—'—‘==“
Q00 GO0 ] re
Q50 GUGET Spoop
1000 70240 9925 40000
JO00
[ 100 71224 | DO
1150 71563 T T r——
1200 71161 LA A .
Comments: HV Plateau Scaler Count Time = 1-min. Recommended HV = 1000
Reference Instruments and/or Sources:
Ludlum pulser serial number:. 97743 ™. 201932 Fluke multimeter serial number: 8749012
— Alpha Source: Th-230 @ 12,800 dpm (1/4/12) sn: 409803 ¥ Gamma Source Cs-137 @ 5.2 uCi (1/4/12) sn; 4097-03

— Beta Source:  TE-99 @ 17,700 dpm (1/4/12) sn: 4099-03 _. Other Source:

Calibrated By Calibration Date: .36 <jg, Calibration Due [.3¢3—/9

Reviewed By: CA’)L\— Date: ;chlf{: (A

I
ERG Form ITC. 1014
T calibration conforms 1o the Featirenenss o coenahls saiiheation casdiome of VO 7193 0 166



i = i & I i enonmeental Bestoratson Cacup, Ing
C . i Worsdupigton S 51 S 150
ERG ertificate of Calibration il
1508 JUK4224
vk | e e vavm

Culibrimion and Voltase Platean

Meter:  Manufacturer L lum Visdel Mumber 3220 serial Momiber 153772
Dwiector  Manufctorer | idhiany Muosdel SNurmiber Jeb= 111 Serial Number PRINDAT2T
¥ Mechanical Check ¥ THR WP Cperation HY Cheth (= - 2.5%) « S0V o 100N + 300V
¥ FSResponse Cheok o Reset Check Cahle Lenpth -mch o T2-inch (her
w Geotropism o Audio Check
¥ Meter Zerod v Hatery Chech (Mindd VDO Harometric Pressure: 24,75 inches He
Saource Distance Contmt o b oinches ther Fheeshold:  10hm'y T emperatre 74 i
Source Geomelry: v Side Haliow Other Winduomw: Relatve Hurmdity n 5y
Instrument found within tederance: « Yoo Mo
o : " . Inregraned
Kange Multiphier Referenee Seming s b ound Reading Meter Reading I:Min. Count L o8 Saale Count
x Ll AW} N} B FUHEST 40
s T LEE) (R1] (LL] LHE
v 1) A 4 A igurs YY)
ARy 1) |1 160 111}
s 10 Ry Ao v 1G] 200
LR ] 1ERk Y] [11] 1]
%1 Hiwd i TH] Sk Y 40
Ll LY Ly [} [t
High Vol Soprge Counts B haround Voltmge Mateu
700 =360
S04 KAUTO wATAs
74955 LT 'TW-'—F-'F—F—‘—
L HTIES L
LRI GTT95 Saatalily {
L hR33n ysg: Ll =
LLITH AT
150 LURRES ) LRI
- ¥
IR LU Fiatudg <
1150 (CRRT ¥
|2 6o492 & R B P
L] b

Comments: HY Pleau Scaler Count Time - L-min. Recomwiended HY 100

Reference Instroments andor sources:

Ludlum pulser serial number: 97543« 20(952 Fluke mubtimeter serial number:  £7490 |28
Alpha Source: Th-230 a0 12800 dpmo 14 120 sn: 4009800 ¥ Chammia Soarce Co= 137 0 32 ulig 14 12) sn: J097-03
Beta Soaree: @ DTN dpmid |4 1 2p anc IR (Mher Sodrey
Calibeated By: lhr Calibration Date: # & gf Calibration Due: 7 £ 47

Reviewed By C.—/',’- Dot za/”_.

PR borm BB, il a



b oinstonmental Kestoraton (stoup D

Mhbmguoryoe SAEETLL G
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Calibration and Voltage Plateau

[E L 2 |
waw bRl e cin

Meer Manulacturer; Ludlum Mode! Mimmbaer et s serial Nunber: i KA
[Petector,  MManulaclurer; [l Moy | My 44-10 Serial humber: PR IS4
v Mechatical Check v THR WIN Operution HY Chech (= 205%): o SO0V ¥ 1000Y o IS0V
o IS Response Check o Reser Cheek Cable Length -inch v 72-inch Uther
¥ Ceulropism v Audio Check
o Meter deroed v Battery Check (Min 4.4 VDO Harometric Pressure, 2478 inches Hg
Source Distance: Contact « 6 inches Ukher [hreshald:  thmV Femperature: T4 F
Source Ceomeln  « Side [Ra v  her; Woinchow Relative Humidin i Ya
Instrament found within tolerance: o Yo N
Integrated _ _
Kamae Muliplier Reterence Sening “As Found Reading™ Merer Beading fMin. Count 1o Seale Count
s 1000 Al 4 400 T80 ST
s J00 | (L] [ELY] L4
w LU 4iH i) ALl JUEY UK
& 1 [ 1HD 11l [ 4} 10
s L Jis 0 SO0 T UMD
x [ (L1} (UL (LI 1
%1 400 4l AL i) A0y
w Kl [ il TE Lt
High Voltage Souree L ounts Pk zround Vohage Maeau
4] IRdA0
$00 53330 el
i LERH RIS -—7#!’—-.—.—‘
G B 3lb Pl
950 By 2010 LI '-.'
[ Ehlai LEEE Y 'Jr
ey AT g
1050 T i
(R el 2l b LN IREEF
1154k Ty LR i -
1200 TO155 & & & &

Comnents: HY Plateau Scaler Count Time -~ T=-min. Recommended HY

Reference [nstroments and or Sources:

| idlum pulser serial number: 97743 o 201932
Alpha Source:  Th-230 4 | 2,800 dpm (14 [ 2hsn; 4098-03
Heta Sou Tho=94 i | 7700 dhpaw i 1 4 0 20 s 080063

Calibrated By 1 S
Riev iewed By W Date:

LT RESRT R T T e S

F R b VB LiRE A

1 1440

b ke multmeter sersil mmbwr AT4u| 28
o Camima Soance Cs=137 o 320001 4 12) a0 08705
Enher Sotrey

Calibrtion Dae: =) 1+ ! Ualibration Due: — ¢

?fee s
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Merer:

Calibration and Voltage Plateau

Manufacturer TS T Muode! Numbe

Letector:  Manmu Biciurgr- Ll uiam Model Number

v Muochunical Check
¥ 5 Response Check
¥ Leotropism

v Meler Aeroed

v THE WIN Opermion
o Riset Uheck
¥ Auchio Check

U 11b| w

Certificate of Calibration

biveirorsmenial Bestoratson Cannig, Ing
AR W ashangtom S N Sagde |80
Wb sergioe. WA RTILY

Rl B AR

WAL EECn e pam

22Nr Serial Number 135K

44-11) Serial Number; PRI34R1S
WV Chech (== 28%) v SO0V w 1000V 2 500 Y

Lenith: 3anch w0 T-inch Ciher:

v Bauery Check (Min 4.4 VI Haromemic Pressure: 2078 inches Hy
Source Distance:  Contacl v 6 inches Chther, Uhreshodd:  10mv Fempermure: X k
Source Geometry . v Side Below Cither: Window: Relative Humidiny 20 "u
Instrument found within tolerance: « e No
Imtegrated
Range Multiplier Reterence Seiting “As Found Reading" Meter Reading -Min, Cougnt |02 Seale Coum
RO U1 A0 A0} 400 I08430 il
s 1 1t Lo 10 (TVH]
N Lo dim 404 e SRS a0
% i i) HiTH] 1n I
s i it i ALMH TR Iy
s 1 T [{H1 1) e
vl i) < J0Ha 144 Ml
vl | | 1) L 1)

High Volunge Sowrce Counts

Thl 25998
Riin 037
My LERTI
G5 H3830
T e 10
[0S0 s
| 100y FIE17?
& T4l Rl
1) 72337

Cominents: Y Plareaw Sealer Count Time -~ L-min Hecommended HY

Keference Instrumenis and/or Sourees:

Ludlam pulser serinl number: 97743 o 2 a3
Th=230 ar 12800 dpim (14 12) s $008-0%

=990 17700 dpm (| 412 s 3096003

Adlpha Souree
Beta Souree;

Calibratad By: [ A
Keviewed By Dhane:

PR borm 110

R m . o SRR il

Backrouml

Calibration Dare

??’ca/;i

Voliage Plarcan

-

LR ]

LiMii) o

¥
d

7

T

dikimm

siitM ki

Hiwng

Tirtn

o

*

| 150

Fluke multimerer serial nuimiber b I e

¥ Gamma Source Co-137 & T3 w104 |20 s RT3

Cilwer Sourge:

SR | g

Calibration Due: ~ #

L)



Envirmmental Restoration Ciroup, Ing,

e nG Certiﬁca te '0f Cﬂli b ration EB0Y9 Washington St NE. Suite 150

Albuguenque, MM 87113
{305} 2UR-4224

Calibration and Voltage Plateau www.ERGialice.oom

Meter:  Manufacturer: Laellum Model Number: 2210r Serial Mumber: 282966
Detector:  Manufacturer: Ludlum Mode] Number: A4-10 Serial Number: PR130507
¥ Mechanical Check v THR/WIN Operation HV Check (+-2.5%): + 500V ¥ 1000V v 1500V
¥ F/S Response Check v Reset Check Cable Lengih: ¥9-inch © T2-inch " Ohther: i
w Ceotropism ¥ Audio Cheek
W Meter Zeroe ¥ Banery Check (Min 4.4 VDC) Barometric Pressure: 24,89 inches Hg
Source Distance: _ 'Contact w 6 inches ™ Other: Threshold: 10 mY Temperature: 73 F
Source Geometry: v Side Below — Dther: Window: Relative Humidity: 20 %
Instrument found within tolerance: ¥ Yes o
o - Integrated
Range/Multiplier Reference Setting "As Found Reading" Meter Reading I-Min. Count  Log Scale Count
x 1000 400 400 400 398753 400
% 1000 100 100 1060 100
x 100 400 400 400 J0R79 400
x 100 100 100 100 100
x 10 400 400 400 3989 400
% 10 10y | ) 100 100
x| 400 2040 400 300 400
e 100 100 104 100
High Yoltage Source Counts Background Voltage Plateau
7 S6463
80000
800 G104 70004 e b9
200 68534 60000 1
950 69331 SO0
1000 69868 9696 i3
30000
1050 70054 20000
1100 70609 10000
1150 70681 NS e T ey,
1200 71955 F F S F P
Comments: HV Plateau Scaler Count Time = I-min. Recommended HV = 1000
Reference Instruments and/or Sources:
Ludlum pulser serial number; . 97743  » 201933 Fluke multimeter serial number: | 87490128
—_ Alpha Source; Th-230 @ 12,800 dpm { 1/4/12) sn: 4098-03 ¥ Gamma Source Cs-137 (@ 5.2 uCi (1/4/12) sn: 4097-03

" Beta Source  Te

99 @ 17,700 dpm (1/4/12) sn: 4099-03 _ Other Source:

Calibrated By: Calibration Date: y,, EYRTA Calibration Duoe: 121193
e Date: ,f(_-:/ 3/ f/é

Reviewed By: fm
ERG Form ITC. 1014

This valibeation confarms ta the reguirements and wcceniable calvbratnn eondiione of INSIVE1 21 aam



Muter Manulsewirer

Dwtecton,  Manufserurer:

¥ Mechanical Check
v F5 Response Check

¥ Cicotropism
v Moler Zeroed

Certificate of Calibration

Calibration and Voliage Plateau

Ludium

Ll lurm

Erviranmerital Restoratson Croup, Ine
RROR WA pvimpton =1 M1 e 180
Sihuguerque. WA ETIES

Lind y iR

wiwn | RGoMer com

Muode! Mumber: thjed | Serial Number: s

Model M umber; 44-10 seral Number; PR33727

¥ THR WIN Operation
v Reset Check
¥ Audio Check

+ Hattery Check (Min 4.4 Vi)

HY Check i - 253%) « SD0Y w [0ODV + [500Y
Cable | ength -inch » 72-inch Oiher:

Source Distance: Contact  « 6 mches (Mher: Threshodd: 10 my
Source Geonetry: o Side Bl {nher: Window
Instrument found within tolerance: v Yos No
Rangﬂ llI.-"I.I|.H'|!||ir.'l' Hefarence 5ruir|§ "As Found Huuﬁng"’ Meter R.-r.'udin_g
v Ok s <0 S
s LK LEad [LEH] 1 {n
W LM S{LH AHD Jim3
w UM [RIH 1003 L
L 1] 00 iin 4]
% 10 (LH] HLH ({131}
xl 40 06 04
v 10} 10 il
High Voliage Source Counts Backzround
700 S22
B0 65213
Q) HR644
Qs G245
L] AL B Bl
1050 fuTe2
1 10 M7
150 71183
12000 TOATI

Commems: HY Platean Scaler Count Time

Referemee Instruments and/or Sourees:

Ludlum puler serial nember:

Alpha Source,
Beln Sourge;

Calibrated By:

Reviewed By

O73743

l-min. Recommended HY - 1000

¥ 01432

Th-230 b LZE00 dprn { |4 12} si: 408803
Te-99 e 17700 dpans {104 12) sn: 4004903

“_,J-"‘-_—l———"—

Kot

ek

SO0 -

L
Adlfarpy
JbiHH
[ CLINERERY

Barometric Pressure: 24 24 inches He
lemperature: 78 F
Relative Humidine: 20 %

Integrated
1-Min. Count Lo Scale Count

IDURSG A}
[H1}]

9041 400
1M1

| Al
L)

40t A

100

Voltize Plalesu

Y
-+
)

“
%

Fluke mulimeter serial number: 7490128
¥ Camma Source Cs-137 @ 5.2 uCi(14/12) sn: 4097-03

o h)&"' il
Calibration Due: }ré'ﬁ‘u_;?y'; /&

Crher Sournce

vl

Calibration Due: }M—%

Date 2--—,.’ ~/ \'}

PR Farm 106, o).y

W
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Calibration and Volage Plateay

Meier Sanufacturer, Ludium Model Number; 233y Serial Number, 156086
Detector:  Manufacturer: Ludlum Muoedel Number: 4= 10 Senal Number: PRIUSOIS
» Mechanical Check v T WIN Operation HY Chick (1 -25%) o SO0V o (000V w [S00V
¥ S Response Check v Resel Check Cable Length: Jainch v T2-inch Orther:
o Liolropism ¥ Audio Check
¥ Meter Zeroed v Banery Check {Min 4.4 ¥VDC) Barometric Pressure:  24.27  inches Hy
Source Distance:  Contact ' 6 [nches Uther; [hreshold: 1O mY Femperature; TR 'F
Souree Geometrs, v Side Below {Hher: Window Belotive Humidin: 20 o,

Instrument found within toleranee: v Yo et}

Range Multiplier Reference Senng “As Found Reading™ Meler Reading .j:;?ﬂ[::m Log Scale Count

v | (0 0 400 S0y 309386 ETT

s 1O Jum 100 1M} Ik
w100 St 400 ) a0 400
LY 10} 100 [11] L]
x 10 400 S0 400 3995 Ain
% 10 [on 104} (00 1(H)
ul Ay 0 2 [111] Jog AUl
s [0 100 100 ]

High Voltage Suuree Counts Bachground Viltage Plateau
10 2323%
K00 52834 T

Til0 T‘-—-‘_
L““I fl'l‘-l-“] (R TR T

230 e-l68 LT /'/
L] hi32 ST S
Iu : LI an,
1050 BYD0Y i
11wk HUGE | L [ i)
1150 (%504 1 F———————
1200 70538 & 8 & & &
Lommenis; HV Plateau Scaler Count Time = T-min. Recommended HV = 1100
Reference Instruments and/or Saunrees:
Ludlum pulser serial number: 97743+ 201932 Fluke multimeter serial number: 87490128
Alpha Source:  Th-230 4@ 12,800 dpim (1 4°12) sn° 4098-03 ¥ Gamma Source Cs-137 i@ 5.2 0Ci (14/12) s 400703
Beto Source: 198 G 17,700 dpm (14/12) s 4006.03 Oither Souree:
2/56/17 4 ai2f 2k 1§

Calibrated By: W Calibration Dave: foAreek—77  Calibration Due: —2—tgrrd—/
Reviewed By: G%-‘L)ﬁ Date % -7

EHG Form TRE 10l.a

b sty berataonn o varfoerams o i reperemie iy dend ol FLitin -, TR LT & #a



Certificate of Calibration

Calibration and Volage Plateau

€RG

P pomementel Resdoratonn (oo [ne
BEM W ashupgion SE ST Suile |50
bmguergue. N RTLLE

1508 084224

www FROedTiee com

Meier: Manufacturer | udium Maodel Sumber: X2 Serial Number 282071
Detector,  Manufacturer Lk lam Wodel Sumber: =10 Serial Number: PRI20OGTE
¥ Mechanical Check o THR'WIN Operation HY Check (+=2.5%) o 300V « 1000V w [50V
v IS Response Check o Reset Check Cable Length: 38-nch o 72-inch Uithey
v CGicotropism v Awdio Chech
v Meter feroed v Bantery Check (Min 4.4 V() Barometric Pressure: 2463
Source Distance:  Comtacl « 6inches  Other Threshold. 10wV lemperature 74 I
Source Geamelry: v Side Below Cither Window: Relative Humidin: 20 L
Iostrument fonnd within tolerance: « Yes N

Hange Multipler Referenoe Setting "As Founid Reading” Meter Rending

|00 L0 e L
% 1000 iy {HL] L]
w10 Jan ETH I A0
x 100 100 1on 100
x 10 400 4003 21K
1} (M) 103 100
(T | BT S0 ETHI
% | |00 10M} L
High Volage source Uounts Background
T R |
"y Gt Al
Sy LT
G50 #8639
1O B 1) L i
1050 LR ]
1 10K 300
| 156 g1g22

Comments: HY Platean Scaler Count Time = 1-min, Recommended HY - 1000

Referenee Instruments and/nr Sources:
Luchum pulser serial numiber: 9743 ¥ a2
Alpha Source:  Th-230 sn: 4098-03 @ | Z.800dpa 6,520 cpm (141

Hets Souree:  TeB9 sp: S090-03 o 1 7.700dpm 1L 100pm (1412 Uither Soune:

Calibrated By: Calibration Date: 243 -/

Reviewed 13y: Dane

W

B W Form UD€ . 1012

dlihwrtivaw o ot I bR et e BEnTY G Gl TR R, at ot

Fluke multimeter serial number:

Integrated
|=Min. Couni

390936

TOURY

90K

400

Voltage Plateau

mches Hg

Loy Scale Count

E 1
(L11]
400
[H]
400
LI
S0
100

Splbibg

KT
TRl H
Bl ENE 4

AW -

LU

Jannii

| Ak
"+

rna
Hi
LE LT
[F T
[ERL1LE
=i

B7400128

Calibration Due: €-23- é

Y Maret  PFor

| NiKE
1150

Giamma Source Cs=137 2 5.2 uCi (1< 1 2] sn: 4097403



K&S Associates, Inc.

1926 Eim Trea Drive
Nashvila, Tennessee 3721 03718
Phone 800-522-2325 Fax §15-871-0856

CCh
RLRATION CERT PB4

C ALIBRATION REPORT

SUBMITITED BY: R
gRO9 Washingion Strecet Northeast
Sutte 150
Albuguerque, MM BT 3

NSTRUMENT: Reuter Stokes Ru5-131. #07I00KM1

REPORT ML MBER: 161860
IEST NUMBER(S) MIG158E
RFPORT DATE:  June 20, 2016

(he CALIBRATION CO} FFICIENTS contained in this report were oblained by intercomparisan ith
imstruments calibrated by, or directly tracegble to. the National Insnwte of Standards and Technology
(NIST), K+ § Associates. Inc. is licensed by the State of Tennessee (R-19073-C 197, R-19136-BOUY 10
perform calibrations, and is recognized by the Health Phasics Society (HPS)as an ACCREDITEL
INSTRUMENT CALIBRAI JON LABORATORY. Aspan of the accreditation K+ participates in
 measurement assurance program conducted by the HPS and NIS1. K » S also certifies that the
calibration was performed using quality policies. methods and procedures that mect ot exceed the
requirements of ISOAEC 17025:2005.

Ihis laboratory is accredited by the American Association for Laboratory A reditation (A2LA) and
the results shown in this repon have been determined in accordance with the laboratory's terms ol
aecreditation unless stated otherwise in this report

fhe CALIBRATION COEFFICIENTS staied herein are valid under the conditions specified. It
is the instrument users responsibility 10 perlonm the appropriale COTSIANCY (ests prior 1o shipment
and after return from calibration. 1t s also the responsibility of the user 10 assure that the

interpretation of the information in this repor is consistent with that imended by K5 Associales. [nc

{his report may not be reproduced except in full without the wntien permussion of K § Associates. Inc.



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

REDITE
T T

CALIBRATION CERTIFICATE

Calibration Date: 6/27/2016 Report Number: 161866 Test Number: M161588

K &S certifies that the environmemal radiation monitor identified below has been calibrated for
radiation measurement using collimated radiation sources whose output has been calibrated with
instruments calibrated by or directly traceable to the National Institute of Swandards and
Technology, K&S is accredited by the American Association for Laboratory Accreditation 1o
perform environmental level calibrations and further centifies that the calibration was performed
using accredited policies and procedures (81 215) that meet or exceed the requirements of
ISOAEC 17025:2008.

Sensor Type: 100 mR/h
Serial Number. 07J00KMI
Average Calibration Coeflicient lor the range of 0.012 mR/h - 0,220 mR/h*:
1.02 mR/M"mR" reading
(Measured at 4 points)

Calibration Coetflicient for the 50.0 mR/h point*:
L12 mRMmR" reading

Calibration Cocfficient for the 80.0 mR/h poum®:
110 mRM"mR" reading

Found RAC: 2.169e-8

*Multiply the reading in mR/h by the Calibration CoelTicient to obtain true mR/h.

' i ]
Calibrated By: MW&WE& By: wﬁl’@‘k o
aed Hasdtann i It ¥ -y
B =t [T L T B A —

Tithe: Caiioraton Technician Title:

Log: M-53 Page: 73

Revision 12/12°2011 Page 2 of 3



@ K&S Associates, Inc ggm
Nashvilla, Tennessee 37210-3718 L ERATIR SE 11

ASFOUND DATA
Reuter-Stokes Chamber Calibration

June 27. 2016 Test Number MI61385
CHAMBER: SUBMITTED BY:
MAgr: Reuler Stokes ERG
Model:  R55-131
Serial: 07J00KMI Albuguerque, NM
ORIENTATION/CONDITIONS: ATMOSPHERIC COMMUNICATION: SEALED

Sernal number sway from source

"True"” background exposure rate of 6.7 uR/Mh, instrument reading was 0.0076 mR/h

POLARIZING POTENTIAL 201V LEAKAGE: negligible
BEAM QUALITY CALIBRATION

BEAM EXPOSURE RATE COEFFICIENT UNCERT LOG
CsEnz20 i 1HimCr) 0.22mRM N - 100 mBUh/rdg 1% M-33 73
CsEndQ (1 1mCi) 0.08mRh N = |03 mRh/rdp 11%

CsEnvi2 (lmCi) 0.012mKEMh N= .0F mRMA'rdp %%

CsEnvi5 (ImCi) 0015SmR/Mh N.= .02 mRAvrdg 1%

Cs198m (20 Ci) S0mBh . P 12 mRAedo 8%

Ce252m (20 C1) EOmR/h N = .10 mB/h/rde B%%

Commenis  Bat: 6.1V, Temp: 246 deg C. k&S Environment: Temp:21 deg C , RH 39%, Press: 752 mmHg:
Report Number: 161 866
Reter 1o Appendix | of this report for details on PIC ionization chamber calibrations. Frocedure: 81 25
RALC Found: 2.16%-8

r
Calibrated By M&b Reviewed By: M gf.galp
. rharr Hiprrfiean

Title: -

Prepared By: gf&t . Fomm RSN

ACCREDITED INSTRUMENT CALIBRATION LABORATORY 0K Page 3 of 3




Single-Channel Function Check Log

@

Fes pranmenisl Hesioradon (o Inc
4575 Worhingion & HE Seuc | 18

Al bputigus, MM RTLLD

PR0S) T

METER DETECTOR Camments:
anufacturer | T | e MamuFaeiuter [ Y e b e E LT
Modelll a4y Model: LTI
Serial No 234392 Serial No fFRyoz32%
Cal Due Date: R Cal DucDate]  3-g=1p  7-a+3
1-2Tr x 12T 2513 e e
Source: oyl Activity: . Source Dmte  £.¢ 94 Distance 1o Source. £ 4, L
Serial Na 33394 Emission Rate prn cpmiemissions
3 3 , |
Dhate Time EBattery v:'::! Threshbobd E:r::l: IZ.T:::: C:::“ é Froyecd h_:‘tfrﬁn::m; pinds
fl-1~0f o gL 5. Lecd 49 45344 | sis¥ 39149 |Mw]| Chat, ke th |
-2 | gz | s Joas a9 Aazsp| T34 | 3qevz vl foulbiag’y G- Suv
l=3-1¢ 193 F o k! 120 A3bve | sBIY 1318 |ww | (Leles [egydL
t-3-1L EoRY- { P 1903 leo 46842 | 3@ 390 |pw| Chinle Molife, Ton 9V |
1 =y-1L D94y 5.3 120 % P2y qe:79 %613 39641 |aw| Oegirmag 3
=y Af sy . o1 1oed 94 46329 g6ef 33921 Oecmrnag &
Hn-x-1é tog $ -6 {o 0L 74 43pse | 9164 1B I54 Cleln 29
p-s=¢ | 1529 S [ove 99 ayuss | 224§ I e R ol d
- 3=(C 09p¢ 5.F Lo Oy [ Qo 4593 | 9149 15944 e 1@
€26 (23 5.6 120 3 21 46385 | 6538¢C | 15747 ehile 161 34 34W
1-%-(t 0GoU 5.6 lovd 98 4345 | g (g1 387 (oo 2%
ti-g- ¢ (3 F .9 1003 180 gv04 | gaiL ] Isiag Ohirle (ol

Heviewed by ;’.7;-'7’,? #

Review Diate: ///J G

ERG Form ITOC.200,A



€ERG

Single-Channel Function Check Log

B worimental Restararios Citesp Inc
AurE Woshingion 51 WE Saite 10
Albugetijie, NN RT3

{300 a0

METER DETECTOR Comments: _1
Mhanufacturer; bt s e Manufaciurer Loibinn AT
Mokeh! 5y Mkl 449-15
sosbalivs W 0 B o B SerialMo | pajzezsaz
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11/11/2016 10:40
11/11/2016 10:40
11/11/2016 10:40
11/11/2016 10:40
11/11/2016 10:41
11/11/2016 10:41
11/11/2016 10:41
11/11/2016 11:14
11/11/2016 11:14
11/11/2016 11:15
11/11/2016 11:15

0.0156
0.0152
0.0154
0.0156
0.0153
0.0152
0.0155
0.0158
0.0158
0.0154
0.0155
0.0156
0.0158
0.0161
0.0162
0.0163
0.016
0.0156
0.0153
0.015
0.0147
0.0148
0.0145
0.0142
0.0142
0.0146
0.0151
0.0151
0.0149
0.0149
0.015
0.0151
0.015
0.0147
0.0151
0.0154
0.0156
0.0158
0.0158
0.0156
0.0153
0.0146
0.0144
0.0149
0.0153
0.0155
0.016
0.0158
0.0155
0.0151
0.0154
0.0153
0.0556
0.0983
0.0879
0.0626

Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

11/11/2016 11:15
11/11/2016 11:15
11/11/2016 11:15
11/11/2016 11:15
11/11/2016 11:15
11/11/2016 11:15
11/11/2016 11:15
11/11/2016 11:15
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:16
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:17
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:18
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:19
11/11/2016 11:20
11/11/2016 11:20
11/11/2016 11:20
11/11/2016 11:20
11/11/2016 11:20
11/11/2016 11:20
11/11/2016 11:20
11/11/2016 11:20
11/11/2016 11:20

Claim 28 Exposure Rate Measurements for Correlation

0.0433
0.0317
0.0258
0.0229
0.0211
0.0201
0.0198
0.0197
0.0194
0.0194
0.0192
0.0192
0.0192
0.0194
0.0199
0.0198
0.0197
0.02
0.0202
0.02
0.0196
0.0197
0.0197
0.0192
0.0194
0.02
0.0205
0.0205
0.0202
0.0201
0.0207
0.0208
0.0204
0.02
0.02
0.02
0.0198
0.0196
0.0196
0.0196
0.0192
0.0192
0.0194
0.019
0.019
0.0192
0.0196
0.02
0.0196
0.019
0.0192
0.0194
0.0197
0.02
0.0202
0.0201
0.0199

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

11/11/2016 11:20
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:21
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:22
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:23
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:24
11/11/2016 11:25
11/11/2016 11:25
11/11/2016 11:25
11/11/2016 11:25
11/11/2016 11:25
11/11/2016 11:25
11/11/2016 11:25
11/11/2016 11:55
11/11/2016 11:56
11/11/2016 11:56
11/11/2016 11:56
11/11/2016 11:56
11/11/2016 11:56
11/11/2016 11:56
11/11/2016 11:56
11/11/2016 11:56

0.02
0.0202
0.0201

0.02
0.0201
0.0201
0.0199
0.0199
0.0198
0.0199

0.02

0.02

0.02
0.0196
0.0194
0.0198
0.0204
0.0207
0.0207
0.0209
0.0208
0.0208
0.0209
0.0211
0.0207
0.0202
0.0201
0.0204

0.021
0.0215
0.0213
0.0213
0.0206

0.02
0.0198
0.0198
0.0201
0.0211
0.0211
0.0206
0.0206
0.0208
0.0206

0.02
0.0201
0.0201
0.0199
0.0199
0.0566
0.1014
0.0929

0.068
0.0491
0.0377
0.0319
0.0289

0.027

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



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

11/11/2016 11:56
11/11/2016 11:56
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:57
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:58
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 11:59
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:00
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:01
11/11/2016 12:02
11/11/2016 12:02
11/11/2016 12:02
11/11/2016 12:02
11/11/2016 12:02

Claim 28 Exposure Rate Measurements for Correlation

0.0256
0.0253
0.0249
0.0245
0.0245
0.0245
0.0244
0.0249
0.0249
0.0249
0.0253
0.0256
0.0258
0.0259
0.0255
0.0249
0.0247
0.0247
0.0252
0.0255
0.0251
0.0247
0.0245
0.0249
0.0247
0.0251
0.0252
0.0249
0.0245
0.0249
0.0252
0.0249
0.0249
0.0249
0.0245
0.0243
0.0245
0.0247
0.0247
0.0251
0.0256
0.026
0.0255
0.0256
0.0259
0.0261
0.0263
0.0264
0.0267
0.0268
0.027
0.0268
0.0263
0.0262
0.0262
0.026
0.0256

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

11/11/2016 12:02
11/11/2016 12:02
11/11/2016 12:02
11/11/2016 12:02
11/11/2016 12:02
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:03
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:04
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:05
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:06
11/11/2016 12:46
11/11/2016 12:46
11/11/2016 12:46
11/11/2016 12:46
11/11/2016 12:46
11/11/2016 12:47
11/11/2016 12:47
11/11/2016 12:47
11/11/2016 12:47
11/11/2016 12:47
11/11/2016 12:47
11/11/2016 12:47
11/11/2016 12:47

0.0256
0.0254
0.0253
0.0254
0.0255
0.0253
0.0251
0.0251
0.0249
0.0249
0.0254
0.0253
0.0249
0.0251
0.0253
0.0251
0.0249
0.0247
0.0247
0.0253
0.0251
0.0249
0.0247
0.0247
0.0249
0.0254
0.0259
0.026
0.0258
0.0256
0.0254
0.0252
0.0253
0.0253
0.0253
0.0255
0.0256
0.0254
0.0253
0.0252
0.0252
0.0252
0.0249
0.0251
0.0582
0.105
0.0985
0.0755
0.0577
0.0471
0.0413
0.0387
0.0372
0.0361
0.0354
0.0351
0.0352

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



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

11/11/2016 12:47
11/11/2016 12:47
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:48
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:49
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:50
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:51
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:52
11/11/2016 12:53
11/11/2016 12:53
11/11/2016 12:53
11/11/2016 12:53
11/11/2016 12:53

Claim 28 Exposure Rate Measurements for Correlation

0.0348
0.0346
0.0348
0.0351
0.0354
0.0357
0.0355
0.0355
0.0351
0.0346
0.0344
0.0343
0.0341
0.034
0.0341
0.035
0.035
0.0351
0.0351
0.0351
0.035
0.035
0.0355
0.0357
0.0355
0.0357
0.036
0.0357
0.0351
0.0348
0.035
0.0354
0.0357
0.0359
0.0359
0.0364
0.0368
0.0364
0.0361
0.0361
0.036
0.036
0.0361
0.0361
0.0357
0.0357
0.0357
0.0351
0.0348
0.0354
0.0359
0.0355
0.0348
0.0346
0.0348
0.0346
0.0341

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

11/11/2016 12:53
11/11/2016 12:53
11/11/2016 12:53
11/11/2016 12:53
11/11/2016 12:53
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:54
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:55
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:56
11/11/2016 12:57
11/11/2016 12:57
11/11/2016 12:57
11/11/2016 12:57
11/11/2016 12:57
11/11/2016 13:54
11/11/2016 13:54
11/11/2016 13:54
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:55
11/11/2016 13:56
11/11/2016 13:56
11/11/2016 13:56
11/11/2016 13:56

0.0341
0.0344
0.0351
0.0357
0.0357
0.0354
0.0354
0.0352
0.0352
0.0348
0.0346
0.0346
0.0348
0.0352
0.0346
0.0344
0.0346
0.0346
0.0346
0.0346
0.0351
0.0357
0.0357
0.0357
0.0352
0.0346
0.0346
0.0344
0.0344
0.0346
0.0352
0.0352
0.0355
0.0361
0.0361
0.0364
0.0365
0.0364
0.0363
0.0355
0.0551
0.0971
0.0863
0.0615
0.0422
0.0305
0.0237
0.0202
0.0189
0.0187
0.0186
0.0179
0.0177
0.0177
0.0179
0.0182
0.0186

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



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

11/11/2016 13:56
11/11/2016 13:56
11/11/2016 13:56
11/11/2016 13:56
11/11/2016 13:56
11/11/2016 13:56
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:57
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:58
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 13:59
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:00
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:01
11/11/2016 14:02

Claim 28 Exposure Rate Measurements for Correlation

0.0184
0.0182
0.0177
0.017
0.017
0.018
0.018
0.0176
0.0172
0.017
0.017
0.0176
0.0176
0.0177
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Memo

To: Kirsty Woods, Program Director, Stantec
From: Liz Ruedig, PhD, CHP, and Mike Schierman, CHP, Environmental Restoration

Group
Date:  7/31/2018
Re:  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




Environmental Restoration Group, Inc.

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

Due to a large number of reviewer comments at the sixteen Navajo Trust Abandoned Uranium
Mines (AUMs) 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 models the
influence of a set 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.

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

1. The multi-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 a single response variable (e.g., gamma count rate). In order to compute a mathematical
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 analysis.

2. The p-value of predictor variables

For a variable 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). In a
MLR, the adjusted R? value for individual predictor variables is not indicative of overall
model quality.

For the Navajo Trust AUMs 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 potentially 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 AUMs (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 a final 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 is not unexpected given the geological conditions at this AUM.
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 AUMs. At three AUMs (Mitten, NA-0928, and Tsosie
1) none of the measured radionuclides significantly predicted the gamma count rate. Additionally,
the adjusted R? values for the correlation models at the three AUMs, 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 AUMs has been
identified as a data gap in the relevant AUM report. The unsatisfactory correlation result at these
locations is likely due to the small number of correlation locations, or environmental conditions at
the AUMs (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 statistical correlation model is sufficiently robust to make meaningful inferences
concerning soil radium-226 concentration from the gamma scanning data. ERG believes that 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 a linear 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 a fixed ratio, but this ratio — for whatever reason
— 1s 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

Page 3

B0



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 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 Navajo Nation AUM Environmental Response Trust RSE workplan specified that
an evaluation of secular equilibrium would be made at each of the 16 Trust AUMs, and so a robust
statistical examination of secular equilibrium status for 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 sample location, 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 is in 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 also difficult to establish defensible cutoffs for whether Ra-226 and Th-230 are in secular
equilibrium at a particular site using a ratio approach, as there is no objective basis for 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 site using
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 (alpha 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.

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).

. 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) 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-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.

1. 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. Figure 3 depicts the regression result
for an AUM (Harvey Blackwater) where there is evidence that Ra-226 and
Th-230 are in 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 there is 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 AUMs 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,
there is evidence that Ra-226 and Th-230 are in equilibrium.
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Table 1. Results of secular equilibrium analysis for each of the 16 Navajo Trust AUMSs.

Mine p-value | Adjusted R? | Conclusion

Alongo Mine <0.001 0.99 Equilibrium

Barton 3 <0.001 0.98 Equilibrium

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

Claim 28 <0.001 0.99 Equilibrium

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

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

Tsosie 1 0.02 0.86 Equilibrium
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Executive Summary

This report addresses the radiological characterization of the Claim 28 abandoned uranium mine (AUM)
located in the Tachee/Blue Gap Chapter of the Navajo Nation near Tahchee, 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 May 5, November 5, 7, 8, 10, and 11, 2016; and
March 20 and 21, and April 18, 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 “Claim 28 Removal Site
Evaluation Report” (Stantec, 2018).

The findings of the RSE pertaining to these activities are:

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

e Elevated count rates were observed largely on waste rock situated at the western edge of the
larger of the two mine claims and on naturally occurring materials in the approximate southern
half of that claim, extending onto the valley floor.

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]) =
8x101°(Gamma Count Rate in counts per minute [cpm])?2%7
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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 0.2 to 1,285, with
a central tendency (median) of 2.4 pCi/g.

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

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

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

Exposure Rate (microRoentgens per hour [uR/h]) = Gamma Count Rate (cpm) x 5x10* + 7.4537

e The distribution of exposure rates predicted using this model resembles a lognormal
distribution. The values in the Survey Area range from 7.5 to 158, with a central tendency
(median) of 16.4 uR/h.
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1.0 Introduction

This report addresses the radiological characterization of the Claim 28 abandoned uranium mine (AUM)
located in the Tachee/Blue Gap Chapter of the Navajo Nation near Tahchee, 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 May 5, November 5, 7, 8, 10, and 11, 2016; and
March 20 and 21, and April 18, 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 “Claim 28 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 “Claim 28 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 Claim 28 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° 2547727
Reference Areas

PR150507 282966
PR154615 138368
Survey Area PR295014 196086
PR303727° 2547722
PR320678 282971

Notes:
aDetection system used in the correlation studies described in Sections 3.1 and 3.3.

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 15,584 to 22,609 counts per minute (cpm), with a mean and median of 18,165
and 17,880 cpm, respectively.

e BG1 ranged from 10,048 to 16,423 cpm, with a mean and median of 12,709 and 12,518 cpm,
respectively.

Figure 3 depicts histograms of the gamma count rates in the potential 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
1 237 15,584 22,609 18,165 17,880 1,381
2 338 10,048 16,423 12,709 12,518 1,117

Notes:
cpm = counts per minute
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Figure 2. Gamma count rates in the potential Background Reference Areas.

Radiological Survey of the Claim 28
Abandoned Uranium Mine - Draft 4
Prepared for Stantec Consulting Services Inc.

ERG
February 19, 2018



40
= 30 A
o 20
10
F P I I o
Garma Count Rate (cpm)
a. Background Reference Area 1
80 ]
£ = 7
S 40
20

\@@ x\ﬁ@ {LQ@ \"'TQ@ f\'ﬁp \"’Q@ \[55?

Gamma Count Rate (cpm)

b. Background Reference Area 2

Figure 3. Histograms of gamma count rates in the potential 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 largely on waste rock situated at the western edge of the larger of the two mine claims and on
naturally occurring materials in the approximate southern half of that claim, extending onto the valley
floor.
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Figure 4. Gamma count rates in the Survey Area.
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Figure 5 is a histogram of the gamma count rate measurements made in the Survey Area, including the
area surveyed outside the 100-ft buffer. As stated in Section 2.1, the red and green lines on the figure
are theoretical normal and lognormal distributions, respectively. They are presented to show what could
be expected if the distributions were normal or lognormal. The distribution of the right-tailed set of
measurements, evaluated using U.S. Environmental Protection Agency software ProUCL (version
5.1.002), is not defined; i.e., neither normal or logarithmic. The box plot in Figure 6 depicts cutoffs as
horizontal bars, from bottom to top, for the following values or percentiles: minimum, 0.5, 2.5, 10, 25,
50, 75, 90, 97.5, 99.5, and maximum. The 25%, 50%", and 75th percentiles (the three horizontal lines of
the box inside the box plot) are 15,184, 17,914, and 21,670 cpm, respectively.

Table 3 is a statistical summary of the measurements, which range from 5,437 to 301,035 cpm and have
a central tendency (median) of 17,914 cpm.
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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.

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

Parameter Gamma Count Rate (cpm)
n 108,660
Minimum 5,437
Maximum 301,035
Mean 19,475
Median 17,914
Standard Deviation 7,672
Notes:

cpm = counts per minute
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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 November 11, 2016 field personnel made GPS-based gamma count rates measurements and
collected five-point composite samples of surface soils in each of five areas at the AUM. The activities
were performed contemporaneously, by area and all on the same day, such that variations in the
gamma count rate measurements could be limited largely to those posed by the soils and rocks at the
locations. Figure 7 shows the GPS-based gamma count rate measurements in the five areas (labeled
with location identifiers).

The soil samples were analyzed by ALS Laboratories in Ft Collins, CO for radium-226 and isotopic
thorium. The latter analysis was included to assess the potential effects of thorium series isotopes on
the correlation and evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium
in the uranium decay series. Table 4 lists the results of the gamma count rate measurements and
radium-226 concentrations in the soil samples. The means of the gamma count rate measurements
range from 16,151 to 52,335 cpm. The concentrations of radium-226 in the soil samples range from 2 to
19.9 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 “Claim 28 Removal Site Evaluation Report” (Stantec, 2018).
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Figure 7. GPS-based gamma count rate measurements made for the correlation study.
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Table 4. Gamma count rates and associated concentrations of radium-226 in samples of surface soils
obtained in the correlation study.

Gamma Count Rate (cpm) Ra-226 (pCi/g)
Location Mean Minimum | Maximum o Result Error t1o MDL
S078-C01-001° 16,151 14,772 19,419 763 2.0 0.38 0.49
S078-C02-001 24,027 20,120 28,985 1,866 2.69 0.445 0.56
S078-C03-001 33,222 30,071 37,554 1,459 19.1 2.4 0.6
S078-C04-001 52,335 35,196 64,887 6,923 19.9 2.5 0.7
S078-C05-001 18,846 16,056 22,113 1,136 2.69 0.46 0.51

Notes:

aResult is the average of primary and duplicate sample results.
cpm = counts per minute

MDL = method detection limit

pCi/g = picocuries per gram

o = standard deviation

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

Thorium-228 (pCi/g) Thorium-230 (pCi/g) Thorium-232 (pCi/g)
Error Error Error
Sample ID Result 1o MDL Result | t10 MDL | Result | t10 MDL
S078-C01-001 0.7 0.135 0.045 1.415 0.245 0.07 0.71 0.02 0.1
S078-C02-001 1.16 20.5 0.04 1.885 0.32 0.07 1.125 0.01 0.1

S078-C03-001 1.38 0.23 0.04 11.7 1.8 0.1 1.26 0.01 0.1

S078-C04-001 1.48 0.25 0.05 12.3 1.9 0.1 1.41 0.02 0.1

S078-C05-001 1.16 0.2 0.04 1.88 0.31 0.07 1.15 0.02 0.1
Notes:

MDL = method detection limit

pCi/g = picocuries per gram

o = standard deviation

A model was made of the results in Table 4, predicting the concentrations of radium-226 in surface soils
from the mean gamma count rate in each area. The best predictive relationship between the
measurements, shown in Figure 8, is a strong, power function with a Pearson’s Correlation Coefficient
(R?) of 0.837, as expressed in the equation:

Radium-226 Concentration (pCi/g) = 8x10'°(Gamma Count Rate in cpm)>2?7°

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 0.533939 and 0.0294, respectively; these parameters are not
data quality objectives (DQOs) and are included only as information.
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The concentrations of thorium-232 and thorium-228, isotopes in the thorium series, in the correlation
samples are similar and at most 1.48 pCi/g. Given these low concentrations and the high R? of the power
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 1,285 pCi/g, with a mean and median of 3.5 and 2.4 pCi/g,
respectively. Note that the radium-226 concentrations predicted from gamma count rate measurements
exceeding approximately 53,000 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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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 108,660
Minimum 0.2

Maximum 1,285
Mean 3.5
Median 2.4
Standard Deviation 9.0

Notes:

pCi/g = picocuries per gram
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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 1.4 (Sample S078-C01-001), 1.4
(Sample S078-C02-001), 1.6 (Sample S078-C03-001), 1.6 (Sample SO078-C04-001), and 1.4 (Sample S078-
C05-001) indicating that thorium-230 is depleted in relation to radium-226 and, by extrapolation, the
uranium series itself is not in secular equilibrium.

Note this observation is based on the results of five samples, subject to differing analytical methods.
Gamma spectroscopy, the method used to determine the concentration of radium-226, assesses an
intact portion of the whole sample as it was collected. The concentration of thorium-230 was
determined by alpha spectroscopy of an acid-leached aliquot of the sample.

This evaluation is not related to the correlation of radium-226 concentrations in surface soils and
gamma count rates. It may be used for a future risk assessment.
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Figure 9. Predicted concentrations of radium-226 in the Survey Area.
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3.3 Exposure rates and gamma count rates

On October 11, 2016 field personnel made co-located one-minute static count rate and exposure rate
measurements at the five locations within the Survey Area, representing the range of gamma count
rates obtained in the GPS-based gamma survey. Figure 7 shows the locations of the co-located
measurements, which were made in the centers of the areas.

The gamma count rate and exposure rate measurements were made at 0.5 meters (m) and 1 m above
the ground surface, respectively. The gamma count rate measurements were made using one of the
sodium iodide detection systems used in the GPS-based gamma survey of the AUM (Serial Number
PR303727/254772). The exposure rate measurements were made using a Reuter Stokes Model RSS-131
(Serial Number 07JO0KM1) high pressure ionization chamber (HPIC) at six-second intervals for about 10
minutes. The exposure rates used in the comparison was the mean of these measurements, less those
occurring in initial instrument spikes. The HPIC was in current calibration and function checked before
and after use. Calibration forms for the HPIC are provided in Appendix A. Table 7 presents the results for
the two types of measurements made at each of the five locations. Appendix B presents the individual
(one second) exposure rate measurements.

The best predictive relationship between the measurements is linear with an R? of 0.9947 indicating a
strong, positive correlation. The root mean square error and p-value for the model are 0.659598 and
0.0002, respectively; these parameters are not DQOs and are included only as information.

The following equation is the linear regression (shown in Figure 10) between the mean exposure rate
and gamma count rate results in Table 7 that was generated using MS Excel:

Exposure Rate (microRoentgens per hour [uR/h]) = 5x10* x Gamma Count Rate (cpm) + 7.4537

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 BG1is15.2to 18.8 uR/h, with a mean and median of 16.5 and 16.4 uR/h, respectively
e BG2is12.5to 15.7 uR/h, with a mean and median of 13.8 and 13.7 uR/h, respectively

The range of predicted exposure rates in the Survey Area is 10.2 to 158 uR/h, with a mean and median
of 17.2 and 16.4 uR/h, respectively.
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Table 7. Co-located gamma count rate and exposure rate measurements.

Location Gamma Count Rate Exposure Rate
(cpm) (#R/h)
S078-C01-001 16,092 15.3
S078-C02-001 25,299 20
S078-C03-001 33,606 25.3
S078-C04-001 53,767 35.2
S078-C05-001 18,734 17.9

Notes:
cpm = counts per minute

UR/h = microRoentgens per hour
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Figure 10. Correlation of gamma count rates and exposure rates.
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Table 8. Predicted exposure rates in the potential Background Reference Areas.

Potential Background Reference Area | BG1 | BG2
Exposure

Parameter Rate (uR/h)

n 237 338

Minimum 15.2 125

Maximum 18.8 15.7

Mean 16.5 13.8

Median 16.4 | 13.7

Standard Deviation 0.7 0.6

Table 9. Predicted exposure rates in the Survey Area.

Notes:

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

Parameter Exposure Rate (uR/h)
n 108,660
Minimum 10.2
Maximum 158
Mean 17.2
Median 164
Standard Deviation 3.8

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:

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

e Elevated count rates were observed largely on waste rock situated at the western edge of the
larger of the two mine claims and on naturally occurring materials in the approximate southern
half of that claim, extending onto the valley floor.

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 (pCi/g) = 8x10°(Gamma Count Rate in cpm)>227°

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 0.2 to 1,285, with
a central tendency (median) of 2.4 pCi/g.

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

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

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

Exposure Rate (uR/h) = Gamma Count Rate (cpm) x 5x10™* + 7.4537

The distribution of exposure rates predicted using this model resembles a lognormal distribution. The
values in the Survey Area range from 7.5 to 158, with a central tendency (median) of 16.4 uR/h.
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Appendix A Instrument calibration and completed function check forms
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