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Executive Summary 

Introduction 

The Harvey Blackwater No.3 site (the Site) is located within the Navajo Nation, Tuba City Bureau 
of Indian Affairs (BIA) Agency, Kayenta Chapter1 in northeastern Arizona and southeastern Utah. 

selected by the United States Environmental Protection Agency (USEPA) in collaboration with the 
Navajo Nation Environmental Protection Agency (NNEPA) for further evaluation based on 
radiation levels and potential for water contamination (USEPA, 2013). Mining for uranium 
occurred prior to, during, and after World War II, when the United States (US) sought a domestic 
source of uranium located on Navajo lands (USEPA, 2007a).  

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

 specifically, demonstrated levels of Radium-2262: (a) at or 
in excess of 10 times the background levels and the existence of a potentially inhabited 
structure located within 0.25 miles of AUM features; or (b) at or in excess of two times 
background levels and the existence of a potentially inhabited structure located within 

 

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

                   
1 The Site is also located in the Dennehotso Chapter but for the RSE the Trust has been working with the 
Kayenta Chapter. 
2 The Agencies selected the priority mines based on gamma radiation but the Trust Agreement erroneously 

 Radium -226 . 

The Site is one of 46 "priority" abandoned uranium mines {AUMs) within the Navajo Nation 

"based on two primary criteria, 

200 feet {ft)." 

states "levels of 
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and metals concentrations, determined through statistical analyses, that are used to evaluate 
potential mining-related impacts. .  

Site History and Physical Characteristics 

The Site is located within the Colorado Plateau physiographic province, which is an area of 
approximately 240,000 square miles in the Four Corners region of Utah, Colorado, Arizona, and 
New Mexico. Bedrock outcrops on or adjacent to the Site consist of sandstone, mudstone, and 
conglomerate of the Shinarump Member of the Triassic Chinle Formation. The Site is also located 
within the San Juan River watershed, an area of approximately 24,600 square miles spanning 
Utah, Colorado, New Mexico, and Arizona. Topographically the Site is relatively flat and the 
elevation on-site is approximately 4,800 ft above mean sea level. On-site overland surface water 
flow, when present, either terminates within the unconsolidated deposits or drains into Cane 
Valley Wash approximately 1.3 miles southwest of the Site.  

Mining on-site occurred from 1954 to 1955 and historical mine workings on-site consisted of a 
shallow open pit. Total ore production from the Site was 577.08 tons (approximately 1,154,160 
pounds) of ore that contained 1,794.40 pounds of 0.15 percent U3O8 (uranium oxide) and  
514.14 pounds of 0.04 percent V2O5 (vanadium oxide). Mining at the Site ended in 1955. 

In 2001, the Site was included in a reclamation bid document for the reclamation of 24 AUMs, 
referred to as the Monument Valley 4 Project (NAML, 2001). NAML submitted a reclamation 
program closeout report for the Monument Valley 4 Project that stated the Monument Valley 4 
Project was complete (NAML, n.d.). The closeout report provided reclamation activity 
accomplishments by project and not by individual AUM. Therefore, the Trust could not verify that 
the proposed reclamation activities were done at the Trust Harvey Blackwater Site specifically. 
However, in 2007 the USEPA listed the Site as reclaimed (USEPA, 2007a). In 2012, Weston Solutions 
(Weston) performed site screening on behalf of the USEPA. The screening included: (1) recording 
site observations (i.e., number of homes, water sources, and sensitive environments3 around the 
Site); (2) recording the type, number, and reclamation status of mine features; and (3) 
performing a surface gamma survey. 

Summary of Removal Site Evaluation Activities 

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

3 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  

Trust's 

()stantec 



HARVEY BLACKWATER NO.3 (#239) REMOVAL SITE EVALUATION REPORT - FINAL 

vii 

Characterization and Assessment activities. Details of the Site Clearance activities, Baseline 
Studies activities, and Site Characterization and Assessment activities are as follows:

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

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

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

Findings and Discussion 

Surface and subsurface soil and sediment sampling results. One background reference area 
was selected to develop surface gamma, subsurface static gamma, Ra-226, and metals ILs for 
the Site. Arsenic, molybdenum, uranium, vanadium, and Ra-226 concentrations and gamma 
radiation measurements in soil/sediment exceeded their respective ILs and are confirmed 
constituents of potential concern (COPCs) for the Site. An IL for selenium was not identified 
because selenium sample results were non-detect in the background area. However, because 
selenium was detected in soil/sediment samples from the Survey Area (i.e., the full areal extent 
of the Site surface gamma survey), it is also confirmed as a COPC for the Site. Based on the data 
analyses performed for this report along with the multiple lines of evidence, approximately  
7.5 acres, out of the 39.2 acres of the Survey Area (i.e., the full areal of the Site surface gamma 
survey), were estimated to contain TENORM. Of the 7.5 acres that contain TENORM, 5.9 acres 
contain TENORM exceeding the surface gamma IL . The volume of TENORM in excess of ILs was 
estimated to be: (1) 13,950 yd3 (10,666 cubic meters) when taking into consideration the depth 
of the historical pit contoured from 1.0 to 4.0 ft bgs; and (2) 15,326 yd3 (11,718 cubic meters) 
when taking into consideration the depth of the historical pit contoured from 1.0 to 10.0 ft bgs.  

Gamma Correlation Study results. The Gamma Correlation Study indicated that surface gamma 
survey results correlate with Ra-226 concentrations in soil. Therefore, gamma surveys could be 
used during site assessments as a field screening tool to estimate Ra-226 concentrations in soil, 

• 

• 

• 

s 
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where sampling or gamma surveys are not available. The model was made of the correlation 
results predicting the concentrations of Ra-226 in surface soils from the mean of the gamma 
measurements in five correlation locations. Additional correlation studies may be needed to 
refine the relationship between gamma and Ra-226.  

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

°F degrees Fahrenheit 
e.g. exempli gratia 
etc. et cetera 
ft feet 
ft2 square feet 
i.e. id est 

mg/kg  milligram per kilogram  

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

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

bgs below ground surface 
BIA Bureau of Indian Affairs 

CCV continuing calibration verification 
C.F.R Code of Federal Regulations 
COPC constituent of potential concern 
cpm counts per minute 

Dinétahdóó  Dinétahdóó Cultural Resource Management  
DMP Data Management Plan 
DQO Data Quality Objective 

ERG Environmental Restoration Group, Inc. 
ESA Endangered Species Act 

FSP Field Sampling Plan 

GIS geographic information system 
GPS global positioning system 

HASP Health and Safety Plan 

ICAL initial calibration 
ICB/CCB initial/continuing calibration blank 
ICV initial calibration verification 
IL Investigation Level 

LCS/LCSD laboratory control sample/laboratory control sample duplicate 
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MARSSIM Multi-agency Radiation Survey and Site Investigation Manual 
MBTA Migratory Bird Treaty Act 
Mex-Air Mex-Air Uranium Company 
MLR Multivariate Linear Regression 
MS/MSD matrix spike/matrix spike duplicate 
MWH  MWH, now part of Stantec Consulting Services Inc. (formerly MWH Americas, Inc.) 

NaI 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 

QA/QC quality assurance/quality control 
QAPP Quality Assurance Project Plan 

R2 icient 
Ra-226 Radium-226 
Redente Redente Ecological Consultants 
RSE Removal Site Evaluation 

SOP standard operating procedure
Stantec Stantec Consulting Services Inc. 

T&E threatened and endangered 
Th-230 thorium-230 
Th-232 thorium-232 
TENORM Technologically Enhanced Naturally Occurring Radioactive Materials 

U-235 uranium-235 
U-238 uranium-238 
U3O8 uranium oxide
UCL upper confidence limit 
US United States 
U.S.C. United States Code 
UTL upper tolerance limit 
USAEC US Atomic Energy Commission 
USEPA US Environmental Protection Agency 
USFWS US Fish and Wildlife Service 
USGS  US Geological Survey 

Pearson's Correlation Coeff 
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V2O5  vanadium oxide 

Weston Weston Solutions 
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Glossary 

Alluvium  material deposited by flowing water. 

Arroyo  a steep sided gully cut by running water in an arid or semiarid region. 

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 gamma IL; or (3) the mean and standard deviation of the predicted Radium-226  
(Ra-226) concentrations for the Site based on the correlation equation. 

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

Composite sample  
physically combined and mixed in an effort to form a single homogeneous sample, which is then 

). 

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  - and sample-specific process that extends the evaluation of data 
beyond, method, procedural, or contractual compliance (i.e., data verification) to determine 
the analytical quality of a ). 

Data Verification  
conformance/compliance of a specific data set against the method, procedural, or 
contrac ).

Earthworks - human-caused disturbance of the land surface.

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. 

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

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

- "Volumes of material from several of the selected sampling units are 

analyzed" (USEPA, 2002 

- "an analyte 

specific data set" (USEPA, 2002 

- "the process of evaluating the completeness, correctness and 

tual requirements" (USEPA, 2002 
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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). 

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

Naturally occurring radioactive material (NORM)  
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 

 

Pan Evaporation  evaporative water losses from a standardized pan. 

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

Remedial Action (or remedy)  
of, or in addition to, removal action in the event of a release or threatened release of a 
hazardous substance into the environment, to prevent or minimize the release of hazardous 
substances so that they do not migrate to cause substantial danger to present or future public 

he National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP), the term also includes enforcement activities 

 

Remove or removal  
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, 

- "materials which may contain any of the 

result of human activities" (USEPA, 2017) . 

- "those actions consistent with permanent remedy taken instead 

health or welfare or the environment ... For the purpose oft 

related thereto" (USEPA, 1992). 

- "the cleanup or removal of released hazardous substances from the 
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or mitigate damage to the public health or welfare of the United States or to the environment, 
which may otherwise result from a release or threat of release  

Respond or response  
 

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

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

Technologically enhanced naturally occurring radioactive material (TENORM)  
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 

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 

 

Thorium (Th)  
plants and animals. Thorium (Th) is solid under normal conditions. There are natural and man-

 

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

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

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

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

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

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

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

... " (USEPA, 1992). 

- "remove, removal, remedy, or remedial action, including enforcement 
activities related thereto" (USEPA, 1992). 

- "naturally 

processing", which includes disturbance from mining activities. Where "technologically 

exposures" (USEPA, 2017). 

- "a naturally occurring radioactive metal found at trace levels in soil, rocks, water, 

made forms of thorium, all of which are radioactive" (USEPA, 2017) . 
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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 
continuously moving across the surface at a certain speed and in a certain pattern (USEPA, 
2000). Referred to in the RSE report as surface gamma survey after the first mention in the report. 

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

1.1 BACKGROUND 

This report summarizes the purpose and objectives, field investigation activities, findings, and 
conclusions of Site Clearance and Removal Site Evaluation (RSE) activities conducted between 
July 2015 and September 2017 at the Harvey Blackwater No.3 site (the Site) located on the 
border of northeastern Arizona and southeastern Utah, as shown in Figure 1-1. The Site is also 
identified by the United States Environmental Protection Agency (USEPA) as abandoned 
uranium mine (AUM) identification #239 in the Navajo Nation AUM Screening Assessment Report 
and Atlas with Geospatial Data (the 2007 AUM Atlas; USEPA, 2007a). The 2007 AUM Atlas was 
prepared for the USEPA in cooperation with the Navajo Nation Environmental Protection Agency 
(NNEPA) and the Navajo Abandoned Mine Lands Reclamation Program (NAML). The claim 
boundary polygon (refer to Figure 2-1) used for the RSE encompassed an area of approximately 
12.9 acres (561,924 square feet [ft2]) and was provided as part of the 2007 AUM Atlas. Per the 
2007 AUM Atlas this polygon and other factors represent the location and surface extent of the 
AUM. 

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

 

Trust Agreement as:  

 Appendix A to the Settlement Agreement, including the 
proximate areas where waste material associated with each such AUM has been 

Trust 
Agreement, § 1.1.25. 

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

between the US and Navajo Nation for the investigation of 16 specified "priority" AU Ms. 

A "Site" is defined in the 

"each of the 16 AUMs listed on 

deposited, stored, disposed of, placed, or otherwise come to be located." 
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Mexico, as shown in Figure 1-1. The 16 priority AUMs were selected by the US and Navajo Nation, 
as described in the Trust Agreement: 

based on two primary criteria, specifically, demonstrated levels of Radium-2264: (a) at or 
in excess of 10 times the background levels and the existence of a potentially inhabited 
structure located within 0.25 miles of AUM features; or (b) at or in excess of two times 
background levels and the existence of a potentially inhabited structure located within 
200 feet 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 II, when the US sought a domestic source 
of uranium located on Navajo lands (USEPA, 2007a). Trust Agreement, Recitals. 

1.2 OBJECTIVES AND PURPOSE OF THE REMOVAL SITE EVALUATION 

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

the accessible environment as a result of human activities such as manufacturing, 
 (mine waste or other mining-related 

disturbance).  

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 

 

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

 Code of 

                   
4 The Agencies selected the priority mines based on gamma radiation but the Trust Agreement erroneously 

 Radium -226 . 

(ft) ." 

"naturally occurring radioactive materials that have been concentrated or exposed to 

mineral extraction, or water processing" 

"Technologically enhanced means that the radiological, physical, and chemical 

potential for human and/or environmental exposures." 

the glossary for "Removal", "Remedial Action", and "Response" are defined in 40 

states "levels of 
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Federal Regulations (CFR) Section 300.5 of the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP; USEPA, 1992). 

The Trust conducted Site Clearance activities to obtain information necessary to develop the 
RSE Work Plan. Site Clearance activities consisted of two separate tasks: a desktop
literature and historical documentation review) and field activities.  

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

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

 Topographic and geologic maps  

 Available data concerning perennial surface water features and water wells  

 Previous studies and reclamation activities  

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

Site Clearance field activities  included the following: 

 Site reconnaissance to evaluate in the field: access routes to the Site, location of site 
boundaries, and observations presented in the Weston Solutions (Weston)(2012) report

 Mapping of site features and boundaries 

 Evaluation of potential background reference areas   

 Biological surveys (wildlife and vegetation) 

 Cultural resource surveys 

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

Baseline Studies activities  included the following:   

 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 

 Site gamma survey  surface gamma survey  

II 
11 study (e.g., 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

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

Site Characterization and Assessment Activities  included the following: 

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

 Characterization of subsurface soils  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.

Details regarding the Site Clearance activities are provided in the Harvey Blackwater No.3 Site 
Clearance Data Report (Site Clearance Data Report; MWH, 2016c) and summarized in Section 
3.2 of this report. Details regarding the Baseline Study activities are provided in the Harvey 
Blackwater No.3 Site Baseline Studies Field Report (Stantec, 2017) and summarized in Section 3.3 
of this report. Details regarding the Site Characterization Activities and Assessment are provided 
in Section 3.3 of this report. Findings are presented in Section 4.0 of this report.

1.3 REPORT ORGANIZATION 

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

• 

• 

• 
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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. 

 Appendix A  Includes the radiological characterization report for the Site 

 Appendix B  Includes photographs of the Site 

 Appendix C  Includes copies of RSE field activity forms 

 Appendix D  Provides the potential 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 

 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, on the border of northeastern Arizona and 
southeastern Utah approximately 14 miles northwest of Mexican Water, Arizona, as shown in 
Figure 1-1 inset.  

During the uranium mining boom of the early 1950s, Mr. Harvey Blackwater from Mexican Water, 
Arizona held five mining claims in northwestern Apache County, Arizona (Chenoweth, 1992). In 
June 1954, Mr. Blackwater was issued mining Permit No. 142, which covered 130.85 acres and 
was divided into two mining claims (Claim No. 2 for 65.98 acres and Claim No. 3 for 64.85 acres). 
The Site (i.e. Harvey Blackwater No.3) being investigated as part of this RSE is located within the 
acreage of Claim No.3. The location and size of Claim No.3 is shown in Figure 2 
of Chenoweth (1992). In July 1954, Mr. Blackwater assigned mining Permit No. 142 to Mex-Air 
Uranium Company (Mex-Air) of Farmington, New Mexico. At the time of issuance, mining permits 
and leases were issued by the Navajo Tribal Council and approved by the Bureau of Indian 
Affairs (BIA), US Department of the Interior. Only individual Navajos could obtain mining permits, 
and in turn only permit holders could assign the mining rights to an outside individual or 
company. Assignments had to be approved by the Tribal Council and the BIA. Any one 
company or individual could hold no more than 960 acres of tribal land, and both the Navajo 
Tribe and the permittee were entitled to receive royalties from ore production.  

Mex-Air began exploration drilling on Claim No. 3 in areas where previous surface prospecting 
had located surface radioactive anomalies (Chenoweth, 1992). The exploration drilling located 
a shallow ore-body. Mine workings on Claim No.3 consisted of a shallow open pit. Between 1954 
and 1955, US Atomic Energy Commission (USAEC) records reported that total ore production 
from Claim No.3 was 577.08 tons (approximately 1,154,160 pounds) of ore that contained 
1,794.40 pounds of 0.15 percent U3O8 (uranium oxide) and 514.14 pounds of 0.04 percent V2O5 

(vanadium oxide) (Chenoweth, 1992). Claim No.3 has been idle since the last shipment of ore in 
1955. No ore production was reported from Claim No. 2 (Chenoweth, 1992).  

2.1.2 Ownership and Surrounding Land Use 

The Site is located within the Navajo Nation, Tuba City BIA Agency in Section 3 of Township 41 
North, Range 23 East, Gila and Salt River Principal Meridian; and Section 32 of Township 43 South, 
Range 19 East, Salt Lake Principal Meridian. Land ownership where the Site is located falls under 
Navajo Trust lands. The Site is located within the Kayenta Chapter5 of the Navajo Nation, as 
shown in Figure 1-1, and is in Grazing Unit 8, as designated by the Navajo Nation Division of 

                   
5 The Site is also located in the Dennehotso Chapter but for the RSE the Trust has been working with the 
Kayenta Chapter. 

Mr. Blackwater' s 
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Natural Resources (NNDNR, 2006). The Site is currently uninhabited. However, two home-sites and 
one uninhabitable building (an abandoned shed) are located within 0.25 miles of the Site, as 
shown in Figure 2-1. 

2.1.3 Site Access 

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

2.1.4 Previous Work at the Site 

2.1.4.1 1994 through 1999 Aerial Radiological Surveys 

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

The aerial radiological survey for the Oljato area covered approximately 113.59 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 3 µR/hr to 24 µR/hr and 
excess bismuth (i.e., bismuth activity greater than approximately 3.5 µR/hr) present in 
approximately 0.02 square miles (15acres) of the area (2007 AUM Atlas). The aerial radiological 
survey results for the Oljato area indicated a gross exposure rate range of 1.66 µR/hr to 57.95 
µR/hr and excess bismuth (i.e., bismuth activity greater than approximately 3.5 µR/hr) present in 
approximately 0.40 square miles of the 113.59 square miles of the Oljato flight area (Hendricks, 
2001). 

2.1.4.2 2001 Monument Valley 4 Project Invitation for Reclamation Bids 

In 2001, NAML issued an invitation for bids for the reclamation of 24 AUMs, referred to as the 
Monument Valley 4 Project (NAML, 2001). The Site was included in the Monument Valley 4 
Project bid document, which stated that the Site contained 5,100 cubic yards (yd3) of waste 
piles and a historical pit with dimensions of 40 ft wide, 120 ft long, and 10 ft deep. The bid 
document also included a historical drawing of the Site showing the location of 12 waste piles 
and the historical mining pit. For comparison, the historical NAML (2001) drawing is overlain on 
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the current image of the Site in Figure 2-2. The dimensions of the historical pit on the NAML (2001) 
drawing are approximately 100 ft wide and 200 ft long; these measurements contradict those 
provided in the bid document of 40 ft wide, 120 ft long, and 10 ft deep. On the NAML drawing, 
the area inclusive of the historical pit and surrounding 11 waste piles is labeled as Waste Area 1, 
and the area located toward the south end of the Site containing one waste pile is labeled as 
Waste Area 2 (refer to Figure 2-2). The bid document listed the following reclamation activities 
needed for the Site:  

 Excavation of waste piles throughout the Site 

 Placement of the excavated waste pile material into the historical pit 

Cover the historical pit with clean material and re-vegetate the cover 

2.1.4.3 Monument Valley 4 Project Closeout Report 

NAML submitted a reclamation program closeout report for the Monument Valley 4 Project 
sometime after December 31, 2002 (NAML, n.d.). The date of submission for the closeout report is 
unknown. The closeout report covered the reporting period between April 1, 1999 and 
December 31, 2002. The closeout report stated that the Monument Valley 4 Project was 
complete and listed the following reclamation activity accomplishments at the 24 AUMs: 

 1,935 linear ft of dangerous highwall reclaimed 

 13.61 acres of dangerous piles/embankments reclaimed 

 3.38 acres of pits reclaimed 

 35 portals reclaimed 

 Four vertical openings reclaimed  

The closeout report provided reclamation activity accomplishments by project and not by AUM; 
therefore, the Trust could not verify that the proposed reclamation activities listed above were 
done at the Trust Site specifically. However, the 2007 AUM Atlas lists the Site as reclaimed by 
NAML. 

2.1.4.4 2012 Site Screening 

In 2012, Weston performed site screening on behalf of the USEPA (Weston, 2012). The screening 
included: (1) recording site observations (i.e., number of homes, water sources, and sensitive 
environments6 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 it observed a reclamation cap located in the northwestern portion of the Site. Weston also 

                   
6 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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reported two structures (one home-site and one abandoned shed) within 0.25 miles of the Site, 
one pond within a one-mile radius of the Site and located 0.75 miles southwest of the Site, and 
no sensitive environments were identified. Based on  surface gamma 
survey, Weston determined that the highest gamma measurements were greater than 5.5 times 
the site-specific background level used for its gamma screening.  

2.2 PHYSICAL CHARACTERISTICS 

2.2.1 Regional and Site Physiography 

The Site is located within the Colorado Plateau physiographic province, which is an area of 
approximately 240,000 square miles in the Four Corners region of Utah, Colorado, Arizona, and 
New Mexico. Figure 2-3 presents a current regional aerial photograph (BING® Maps, 2018) of the 
Site within a portion of the Colorado Plateau. The Colorado Plateau is typically high desert with 
scattered forests and varying topography having incised drainages, canyons, cliffs, buttes, 
arroyos, and other features consistent with a regionally uplifted, high-elevation, semi-arid 
plateau (Encyclopedia Britannica, 2017). The physiographic province landscape includes 
mountains, hills, mesas, foothills, irregular plains, alkaline basins, some sand dunes, and wetlands. 
This physiographic province is a large transitional area between the semi-arid grasslands to the 
east, the drier shrub-lands and woodlands to the north, and the lower, hotter, less-vegetated 
areas to the west and south. 

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

Figure 2-4 presents the regional US Geological Survey (USGS) topographic map in the vicinity of 
the Site and shows site topography within a portion of the Colorado Plateau. Regionally the Site 
is located on the eastern rim of Monument Valley. Topography on-site is relatively flat and the 
elevation on-site is approximately 4,800 ft above mean sea level (amsl) (refer to Figure 2-4). The 
Site is also located west of Indian Route 6440 (refer to Figure 2-5a), which crosses Cane Valley 
Wash, as shown in Figure 2-4. Cane Valley Wash is located approximately 1.3 miles southwest of 
the Site. 

2.2.2 Geologic Conditions 

2.2.2.1 Regional Geology 

Regionally the Site is located within the Colorado Plateau, which is a massive outcrop of 
generally flat-lying sedimentary rocks ranging in age from the Paleozoic Era to the Cenozoic Era 
(USGS, 2017a). The plateau has very little regional structural deformation, compared with the 
mountainous basin-and-range region to the west, and the sedimentary beds range widely in 
thickness from less than one inch to hundreds of feet. Changes in paleoclimate and elevation 
produced alternating occurrences of deserts, streams, lakes, and shallow inland seas; and these 

Weston's performance of a 
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changes contributed to the type of rock deposited in the region. The rock units of the plateau 
consist of shallow submarine or sub-aerially deposited rocks including sandstone, shale, 
limestone, mudstone, siltstone, and various other sedimentary rock subtypes. 

The Site is located within the Triassic Chinle Formation, which is composed of various rocks of 
lacustrine and fluvial continental origin, including claystone, sandstone, limestone, siltstone, and 
conglomerate (USAEC, 1972). Figure 2-6 depicts a regional geology map showing the Site in 
relation to the regional extent of the Chinle Formation. The Chinle Formation extends over the 
majority of the Colorado Plateau. In the southern portion of the Colorado Plateau, where the 
Site is located, the Chinle Formation ranges in thickness from a thin wedge to greater than  
1,700 ft thick, but is generally greater than 1,000 ft thick (USAEC, 1972). In the Cenozoic Era, uplift 
and tilting of the plateau caused rapid down cutting of streams, forming many dramatic 
outcrops and incised streams characteristic of the region today.  

2.2.2.2 Site Geology 

Bedrock outcrops on or adjacent to the Site consist of sandstone, mudstone, and conglomerate 
of the Shinarump Member of the Triassic Chinle Formation, as shown in Figure 2-7 and  
Appendix B photograph numbers 1 and 2. Ore deposits on-site occurred in the conglomerate 
and sandstone channel deposits of the Shinarump Member (Chenoweth, 1992).  

Unconsolidated deposits on-site (i.e., Quaternary deposits) are eolian deposits, alluvium, and 
colluvium consisting of silty sand, poorly graded sand, and well graded sand, as shown on the 
borehole logs in Appendix C.2. Colluvium and eolian deposits overlay bedrock of the Shinarump 
Member of the Chinle Formation sporadically across the Site and alluvium is present in the 
drainages (refer to Section 2.2.4). During the Site Characterization field activities, boreholes were 
advanced through the unconsolidated deposits using either a 3-inch diameter hand auger or a 

 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 0.08 ft to 4.0 ft bgs at 
borehole locations. Unconsolidated deposits on-site are shown in Appendix B photograph 
number 9. 

Two cross-sections for the Site, as shown in Figures 2-8a (north-south) and 2-8b (west-east), were 
produced using the subsurface borehole information collected during the Site Characterization 
activities in addition to exposed bedrock observations made by Stantec field personnel (field 
personnel) (refer to Section 3.3.2.2). The two cross-sections show the extent and orientation of 
the consolidated and unconsolidated deposits in relation to the historical pit reclamation area 
(refer to Section 2.1.4 and 2.2.7). The average depth to bedrock for the cross-sectional area is 
2.8 ft bgs, and bedrock was measured between 2.0 ft and 4.0 ft bgs around the historical pit 
(refer to the borehole logs included in Appendix C.2).  

According to the US Department of Agriculture (USDA) soil survey for the Navajo Nation, soils on-
site that have not been disturbed are classified as Aneth soils consisting of deep, excessively 
drained soils that form mainly from sandstone (USDA, 1980).  

Geoprobe™ 8140LC 
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2.2.3 Regional Climate 

The Colorado Plateau is located in a zone of arid temperate climates characterized by periods 
of drought and irregular precipitation, relatively warm to hot growing seasons, and winters with 
sustained periods of freezing temperatures (National Park Service, 2017). The average monthly 
high temperature at weather station 425582, Mexican Hat, Utah (Western Regional Climate 
Center, 2017) located approximately 10 miles northwest of the Site, ranges between  
45.1 degrees Fahrenheit (°F) in January to 98.5°F in July. Daily temperature extremes reach as 
high as 110°F in summer and as low as -17°F in winter. Mexican Hat receives an average annual 
precipitation of 6.3 inches, with October being the wettest month, averaging 0.83 inches, and 
June being the driest month, averaging 0.21 inches.  

potential evaporation noted at the Hite, Utah weather station, located approximately 66 miles 
northwest of the Site, averages 75 inches of pan evaporation annually (Western Regional 
Climate Center, 2017). Average wind speeds in the area are generally moderate, although 
relatively strong winds often accompany occasional frontal activity, especially during late winter 
and spring months. Blowing dust, soil erosion, and local sand-dune migration/formation are 
common during dry months. The Cortez, Colorado airport located 72 miles to the northeast of 
the Site, had the most complete record of wind conditions. A wind rose for the Cortez, Colorado 
airport is presented on Figure 1-1. The wind rose was produced using data contained in the 2007 
AUM Atlas for the years 1996 to 2006. Predominant winds were from the east northeast (refer to 
the wind rose on Figure 1-1). 

2.2.4 Surface Water Hydrology 

The Site is located within the San Juan River watershed, an area of approximately 24,600 square 
miles spanning Utah, Colorado, New Mexico, and Arizona, as shown in Figure 1-1. On-site surface 
water flow is controlled by the bedrock outcrops located on the east side of the Site, as shown in 
Figures 2-5a and 2-7 (labeled as TRcs). Two ephemeral drainages are located on-site and one is 
located off-site, as follows: one that drains south-southeast along the west side of the outcrops 
(refer to Appendix B photograph number 3), one that drains southeast along the east side of the 
outcrops, and one outside the southwest claim boundary that drains southeast. Precipitation 
run-off on-site terminates within the unconsolidated deposits or drains into Cane Valley Wash 
approximately 1.3 miles southwest of the Site (refer to Figure 2-1). Cane Valley Wash joins the San 
Juan River near Mexican Hat, Utah approximately 12 miles northwest of the Site. The nearest 
perennial water source to the Site is Chinle Creek, approximately 7.5 miles east of the Site (refer 
to inset on Figure 1-1). Figures 2-1 and 2-5a show the Site drainages and flow directions, and  
Figure 2-5a shows the approximate overland water flow direction. 

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

Potential evaporation in the area is greater than the area's average annual precipitation. The 
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2.2.5 Vegetation and Wildlife 

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

Vegetation communities found within the physiographic transitional area described in Section 
2.2.1 include shrublands with big sagebrush, rabbitbrush, winterfat, shadscale saltbush, and 
greasewood; and grasslands of blue grama, western wheatgrass, green needlegrass, and 
needle-and-thread grass. Higher elevations may support pinyon pine and juniper woodlands. 
The vegetation communities on-site included sparsely vegetated shrubland with patches of bare 
ground (refer to Appendix E). During the surveys, Stantec and/or its subcontractors observed on-
site wildlife including common raven and cottontail rabbit (refer to Appendix E). 

2.2.6 Cultural Resources 

In March 2016, as part of Site Clearance activities, Dinétahdóó Cultural Resource Management 
(Dinétahdóó), under contract to Stantec, conducted a cultural resource survey and 
ethnographic and historical data reviews for the Site (Dinétahdóó, 2016). Based on historical and 
ethnographic data reviews Dinétahdóó did not identify any mining history information for the 
Site (Dinétahdóó, 2016).  

During the 2016 cultural resource survey Dinétahdóó identified one archaeological site, one in-
use site, and eight isolated occurrences. Appendix E includes a copy of the Cultural Resource 
Compliance Form, and findings of the cultural resource survey are summarized in Section 3.2.2.4.  

2.2.7 Observations of Potential Mining and Reclamation 

During RSE activities, field personnel observed the following features indicative of potential 
mining or reclamation activities at the Site: potential haul roads and two graded/disturbed 
reclaimed areas. Details regarding these observations are presented in Section 3.2.2.1. These 
observations were used, along with additional lines of evidence (refer to Section 3.3.3), to 
identify areas at the Site where TENORM was present (refer to Section 4.6).
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3.0 SUMMARY OF SITE INVESTIGATION ACTIVITIES 

3.1 INTRODUCTION 

This section summarizes Site Clearance and other RSE activities conducted between July 2015 
and September 2017. Site Clearance activities were conducted initially to obtain information 
necessary to develop the RSE Work Plan. Site Clearance activities were performed in 
accordance with the approved Site Clearance Work Plan. Resulting RSE activities were 
performed in accordance with the approved RSE Work Plan.

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

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

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

The USEPA DQO Process is a seven-step process7 that was performed as part of the RSE Work Plan 
to identify RSE data objectives. The goal of the USEPA DQO Process is to minimize expenditures 
related to data collection by eliminating unnecessary, duplicate, or overly precise data and 
verifies that the type, quantity, and quality of environmental data used in decision making will be 
appropriate for the intended application. It provides a systematic procedure for defining the 
criteria that the survey design should satisfy. This approach provides a more effective survey 
design combined with a basis for judging the usability of the data collected (USEPA, 2006). 

                   
7 (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 g the USEPA DQO 
Process, can improve radiation survey effectiveness and efficiency, and thereby the defensibility 

 

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

 Historical site assessment 

 Determining RSE DQOs  

 Selecting background reference areas 

 Selecting radiation survey techniques 

 Site preparation 

 Quality control 

 Health and safety 

 Survey planning and design 

 Baseline surface gamma surveys and subsurface static gamma measurements  

 Field measurement methods and instrumentation  

 Media sampling and preparation for laboratory analyses 

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

 Data quality assessment through statistical analyses  

 Evaluation of the analytical results  

 Quality assurance and quality control 

guidance, "planning radiation surveys, usin 

of decisions" (USEPA, 2000) . 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

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

3.2 SUMMARY OF SITE CLEARANCE ACTIVITIES 

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

3.2.1 Desktop Study 

The desktop study included:  

 Review of historical aerial photographs (USGS, 2017b). 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 pits). 

o Showed evidence of reclamation (e.g., soil covers). 

o Showed significant changes in ground cover compared to current photographs. 

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

 Review of topographic and geologic maps. 

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

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

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

• 

• 

• 

• 

• 

• 

()stantec 



HARVEY BLACKWATER NO.3 (#239) REMOVAL SITE EVALUATION REPORT - FINAL 

SUMMARY OF SITE INVESTIGATION ACTIVITIES  
October 1, 2018 

3.4 
 

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

 Historical photographs (USGS, 2017b) for the Site were selected from 1951, 1952, 1954, 1967, 
1997, and 2005 for comparison against a current image (BING® Maps, 2018). The selected 
historical photographs are shown in Figure 3-1a. The photographs show evidence that 
historical mining (i.e., the open pit) occurred on the Site sometime after 1954 and that 
reclamation activities occurred after 1997. Also in the historical photographs presented in 
Figure 3-1a, the eastern area of the Site appears to be undisturbed and primarily bedrock. 
Figure 3-1b presents a comparison of the Site showing the aerial photograph from 1997 and 
the current image. The1997 historical photograph is presented because it provides the best 
image of what the Site looked like after the historical mining occurred, but before the 
reclamation activities occurred, and also shows the historical pit.  

 The current aerial photograph review confirmed that two home-sites and one uninhabitable 
building (an abandoned shed) were located within 0.25 miles of the Site, as shown in  
Figure 2-1. Numerous dirt roads were identified within 0.25 miles of the Site, refer to Figure 2-3. 
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). 

 No 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.  

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

Previous studies and information related to past mining/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: 

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

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

 Structures, homes, buildings, livestock pens, etc.  

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

 Topographic features  

• 

• 

• 

• 

• 

• 

• 

• 

• 
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 Potential background reference areas  

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

Physical hazards

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

 Claim boundaries  100-ft buffers of the claim boundaries, as shown in Figure 2-5a, were 
marked in the field with stakes and/or flagging and mapped with a global positioning system 
(GPS). 

 Topographic features  The mapped area was relatively topographically flat, as shown in 
Figure 2-4.  

 Power line and water line  A power line and an underground water line were mapped, as 
shown in Figure 2-5a. A portion of the power line was mapped along Indian Route 6440. The 
remainder of the power line was not mapped, but continued northeast and southwest along 
Indian Route 6440 (Google Earth, 2017). Overhead power lines were not observed on the 
Site. The water line was marked with blue t-posts and ran from Indian Route 6440 to the 
home-site located approximately 85 ft west of the Site. A soil berm was built up near the 
water line, as shown in Appendix B photograph number 10.  

 Water line excavation/debris piles  Water line excavation/debris piles (one each) were 
mapped, as shown in Figured 2-5a (the debris pile is the smaller northwest pile). The water 
line excavation pile contained rock debris as shown in Appendix B photograph number 5. 
The two piles were located in areas of observed disturbance, based on the 2005 aerial 
photograph presented in Figure 3-1a. The areas of disturbance were thought to be related 
to the excavation and installation of the water line. The debris pile is shown in Appendix B 
photograph number 4. 

 Graded/disturbed reclaimed areas - Two graded/disturbed reclaimed areas (northern and 
southern) were mapped, as shown in Figure 2-5a. The northern reclaimed area was 
coincident with Waste Area 1, which included the historical pit and surrounding waste piles 
(refer to Section 2.1.4 and Figure 2-2). Field personnel mapped the northern reclaimed area 
as re-vegetated with less vegetation present on the reclaimed area than the surrounding 
area. The southern reclaimed area was coincident with Waste Area 2, which included a 
historical waste pile (refer to Section 2.1.4 and Figure 2-2). Field personnel mapped the 
southern reclaimed area as having different vegetation than was found in the surrounding 
area. The southern reclaimed area also had a north-south trending area believed to be 
related to the water line installation. The Navajo Tribal Utility Authority was contacted in 
December 2017 to identify the date of the water line installation. However, Stantec did not 
receive a response back from the Navajo Tribal Utility Authority. Based on the historical aerial 
photograph review, it appeared the water line may have been installed after 1997. The 
north-south trending area believed to be related to the water line installation can be seen in 
the 2005 historical aerial photograph and the current historical photograph, shown in Figure 
3-1a. The two graded/disturbed reclaimed areas are also shown as earthworks in Figure 2-7. 
The graded/disturbed reclaimed areas are compared to the historical mine drawings in 
Figure 2-5b. The graded/disturbed areas encompass nearly all of the features from the 
historical mine drawing with the exception of one historical waste pile area. The area shown 

• 

• 

• 

• 

• 

• 

• 
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as a waste pile in the historical drawing was comprised primarily of bedrock during field 
mapping.  

 Potential waste piles  Two potential waste piles consisting of soil were mapped, as shown in 
Figure 2-5a. The eastern potential waste pile appeared to field personnel to be a small 
bulldozer push pile. The potential waste pile located west of the water line excavation/debris 
piles is shown in the foreground of Appendix B photograph number 4. 

 Drainages  Three ephemeral drainages were mapped, as shown in Figure 2-5a. Two of the 
drainages were on-site and one was off-site. One drainage drained to the south-southeast 
along the west side of the bedrock outcrops (refer to Appendix B photograph number 3), 
one drainage drained to the southeast along the east side of the bedrock outcrops, and 
one drainage was outside the southwest claim boundary and drained to the southeast. 

 Roads a portion of Indian Route 6440 was mapped, as shown in Figures 2-1 and 2-5a.  

 Potential haul roads  Potential haul roads were mapped, as shown in Figure 2-5a. One 
potential haul road was a maintained, unpaved road that ran east-west from Indian Route 
6440 along the north side of the claim boundary. A second potential haul road was an 
unimproved road (two-track) that ran north-south along the west side of the claim 
boundary, and then continued north beyond the 100-ft buffer, as shown in Appendix B 
photograph number 11.  

 Structures  Two home-sites and one uninhabitable building (an abandoned shed) were 
mapped within 0.25 miles of the Site, as shown in Figure 2-1. The abandoned shed is shown in 
Appendix B photograph numbers 6 and 7. The use of the abandoned shed is unknown, it 
was not visible on historical aerial photographs, and nothing was found in or near the 
building that would suggest it was part of mining operations at the Site. 

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

Field personnel did not observe the pond identified by Weston (refer to Section 2.1.4) and a 
local resident was not aware of the presence of a pond in the area where Weston reported the 
pond s location. 

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

3.2.2.2 Potential Background Reference Area Evaluation 

The desktop study findings and field investigation observations were used to identify four 
potential background reference areas (BG-1 through BG-4) for the Site, as shown in Figure 3-2 

• 

• 

• 

• 

• 

• 
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and Appendix B photograph number 8, and described in Appendix D.1. BG-3 was selected as a 
suitable surface background reference area for the Site, but BG-3 could not be used as a 
suitable subsurface background reference area for gamma measurements because the 
borehole attempted at BG-3 but met refusal on bedrock at 0.3 inches below ground surface 
(bgs) and subsurface static gamma measurements and subsurface soil samples could not be 
collected. Therefore, borehole S239-SCX-002, shown in Figure 3-3, was selected to be used as a 
suitable subsurface background reference area for gamma measurements. S239-SCX-002 was 
selected because it was geologically similar to BG-3. BG-3 was selected for the following 
reasons:  

 BG-3 encompassed an area of 1,136 ft2 (approximately 0.03acres), was located 900 ft north 
of the Site, and was upwind and hydrologically up-gradient from the Site. Geologically, BG-3 
represented areas of the Site that had a mix of bedrock outcrops of the Chinle Formation 
and unconsolidated Quaternary deposits and contained similar ground cover and 
vegetation.  

BG-1, BG-2, and BG-4 were not selected as background reference areas for the Site for the 
reasons described in Appendix D.1. 

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

1. Represent undisturbed conditions at 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 the area. 
Stantec does not view the size of the selected background reference area as affecting the 
validity of the background concentrations. The size was based on professional judgment that 
the identified area was generally representative of the Site.  

The background reference area was 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 area provide a useful reference for comparison to the Site. However, it 
will be important to consider the variations in concentrations when conducting site assessment 
work and/or to support future Removal or Remedial Action evaluations at the Site. 

3.2.2.3 Biological Surveys 

The objective of the biological surveys was to determine if identified species of concern or 
potential federal or Navajo Nation Threatened and Endangered (T&E) species and/or critical 
habitat are present on or near the Site. Biological (vegetation and wildlife) clearance was 
required at the Site before RSE activities could begin, to determine if the RSE activities could 

• 
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affect potential species of concern or federal or Navajo Nation listed T&E species and/or critical 
habitat. The Site biological evaluation reports, the NNDFW Biological Resources Compliance 
Form, and the US Fish and Wildlife Service (USFWS) consultation email are provided in  
Appendix E. 

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

. 50 C.F.R §402.2.  

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

Based on the results of the vegetation and wildlife surveys, the  the RSE 
Baseline Studies and Site Characterization Activities,  

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

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

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 

 

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

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

. An "action area", as defined in the regulations implementing the ESA, includes "all 

area involved in the action" 

NNDFW's opinion was that 

II 

"Based on the information you [Stantec] provided [i.e., there is no habitat for any 

any proposed critical habitat" (Nystedt, 2016). 
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In preparation for the vegetation survey, Redente submitted data requests for species of 
concern to the NNDFW and NNHP, and for Federal T&E species, to the USFWS. The NNDFW-NNHP 
responded to MWH (now Stantec) by letter dated November 19, 2015. The letter provided a list 
of species of concern known to occur within the proximity of the Site and included their status as 
either Navajo Nation Endangered Species List (NNESL), and/or Federally Endangered, Federally 
Threatened, or Federal Candidate. The NNESL species were further classified as G2, G3, or G48. A 
copy of this letter is included in Appendix E.  

The NNDFW listed five T&E plant species that may occur on-site; alcove death camas (G3), 
alcove bog-  grass (G4), and cave primrose 
(G4). The USFWS listed two T&E plant species that may occur on-site: 
Navajo sedge. Alcove death camas is a native perennial forb that grows in hanging gardens, 
seeps, and alcoves mostly on the Navajo Sandstone formation. This species is endemic to the 
Colorado Plateau in southern Utah and northern Arizona at elevations from 3,698 ft to 6,999 ft 
amsl. Alcove bog-orchid is a native perennial forb that grows in seeps, hanging gardens, and 
moist stream areas from the desert shrub to the pinyon juniper communities. This species is found 
in New Mexico, Utah, and 
native perennial forb that occurs in hanging gardens, seeps, and stream banks below hanging 
gardens at elevations from 3,297 ft to 6,946 ft amsl. Its distribution includes southern San Juan 
County, Utah  grass is a 
native annual grass that grows in a series of widely discontinuous populations ranging from 
southern California to eastern Arizona and western New Mexico in alkaline seeps, springs and 
seasonally wet areas and washes at elevations from 5,000 ft to 7,200 ft amsl. Cave primrose is a 
native perennial herb that grows in hanging gardens and occasionally along stream-sides from 

milkweed is a native herbaceous perennial forb that grows in active sand dunes derived from 
the Navajo Sandstone formation from 5,000 ft to 6200 ft amsl and occurs in Coconino County, 
Arizona and south of Monument Valley in both Navajo and Apache Counties, Arizona. Navajo 
sedge is a native perennial grass-like plant that grows in seeps and hanging gardens primarily on 
sandstone cliffs and alcoves. Known populations occur at elevations from 4,600 ft to 7,200 ft amsl 
in San Juan County, Utah and northern Arizona.  

Before beginning the Site vegetation survey, Redente reviewed the ecologic and taxonomic 
information for the T&E species to understand ecological characteristics of the species, habitat 
requirements, and key taxonomic indicators for proper identification (Arizona Native Plant 
Society, 2000). Redente also reviewed currently accepted resource agency protocols and 
guidelines for conducting and reporting botanical inventories for special status plant species 
(USFWS, 1996). An experienced Redente botanist with local flora knowledge conducted the rare 
plant survey. The botanist walked transect lines on the Site with emphasis on areas with suitable 

                   
8 G2 classification includes endangered species or subspecies whose prospect of survival or recruitment are 
in jeopardy, G3 classification includes endangered species or subspecies whose prospect of survival or 

and includes those species or subspecies which may be endangered but for which sufficient information is 
lacking to support being listed (refer to Appendix E). 

orchid (G3), Rydberg's thistle (G4), Parish's alkali 
Welsh's milkweed and 

Arizona at elevations from 4,003 ft to 7,201 ft amsl. Rydberg's thistle is a 

along with Coconino and Apache Counties in Arizona. Parish's alkali 

3,500 ft to 7,200 ft amsl. Its distribution includes Northern Arizona and Southern Utah. Welsh's 

recruitment are likely to be in jeopardy in the foreseeable future, and G4 classification are "candidates" 
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habitat for the T&E species, specifically alkali seeps, seeps and hanging gardens, and active 
sand dunes. 

The Redente botanist did not identify any of the seven T&E species at the Site, based on 
observations he made during the on-site survey. The botanist concluded he did not identify any 
of the T&E species at the Site because the Site was not a likely habitat for the T&E species. 
Observed vegetation communities on-site were sparsely vegetated shrubland with patches of 
bare ground.  

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

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

The wildlife evaluation was performed for species listed as NNESL, Federally Endangered, 
Federally Threatened, or Federal Candidate, and species protected under the Migratory Bird 
Treaty Act (MBTA) that have the potential to occur on-site. Prior to the start of the wildlife survey, 
Adkins submitted data requests to USFWS and NNDFW for animal species listed under the ESA. 
The NNESL species were further classified as G2, G3, or G4. The USFWS included 13 ESA-species 
with the potential to occur in the area of the Site; five birds (southwestern willow flycatcher, 
Mexican spotted owl, Gunnison sage grouse, California condor, yellow-billed cuckoo), five fish 
(roundtail chub, Colorado pikeminnow, Zuni bluehead sucker, greenback cutthroat trout, 
razorback sucker), two mammals (black-footed ferret, gray wolf), and one reptile (Mexican 
gartersnake). The NNDFW included: three birds (American peregrine falcon [G4], golden eagle 
[G3], western burrowing owl [G4]) and one mammal (kit fox [G4]). All species on the USFWS list 
and all species from the NNDFW list, with the exception of the golden eagle, were eliminated 
from further evaluation because there was no potential for those species to occur on the Site 
due to lack of suitable habitat. Based on the preparation data, one bird remained as species of 
concern warranting further analysis during the survey: golden eagle. 

In addition, Adkins reviewed species protected under the MBTA that have the potential to occur 
in the area of the Site. The MBTA review resulted in the potential for identification of 17 bird 
species in addition to those listed above, known as riority Birds of Conservation Concern with 
the Potential to Occur 9 in the areas of the Site: black-throated sparrow, Brewer's sparrow, gray 
vireo, loggerhead shrike, mountain bluebird, mourning dove, sage sparrow, sage thrasher, 

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

"P 

scaled quail, Swainson's hawk, vesper sparrow, bald eagle, Bendire's thrasher, pinyon jay, prairie 
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falcon, ferruginous hawk, and mountain plover. These 17 MBTA bird species were added for 
further analysis during the survey for effects to potential habitat. 

The wildlife survey revealed one NNESL species of concern that had the potential to occur within 
or near the Site based on habitat suitability or actual recorded observation: the golden eagle. 
Based on these findings Adkins recommended the use of best management practices to 
protect potential habitat during RSE activities, specifically: (1) confining equipment travel to 
within the boundaries of the Site; (2) minimizing 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.  

3.2.2.4 Cultural Resource Survey 

In March 2016, Dinétahdóó 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 Dinétahdóó on behalf of the Trust to conduct the cultural resource survey. Following 
the cultural resource survey, the NNHPD issued a Cultural Resources Compliance Form that 
included a "Notification to Proceed" with RSE field work. A copy of the Cultural Resources 
Compliance Form is included in Appendix E. According to NNHPD, this form is the equivalent of a 

 (NNHPD, 201810). 

The survey included the areas within the claim boundary and the 100-ft claim boundary buffer, 
as shown in Figure 2-5a. The survey identified one archaeological site, one in-use site, and eight 
isolated occurrences. For confidentiality reasons, details regarding the cultural resource survey 
findings are not provided herein. NNHPD can be contacted for additional information. NNHPD 
contact information is located on the Cultural Resource Compliance Form included in  
Appendix E.  

Based on the survey findings Dinétahdóó recommended the archaeological site boundaries be 
flagged and that an archaeologist monitor all ground disturbing activities, including soil 
sampling, within 50 ft of the archaeological boundaries. Dinétahdóó also recommended 
archaeological clearance for the remainder of the area it surveyed with the stipulation that RSE 
activities be halted at any time if cultural resources were encountered. Stantec complied with 

 recommendations while conducting RSE activities on site.  

Dinétahdóó also escorted field personnel during the collection of subsurface samples from  
S239-SCX-002. The Trust and NNHPD agreed that would be present 
because the subsurface sample location was outside of the area originally surveyed during the 
Site Clearance cultural resource survey. 

                   
10 Call with Sadie Hoskie, Tamara Billie of NNHPD, and Linda Reeves, June 8, 2018.

"permit" to conduct the work 

Dinetahd66's 

Dinetahd66's archeologist 
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3.3 SUMMARY OF REMOVAL SITE EVALUATION ACTIVITIES 

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

3.3.1 Baseline Studies Activities 

3.3.1.1 Background Reference Area Study 

The Background Reference Area Study activities were completed at the background reference 
areas selected for the Site. Refer to Section 3.2.2.2 for an explanation of the selection of the 
background reference areas for the Site. The Background Reference Area Study included a 
surface gamma survey and surface soil sampling at BG-3, and static surface and subsurface 
gamma measurements and subsurface soil sampling at S239-SCX-002. The soil sample locations 
in background reference area BG-3 were initially selected using a triangular grid, set on a 
random origin. Where possible, samples were collected at the center points of the triangles. 
However, in some instances, the actual sample locations had to be moved in the field if 
sampling was not possible (e.g., the location consisted of exposed bedrock or there was a large 
bush blocking access). In these cases, the closest accessible location was selected instead.  

The background reference areas were selected based on a variety of factors, including
MARSSIM criteria, which indicated whether the areas were representative of unmined locations, 
regardless of the sizes of the 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 survey at BG-3 was completed in March 2017. ERG performed the surface 
gamma survey using Ludlum Model 44-10 2-inch by 2-inch sodium iodide (NaI) 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-
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traceable cesium-137 check source, and function-checked the equipment prior-to and after 
each workday. ERG performed the survey by walking the background reference area 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 to accommodate 
vegetation, rocks, or other surface features. If field personnel encountered an immovable 
obstruction (e.g., a tree) during the surface gamma survey 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 S239-SCX-002. Refer to Appendix C.2 for borehole logs. Static gamma measurements 
were categorized as surface measurements where they were collected at ground surface  
(0.0 ft) and as subsurface measurements where depths were below ground surface due to the 
influence of downhole geometric effects on subsurface static gamma measurements (refer to 
Section 4.1). Gamma measurements were collected according to the methods described in the 
RSE Work Plan, Section 4.2 and Appendix E.  

Soil samples collected as part of the background study are detailed in Table 3-1 and sample 
locations are shown in Figure 3-3. Soil samples were categorized as surface samples where 
sample depths ranged from 0.0 to 0.5 ft bgs and as subsurface samples where sample depths 
were greater than 0.5 ft bgs. Field personnel collected the following samples:  

 BG-3  In March 2017, 11 surface soil grab samples were collected from 11 locations  

 S239-SCX-002  In October 2016, one surface and one subsurface soil grab sample were 
collected from the borehole 

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. The shoulders of the potential haul road located 
outside of the 100-ft buffer were not surveyed, but the approximate centerline was, due to 
miscommunication with the field personnel. This is identified as a data gap in Section 4.8. 
Additionally, the potential haul road that ran north-south along the west side of the claim 

• 

• 
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boundary was not surveyed because field personnel thought it was unlikely the road was 
associated with past mining activities, as the road ran over rocky ground, was a two-track, and 
a more direct, substantial road leading east from the Site existed. However, after review of the 
historical Site photographs it was noted that the road was present in the historical photographs 
and could not be discounted as a potential haul road. Therefore, this road not being surveyed is 
identified as a potential data gap in Section 4.8.   

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

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

The full areal extent of the surface gamma survey was 39.2 acres and is referred to as the Survey 
Area, as shown in Figure 3-4. The surface gamma survey results are presented in Section 4.2. The 
ERG survey report in Appendix A provides further detailed information on the surface gamma 
survey.

3.3.1.3 Gamma Correlation Study 

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

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

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

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

This correlation equation was not used in the field to estimate Ra-226 concentrations or to 
evaluate the extent of Ra-226 concentrations. The correlation was used to develop a site-

• 

• 
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specific prediction for Ra-226 concentrations from the actual gamma survey data, as presented 
in Section 4.2.2. The correlation can be used as a site-specific field screening tool during site 
assessments, using the same gamma survey methods as in this RSE (e.g., walkover gamma 
survey) and based on site-specific conditions. The data related to the correlations are provided 
in Appendices A and C.  

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

In October 2016, field personnel identified five areas for the Gamma Correlation Study, as shown 
in Figure 3-5, by considering the results of the Site surface gamma survey (described in Section 
3.3.1.2), field conditions (e.g., suitable terrain), and feasibility of sampling. To minimize variability 
when determining a correlation between gamma measurements (in cpm) and concentrations 
of Ra-226 in soil/sediment, the study area soil/sediment must: (1) represent a specific gamma 
measurement within the range of gamma measurements collected at the Survey Area; and  
(2) be as homogenous as possible with respect to soil/sediment type, and gamma measurement 
within the correlation area. At each area, field personnel completed a high-density surface 
gamma survey (intended to cover 100 percent of the survey area) and collected one five-point 
composite surface soil/sediment sample per area (refer to Table 3-1). Field personnel made a 
field modification from the RSE Work Plan by adjusting the size of the 900 ft2 area smaller at four 
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 area in comparison to the actual area 
covered for the study, as shown by the extent of the gamma measurements within each area. 

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

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

3.3.1.4 Secular Equilibrium 

The Gamma Correlation Study soil/sediment samples (refer to Section 3.3.1.3) were also 
analyzed for thorium-230 (Th-230), in accordance with the RSE Work Plan, Section 3.4.1. The 
activities of Th-230 and Ra-226 can be compared to evaluate the status of secular equilibrium 
within the U-238 decay series (USEPA, 2007b). The U-238 decay series is in secular equilibrium 
when the radioactivity of a parent radionuclide (e.g., U-238) is equal to its decay products (refer 
to Appendix A). If the U-238 decay series is out of secular equilibrium, the quantities of the 
daughter products become depleted. This could be considered for potential site assessments 
(e.g., when evaluating the contribution of the daughter products to the total risk related to U-238 
during a human health and/or ecological risk assessment). As part of the RSE, the secular 
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 
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 
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subsurface samples where sample depths were greater than 0.5 ft bgs. Samples collected in 
drainages were classified as sediment samples. 

In October and November 2016, samples were collected from the locations shown in Figure 3-6a 
and are summarized in Table 3-1. Sample locations and the locations of mining-related features 
are shown in Figure 3-6b. The numbers of surface samples collected within specific mine features 
are listed in Table 3-2. Twenty-one surface soil/sediment grab samples were collected from  
21 locations in the Survey 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. 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 Sampling 

Site Characterization activities included subsurface soil 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). The usefulness of a composite sample may be limited when the sample is 
collected over an interval with varying soil or rock types or is excessively long (e.g., greater than 
5 ft), which tends to dilute the constituent concentrations or sample heterogeneity. 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-  rotary sonic drilling rig 
(refer to Appendix C.2). Field personnel advanced the hand auger boreholes to the desired 
sample depth manually, and the sonic drilling rig advanced the boreholes to the desired sample 
depth. The sonic drilling rig was equipped with a 4-inch diameter sonic core barrel that used 
cutting rotation and vibration to advance the boreholes. The sonic drilling method is ideal for use 
in rocky soils to obtain continuous samples in materials that are difficult to sample using other 
drilling methods (ASTM, 2016). It recovers a continuous and relatively undisturbed core sample 

inch diameter hand auger or a Geoprobe™ 8140LC 
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for review and analysis that is representative of the lithological column at that borehole location 
(refer to Appendix C.2). 

Thirteen boreholes were advanced in the Survey Area. Hand auger boreholes were advanced 
through unconsolidated deposits until refusal on bedrock or the borehole termination reason 
was unknown for borehole locations S239-SCX-005, -SCX-006, and -SCX-008 (field personnel 
neglected recording a reason for termination). Sonic boreholes were advanced until competent 
bedrock was observed. Borehole depths ranged from 0.5 ft to 9 ft bgs, and the depth of 
unconsolidated deposits to bedrock in boreholes ranged from 0.08 ft to 4ft bgs. The boreholes 
were advanced through silty sand, poorly graded sand, well graded sand, conglomerate, 
mudstone, weathered sandstone, and sandstone (refer to Appendix C.2 for borehole logs).  

In October and November 2016, samples were collected from the locations shown in Figure 3-6a 
and are summarized in Table 3-1. Sample locations and the locations of mining-related features 
are shown in Figure 3-6b. The numbers of subsurface samples collected within specific mine 
features are listed in Table 3-2. Twenty-three subsurface samples (11 soil, six soil/bedrock, and six 
bedrock) were collected from 12 borehole locations in the Survey Area. Multiple samples were 
collected from many of the boreholes. At six of the borehole locations (S239-SCX-0007, -SCX-010, 
-SCX-014, -SCX-018, -SCX-019, and -SCX-020) only static gamma measurements were collected. 
Soil samples were not collected from every borehole location, per the RSE Work Plan, where 
samples were not required or intended to be collected at every subsurface borehole location. In 
some cases, field personnel made professional judgements about where samples should be 
collected based on multiple observations including: geologic materials, gamma count rates, 
and distance from other boreholes. Bedrock was at 1.0 ft bgs or less in four of the boreholes 
(S239-SCX-007, -SCX-014, -SCX-018, and -SCX-020). Borehole S239-SCX-010 was in close proximity 
to -SCX-005 and -SCX-009 and provided confirmation of the depth to bedrock in that area as 
well as subsurface static gamma measurements. S239-SCX-020 was placed in an area of the Site 
where the surface appeared undisturbed and the borehole provided confirmation of the depth 
to bedrock in that area. Field observations (e.g., depth to bedrock, etc.) from boreholes where 
samples were not collected, were used in Section 4.0 to evaluate the physical conditions of the 
subsurface.  

The northern reclamation area is slightly mounded, and the high point of the mound was 
targeted for subsurface sampling to determine the maximum depth of unconsolidated material 
in the reclamation area. Two subsurface boreholes were advanced in the mounded area,  
S239-SCX-012 and S239-SCX-021 to a maximum depth of 9.0 ft bgs. Unconsolidated material was 
observed from the ground surface to 2.5 ft bgs in S239-SCX-012 and from the ground surface to 
4.0 ft bgs at S239-SCX-021. After the subsurface sampling activities were completed at the Site 
and upon further review of the historical reclamation drawings, it was realized that a subsurface 
sample location was not advanced in the middle of the historical pit as it is shown on the 
drawing in Figure 2-2. This is identified as a potential data gap in Section 4.8.  

Two cross-sections for the Site were produced using the subsurface borehole information, as 
shown in Figures 2-8a and 2-8b (refer to Section 2.2.2.2). The cross-sections show the extent and 
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orientation of the consolidated and unconsolidated deposits in relation to the historical pit 
reclamation area (refer to Section 2.1.4 and 2.2.7). Observations made by field personnel during 
drilling activities document that the historical pit is constrained on the east side by bedrock. The 
boreholes located closest to the cross-section lines were used to generate the cross-section 
figures and all boreholes were used to determine the average unconsolidated material depth to 
assist with projecting depth to bedrock in relation to the cross-sections.   

Cross-section A- -8a) is oriented roughly north-south. Lithological descriptions 
from five sonic boreholes and three hand auger boreholes (refer to Appendix C.2), in 
conjunction with surface geology observations made by field personnel, were used to model 
the north-south extent of unconsolidated material and subsurface geology in the historical pit. 
The average depth to bedrock along cross-section A-
observed in the area west of the historical pit (4.0 ft bgs). 

Cross-section B- -8b) is oriented roughly west-east. Lithological descriptions 
from two sonic boreholes (refer to Appendix C.2) in conjunction with surface geology 
observations made by field personnel, were used to model the west-east extent of 
unconsolidated material and subsurface geology in the historical pit.  

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. 

3.3.3 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) 

A' (refer to Figure 2 

A' is 2.8 ft bgs with a slight increase 

B' (refer to Figure 2 
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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 higher levels of naturally occurring uranium ore. The areas 
containing NORM and/or TENORM are presented in Section 4.6. The volume of TENORM is 
presented in Section 4.7. The areas containing NORM and/or TENORM, along with additional 
findings of the RSE report, are identified to support future Removal or Remedial Action 
evaluations at the Site. 

3.4 DATA MANAGEMENT AND DATA QUALITY ASSESSMENT 

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

3.4.1 Data Management 

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

 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 

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 DQOs. 
Data quality refers to the level of reliability associated with a particular data set or data point. 
The Data Usability Report included in Appendix F.1 provides a summary of the data quality 
assessment activities and qualified data for the RSE. A summary of findings, from the data quality 
assessment, are included below.  

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

• 

completion of each field investigation phase. Custom data queries and "crosswalk" export 

• 

• 

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

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

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

Based on the results of the data validation, all data are considered valid as qualified.
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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 and sample locations in 
BG-3 are shown in Figure 4-1. Analytical results of the samples collected from BG-3 and the 
background subsurface location (S239-SCX-002) are summarized in Table 4-1. The gamma 
measurements and surface soil sample analytical results collected from BG-3 were evaluated 
statistically to calculate ILs (refer to Appendix D.2). 

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

The DQOs presented in the RSE Work Plan indicate that the ILs would be developed using the  
95 percent UCL on the mean of the background sample results. However, the 95-95 UTL was 
used as the basis for the ILs instead because it better reflects the natural variability in the 
background data and lends itself to single-point comparisons to the Survey Area data. This was 
a change from the RSE Work Plan, as agreed upon with the Agencies, prior to the change. The 
UTL represents a 95 percent UCL for the 95th 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 

ProUCL 
5.1 Technical Guidance, Sections 3.4 and 5.3.3 (USEPA, 2015). Appendix D.2 presents a 
comprehensive discussion on the derivation of the ILs for the Site, which are presented below. 
The RSE Work Plan also stated that gamma radiation measurements from the background 
surface and subsurface soil would be combined to develop the IL for surface gamma radiation 
at the Site. However, the surface gamma radiation ILs were instead developed from the surface 
gamma survey data only. The Agencies have commented that this should be noted as a 
deviation from the RSE Work Plan. The subsurface static gamma measurements were excluded 
from the derivation of the surface gamma IL for two reasons: (1) they were collected using a 
different method (static one-minute measurements versus a walkover gamma survey); and  
(2) because of the downhole geometric effects that influence subsurface static gamma 
measurements (refer to the discussion of geometric effects below).  

are from a sample of the population . UTLs were calculated in accordance with USEPA 's 
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The ILs for the Site are:  

 Arsenic 17.8 milligrams per kilogram (mg/kg) 

 Molybdenum 1.45 mg/kg

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

 Uranium 2.23 mg/kg 

 Vanadium 14.0 mg/kg 

 Ra-226 2.47 pCi/g 

 Surface gamma measurements 9,975 cpm 

It is important to note that comparisons to the IL (i.e., 1.5 times the IL) are provided for context, 
and evaluations of: (1) areas of the Site; (2) samples or; (3) TENORM that exceed the ILs, which 
are based on the statistically derived IL values.  

In addition to the surface gamma survey performed in BG-3, subsurface static gamma 
measurements were collected in the background reference area borehole S239-SCX-002. These 
measurements were used to establish a subsurface static gamma screening level for the Survey 
Area. Where possible, the selected subsurface static gamma screening level value met the 
following criteria: (1) it was the lowest value measured at or below 1 ft bgs and (2) it was not 
directly measured on bedrock. The subsurface static gamma screening level from S239-SCX-002 
provides a comparison and assessment tool for the Survey Area and is included as an IL for the 
Site.  

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

Subsurface static gamma measurements from S239-SCX-002 are summarized in Table 4-2 and in 
Appendix C.2. Three subsurface static gamma measurements were evaluated to identify the 
subsurface static gamma IL for the Survey Area. Measurements of 10,298 cpm, 13,051 cpm, and 
15,408 cpm were collected from the background reference area borehole S239-SCX-002, at 
down-hole depths of 0.5, 1.0, and 1.5 ft bgs, respectively. The value measured at 0.5 ft bgs 
(10,298 cpm) was selected as the subsurface static gamma IL for the Survey Area A instead of 
one of the values collected at depths of 1.0 ft or 1.5 ft bgs because unconsolidated material 
from 1.0 to 1.5 ft bgs contained decomposed bedrock and at 1.5 ft bgs sandstone bedrock was 
encountered (refer to S239-SCX-002 borehole log in Appendix C.2). It should be noted that while 

• 

• 

• 

• 

• 

• 

• 
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location S239-SCX-002 is within an area identified as exceeding the surface gamma IL  
(refer to Section 4.2.1), it is still appropriate for use as a background location because the area is 
assumed to contain NORM and be representative of background conditions at the Site. It is 
expected that some background areas would include IL exceedances because those ILs are 
based on the UTL and not the maximum value. 

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 at 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. 
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 to 
support that conclusion. 

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

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

4.2.1 Site Gamma Radiation Results 

4.2.1.1 Surface Gamma Survey 

Results of the Site surface gamma survey are shown in Figure 4-1 where the calculated surface 
gamma ILs for BG-3 were used to set bin ranges with color coding to illustrate the spatial extent 
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and patterns of surface gamma measurements within the entire Survey Area. The bin ranges 
were based on the minimum site gamma measurement, the BG-3 IL, and the maximum site 
gamma measurement. The maximum survey measurement was 163,071 cpm, which was greater 
than 16 times the IL of 9,975 cpm and was measured on the north/south trending potential haul 
road along the western claim boundary and nearly coincident with the S239-SCX-005 borehole 
refer to Figures 3-6b and 4-1).  

The spatial distribution of surface gamma measurements and IL exceedances are shown in 
Figure 4-1. Surface gamma measurements within the Survey Area were greatest along a north-
south trending linear pattern. Within the claim boundary, the elevated gamma measurements 
were coincident with the northern reclaimed area. The northern reclaimed area is also inclusive 
of the historical pit, which was mined because it is in an area of concentrated mineralized 
bedrock having naturally elevated uranium concentrations. Outside the claim boundary the 
elevated surface gamma measurements were coincident with undisturbed mineralized bedrock 
outcrops (refer to Figure 2-7 [exposed bedrock is labeled TRcs] and 4-1). Gamma measurements 
not associated with the northeast-southwest trending linear pattern were generally less than five 
times the surface gamma measurement IL. 

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

1. The shoulders of the of the potential haul road located outside of the 100-ft buffer were not 
surveyed, but the approximate centerline was, due to miscommunication with the field 
personnel. 

2. A second potential haul road running north of the Site was not surveyed.  

3. The survey was not extended laterally from the potential haul roads and drainages where 
the gamma measurements were greater than the IL due to a miscommunication with the 
field personnel.  

4. The southwest and northeastern extents of the surface gamma survey were extended into 
undisturbed areas (beyond the 100-ft buffer) in an effort to reach gamma measurements 
that were within background levels. However, due to the undisturbed mineralized bedrock 
outcrops in that area, the gamma measurements continued to exceed the background 
levels and field personnel halted the gamma survey.  

4.2.1.2 Subsurface Gamma Survey 

Surface and subsurface static gamma measurements were collected at all but one of the  
19 borehole locations. Only a surface static gamma measurement was collected at  
S239-SCX-0007; refer to Appendix C.2. Surface and subsurface static gamma measurement 
locations are shown in Figure 3-6a. Measurements and corresponding measurement depths are 
provided in Table 4-2 and are shown on the borehole logs in Appendix C.2. Surface and 
subsurface static gamma measurements from the boreholes are presented below by Survey 
Area.  
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Survey Area subsurface static gamma measurements exceeded the subsurface gamma IL of 
10,298 cpm in 18 boreholes, as shown in Table 4-2. In 10 of the 13 boreholes advanced to 
bedrock, the subsurface gamma IL was exceeded down-hole in overlying soils before the IL was 
exceeded in bedrock. In three (S239-SCX-014, -SCX-015, and SCX-020) of the 18 boreholes the 
subsurface gamma IL was not exceeded in the overlying soils but was exceeded across the 
soil/bedrock contact. In boreholes where the subsurface gamma IL was exceeded in either 
soil/bedrock or bedrock, the exceedances were likely due to the mineralized bedrock. The 
highest subsurface static gamma measurement from soil was 289,237 cpm at borehole S239-
SCX-005 (0.75 ft bgs), and the highest static gamma measurement in bedrock was 370,164 cpm 
at borehole S239-SCX-009 (3.0 ft bgs). The subsurface gamma IL exceedances in overlying soil 
occur in the same areas as the northern and southern reclaimed areas, shown in Figure 4-1. In 
addition, the cross-sections depicted in Figures 2-8a and 2-8b also show select static gamma 
measurements in relation to the subsurface IL.  

4.2.2 Gamma Correlation Results 

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

Analytical results of the correlation samples, which were used to develop the correlation 
equation, are presented in Table 4-3. The mean value of the gamma survey results from the 
correlation plots, with their corresponding Ra-226 concentrations and a graph showing the linear 
regression line and adjusted 2) value for the correlation, are 
shown in Figure 4-2a. The regression produced an adjusted R2 value of 0.96 which is within the 
acceptance criterion of 0.8 to 1.0 described in the RSE Work Plan and indicates that surface 
gamma results correlate with Ra-226 concentrations in soil. The correlation model may have 
been influenced by the limited number of correlation sample locations. Users of the regression 
equation should be aware of the limitations of the dataset and be cautious when estimating 
radium-226 concentrations. The correlation equation to convert gamma measurements in cpm 
to predicted surface soil Ra-226 concentrations in pCi/g for the Site is: 

Gamma (cpm) = 3,244 x Surface Soil Ra-226 (pCi/g) + 6,865 

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 (7,903 cpm) and greater than the 
maximum (32,624 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 0.3 pCi/g and the concentration associated with the maximum mean gamma 
measurement is 7.9 pCi/g. Therefore, predicted Ra-226 concentrations less than 0.3 pCi/g and 

Pearson's Correlation Coefficient (R 
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greater than 7.9 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 7,903 to  
32,624 cpm. The correlation was focused on the lower range because future Removal or 
Remedial Action decisions are more critical at lower Ra-226 concentrations where the limits of 
remediation may be defined. 

The correlation equation predicted Ra-226 concentrations that were less than zero for gamma 
survey measurements below 6,865 cpm. Negative values for Ra-226 are a function of the linear 
regression equation and are not physically possible. The predicted concentrations are shown in 
Figure 4-2a and the values less than zero are the most prevalent in the eastern portion of the 
Survey Area. 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 -0.8 to 
48.2 pCi/g, with a mean of 1.1 pCi/g, and a standard deviation, of 1.7 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 interpret 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. With the 
exception of seven (out of 23) sample locations, the measured Ra-226 laboratory 
concentrations were within the applicable predicted Ra-226 bin ranges. In four of the seven 
sample locations where the predicted Ra-226 concentration and the Ra-226 laboratory 
concentration measured in the soil/sediment sample did not agree, the predicted 
concentration was lower than the reported laboratory concentration measured in the 
soil/sediment sample. The remaining three sample locations predicted higher Ra-226 
concentrations than the Ra-226 laboratory measurements. Of these seven sample locations, 
only two locations (S239-SCX-003 and -SCX-008) had notable differences between the predicted 
and laboratory Ra-226 concentrations. Both of these samples predicted significantly lower  
Ra-226 concentrations than the soil sample laboratory concentrations and they were located 
along the northeast-southwest trending area of IL exceedances. The differences observed 
between the predicted and actual Ra-226 values are likely 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 
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on the subsequent gamma measurements. However, the correlation may be useful as a 
screening tool as it provides a representative estimate of Ra-226 concentrations across the Site 
similar to the actual results.

The predicted Ra-226 concentrations were also compared to the Ra-226 ILs from each Survey 
Area, as shown in Figure 4-2c. The symbols for surface sample locations and boreholes where  
Ra-226 concentrations in surface soil/sediment samples exceeded the IL are highlighted with 
yellow halos. The predicted Ra-226 concentrations exceeded the Ra-226 ILs for approximately 
20 percent of the Site. In addition, every soil/sediment sample location with a Ra-226 laboratory 
concentration exceeded the Ra-226 IL was within an area where the predicted Ra-226 
concentrations exceeded the IL. 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) model was performed by ERG to relate the 
gamma count rate to multiple soil radionuclides simultaneously. The MLR and results are 
described extensively in Appendix A. ERG identified that the thorium series radionuclides do not 
affect the prediction of concentrations of Ra-226 from gamma survey measurements at the Site.  

4.2.2.1 Secular Equilibrium Results 

The activities of Th-230 and Ra-226 were compared to consider whether the uranium series is in 
secular equilibrium at the Site (refer to Section 3.3.1.4 and Appendix A). A linear regression was 
performed on the dataset (refer to Appendix A Figure 9). The p-value for the regression slope is 
significant (i.e., p < 0.05) and the adjusted R2 meets the study DQO (adjusted R2 > 0.8), 
indicating that Ra-226 and Th-230 exist in equilibrium. Additionally, 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 within outside of the 95% UCL bands of the Th-230/Ra-226 
regression, indicating Ra-226 and Th-230 are in secular equilibrium at the Site (refer to figures in 
Appendix A). This may be a consideration in the future if a human health and/or ecological risk 
assessment is performed. 

4.3 SOIL METALS AND RADIUM-226 ANALYTICAL RESULTS 

A total of 21 surface soil/sediment grab samples (20 soil and 1 sediment) from 21 locations,  
11 subsurface soil grab/composite samples (9 grab and 2 composite) from 9 borehole locations, 
and 12 samples that contained bedrock from 8 borehole locations were collected at the Site 
(refer to Table 3-1). The metals and Ra-226 analytical results for the Survey Area are compared to 
their respective ILs and presented in Tables 4-4. Figure 4-3 presents the spatial patterns, both 
laterally and vertically, of metals and Ra-226 detections and IL exceedances in the soil/sediment 
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and bedrock samples. No subsurface soil samples were collected from the (assumed) deepest 
portion of the historical pit due to an oversight; this has been identified as a data gap in  
Section 4.8. Sediment samples were not collected from the central drainage because gamma 
measurements along the drainage were less than background, the drainage is not a well-
defined channel (i.e., does not contain substantial amounts of alluvial sediments), and ends 
approximately 700 ft from the claim boundary. The drainage at the southern end of the Site was 
not sampled; it was considered to be associated with NORM, including bedrock outcrops and 
material transported downgradient from the mineralized bedrock outcrop west of the Site. 

Ra-226 and metals concentrations exceeded their respective ILs in soil/sediment samples in the 
same northeast-southwest trending linear pattern where elevated surface gamma 
measurements occurred (refer to Section 4.2.1), as shown in Figures 4-1 and 4-3. The maximum 
Ra-226 and metals concentrations were typically detected coincident with the northern 
reclaimed area and adjacent to the southern reclaimed area. The maximum concentrations for 
Ra-226, uranium, arsenic, and vanadium were detected in samples coincident with the northern 
reclaimed area. The maximum concentration of molybdenum was detected west of the claim 
boundary adjacent to the southern reclaimed area. Selenium was detected at one location 
west of the claim boundary adjacent to the southern reclaimed area. 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 the Survey area, are described 
below:  

 Ra-226  The Ra-226 IL (2.47 pCi/g) was exceeded in 15 of 21 surface soil/sediment samples 
and 8 of 11 subsurface soil/sediment samples. Ra-226 concentrations ranged from 0.54 to 
231 pCi/g. The highest concentrations occurred coincident with the northern reclaimed area 
(231 pCi/g at S239-SCX-005), and in soil north of the claim boundary (155 pCi/g at  
S239-SCX-003). In both cases the highest concentrations occurred in the single subsurface 
sample at each location, at depths ranging up to 1.75 feet below ground surface. 
Additionally, Ra-226 was detected in all 12 samples that contained bedrock or boulder 
material at concentrations ranging from 0.51 to 105 pCi/g. 

 Uranium - The uranium IL (2.23 mg/kg) was exceeded in 13 of 21 surface soil/sediment 
samples and 8 of 11 subsurface soil/sediment samples. Uranium concentrations ranged from 
0.8 to 260 mg/kg. The highest concentrations occurred in surface and subsurface samples 
coincident with the northern reclaimed area (up to 260 mg/kg at S239-CX-010 and  
-SCX-005), and in subsurface soil north of the claim boundary (220 mg/kg at S239-SCX-003). 
Where multiple depths were sampled the highest concentrations occurred in subsurface 
samples, at depths ranging up to 1.75 feet below ground surface; however, the highest 
concentration occurred in the surface sample S239-CX-010. Uranium IL exceedances were 
not recorded in the southern reclaimed area. Additionally, uranium was detected in all  
12 samples that contained bedrock or boulder material at concentrations ranging from 1 to  
270 mg/kg.  
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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 15 out of  
32 survey area soil/sediment samples.  

 Arsenic - The arsenic IL (17.8 mg/kg) was exceeded in 2 of 21 surface soil/sediment samples 
and 2 of 11 subsurface soil/sediment samples. Arsenic concentrations ranged from 1.2 to  
53 mg/kg. The exceedances occurred at two locations with the highest concentration 
detected in the subsurface sample coincident with the northern reclaimed area (53 mg/kg 
at S239- SCX-005). Arsenic was also detected above the IL west of the claim boundary 
adjacent to the southern reclaimed area (up to 40 mg/kg) at S239-SCX-008. At both 
locations, arsenic exceeded the IL in both surface and subsurface samples with the 
concentrations increasing with depth at S239-SCX-005 and decreasing with depth at  
S239-SCX-008. Additionally, arsenic was detected in all 12 samples that contained bedrock 
or boulder material at concentrations ranging from 2.2 to 21 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 the survey area. 

 Molybdenum - The molybdenum IL (1.45 mg/kg) was exceeded in 19 of 21 surface 
soil/sediment samples and 10 of 11 subsurface soil/sediment samples. Molybdenum 
concentrations ranged from 0.7 to 18 mg/kg. The highest concentrations occurred in surface 
and subsurface soil west of the claim boundary adjacent to the southern reclaimed area (up 
to 18 mg/kg at S239-SCX-008). Surface soil molybdenum concentrations at S239-SCX-008  
(18 mg/kg) slightly exceeded concentrations in the two subsurface samples (16 mg/kg at 
both depths). Additionally, molybdenum was detected in 11 of 12 samples that contained 
bedrock or boulder material at concentrations ranging from 2.4 to 77 mg/kg.  

As a broader point of reference, a regional study of the Western US documented molybdenum 
concentrations in soil that ranged from less than 3 to 7 mg/kg, with a mean value of 0.85 mg/kg 
(USGS, 1984). Molybdenum concentrations exceeded the maximum regional value in 8 out of  
32 survey area soil/sediment samples. 

 Selenium  Selenium was detected in 1 of 21 surface soil/sediment samples and  
2 of 11 subsurface soil/sediment samples at concentrations ranging from 1.2 to 2.7 mg/kg. 
The surface and subsurface detections all occurred at a single location west of the claim 
boundary adjacent to the southern reclaimed area (S239-SCX-008). The highest 
concentration was detected in the shallower of the two subsurface samples. As noted 
above, a selenium IL was not identified for the survey area because the selenium sample 
results in BG-3 were all non-detect. Additionally, selenium was detected in 1 of the  
12 samples that contained bedrock or boulder material at a concentration of 1.1 mg/kg.  

• 
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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). All selenium concentrations were within the typical range of regional 
values in the soil/sediment samples from the survey area. 

 Vanadium - The vanadium concentrations were greater than or equal to the IL (14 mg/kg) in 
3 of 21 surface soil/sediment samples and 4 of 11 subsurface soil/sediment samples. 
Vanadium concentrations ranged from 3.6 to 62 mg/kg. The highest exceedance occurred 
in the subsurface sample coincident with the northern reclaimed area (62 mg/kg at  
S239- SCX-005). All other detected vanadium concentrations were less than two time the IL. 
Additionally, vanadium was detected in all 12 samples that contained bedrock or boulder 
material at concentrations ranging from 5.9 to 46 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 the survey area.   

4.4 CONSTITUENTS OF POTENTIAL CONCERN 

Based on the results presented in Sections 4.2 and 4.3, arsenic, molybdenum, uranium, 
vanadium, and Ra-226 concentrations and gamma radiation measurements in soil/sediment 
exceeded their respective ILs and are confirmed COPCs for the Site. An IL for selenium was not 
identified because selenium sample results were non-detect in BG-3. However, because 
selenium was detected in soil/sediment samples from the Survey Area, it is also confirmed as a 
COPC for the Site.  

4.5 AREAS THAT EXCEED THE INVESTIGATION LEVELS 

The approximate lateral extent of surface gamma IL exceedances is 20.1 acres, as shown in 
Figure 4-4. 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. 

Of note, subsurface soil/sediment sampling was limited inside the historical pit boundary (refer to 
Section 3.3.2.2); therefore, soil within the historical pit is assumed to exceed Ra-226 and metals 
ILs. This assumption is based on: (1) IL exceedances in soil occur at the two subsurface sample 
locations (S239-SCX-012 and S239-SCX-021) just inside the western boundary of the historical pit; 
and (2) the historical pit reclamation efforts included excavating the waste piles throughout the 
Site, backfilling the historical pit with the excavated waste pile material, covering the historical 
pit with clean material and, re-vegetating the cover.  

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

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

The lateral extent of the IL exceedances (for surface gamma data and in boreholes) shown in 
Figure 4-4 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 the 
majority of the western portion of the site including the northern and southern reclamation areas, 
while predicted Ra-226 IL exceedances covered approximately half of that area with the 
highest predicted concentrations in the northern reclaimed area and southwest of the southern 
reclaimed area. The most noticeable differences were at and around the southern reclaimed 
area and adjacent to the northern reclaimed area where much of the predicted Ra-226 
concentrations fell below the Ra-226 IL.  

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, 7.5 acres out of the 39.2 acres of the Survey Area, were estimated to contain 
TENORM at the Site. This estimate is inclusive of the northern and southern reclaimed areas and 
roads. The area containing TENORM is shown in relation to the lateral extent of IL exceedances in 
Figure 4-6 and in relation to the gamma measurements in Figure 4-7. 

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

 Historical Data Review Conclusions 

o Historical document review indicated that the Site was mined by excavating an open pit 
and generating 5,100 yd3 of waste pile material that was stockpiled into 12 waste piles 
on-site. A total of 577 tons of 0.15 percent U3O8 were shipped from the Site. Reclamation 
efforts included excavating the 12 waste piles, backfilling the historical pit with the 
excavated waste pile material, covering the historical pit with clean material and,  
re-vegetating the cover.  

o Historical aerial photograph review showed graded/disturbed reclaimed areas that were 
associated with historical mining and reclamation that occurred on-site.  
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 Geology/geomorphology 

o Site geology (mineralized bedrock) is conducive to the presence of NORM (e.g., 
uranium), and the Site geomorphology (shallow or outcropping mineralized bedrock) is 
conducive to the presence of NORM near to or at the ground surface. Therefore, it is 
possible for TENORM to be present on the Site if shallow mineralized bedrock was 
excavated (e.g., during historic mining activities).  

o Ephemeral drainages are present that could transport NORM/TENORM, and the surface 
gamma survey indicated that the transport of material that exceeds the surface gamma 
IL occurred in the drainage located southwest of the claim boundary; this drainage flows 
in a southeast direction. The drainages were undeveloped and did not contain 
substantial amounts of alluvium; some reaches contained exposed bedrock.  

 Disturbance Mapping  Stantec field personnel observed the following features: 

o The roads mapped during Site mapping were included as TENORM because it is 
unknown if the roads were used for historical mining/reclamation activities or if they were 
installed after mining/reclamation occurred on-site. The aerial photographs (refer to 
Figure 3-1a) show evidence that the roads were installed sometime between 1967 and 
1997, historical mining (i.e., the open pit) occurred on the Site sometime after 1954, and 
reclamation activities occurred after 1997. In addition, the northeast-southwest trending 
portion of the southern reclaimed area that is related to the water line installation (which 
for the purposes of the RSE was assumed to be installed after mining and reclamation) 
was included as TENORM. While the water line installation area is assumed to not be 
mining related, it is included as TENORM because differentiating that area from the area 
related to historical mining is not practicable.  

o The areas outside of the TENORM boundary that show IL exceedances of gamma 
measurements and metals are coincident with the northeast-southwest linear trending 
undisturbed mineralized bedrock outcrops, as shown in Appendix B photograph number 
3. These areas show no signs of disturbance due to human activity related to mining, and 
there is no historical evidence that mining related activities occurred in these areas; 
therefore, these areas are considered NORM.  

 Site Characterization 

o There is visual evidence documented by both Weston Solutions (2012) and Stantec 
identifying two graded/disturbed reclaimed areas on-site: (1) the northern reclaimed 
area is coincident with the historical pit and surrounding waste piles; and (2) the southern 
reclaimed area is coincident with the southern historical waste pile and underground 
water line (which for the purposes of the RSE was assumed to be installed after mining). 
The northern reclaimed area covers approximately 3.6 acres and the southern reclaimed 
area covers approximately 1.1 acres. 

o NAML and Stantec visited the Site in March 2017. 
understanding of the Site, that a historical pit and waste piles were present on Site. These 

• 
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features had been reclaimed, and the location of the reclaimed areas had been 
identified. 

o The results of the Site Characterization indicated exceedances of the ILs occur in the 
same areas where historical mining and subsequent reclamation occurred. 

o No waste rock was visible in any of the boreholes that were advanced at this Site, and 
no waste rock is visible at the ground surface. However, boreholes were not advanced in 
the deepest portion of the historical pit, which may contain waste rock; this has been 
identified as a data gap in Section 4.8. 

o Despite its proximity to the road and exceedances of Ra-226 and metals ILs, there was no 
visual or historical evidence that waste material was present at S239-SCX-003 and the 
surrounding area. There are surface gamma IL exceedances extending to at least  
100 feet from either side of the road that are considered to be NORM. Additionally, there 
is no evidence of ground surface disturbance or mining activities. Because of this 
information, it was determined that the elevated Ra-226 and metals were not from 
mining-related activities along the potential haul road. Therefore, the location around 
S239-SCX-003 is considered NORM. 

o S239-SCX-008 is located west of the mine claim and in an area with contiguous gamma 
survey IL exceedances. However, there is no visual or historical evidence of mining-
related impacts in this area. This area of gamma survey IL exceedances also extends 
more than 250 feet from the claim boundary and likely up to the cliff face located west 
of the Site. During site reconnaissance, field personnel measured gamma radiation 
values up to 320,000 cpm in bedrock on the cliff face. Based on this information, this 
area, including S239-SCX-008, has been identified as NORM. 

o COPC concentrations in the area that contains TENORM that exceeds the ILs are 
generally similar to the COPC concentrations in areas of NORM located outside the 
TENORM boundary. 

o In samples collected outside the areas of TENORM, soil/sediment sample arsenic, 
selenium and vanadium results were all within the regional background concentrations. 
Molybdenum and uranium results were generally within the regional background 
concentrations. Uranium was above the regional concentrations in both S2239-SCX-003 
and -SCX-008, and molybdenum was above in -SCX-008.  

o It is important to consider that with the exception of two locations, the subsurface static 
gamma IL was not used as the only evidence to delineate the vertical extent of TENORM 
that exceeded the IL at the Site. Samples were not collected in boreholes S239-SCX-010 
and -SCX-018 because the boreholes were drilled to provide confirmation of the depth 
to bedrock. Both boreholes were located in areas where visible ground disturbance was 
present and -SCX-010 was near boreholes where Ra-226, metals, and subsurface static 
gamma measurements exceeded their respective ILs. 

The area of the Site considered to contain TENORM (i.e., multiple lines of evidence indicated the 
presence of mining-related impacts) was 7.5 acres, as shown on Figure 4-8a. Portions of the 
TENORM exceeded one or more IL, where approximately 5.9 acres contained TENORM that 
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exceeded the surface gamma IL and all sample locations where TENORM exceeded the ILs. 
TENORM that exceeded the ILs in the Survey Area is shown on Figure 4-8a and is compared to 
mining-related features in Figure 4-8b.

4.7 TENORM VOLUME ESTIMATE 

The volume estimate of TENORM that exceeded one or more ILs is approximately 13,950 yd3, as 
shown in Figure 4-9. The volumes and areas of TENORM associated with specific mine features is 
listed in Table 3-2. This estimate was calculated using ESRI ArcGIS Desktop 10.3.1 Spatial Analyst 
Extension cut/fill tool (ESRI, 2017) utilizing the USGS (2017c) 10 m National Elevation Dataset 
coupled with hand-derived contours based on field personnel observations, depth to bedrock in 
boreholes, gamma measurements, sample analytical data, and historical documentation. Field 
observations included observations of disturbance, changes in vegetation, 
estimating/projecting the slope of underlying bedrock, and estimating the shape and 
topography of waste material and/or soil deposits.  

TENORM exceeding the ILs at the Site was split into groups based on the depth or type of 
material to aid in analysis and describing the basis of the volumes. The locations, volume, and 
areas of these groups are shown in Figure 4-9. The assumptions that were used to calculate the 
volume of TENORM with IL exceedances 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. 

 The volume estimate takes into account that not all of the area that contains TENORM that 
exceeds ILs is uniformly distributed, as some areas include soils less than one foot deep or no 
soil, where bedrock is exposed. 

Group Assumptions 

 Group 1 (8,419 yd3) - The depth of the historical pit was contoured from 1.0 to 4.0 ft bgs 
based on: (1) subsurface sampling results showed that the depth to bedrock west of the 
historical pit was approximately 4.0 ft bgs (refer to Figure 4-5, S239-SCX-012 and SCX-021); 
and (2) bedrock is exposed at the ground surface along the eastern border of the historical 
pit. However, the NAML (2001) bid document reported that the historical pit was 10.0 ft 
deep. Taking this depth into consideration within the area of the historical pit, as a scenario, 
the revised approximate volume of TENORM that exceeds ILs would be 9,9795 yd3, which is 
an additional 1,376 yd3 from the volume estimate using a 4.0 ft pit depth. The volume 
estimate using a 10.0 ft pit depth was calculated using the same methods as described 
above. TENORM that exceeds ILs around subsurface location S239-SCX-017, located in the
southern reclamation area, was interpreted to cover a small area to a depth of 3.0 ft bgs. 

 Group 2 (5,531 yd3) - TENORM was assumed to extend to 1.0 ft bgs in areas where surface IL 
gamma measurements were exceeded, but there were no IL exceedances in the 
subsurface samples. 
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Historical reclamation planning documents stated that approximately 5,100 yd3 of mine waste 
material was present at the Site. NAML proposed to excavate waste piles throughout the Site, 
place the waste piles in the pit on-site, and cover the historical pit with clean material and 
revegetate the area. Based on RSE activities, approximately 8,419 yd3 of TENORM (including 
cover material) was estimated to be present in the area of the historical pit. The calculated 
volume is similar to what NAML may have placed in the reclaimed area. However, it is important 
to consider that the reclamation documents were planning documents and a final volume from 
reclamation activities was not provided. 

4.8 POTENTIAL DATA GAPS AND SUPPLEMENTAL STUDIES 

4.8.1 Data Gaps 

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

1. After the subsurface sampling activities were completed at the Site and upon further review 
of the historical reclamation drawings, it was realized that two subsurface sample locations 
were advanced on the western edge of the historical pit and a subsurface sample location 
was not advanced in the middle of the historical pit as it is shown on the drawing in  
Figures 2-2 and 4-5. Subsurface soil samples in the center of the pit may be warranted for 
future studies. However, an important consideration is that sufficient data exist to determine 
the depth of TENORM in the area of the historical pit based on: (1) historical documentation 
that the depth of the historical pit was 10.0 ft; (2) subsurface sampling results showing that 
the depth to bedrock along the western side of historical pit was approximately  
4.0 ft bgs; and (3) exposed bedrock at the ground surface along the eastern border of the 
historical pit. This data gap may need to be taken into consideration for support of future 
Removal or Remedial Action evaluations at the Site.  

2. A second potential haul road running north of the Site was not surveyed.  

3. The shoulders of the potential haul road located outside of the 100-ft buffer were not 
surveyed due to miscommunication with the field personnel.

4. The survey was not extended laterally from the potential haul roads and drainages where 
the gamma measurements were greater than the IL.  

5. The southwest and northeastern extents of the surface gamma survey were extended into 
undisturbed areas (beyond the 100-ft buffer) in an effort to reach gamma measurements 
that were within background levels. However, due to the undisturbed mineralized bedrock 
outcrops in that area, the gamma measurements continued to exceed the background 
levels and field personnel halted the gamma survey.  

6. Subsurface soil/sediment samples were not collected within the western waste pile or the 
drainages at the Site. 
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4.8.2 Supplemental Studies 

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

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

This report details the purpose and objectives, field investigation activities, findings, and 
conclusions of the Site Clearance and RSE activities conducted for the Site between July 2015 
and September 2017. The Site is known as the Harvey Blackwater No.3 site and is also identified 
by the USEPA as AUM identification #239 in the 2007 AUM Atlas.  

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

Mining on-site occurred from 1954 to 1955 and historical mine workings on-site consisted of a 
shallow open pit. Total ore production from the Site was 577.08 tons (approximately  
1,154,160 pounds) of ore that contained 1,794.40 pounds of 0.15 percent U3O8 and  
514.14 pounds of 0.04 percent V2O5. Mining at the Site ended in 1955. 

In 2001, NAML issued an invitation for bids for the reclamation of 24 AUMs, referred to as the 
Monument Valley 4 Project. The Site was included in the Monument Valley 4 Project bid 
document. After December 31, 2002, NAML submitted a reclamation program closeout report 
for the Monument Valley 4 Project. The closeout report stated that the Monument Valley 4 
Project was complete. The closeout report provided reclamation activity accomplishments by 
project and not by AUM; therefore, the Trust could not verify that the proposed reclamation 
activities listed above were done at the Trust Site specifically. However, the 2007 AUM Atlas lists 
the Site as reclaimed by NAML. 

Four potential background reference areas were considered. One of the five potential 
background reference areas (BG-3) was selected to develop surface gamma, Ra-226, and 

Agencies' request 
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metals ILs for the Survey Area at the Site. Borehole S239-SCX-002 was used to identify the 
subsurface static gamma IL for the Survey Area.  

Arsenic, molybdenum, uranium, vanadium, and Ra-226 concentrations and gamma radiation 
measurements in soil/sediment exceeded their respective ILs and are confirmed COPCs for the 
Site. An IL for selenium was not identified because selenium sample results were non-detect in 
BG-3. However, because selenium was detected in soil/sediment samples from the Survey Area, 
it is also confirmed as a COPC for the Site. 

Surface gamma measurements and Ra-226 and metals concentrations were generally highest 
along the northeast-southwest trending linear pattern at the Site. The maximum survey 
measurement was 163,071 cpm, which was greater than 16 times the IL of 9,975 cpm, and was 
measured on the north/south trending potential haul road along the western claim boundary. 
The maximum concentrations for Ra-226, uranium, arsenic, and vanadium were detected in 
samples coincident with the northern reclaimed area.  

Results of the gamma correlation study indicated that surface gamma survey results correlate 
with Ra-226 concentrations in soil. Therefore, gamma surveys could be used during Site 
assessments as a field screening tool to estimate Ra-226 concentrations in soil. Additional 
correlation studies may be needed to refine the relationship between gamma and Ra-226. 

Based on the data analysis performed for this RSE report along with the multiple lines of 
evidence, approximately 7.5 acres out of the 39.2 acres of the Survey Area were estimated to 
contain TENORM. This estimate is inclusive of areas in the northern and southern reclaimed areas 
and roads. The areas outside of the TENORM boundary that also contained elevated 
radiological materials and show no signs of disturbance related to mining are considered NORM. 
Of the 7.5 acres that contain TENORM, 5.9 acres contain TENORM exceeding the surface 
gamma ILs and TENORM that exceeded the ILs at all soil/sediment sample locations. The volume 
of TENORM in excess of ILs was estimated to be: (1) 13,950 yd3 (10,666 cubic meters) when taking 
into consideration the depth of the historical pit contoured from 1.0 to 4.0 ft bgs; and  
(2) 15,326 yd3 (11,718 cubic meters) when taking into consideration the depth of the historical pit 
contoured from 1.0 to 10.0 ft bgs. It should be noted that the COPC measurements and 
concentrations in the area that contains TENORM that exceeded the ILs are generally higher 
than the COPC measurements and concentrations in the area of NORM located outside the 
TENORM boundary. 

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

The Harvey Blackwater 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
Blackwater RSE were $587,408 associated with interim actions (sign installation) 
were $4,000. In addition, Administrative costs provided by the Trust were estimated currently at 
$191,50011,12. Administrative costs will change due to continued community outreach and close 
out activities. 

                   
11 This cost is based on an approved budget of May 8, 2018; Administrative work, including community 
communications, are not yet complete.  
12 Administrative costs were averaged across all Sites. 

. Stantec's costs associated with the Harvey 
. Stantec's costs 
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Sample Types
Sample Location Sample

Depth (ft 
bgs)

Sample
Media

Sample
Category

Sample Collection 
Method

Survey Area Sample
Date

Easting ¹ Northing ¹ Metals, Total Ra-226 Thorium

Background Reference Area Study - S239-SCX-002
S239-SCX-002 0 - 0.5 soil SF grab NA 10/28/2016 603358.94 4095696.13 N N --
S239-SCX-002 0.5 - 1.5 soil SB grab NA 10/28/2016 603358.94 4095696.13 N N --

Background Reference Area Study - Background Area 3
S239-BG3-001 0 - 0.5 soil SF grab NA 3/18/2017 603398.09 4095862.91 N N --
S239-BG3-002 0 - 0.5 soil SF grab NA 3/18/2017 603395.61 4095863.37 N;MS;MSD N --
S239-BG3-003 0 - 0.5 soil SF grab NA 3/18/2017 603394.80 4095866.00 N;FD N;FD --
S239-BG3-004 0 - 0.5 soil SF grab NA 3/18/2017 603398.02 4095868.48 N;FD N;FD --
S239-BG3-005 0 - 0.5 soil SF grab NA 3/18/2017 603400.81 4095866.80 N N --
S239-BG3-006 0 - 0.5 soil SF grab NA 3/18/2017 603400.68 4095863.97 N N --
S239-BG3-007 0 - 0.5 soil SF grab NA 3/18/2017 603396.19 4095871.03 N;FD N;FD --
S239-BG3-008 0 - 0.5 soil SF grab NA 3/18/2017 603399.84 4095872.47 N N --
S239-BG3-009 0 - 0.5 soil SF grab NA 3/18/2017 603402.45 4095871.75 N N --
S239-BG3-010 0 - 0.5 soil SF grab NA 3/18/2017 603402.91 4095868.85 N N --
S239-BG3-011 0 - 0.3 soil SF grab NA 3/18/2017 603400.99 4095866.14 N N --

Correlation
S239-C01-001 0 - 0.5 soil SF 5-point composite NA 10/27/2016 603153.86 4095268.16 -- N N
S239-C02-001 0 - 0.5 sediment SF 5-point composite NA 10/27/2016 603500.44 4095468.39 -- N N
S239-C03-001 0 - 0.5 soil SF 5-point composite NA 10/27/2016 603239.97 4095590.10 -- N N
S239-C04-001 0 - 0.5 soil SF 5-point composite NA 10/27/2016 603218.67 4095544.57 -- N N
S239-C05-001 0 - 0.5 soil SF 5-point composite NA 10/27/2016 603223.86 4095574.57 -- N N

Characterization
S239-CX-001 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603164.69 4095363.96 N N --
S239-CX-002 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603161.55 4095269.57 N N --
S239-CX-003 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603141.91 4095221.77 N N --
S239-CX-004 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603256.43 4095321.66 N N --
S239-CX-005 0 - 0.5 sediment SF grab Site Survey Area 10/27/2016 603495.42 4095469.24 N N --
S239-CX-006 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603262.25 4095627.76 N N --
S239-CX-007 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603238.93 4095591.37 N N --
S239-CX-008 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603258.15 4095543.67 N;FD;MS;MSD N;FD --
S239-CX-009 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603211.86 4095542.71 N N --
S239-CX-010 0 - 0.5 soil SF grab Site Survey Area 10/27/2016 603186.92 4095497.37 N N --
S239-SCX-003 0 - 0.5 soil SF grab Site Survey Area 10/28/2016 603267.51 4095640.54 N N --
S239-SCX-003 0.5 - 1.75 soil SB composite Site Survey Area 10/28/2016 603267.51 4095640.54 N N --
S239-SCX-004 0 - 0.5 soil SF grab Site Survey Area 10/28/2016 603311.04 4095528.57 N N --
S239-SCX-005 0 - 0.5 soil SF grab Site Survey Area 10/28/2016 603191.70 4095474.06 N N --
S239-SCX-005 0.5 - 0.75 soil SB grab Site Survey Area 10/28/2016 603191.70 4095474.06 N N --
S239-SCX-006 0 - 0.5 soil SF grab Site Survey Area 10/28/2016 603232.20 4095436.06 N N --
S239-SCX-006 0.5 - 1.1 soil SB grab Site Survey Area 10/28/2016 603232.20 4095436.06 N N --
S239-SCX-006 1.1 - 1.75 soil SB grab Site Survey Area 10/28/2016 603232.20 4095436.06 N N --
S239-SCX-008 0 - 0.5 soil SF grab Site Survey Area 10/28/2016 603131.03 4095259.91 N N --
S239-SCX-008 0.5 - 1.1 soil SB grab Site Survey Area 10/28/2016 603131.03 4095259.91 N N --
S239-SCX-008 1.1 - 1.6 soil SB grab Site Survey Area 10/28/2016 603131.03 4095259.91 N N --
S239-SCX-009 0 - 0.5 soil SF grab Site Survey Area 11/14/2016 603189.77 4095498.40 N;FD N;FD --
S239-SCX-009 0.5 - 1.5 soil SB grab Site Survey Area 11/14/2016 603189.77 4095498.40 N N --
S239-SCX-009 2.5 - 3 bedrock SB grab Site Survey Area 11/14/2016 603189.77 4095498.40 N N --
S239-SCX-011 0 - 0.5 soil SF grab Site Survey Area 11/14/2016 603221.08 4095484.04 N N --
S239-SCX-011 0.5 - 4 soil/bedrock SB composite Site Survey Area 11/14/2016 603221.08 4095484.04 N N --
S239-SCX-012 0 - 0.5 soil SF grab Site Survey Area 11/14/2016 603226.15 4095532.40 N N --
S239-SCX-012 0.5 - 3.5 soil/bedrock SB composite Site Survey Area 11/14/2016 603226.15 4095532.40 N N --
S239-SCX-012 1 - 2 soil SB grab Site Survey Area 11/14/2016 603226.15 4095532.40 N N --
S239-SCX-013 0 - 0.5 soil SF grab Site Survey Area 11/14/2016 603230.17 4095564.45 N N --
S239-SCX-013 0.5 - 4 soil/bedrock SB composite Site Survey Area 11/14/2016 603230.17 4095564.45 N N --
S239-SCX-013 1 - 2 soil SB grab Site Survey Area 11/14/2016 603230.17 4095564.45 N N --
S239-SCX-013 4 - 4.5 bedrock SB grab Site Survey Area 11/14/2016 603230.17 4095564.45 N N --
S239-SCX-015 0 - 0.9 soil SB grab Site Survey Area 11/15/2016 603190.95 4095591.68 N;FD N;FD --
S239-SCX-015 0.9 - 2 soil/bedrock SB composite Site Survey Area 11/15/2016 603190.95 4095591.68 N N --
S239-SCX-016 0 - 1.7 soil SB composite Site Survey Area 11/15/2016 603232.85 4095439.38 N;MS;MSD N --
S239-SCX-016 1.7 - 2.5 bedrock SB grab Site Survey Area 11/15/2016 603232.85 4095439.38 N N --
S239-SCX-017 0 - 0.5 soil SF grab Site Survey Area 11/15/2016 603230.73 4095301.31 N;MS;MSD N --
S239-SCX-017 0.5 - 3.5 soil/bedrock SB composite Site Survey Area 11/15/2016 603230.73 4095301.31 N N --
S239-SCX-017 3 - 3.5 bedrock SB grab Site Survey Area 11/15/2016 603230.73 4095301.31 N N --
S239-SCX-021 0 - 0.5 soil SF grab Site Survey Area 11/15/2016 603236.65 4095537.31 N;FD N;FD --
S239-SCX-021 1 - 8 soil/bedrock SB composite Site Survey Area 11/15/2016 603236.65 4095537.31 N N --
S239-SCX-021 6.5 - 7 bedrock SB grab Site Survey Area 11/15/2016 603236.65 4095537.31 N N --
S239-SCX-021 8 - 9 bedrock SB grab Site Survey Area 11/15/2016 603236.65 4095537.31 N N --

Notes
-- Not Sampled
N Normal 
FD Field Duplicate
MS Matrix Spike
MSD Matrix Spike Duplicate
NA Not Applicable
Ra-226 Radium 226
SB Subsurface Sample
SF Surface Sample
ft bgs Feet below ground surface
1 Coordinate System: NAD 1983 UTM Zone 12N
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Mine Feature Samples and Area
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Mine Feature Surface Samples Subsurface 
Samples Area (sq. ft)

Volume of TENORM 
exceeding ILs (yd3)

Graded / Disturbed 
Reclaimed Area 
(North)

8 9 157,728 9,872

Historical Pit 3 5 15,567 2,106

Graded / Disturbed 
Reclaimed Area 
(South)

2 2 48,260 1,706

Waste Pile (west) 0 0 573 21

Waste Pile (east) 1 2 1,781 198

Potential Haul Roads 3 1 * ***

Drainages 1 0 ** ***

Notes

sq.ft - square feet

yd3 - cubic yards

ILs - investigation levels

TENORM - technologically enhanced naturally occurring radioactive material 

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

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

*** Discrete TENORM volume was not calculated for this feature
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Background Reference Area Soil Sample Analytical Results
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Location Identification S239-BG3-001 S239-BG3-002 S239-BG3-003 S239-BG3-003 Dup S239-BG3-004 S239-BG3-004 Dup S239-BG3-005 S239-BG3-006 S239-BG3-007
Date Collected 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017

Depth (feet) 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
Analyte (Units)

Metals ¹ (mg/kg)
Arsenic 3.1 11 1.4 1.3 2.9 2.9 2.6 2.5 4.2
Molybdenum 0.52 1.2 0.32 0.29 0.52 0.58 0.5 0.53 0.59
Selenium <0.89 <0.94 <0.88 <0.73 <0.82 <0.85 <0.79 <0.85 <0.83 
Uranium 0.92 0.83 0.63 0.67 0.8 0.79 2.1 0.8 1.1
Vanadium 5.6 5.8 5.1 4.6 8.5 8.6 5.2 7.4 9.4

Radionuclides (pCi/g)
Radium-226 1.38 ± 0.26 0.96 ± 0.27 0.99 ± 0.23 0.75 ± 0.19 1.8 ± 0.34 1.65 ± 0.32 0.78 ± 0.23 1.24 ± 0.25 2.05 ± 0.37 

Notes
Bold Bolded result indicates positively identified compound
mg/kg milligrams per kilogram
pCi/g picocuries per gram
J- Data are estimated and are potentially biased low due to associated quality control data
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

() Stantec 
N1AV/\JO 

ATION 



Table 4-1
Background Reference Area Soil Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final
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Location Identification S239-BG3-007 Dup S239-BG3-008 S239-BG3-009 S239-BG3-010 S239-BG3-011 S239-SCX-002 S239-SCX-002
Date Collected 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 10/28/2016 10/28/2016

Depth (feet) 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.3 0 - 0.5 0.5 - 1.5
Analyte (Units)

Metals ¹ (mg/kg)
Arsenic 5.8 3.1 8.4 2 3 1.8 8
Molybdenum 1.1 0.43 0.7 0.57 0.93 0.62 0.63
Selenium <1 <0.76 <0.83 <0.89 <0.84 <1 <0.99 
Uranium 1 0.88 1.2 0.7 0.77 1.3 2
Vanadium 10 5.5 13 4.8 5.4 5.8 12

Radionuclides (pCi/g)
Radium-226 2.4 ± 0.38 1.6 ± 0.29 1.57 ± 0.29 0.91 ± 0.24 0.93 ± 0.22 1.02 ± 0.22 J- 2.3 ± 0.37 J-

Notes
Bold Bolded result indicates positively identified compound
mg/kg milligrams per kilogram
pCi/g picocuries per gram
J- Data are estimated and are potentially biased low due to associated quality control data
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
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Table 4-2
Static Gamma Measurement Summary

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 2

Sample Location Survey Area

Subsurface Static 
Gamma 

Investigation 
Level (cpm)

Sample Depth 
(ft bgs) Media Static Gamma Measurement 

(cpm)

S239-SCX-002 Background Reference Area * 0 soil 9,020
S239-SCX-002 Background Reference Area * 0.5 soil 10,298
S239-SCX-002 Background Reference Area * 1.0 soil 13,051
S239-SCX-002 Background Reference Area * 1.5 soil 15,408**

S239-SCX-003 Site Survey Area -- 0 soil 19,042
S239-SCX-003 Site Survey Area 10,298 0.5 soil 150,578
S239-SCX-003 Site Survey Area 10,298 1.0 soil 223,378
S239-SCX-003 Site Survey Area 10,298 1.5 soil 229,043

S239-SCX-004 Site Survey Area -- 0 soil 13,469
S239-SCX-004 Site Survey Area 10,298 0.5 soil 21,606

S239-SCX-005 Site Survey Area -- 0 soil 100,181
S239-SCX-005 Site Survey Area 10,298 0.5 soil 235,860
S239-SCX-005 Site Survey Area 10,298 0.75 soil 289,237

S239-SCX-006 Site Survey Area -- 0 soil 17,185
S239-SCX-006 Site Survey Area 10,298 0.7 soil 13,618
S239-SCX-006 Site Survey Area 10,298 1.2 soil 12,154
S239-SCX-006 Site Survey Area 10,298 1.75 soil 12,710

S239-SCX-007 Site Survey Area -- 0 soil 11,819

S239-SCX-008 Site Survey Area -- 0 soil 32,391
S239-SCX-008 Site Survey Area 10,298 0.5 soil 72,774
S239-SCX-008 Site Survey Area 10,298 1.0 soil 87,922
S239-SCX-008 Site Survey Area 10,298 1.6 soil 98,698

S239-SCX-009 Site Survey Area -- 0 soil 101,924
S239-SCX-009 Site Survey Area 10,298 1.0 soil 224,934
S239-SCX-009 Site Survey Area 10,298 2.0 bedrock 348,864
S239-SCX-009 Site Survey Area 10,298 3.0 bedrock 370,164

S239-SCX-010 Site Survey Area 10,298 0.5 soil 29,186
S239-SCX-010 Site Survey Area 10,298 1.5 soil 19,544
S239-SCX-010 Site Survey Area 10,298 2.5 bedrock 17,488
S239-SCX-010 Site Survey Area 10,298 3.5 bedrock 18,266

S239-SCX-011 Site Survey Area -- 0 soil 14,048
S239-SCX-011 Site Survey Area 10,298 1.0 soil 16,640
S239-SCX-011 Site Survey Area 10,298 2.0 soil 15,062
S239-SCX-011 Site Survey Area 10,298 3.0 bedrock 24,642
S239-SCX-011 Site Survey Area 10,298 4.0 bedrock 30,014

S239-SCX-012 Site Survey Area -- 0 soil 17,290
S239-SCX-012 Site Survey Area 10,298 1.0 soil 72,752
S239-SCX-012 Site Survey Area 10,298 2.0 soil 110,866
S239-SCX-012 Site Survey Area 10,298 3.0 bedrock 109,822

Notes
Bold Bolded result indicates measurement exceeds subsurface gamma investigation level

*

**
-- The subsurface gamma investigation level does not apply to surface static gamma measurements
IL Investigation Level
RSE Removal Site Investigation
cpm counts per minute
ft bgs feet below ground surface
soil/bedrock measurement collected at soil/bedrock interface

measurements, refer to Section 4.1 of the RSE report 
Measurement collected at interface of unconsolidated material and refusal material (e.g., bedrock)

The subsurface gamma investigation levels are derived from the background area □ 
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Table 4-2
Static Gamma Measurement Summary

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 2 of 2

Sample Location Survey Area

Subsurface Static 
Gamma 

Investigation 
Level (cpm)

Sample Depth 
(ft bgs) Media Static Gamma Measurement 

(cpm)

S239-SCX-013 Site Survey Area -- 0 soil 21,056
S239-SCX-013 Site Survey Area 10,298 1.0 soil 73,440
S239-SCX-013 Site Survey Area 10,298 2.0 soil/bedrock 122,002
S239-SCX-013 Site Survey Area 10,298 3.0 bedrock 126,378
S239-SCX-013 Site Survey Area 10,298 4.0 bedrock 320,126

S239-SCX-014 Site Survey Area -- 0 soil 6,756
S239-SCX-014 Site Survey Area 10,298 1.0 bedrock 16,014
S239-SCX-014 Site Survey Area 10,298 2.0 bedrock 14,002

S239-SCX-015 Site Survey Area -- 0 soil 9,964
S239-SCX-015 Site Survey Area 10,298 1.0 soil/bedrock 12,926
S239-SCX-015 Site Survey Area 10,298 2.0 bedrock 13,006

S239-SCX-016 Site Survey Area -- 0 soil 31,158
S239-SCX-016 Site Survey Area 10,298 1.0 soil 72,104
S239-SCX-016 Site Survey Area 10,298 2.0 bedrock 30,070
S239-SCX-016 Site Survey Area 10,298 2.5 bedrock 18,826

S239-SCX-017 Site Survey Area -- 0 soil 9,366
S239-SCX-017 Site Survey Area 10,298 1.0 soil 11,496
S239-SCX-017 Site Survey Area 10,298 2.0 soil 13,592
S239-SCX-017 Site Survey Area 10,298 3.0 soil/bedrock 18,636
S239-SCX-017 Site Survey Area 10,298 4.0 bedrock 18,876

S239-SCX-018 Site Survey Area 10,298 0.5 soil 22,402
S239-SCX-018 Site Survey Area 10,298 1.5 bedrock 25,990
S239-SCX-018 Site Survey Area 10,298 2.5 bedrock 31,600
S239-SCX-018 Site Survey Area 10,298 3.5 bedrock 37,526

S239-SCX-019 Site Survey Area 10,298 0.5 soil 9,960
S239-SCX-019 Site Survey Area 10,298 1.5 soil 12,356
S239-SCX-019 Site Survey Area 10,298 2.5 soil/bedrock 17,294
S239-SCX-019 Site Survey Area 10,298 3.5 bedrock 27,082

S239-SCX-020 Site Survey Area 10,298 0.3 soil 8,202
S239-SCX-020 Site Survey Area 10,298 0.7 soil/bedrock 13,972
S239-SCX-020 Site Survey Area 10,298 1.7 bedrock 26,220
S239-SCX-020 Site Survey Area 10,298 2.7 bedrock 42,396

S239-SCX-021 Site Survey Area 10,298 1.0 soil 27,150
S239-SCX-021 Site Survey Area 10,298 2.0 soil 45,890
S239-SCX-021 Site Survey Area 10,298 3.0 soil 75,228
S239-SCX-021 Site Survey Area 10,298 4.0 soil/bedrock 131,098
S239-SCX-021 Site Survey Area 10,298 5.0 bedrock 126,358
S239-SCX-021 Site Survey Area 10,298 6.0 bedrock 163,088
S239-SCX-021 Site Survey Area 10,298 7.0 bedrock 207,184
S239-SCX-021 Site Survey Area 10,298 8.0 bedrock 159,144
S239-SCX-021 Site Survey Area 10,298 9.0 bedrock 321,848

Notes
Bold Bolded result indicates measurement exceeds subsurface gamma investigation level

*

**
-- The subsurface gamma investigation level does not apply to surface static gamma measurements
IL Investigation Level
RSE Removal Site Investigation
cpm counts per minute
ft bgs feet below ground surface
soil/bedrock measurement collected at soil/bedrock interface

measurements, refer to Section 4.1 of the RSE report 
Measurement collected at interface of unconsolidated material and refusal material (e.g., bedrock)

The subsurface gamma investigation levels are derived from the background area LJ 
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Table 4-3
Gamma Correlation Study Soil and Sediment Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

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

Location Identification S239-C01-001 S239-C02-001 S239-C03-001 S239-C04-001 S239-C05-001
Date Collected 10/27/2016 10/27/2016 10/27/2016 10/27/2016 10/27/2016

Depth (feet) 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
Analyte (Units)

Radionuclides (pCi/g)
Radium-226 1.81 ± 0.36 0.5 ± 0.15 J- 8.1 ± 1.1 J- 4.67 ± 0.66 J- 4.42 ± 0.63 J-
Thorium-228 0.81 ± 0.15 0.282 ± 0.067 0.399 ± 0.085 0.329 ± 0.071 0.331 ± 0.073 
Thorium-230 1.56 ± 0.27 0.62 ± 0.12 8.5 ± 1.3 3.42 ± 0.55 3.09 ± 0.5 
Thorium-232 0.69 ± 0.13 0.226 ± 0.053 0.386 ± 0.079 0.351 ± 0.072 0.334 ± 0.07 

Notes
Bold Bolded result indicates positively identified compound
pCi/g picocuries per gram
J- Data are estimated and are potentially biased low due to associated quality control data
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Table 4-4
Site Characterization Soil and Sediment Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 5

Location Identification S239-CX-001 S239-CX-002 S239-CX-003 S239-CX-004 S239-CX-005 S239-CX-006 S239-CX-007 S239-CX-008 S239-CX-008 Dup S239-CX-009
Date Collected 10/27/2016 10/27/2016 10/27/2016 10/27/2016 10/27/2016 10/27/2016 10/27/2016 10/27/2016 10/27/2016 10/27/2016

Depth (feet) 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
Sample Category surface surface surface surface surface surface surface surface surface surface

Sample Collection Method grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil sediment soil soil soil soil soil

Analyte (Units)

Metals¹ (mg/kg)
Investigation 

Level
Arsenic 17.8 3.9 7.9 1.6 2.9 1.2 2.3 8.8 4.2 3.4 2.5
Molybdenum 1.45 0.7 5.7 1.8 9.8 1.9 1.4 2.6 2 1.7 2.5
Selenium NA <0.99 <0.93 <0.9 <0.9 <0.99 <0.92 <0.89 <0.95 <0.92 <0.93 
Uranium 2.23 1.6 1.8 1.1 1.2 0.8 6.2 17 7.9 J 5.6 2.5
Vanadium 14 14 8.6 6.2 5.2 3.6 5.4 8.5 6 5.7 5.4

Radionuclides (pCi/g)
Radium-226 2.47 3.45 ± 0.54 1.72 ± 0.29 J- 1.33 ± 0.3 0.82 ± 0.2 J- 0.54 ± 0.18 3.59 ± 0.54 7.7 ± 1 J- 6.1 ± 0.83 5.51 ± 0.73 2.7 ± 0.44 J-

Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result  greater than or equal to the investigation level
Shaded 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 for selenium is not identified because selenium sample results in BG-3 were all non-detect
¹ Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
D Analysis required non-standard dilution; reported values have been converted to non-diluted value
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 4-4
Site Characterization Soil and Sediment Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 2 of 5

Location Identification S239-CX-010 S239-SCX-003 S239-SCX-003 S239-SCX-004 S239-SCX-005 S239-SCX-005 S239-SCX-006 S239-SCX-006 S239-SCX-006 S239-SCX-008
Date Collected 10/27/2016 10/28/2016 10/28/2016 10/28/2016 10/28/2016 10/28/2016 10/28/2016 10/28/2016 10/28/2016 10/28/2016

Depth (feet) 0 - 0.5 0 - 0.5 0.5 - 1.75 0 - 0.5 0 - 0.5 0.5 - 0.75 0 - 0.5 0.5 - 1.1 1.1 - 1.75 0 - 0.5
Sample Category surface surface subsurface surface surface subsurface surface subsurface subsurface surface

Sample Collection Method grab grab composite grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil

Analyte (Units)

Metals¹ (mg/kg)
Investigation 

Level
Arsenic 17.8 16 4.5 13 4 19 53 2.6 2.3 2.5 40
Molybdenum 1.45 5.7 1.5 3.4 1.6 8 12 5.1 2.3 2.3 18
Selenium NA <0.96 <0.91 <1 <0.86 <1 <1 <0.85 <0.86 <1 1.3
Uranium 2.23 260 D 24 220 D 13 140 D 220 D 2.2 0.98 1.1 19
Vanadium 14 11 9.3 17 6.3 26 62 6.4 6.6 5.2 9.4

Radionuclides (pCi/g)
Radium-226 2.47 147 ± 17 30.4 ± 3.7 155 ± 18 10.1 ± 1.3 J- 68.5 ± 8.1 231 ± 27 3.03 ± 0.45 J- 1.07 ± 0.24 1.3 ± 0.27 19.8 ± 2.4 J-

Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result  greater than or equal to the investigation level
Shaded 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 for selenium is not identified because selenium sample results in BG-3 were all non-detect
¹ Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
D Analysis required non-standard dilution; reported values have been converted to non-dilute value
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 4-4
Site Characterization Soil and Sediment Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 3 of 5

Location Identification S239-SCX-008 S239-SCX-008 S239-SCX-009 S239-SCX-009 S239-SCX-009 S239-SCX-009 Dup S239-SCX-011 S239-SCX-011 S239-SCX-012 S239-SCX-012
Date Collected 10/28/2016 10/28/2016 11/14/2016 11/14/2016 11/14/2016 11/14/2016 11/14/2016 11/14/2016 11/14/2016 11/14/2016

Depth (feet) 0.5 - 1.1 1.1 - 1.6 0 - 0.5 0.5 - 1.5 2.5 - 3 0 - 0.5 0 - 0.5 0.5 - 4 0 - 0.5 0.5 - 3.5
Sample Category subsurface subsurface surface subsurface subsurface surface surface subsurface surface subsurface

Sample Collection Method grab grab grab grab grab grab grab composite grab composite
Media soil soil soil soil bedrock soil soil soil/bedrock soil soil/bedrock

Analyte (Units)

Metals¹ (mg/kg)
Investigation 

Level
Arsenic 17.8 21 15 12 13 16 12 2.8 4.9 2.5 11
Molybdenum 1.45 16 16 6.9 11 15 6.9 2.5 3 2.7 7.2
Selenium NA 2.7 1.2 <1 <0.96 1.1 <0.95 <0.95 <1 <1 <1 
Uranium 2.23 27 33 52 87 D 270 D 56 4.5 10 2.2 47
Vanadium 14 13 16 16 14 16 16 6.8 14 5.6 10

Radionuclides (pCi/g)
Radium-226 2.47 18.4 ± 2.3 J- 19.3 ± 2.3 37.2 ± 4.5 57.3 ± 6.8 J- 90 ± 11 38 ± 4.5 2.79 ± 0.44 J- 3.32 ± 0.51 2.22 ± 0.35 J- 19.9 ± 2.5 

Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result  greater than or equal to the investigation level
Shaded 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 for selenium is not identified because selenium sample results in BG-3 were all non-detect
¹ Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
D Analysis required non-standard dilution; reported values have been converted to non-dilute value
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 4-4
Site Characterization Soil and Sediment Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 4 of 5

Location Identification S239-SCX-012 S239-SCX-013 S239-SCX-013 S239-SCX-013 S239-SCX-013 S239-SCX-015 S239-SCX-015 S239-SCX-015 Dup S239-SCX-016 S239-SCX-016
Date Collected 11/14/2016 11/14/2016 11/14/2016 11/14/2016 11/14/2016 11/15/2016 11/15/2016 11/15/2016 11/15/2016 11/15/2016

Depth (feet) 1 - 2 0 - 0.5 0.5 - 4 1 - 2 4 - 4.5 0 - 0.9 0.9 - 2 0 - 0.9 0 - 1.7 1.7 - 2.5
Sample Category subsurface surface subsurface subsurface subsurface subsurface subsurface surface subsurface subsurface

Sample Collection Method grab grab composite grab grab grab composite grab composite grab
Media soil soil soil/bedrock soil bedrock soil soil/bedrock soil soil bedrock

Analyte (Units)

Metals¹ (mg/kg)
Investigation 

Level
Arsenic 17.8 11 3.5 11 14 19 2 2.2 1.8 3 J+ 5
Molybdenum 1.45 8.1 1.9 2.4 6.7 3.7 0.9 <0.21 0.72 2.5 14
Selenium NA <1 <0.99 <1 <1 <1 <1 <1 <1 <1 <1 
Uranium 2.23 53 6 68 37 170 D 1.4 1 1.3 15 2.6
Vanadium 14 9.8 6.2 9.7 12 9.7 7.3 46 7 7.4 J+ 8.9

Radionuclides (pCi/g)
Radium-226 2.47 32.7 ± 4 6.1 ± 0.81 37.2 ± 4.5 31.3 ± 3.8 105 ± 12 1.65 ± 0.29 0.51 ± 0.22 1.7 ± 0.31 22.8 ± 2.8 1.86 ± 0.35 

Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result  greater than or equal to the investigation level
Shaded 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 for selenium is not identified because selenium sample results in BG-3 were all non-detect
¹ Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
D Analysis required non-standard dilution; reported values have been converted to non-dilute value
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 4-4
Site Characterization Soil and Sediment Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 5 of 5

Location Identification S239-SCX-017 S239-SCX-017 S239-SCX-017 S239-SCX-021 S239-SCX-021 S239-SCX-021 S239-SCX-021 S239-SCX-021 Dup
Date Collected 11/15/2016 11/15/2016 11/15/2016 11/15/2016 11/15/2016 11/15/2016 11/15/2016 11/15/2016

Depth (feet) 0 - 0.5 0.5 - 3.5 3 - 3.5 0 - 0.5 1 - 8 6.5 - 7 8 - 9 0 - 0.5
Sample Category surface subsurface subsurface surface subsurface subsurface subsurface surface

Sample Collection Method grab composite grab grab composite grab grab grab
Media soil soil/bedrock bedrock soil soil/bedrock bedrock bedrock soil

Analyte (Units)

Metals¹ (mg/kg)
Investigation 

Level
Arsenic 17.8 2 20 21 3 6.7 14 15 3
Molybdenum 1.45 2.4 J 66 77 2.2 6.9 12 9.1 2
Selenium NA <0.94 <1 1 <1 <0.95 <1 <1 <1 
Uranium 2.23 0.82 J+ 3.7 5.5 5.2 29 120 D 49 4.9
Vanadium 14 4.6 5.9 8.3 4.9 6.9 6.5 6.4 4.8

Radionuclides (pCi/g)
Radium-226 2.47 1.1 ± 0.27 2.06 ± 0.33 J- 2.59 ± 0.4 5.44 ± 0.73 26.9 ± 3.3 66 ± 7.9 J- 22.9 ± 2.8 4.25 ± 0.62 

Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result  greater than or equal to the investigation level
Shaded 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 for selenium is not identified because selenium sample results in BG-3 were all non-detect
¹ Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
D Analysis required non-standard dilution; reported values have been converted to non-dilute value
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data

-
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Table 4-5
Summary of Investigation Level Exceedances in Soil/Sediment at Borehole Locations

Harvey Blackwater No.3
Removal Site Evaluation Report - Final

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

Sample Location Investigation Level Exceedances

S239-SCX-003 Ra-226, Mo, V, U, Static Gamma
S239-SCX-004 Ra-226, Mo, U, Static Gamma
S239-SCX-005 Ra-226, As, Mo, V, U, Static Gamma
S239-SCX-006 Ra-226, Mo, Static Gamma
S239-SCX-008 Ra-226, As, Mo, V, U, Static Gamma
S239-SCX-009 Ra-226, Mo, V, U, Static Gamma
S239-SCX-010 Static Gamma1

S239-SCX-011 Ra-226, Mo, U, Static Gamma
S239-SCX-012 Ra-226, Mo, U, Static Gamma
S239-SCX-013 Ra-226, Mo, U, Static Gamma
S239-SCX-016 Ra-226, Mo, U, Static Gamma
S239-SCX-017 As, Mo, U, Static Gamma
S239-SCX-018 Static Gamma1

S239-SCX-019 Static Gamma1

S239-SCX-021 Ra-226, Mo, U, Static Gamma

Notes
1 - No soil samples collected in borehole
As - Arsenic
Mo - Molybdenum
Ra-226 - Radium 226
U - Uranium
V - Vanadium
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FIGURES



HARVEY BLACKWATER NO.3 (#239) REMOVAL SITE EVALUATION REPORT - FINAL 

 

FIGURE ACRONYMS/ABBREVIATIONS 

As arsenic 
BG potential background reference area 
bgs below ground surface 
cpm counts per minute 
ft feet 
IL investigation level 
mg/kg milligrams per kilogram 
Mo molybdenum
NA not applicable 
NAD North American Datum 
pCi/g picocuries per gram 
Ra radium-226 
Ra-226 radium-226 
Se selenium 
TENORM Technologically Enhanced Naturally Occurring Radioactive Materials 
uk unknown 
U uranium 
UTL upper tolerance limit 
UTM Universal Transverse Mercator 
V vanadium 
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NOTES: 

1. Based on field observations at the Site, bedrock units shown 
are near surface (typically within 1 foot), but do not necessarily 
outcrop and may be overlain by minor Q deposits. 

2. Nearly all bedrock shown within the claim boundary (TRcs) 
outcrops at the ground surface. 

:: REFERENCES: 

Coordinate System: NAD 1983 UTM Zone 12N 

Basemap image accessed from BING Maps imagery web 
:. mapping service (http://www.bing.com/maps) on 09/2018. 
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Haynes, D.D., Vogel, J.D., and Wyant, D.G., 1972, Geology, 
structure, and uranium deposits of the Cortez quadrangle, 
Colorado and Utah: U.S. Geological Survey, Miscellaneous 
Geologic Investigations Map 1-629, scale 1 :250,000. 
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NOTES: 

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

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

TRcs: Chinle formation (Upper Triassic), 
Shinarump member - moderate-orange 
and yellowish-gray sandstone, mudstone, 
and conglomerate 

1. Historical pit location should be considered approximate. 
Location shifted to the west compared to Figure 2-2 based 
on the visible highwall on the 1997 photograph. 

2. Bedrock units shown are near surface (typically within 1 foot), 
but do not necessarily outcrop and may be overlain by minor 
residual soils, alluvium, or eolian deposits. 
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3. Projected distance indicates the distance the borehole was 
offset from the cross-section line in plan view (not depth) for 

~ boreholes that are not located on the cross-section line . 
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Silty Sand (SM) 

Well Graded Sand (SW) 12,154 -19,950 

Poorly Graded Sand (SP) 19,951 - 49,875 

.------, Sandstone 49,876 - 99,750 

99,751-370,164 

~ REFERENCES: 

C 
co ..... 
~ 

Coordinate System: NAO 1983 StatePlaneArizona Central FIPS 0202 Feet 

Basemap image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 06/2018. 

TITLE: 

PROJECT: 

Cross-Section A - A' 

Removal Site Evaluation 
Harvey Blackwater No. 3 Mine Site 

~ DATE: DOCUMENT NAME: 
..,_ 6/19/2018 
~»--------------< Removal Site Evaluation Report 

() Stantec 
AUTHOR: 

EDZ 
REVIEWER: 

CBB 
FIGURE: 

2-Ba 



LEGEND

!R Bold

I

I

@@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@ @@

-100

-100

-50

-50

0

0

50

50

100

100

150

150

200

200

250

250

300

300

350

350

400

400

450

450

500

500

B B'

AUM Environmental
Response Trust-First Phase

Site Overview

Profile Vertical Exaggeration 5x

Hole Lithology Down-hole Static Gamma
Measurement Survey
(Counts per Minute)

0 ~--
v" 

0 

0 

::::- - 0 

~ 
v· 

a. 
"E 
a, 
E I 

8 
0 

Horizontal Scale 
50 

Feet 

Vertical Scale 
10 

Feet 

I 

Q 

+ 
·Q 
e 

8 

100 

20 

~: .·: _:•:~. :_. :--.. :_."._~ ~ 

I 

\ 

' ' \ 
I 

' ' 

Silty Sand (SM) 

Well Graded Sand (SW) 

Poorly Graded Sand (SP) 

Sandstone 

I 

12,154 -19,950 

19,951 - 49,875 

49,876 - 99,750 

99,751 - 370,164 

I I I 

0 
0 
co 
v 

0 -~ 
v 

0 -~ 
v 

NAVAJO 
NATION 

Surface and/or Subsurface Borehole 
Location (SCX; Locations in 
Included in Cross-Section) 

Potential Haul Road 

,-,, , .... Estimated Contour for Subsurface Extent 
of Earthworks or Depth to Bedrock (feel) 

Cross-Section 

Historical Pit' 

Claim Boundary 

Geologic Contact (Inferred) 

Site Geology 

QUATERNARY 

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

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

TRIASSIC 

NOTES: 
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1. Historical pit location should be considered approximate. 
Location shifted to the west compared to Figure 2-2 based 
on the visible highwall on the 1997 photograph. 

2. Bedrock units shown are near surface (typically within 1 foot), 
but do not necessarily outcrop and may be overlain by minor 
residual soils, alluvium, or eolian deposits. 

3. Projected distance indicates the distance the borehole was 
offset from the cross-section line in plan view (not depth) for 
boreholes that are not located on the cross-section line. 
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NOTES:
1. Image is not georeferenced, scale not available.  

2. Image is georeferenced.  Scale bar applies to these 
image frames only.
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Historical Aerial Imagery downloaded from 
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Current image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 06/2018. 
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on the visible highwall on the 1997 photograph. 

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

2. 1997 aerial image downloaded from 
https://earthexplorer.usgs.gov/ (01/2017) and 
georeferenced using current image from BING
(03/2016).

3. Current image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 06/2018. 
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NOTE:
Each correlation sample consists of five grab samples 
collected from 0.0 - 0.5 feet below ground surface, 
composited together for laboratory analysis.
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Basemap image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 09/2018. 
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NOTES:
Surface soil samples range from 0.0 - 0.5 feet 
below ground surface (ft bgs)

Subsurface soil samples range from 0.5 - 4.0 ft bgs

Static gamma measurements range from 0.0 - 9.0 ft bgs
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Basemap image accessed from BING Maps imagery web 
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NOTES:
Surface soil samples range from 0.0 - 0.5 feet 
below ground surface (ft bgs)

Subsurface soil samples range from 0.5 - 4.0 ft bgs

Static gamma measurements range from 0.0 - 9.0 ft bgs
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Sample ID Ra-226
(pCi/g)

Mean Gamma 
Count Rate (cpm)1

S239-C01-001 1.81 13,124
S239-C02-001 0.5 7,903
S239-C03-001 8.1 32,624
S239-C04-001 4.67 24,551
S239-C05-001 4.42 19,387

Correlation Data

1  Average gamma count rate for a correlation 
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1. Surface gamma survey measurements were converted 
to predicted Ra-226 concentrations using the following 
correlation equation: 
Gamma (CPM) = 3,244 x Surface Soil Ra-226 (pCi/g) + 6,865 

2. The correlation equation predicted Ra-226 concentrations that 
are less than zero for gamma survey measurements less than 6,865. 

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

4. Standard deviation (a) of predicted concentrations of 
Ra-226 in soil (1.7 pCi/g). 

5. Ra-226 concentrations predicted from gamma measurements 
exceeding approximately 32,600 CPM or less than approximately 
7,900 CPM are extrapolated from the regression model and are 
uncertain. 

REFERENCES: 

Coordinate System: NAO 1983 UTM Zone 12N 

Basemap image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 10/2018. 
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1. The number in parentheses following sample location IDs 
represents the Ra-226 concentration in soil/sediment sample 
collected between 0.0 and 0.5 ft bgs at that locations. 

2. Surface gamma survey measurements were converted 
to predicted Ra-226 concentrations using the following 
correlation equation: 
Gamma (CPM) = 3,244 x Surface Soil Ra-226 (pCi/g) + 6,865 

3. The correlation equation predicted Ra-226 concentrations that 
are less than zero for gamma survey measurements less than 6,865. 

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

5. Standard deviation (cr) of predicted concentrations of 
Ra-226 in soil (1.7 pCi/g). 

6. Ra-226 concentrations predicted from gamma measurements 
exceeding approximately 32,600 CPM or less than approximately 
7,900 CPM are extrapolated from the regression model and are 
uncertain. 

REFERENCES: 

Coordinate System: NAD 1983 UTM Zone 12N 

Basemap image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 09/2018. 
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Predicted Ra-226 Concentrations in
Soil Compared to Ra-226 ILs

NOTES:
1. Surface gamma survey measurements were converted to 
predicted Ra-226 concentrations using the following correlation 
equation: Gamma (cpm) = 
3,244 x Surface Soil Ra-226 (pCi/g) + 6,865

2. Refer to Figure 3-4 for survey area delineation.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N 

Basemap image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 09/2018. 
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Analyte (Units)

Metals (mg/kg)

Radionuclides (pCi/g) Investigation Level

Soil and Sediment Investigation Levels (IL)

Investigation Level

Arsenic (As) 17.8 

Molybdenum (Mo) 1.45 

Selenium (Se) NA 

Uranium (U) 2.23 

14 Vanadium (V) 
,,1------------+------------l, 
X 
E 

~!------------+--------~ 
~ Radium-226 (Ra) 2.47 ol-----------_._--------1• 
: NA - An investigation level for selenium was not 
~ identified because selenium sample results in BG-3 
::: w ere all non-detect. ,g~--------,------
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Investigation Level 
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■ 
Analyte Detected - No 
Investigation Level 

Non-detect - No 
Investigation Level 2 

NOTES: 

1. Sample intervals (e.g., o - 0.5) are in fl bgs. 

2. No Investigation Level -Analyte was not detected in 
corresponding background reference area. 

3. Highlighted sample intervals are partially or completely 
within bedrock. 

REFERENCES: 

Coordinate System: NAO 1983 UTM Zone 12N 

Basemap image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 09/2018. 
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NOTES:
1. Range of IL exceedance in unconsolidated material 
selected based on unconsolidated material analytical 
results, subsurface gamma measurements, and
subsurface observations.

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

3. NA = Not Applicable, subsurface soil does not exceed IL.

4. uk = Unknown, no confirmation if refusal in hand augers 
was on bedrock.

5. Historical pit location should be considered approximate.
Location shifted to the west compared to Figure 2-2 based 
on the visible highwall on the 1997 photograph. 
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Basemap image accessed from BING Maps imagery web 
mapping service (http://www.bing.com/maps) on 10/2018. 
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NOTES:
1. Gamma survey area is approximately 39.2 acres
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TENORM Compared to Gamma 
Radiation Survey Results
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mapping service (http://www.bing.com/maps) on 09/2018. 
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NOTES:
1. Gamma survey area is approximately 39.2 acres
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Executive Summary 

This report addresses the radiological characterization of the Harvey Blackwater No. 3 abandoned 
uranium mine (AUM) located in the Dennehotso and Kayenta Chapters in northeastern Arizona and 
southeastern Utah . It documents part of the implementation of the Navajo Nation AUM Environmental 
Response Trust, First Phase, Removal Site Evaluation Work Plan (RSE Work Plan). The work was 
performed by Environmental Restoration Group, Inc. (ERG) of Albuquerque, New Mexico and Stantec 
Consulting Services Inc. (Stantec) in accordance with the Navajo Nation AUM Environmental Response 
Trust  First Phase.  

This report provides 1) the results of a Global Positioning System (GPS)-based gamma radiation (gamma) 
survey, 2) comparisons of the gamma count rates at this AUM to exposure rates and concentrations of 
radium-226 in surface soils, and 3) an assessment of equilibrium in the uranium series. The field 
activities addressed in this report were conducted on October 15, 27, and 28, 2016; November 2, 2016; 
and March 18 and September 20, 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; and roads and 
drainages within a 0.25-mile radius of the 100-ft buffer; and correlation studies. The Survey Area was 
extended beyond the 100-ft buffer where elevated gamma count rates were observed.  

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 Harvey Blackwater No. 3 
Removal S  

The findings of the RSE pertaining to these activities are: 

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

The highest count rates were observed along a recurring exposure of bedrock that runs
northeast to southwest through and beyond the mine claim.

A potential Background Reference Area was established.

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

Gamma Count Rate (cpm) = 3244 x [radium-226 (pCi/g)] + 6865 

II 

ite Evaluation Report" (Stantec, 2018) . 
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The distribution of concentrations of radium-226 in surface soils predicted using this model is
rightward tailed. The values in the Survey Area range from -0.8 to 48.  pCi/g, with a central
tendency (median) of 0.8 pCi/g.

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

There is evidence that the uranium series radionuclides are in secular equilibrium.

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

Exposure Rate (µR/h) = Gamma Count Rate (cpm) x 4x10-4 + 7.7 

The distribution of exposure rates predicted using this model is rightward tailed. The values in
the Survey Area range from 9.5 to 72.9, with a central tendency (median) of 11.5 µR/h.

• 
2 

• 

• 

• 
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1.0 Introduction 

This report addresses the radiological characterization of the Harvey Blackwater No. 3 abandoned 
uranium mine (AUM) located in the Dennehotso and Kayenta Chapters in northeastern Arizona and 
southeastern Utah. 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) in accordance with the Navajo Nation AUM Environmental 
Response Trust  First Phase.  

The activities described here focus on the characterization of uranium series radionuclides in surface 
soils at the AUM. This report provides 1) the results of a Global Positioning System (GPS)-based gamma 
radiation (gamma) survey, 2) comparisons of gamma count rates to exposure rates and concentrations 
of radium-226 in surface soils, and 3) an assessment of equilibrium in the uranium decay series.  

The objective of the correlation between field gamma count rate and surface soil concentrations of 
radium-226 was to use field instrumentation to predict surface soil concentrations of radium-226. The 
objective of the correlation between field gamma count rate and exposure rate was to use field 
instrumentation to predict exposure rates. 

The field activities addressed in this report were conducted on October 15, 27, and 28, 2016; November 
2, 2016; and March 18 and September 20, 2017 in accordance with the methods described in the RSE 
Work Plan. The GPS-based radiological survey of land surfaces covered an approximately 39-acre Survey 
Area that included the mine claim area out to a 100-foot buffer; and roads and drainages within a 0.25-
mile radius of the buffer; gamma count rate and exposure rate measurements at fixed points; and 
gamma count rate measurements and soil sampling for radionuclides and metals in areas centered on 
these fixed points. The Survey Area was extended beyond the 100-ft buffer where elevated gamma 
count rates were observed. 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 continuing RSE are addressed in the Harvey 
Blackwater No. 3 Removal S 8).   

Figure 1 shows the location of the AUM. Background information that is pertinent to the 
characterization of this AUM is presented in the Harvey Blackwater No. 3 Removal Site Evaluation 

 (Stantec, 2018). 
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Figure 1. Location of the Harvey Blackwater No. 3 Abandoned Uranium Mine 
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2.0 GPS-Based Gamma Surveys 

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

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

Table 1. Detection systems used in the GPS-Based gamma surveys. 

Survey Area Ludlum 
Model 44-10 

Ludlum Model 2221 
Ratemeter/Scaler 

Potential Background 
Reference Area PR303727a 254772a 

Survey Area 

PR303727 254772 
PR295014 196086 
PR154615 138368 
PR355763 138368 

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

2.1 Potential Background Reference Area 

A potential Background Reference Area was surveyed, the location and results of which are depicted on 
Figure 2. BG3 in Figure 2 is Background Reference Area 3.  

Table 2 lists a summary of the gamma count rates, which in BG3 ranged from 6,662 to 10,663 counts per 
minute (cpm), with a mean and median of 8,584 and 8,606 cpm, respectively.  

Figure 3 depicts a histogram of the gamma count rates. 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. 
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Table 2. Summary statistics for gamma count rates in the potential Background Reference Area. 

Gamma Count Rate (cpm)

n Min Max Mean Median Standard 
Deviation 

235 6,662 10,663 8,584 8,606 764 
Notes: 
cpm = counts per minute

I I 
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Figure 2. Gamma count rates in the potential Background Reference Area. 
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Figure 3. Histogram of gamma count rates in the potential Background Reference Area. 

2.2 Survey Area (including extended) 
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Figure 4. Gamma count rates in the Survey Area. 
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Figure 5. Histogram of gamma count rates in the Survey Area. 

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

170000 

160000 

150000 

140000 

130000 

120000 

~ 110000 
0. 

~ 100000 
Qi 
;; 
Ct: ..., 90000 
C 
:::, 
0 80000 u 
"' E 70000 E 
"' ~ 

60000 

50000 

40000 

30000 

20000 

10000 

0 

35000 
30000 

~ .25000 
g 20000 
U 15000 

10000 
5000 

(;) '>t:Jcyl t}t:JcyJ ~t:Jf;;)~ f::)t:Jcyl ½t:Jcyl f:}t:Jcyl ~t:Jcyl ~t:JcyJ ~t:Jf;;)~ f::)t:Jcyl ~t:Jcyl 
"..,, ii,; 1,:3 '\ OJl...._1:;'.i...._"t;...._"';...._<-3....,~ 

Gamma Cou n Ra1 e (c pm) 

- -



Radiological Survey of the Harvey Blackwater No. 3
Abandoned Uranium Mine
Prepared for Stantec Consulting Services Inc.

9 ERG 
September 19, 2018

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

Parameter Gamma Count Rate (cpm) 
n 40,738 

Minimum 4,427 
Maximum 163,071 

Mean 10,568 
Median 9,383 

Standard Deviation 5,396 
Notes: 
cpm = counts per minute

3.0 Correlation Studies 

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

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

On October 27, 2016 field personnel made GPS-based gamma count rates measurements and collected 
five-point composite samples of surface soils in each of five areas at the AUM. These areas were 
selected using criteria established in the RSE Work Plan. No DQO was established for homogeneity of 
the correlation plots and as described in Section 4.3 and Appendix E of the RSE Work Plan, homogeneity 
of the correlation plots was evaluated qualitatively. Sub-samples were collected from the correlation 
plot centroid and at each corner of the plot. The activities were performed contemporaneously, by area 
and all on the same day, such that the two could be compared. 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 measurements and radium-226 
concentrations in the soil samples. The means of the gamma count rate measurements range from 
7,903 to 32,624 cpm. The concentrations of radium-226 range from 0.5 to 8.1 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 F.2 vey Blackwater No. 3 Removal Site Evaluation 
Report Stantec, 2018). 

of "Har 
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Figure 7. GPS-based gamma count rate measurements made for the correlation study. 
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Table 4. Gamma count rates and associated concentrations of radium-226 in samples of surface soils 
obtained in the correlation study. 

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

Location Area 
(m2) Mean Minimum Maximum  Result Error ±2  MDC 

S239-C01-001 31.3 13,124 11,553 14,760 669 1.81 0.36 0.51 
S239-C02-001 118.9 7,903 6,929 9,336 406 0.5 0.15 0.24 
S239-C03-001 26.2 32,624 23,166 41,460 5,196 8.1 1.1 0.5 
S239-C04-001 39.2 24,551 16,640 31,349 3,698 4.67 0.66 0.48 
S239-C05-001 23.9 19,387 16,799 23,182 1,354 4.42 0.63 0.44 

Notes:  
cpm = counts per minute 
MDC = minimum detectable concentration 
m2 =square meters 
pCi/g = picocuries per gram 

 = standard deviation 

 

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

Thorium-228 Thorium-230 Thorium-232 
Sample ID Result Error ± 2  MDC Result Error ± 2  MDC Result Error ± 2  MDC 

S239-C01-001 0.81 0.15 0.04 1.56 0.27 0.08 0.69 0.13 0.01 
S239-C02-001 0.282 0.067 0.042 0.62 0.12 0.07 0.226 0.053 0.013 
S239-C03-001 0.399 0.085 0.04 8.5 1.3 0.1 0.386 0.079 0.013 
S239-C04-001 0.329 0.071 0.031 3.42 0.55 0.07 0.351 0.072 0.018 
S239-C05-001 0.331 0.073 0.036 3.09 0.5 0.07 0.334 0.07 0.016 

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

 = standard deviation 

A model was made of the results in Table 4, predicting the concentrations of radium-226 in surface soils 
from the mean gamma count rate in each area. The mean relationship between the measurements, 
shown in Figure 8, is a linear function with an adjusted P adjusted R2) of 
0.96, as expressed in the equation:  

Gamma Count Rate (cpm) = 3244 x [radium-226 (pCi/g)] + 6865 
 

The root mean square error and p-value for the model are 1.9x103 and 0.002, respectively; these 
parameters are not data quality objectives (DQOs) and are included only as information. The R2 value for 
this model exceeds the project DQO of 0.8.   

This equation was used to convert the gamma count rate measurements observed in the gamma 
surveys to predicted concentrations of radium-226. Table 6 presents summary statistics for the 
predicted concentrations of radium-226 in the Survey Area. The range of the predicted concentrations 

a a 

0 

a a a 

0 

earson's Correlation Coefficient ( 
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of radium-226 in the Survey Area is -0.8 to 48.  pCi/g, with a mean and median of 1.1 and 0.8 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. Figure 9 shows the predicted concentrations of radium-226, the spatial and numerical 
distribution of which mirror those depicted in Figure 4. 

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

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

Parameter Radium-226 (pCi/g) 
N 40,738 

Minimum -0.8
Maximum 48.  

Mean 1.1 
Median 0.8 

Standard Deviation 1.7 
Notes: 
pCi/g = picocuries per gram 
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Figure 9. Predicted concentrations of radium-226 in the Survey Area. 
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Soil concentrations of potassium-40 (K-40) were not expected to be spatially variable within the site, and 
therefore this radionuclide was not separately accounted for in the RSE Work Plan.  If K-40 
concentrations did vary, this variability would be included in the regression model and, if the magnitude 
of the effect were sufficiently large, would result in failure of DQOs related to the regression analysis. 

A multivariate linear regression (MLR) was used to evaluate the influence of thorium-232 and thorium-
228, isotopes in the thorium series, on the average gamma count rate in the correlation locations.  The 
MLR model was first run using radium-226, thorium-232, and thorium-228 as predictors of gamma count 
rate.  The model failed to produce results because thorium-232 and thorium-228 are colinear. The MLR 
model was subsequently run without thorium-228. For the second model, the p-values for radium-226 
was significant at 0.01, while thorium-232 was not (p = 0.81).  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 0.95 with an adjusted R2 of -0.33.  The thorium-232 coefficient is not significant and the R2 value 
does not meet the project DQO. Subsequently we conclude that thorium-232 and thorium-228 
concentrations in soil are not significant predictors of gamma count rate.  Finally, the p-value for 
radium-226 as a predictor of gamma count rate was significant (p = 0.002), as described above, and the 
adjusted R2 value (0.96) exceeded the applicable project DQO (R2 > 0.8). 

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

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

3.2 Equilibrium in the uranium series 

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

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

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

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

Evaluation of secular equilibrium for each mine site proceeded as follows: 

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

2. Simple linear regression is performed on the dataset; the p-value and the adjusted R2 are 
recorded. The resulting linear model and the 95% UCL bands are plotted on the figure 
generated in step 1. 

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

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

a. If the p-value for the regression slope is insignificant (i.e., p > 0.05) or the adjusted R2 
does not 2 > 0.8), ERG concludes that 
there is insufficient evidence to conclude that Ra-226 and Th-230 are in equilibrium 
(secular or otherwise).  

I receptor's radiation dose and mortality risk. However, it is also acceptable and 

therefore it wasn't evaluated. 

meet the study's data quality objective (Adjusted R 
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b. If the p-value for the regression slope is significant (i.e., p < 0.05) and the adjusted R2 
meets the DQO (Adjusted R2 > 0.8) there are two possible conditions, which are 
evaluated via visual examination of the figure generated in step 3. 

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

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

Based on this method, ERG concludes there is evidence that thorium-230 and radium-226 are in secular 
equilibrium (Figure 10). 

 

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

3.3 Exposure rates and gamma count rates 

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

The gamma count rate and exposure rate measurements were made on October 27, 2016 at 0.5 m and 
1 m above the ground surface, respectively. The gamma count rate measurements were made using one 
of the sodium iodide detection systems used in the GPS-based gamma survey of the AUM (Serial 
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Numbers PR303727/254772). The exposure rate measurements were made using a Reuter Stokes 
Model RSS-131 high pressure ionization chamber (HPIC) at six-second intervals for about 10 minutes. 
The exposure rate used in the comparison was the mean of these measurements, less those occurring in 
initial instrument spikes. The HPIC was in current calibration and function checked before and after use. 
A factor of 1.02 was added to the measured value by the software of the unit. Calibration forms for the 
HPIC are provided in Appendix A.  

Table 7 presents the results for the two types of measurements made at each of the five locations. 
Appendix B presents the individual (one second) exposure rate measurements. 

The best predictive relationship between the measurements is linear with a R2 of 0.98. The root mean 
square error and p-value for the correlation are 0.837 and 0.0010, respectively; these parameters are 
not DQOs and are included only as information. 

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

Exposure Rate (µR/h) = 4x10-4 x Gamma Count Rate (cpm) + 7.7 

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

Tables 8 and 9 present summary statistics for the predicted exposure rates in the potential Background 
Reference Area and Survey Area, respectively. The range of predicted exposure rates at BG3 is 10.3 to 
11.9 µR/h, with a mean and median of 11.1 µR/h. The range of predicted exposure rates in the Survey 
Area is 9.5 to 72.9 µR/h, with a mean and median of 11.9 and 11.5 µR/h, respectively. 

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

Location Gamma Count Rate  
(cpm) 

Exposure Rate 
(µR/h) 

S239-C01-001 12,419 13.1 
S239-C02-001 8,453 10 
S239-C03-001 42,856 24.4 
S239-C04-001 29,363 19 
S239-C05-001 18,212 15.7 

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

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

Parameter Exposure Rate (µR/h) 
n 235 

Minimum 10.3 
Maximum 11.9 

Mean 11.1 
Median 11.1 

Standard Deviation 0.3 
Notes: 
µR/h = microRoentgens per hour 
 

Table 9. Predicted exposure rates in the Survey Area. 

Parameter Exposure Rate (µR/h) 
n 40,738 

Minimum 9.5 
Maximum 72.9 

Mean 11.9 
Median 11.5 

Standard Deviation 2.2 
Notes: 
µR/h = microRoentgens per hour 

Exposure Rate = 4x10-4 x Gamma Count Rate + 7.6643
R² = 0.9829
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Figure 12. Predicted exposure rates in the Survey Area. 

0 1!:0 300 600 000 1,200 
, Feel 

I 

Le.gend 

0 Mine Clalm Ar1t.a 

Pradicled Exposure Rate· {µRlhr} 

• 9.4 - 11.9 (µ: me.ari) 

11.9 -14.1 (IJ + 10') 

1-4. f - 1E:L3 l!J -1- 2o) 

16_3 • 18_5 (JjJ + 3a) 

• 18,5- 72.9 



Radiological Survey of the Harvey Blackwater No. 3
Abandoned Uranium Mine
Prepared for Stantec Consulting Services Inc.

20 ERG 
September 19, 2018

4.0 Deviations to RSE Workplan 

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

5.0 Conclusions 

The findings of the RSE pertaining to these activities are: 

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

The highest count rates were observed along a recurring exposure of bedrock that runs
northeast to southwest through and beyond the mine claim.

A potential Background Reference Area was established.

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

Gamma Count Rate (cpm) = 3244 x [radium-226 (pCi/g)] + 6865 

The distribution of concentrations of radium-226 in surface soils predicted using this model is
rightward tailed. The values in the Survey Area range from -0.8 to 48.  pCi/g, with a central
tendency (median) of 0.8 pCi/g.

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

There is evidence that thorium-230 and radium-226 are in secular equilibrium.

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

Exposure Rate (µR/h) = Gamma Count Rate (cpm) x 4x10-4 + 7.7 

The distribution of exposure rates predicted using this model is rightward tailed. The values in
the Survey Area range from 9.5 to 72.9, with a central tendency (median) of 11.5 µR/h.

Further work is recommended to support a robust gamma correlation.
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Appendix A Instrument calibration and completed function check forms 
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Thi-1 .. --..114 ,vr, 11 ~ "'tt' '' Nb I'• •,'it l<!\.!,,,,c.••:m.• .Ul-o ...1.. ~ .. J ,,{-+-..' .... ,, •r-,-.,r. fl .. , ,:JI' ,.,. ,• ,i ,.:..:.; \J;: 1 • / ,1-;; • 
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tRG 
Manufacturer: 

Delector: Manulacrurer: 

Certificate of Calibration 
Cal ibra1ion and Volmge Plateau 

Ludlum 

Ludlum 

Model Number: 

Model Number: 

2221r 

44-10 

Er1-..ironmen1a! Reston!ioo Group. Inc, 
&809 W..tou,gtoo SI ME. Suuc JS() 
Alht1'1•ittqHI' N~ 11JJ} 
c505) 298-4224 
w,,,w FRGoifioe.oom 

Serial Number: 

Serial Number: 

218600 

PR174359 

~ Mechanical Check 
,,, FIS Response Check 

,., Geotropism 

:£ Tii R/WfN Operation 
~ Reset Check 

HV Check(+/- 2.5%): ~ 500 V ~ 1000 V i!] I 500 V 

Cable Length: L 39-inch ,., 72-inch C O!her: 
,_, Audio Check 

:,l Meter Zeroed i': BaueryCheclt (Min4.4 VDC) 

Source Distance: = Conlact V 6 mcbes - Other: Threshold: 10mV 

Source Geometry 7 Side .:: Below ._ Other: Window: 

Instrument round ,.,jtl, in tolerance: !ti Yes = 1-/o 

Range/Multiplier Kelerence Sening "As Found Read ing" Meler Reading 

x IOOO 400 400 400 

X 1000 100 100 100 

x 100 400 400 400 

X JO() JOO JOO 100 

xlO 400 400 400 

xlO JOO 100 100 

X I 400 400 400 

X I 100 100 100 

Barometric Pressure: 
Temperarure: 

Relative Humidity. 

lntegraled 

24.57 
72 

20 

inches Hg 

•F 
% 

I -Min. Count Log Scale Count 

3984S9 400 

JOO 

39851 400 

100 

3985 400 

100 

399 400 

100 

High Voltage Soun:(: Counu Backgr<>und Voltage Plareau 

700 67271 

750 69012 
800 70122 

850 70599 

900 7 1003 

950 73740 

1000 11 17 11 

10144 

120000 ----------~ 
100000 .._ _ _ _ _ _ ___ / __ _ 

soooo 
60000 

•0000.1----------­
,oooO .L----------

0.1--~------~-
-..<S' ,.<f' ,.,<& .. ~ ,,.<&- "'"' # ., 

Comments: HV Plateau Saler Counl Time= I-min. Recommended HV = 800 

Rercren~• Jnstr11ments and/or Sources: 
Ludlum puls<r serial number:= 97743 ~ 201932 
_ Alpha Source: Tb-230 @ 12.800 dpm ( 1/4/ 12) sn: 4098-03 
_ Oera Sour c-99@ 17. 700 dpm ( I /4' 12) sn: 4099-03 

-
Flulte multimeter serial number: ....18749012 

,., Gamma Source Cs-137@ 5.2 uCi ( 114/1 2) sn: 4097-03 
=. Other Source: 

Calibrated By: Calibration Datt: "l.. I ~ - { (,, CalibrationDue 2- fJ--f t 

Revie .. ·ed By: Date: 

F.RC Farra ITC IOI., 
""••-'~••- • ,..........,.. ... , ,.. ...... _,_.,,...._,._. , -.cl-.-...-.~1,.1.a ,...1,J.,....,..,,_ ._ .. ,., ...._,~ -.•'..J \ l' I \ t•~..1 - JO. -
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ERG Certificate of Calibration 
Calibratinn and Voltage Plateau 

Meler: Manufitc.tu1·er: Ludlum Model Number: 22:! lr 

De<ector: Manuf.crun:r. Ludlum Model Number: 44-1 0 

En,..ironmc:ntal Res,oraion Grw;,. lnc. 
!109 Waslungion SI S:F.. S.siie ISO 
AlbuqUffijU<. NM Jl?IJ3 
!>-OSl 29'!-122-1 
"'""''11'!'.l:RG)fli~ cil'ft 

Sc, ial Number: 

Serio! Numb<r. l'R 150507 

~ Mcchaokal Ch«:k 
';i, f 1S Response Check .., Rtse1 Check 

;;, T IIR!WIN Op.,ra1ion l·IV01eck (-'-l- 2.5'¼): '1 soov ,!. rnoov .:' lj()OV 

i' Ccotroµi::-111 
~ Meter Zeroed 

Cable Lcnglh: 39-inch - 72-inch iil: 01her: 60" 
'I!. Audio Ch.iti< 

;, Battery Lheck (~1in 4.4 VOC) 
So=e Distance· - Con1ac1 

Source Geometry:i'.; Side 
~ · 6 inches ::- 01her: 

::, Below = Other: 

IIIStrument fnu!!<I ,.•ithin cokranct: ,!. Yo ~ No 

Tllm;hold: 10 mV 

Window: 

Ranj!,e/Muhiplier Reference Seuing "A3; Found Reading• Meter Reading 
X 1000 400 400 400 
~ 1()00 100 100 100 
X ) ()C) 400 400 400 
" I 00 100 100 100 
X 10 400 400 400 
< 10 100 100 100 
., I 400 400 400 
x I 100 100 100 

HigJ, Volta~ Source Counts Background 
700 56463 
800 64304 
900 68534 
950 6933 1 
IOOO 09568 9696 
10,0 70054 
1100 70609 
1150 70681 
1200 719SS 

Comm~ncs: HV Plateau Scaler Count Time = I-min. Recommen~d HV = I 000 

Reference- Instruments and/or Sou"--es: 

Baromcirk Pressure: 24.89 inches Hg 
Temperature: 73 °1' 

Relative Humidity: 20 % 

Integrated 
I-Min. Count Log Scale Count 

398753 400 

100 

39879 400 

100 

3989 400 

100 

399 400 

100 

Vuhage Plateau 

aoooo 
70000 ~ 

6-0000 
_.. 

soooo . 
4000-0 
) 0000 
20000 
10000 

0 

Ludlum puls,r serial number: 97743 ,,,,- 201932 = Alpha Sourct: Th-130 @ 12.800 dpm (l /4112) so: 4098-03 
Fluke multimeter serial number: = 87490128 

BecaSourc: 99 @17.700dpm(l/4112) sn:4099-03 
~ Oarnma Source Cs- 137@ 5.2 uCi ( 11411 2) sn: ..o97-03 

Other Source: 

::a1ibra1<d B)~ 

tevie1red By: 
C'ahbration Date: to . ~ 1 • , <.. 

Dare: 

ERG Fonn ITC Ill . , 

Calibration Doe: t0·sf· t 1 



-, K&S Associates, Inc. 
1926 Elm rroB OlfVB 

Nallh\l(ltJ, Tent16SSIHI 37210-3718 
Phom, 8()().52fM!325 F111t G15-8714 8.'i6 

C ~I I HR.\T IO'- REPORT 

SI f\\11Tfl-l) HY I RC 
S81fl W .w1ml(t,,n ...,,...,~, ,,,nhca,.t 

',ull'-' 1 -i\ 
\lbu4ueque '\ \I II 7113 

I'~ I Rl \II '• Rema ~t,1~.;,, R .... :,.' , I. =07.HIOk \11 

R[POR I , l \ 1B[R 1 nl 800 

Tl ...,, '-l \IBlRt',i \tlol~~x 

Rl:PURT DA 11.. .lull<!'" ~Ill!• 

lbe C'Al IRR,\ TIO' cor ~ ~ IC:11 , Is .:.•nrnin.:J in 1h1< r,.,,.,n "ere ob1a1m.:J b~ intcr.:,,mp3n«•n "1th 
, n,U-\111wnu; ,:~I ih..,u<'.i t,~. ,,r di:.:.:tl; tracc::ihl.,; Iv th<· ,Ju,,nal ln,t1tute of Stand.mi,, ar.J I echn,,(,,~; 
1'-l'nl K• S .'\~:.-..:ia1-,, Inc , hc"n"'--.:1 t,~ 1h, ">t,ile, i Te1U1<>'-'-. IR- llll':'~-G<l7, R-l-11.\b-811ll t,, 
perfonn ,aht>ration.. anJ "re"<>-e'llit:cJ ~; th<' 1-t .... anh I' ,;,,~s ~,1c1; tHl'~l a, an ,\CCRLOI ITD 
l' <; I Rl '.\II: '\T (. .\l.lBK.\ rll )'.'. LAil( IRA H'R) .\_, p.1rt ,,1 th,e :i.c.:rditauon K • ', r:iru,:1patc, 111 
.i me.tsur.:mem llSSUrance rro~r..m1 rnnJi:c1~d 0~ 1h~ HP'- anJ SJ', I K • -; also cenilic, that rh, 
...:Jlibr;.nh.m \\J..., rcrtOrmcJ u~ing ~ualit} pnlit.::1c--,.. me1.h~xt, i:u1~ pn.1c"'-Jurc~ th.it m~:-:t u1 c.\.1.. -.:~d the 

r,,,uirem-,nt, ,,f 1~0111 C I 70'.!5:.::oo5. 

I h1, lal,n,llor) i• ru:cn.-Jitcd ~r :he Arneri,·~n ,h,,>C1J.tion for l.Jhornwr~ \ ~,'l'l.-d tl.ll!On ( A'.!l..\ I an ... 
!he result, ,ho,\n in 1h" ,-,pon h.i«: bc,.-n d~1en-1111cd ,., J.ccorJancc "Hh the . .1oor,1to~ ·, 1enn, <• 

a;crci.litauon unlc--.s st:ited Nh<'I'\\ ise in thi , rC(>MI 

Ille C,\LIBRA TIO'-: Ct 11,n KIi '\ T :-, , 1,ncJ h..:rcrn .ire ,ah.:! unJ,·1 1'1.- conJiuons ;;pec11ic,L It 
i, 1h~ U'!.:t1nnn~nl u:,.er~ r'CSJ1<'1l'll,tlll~ tn pMvnn ,he aprropriuh.' ~on ... t~~ 1c,h rrior h) ,hipnl~ll 
and :it\errcmm ·mm c.:.11ihr;i11,,n It " Jh<• tno: 1t>,ix•tblbil11; uf thc: us.:r i., as-.un: 1hu11he 
in11:rprel.;!110n o· the int<1nn:n!on in tlu, n:pun t~ .;,mw,tent \\Tlh 1hal IO~cndcJ h~ 1-- • ;;;, \,-,ociaw, In.: 



K&S Assoc iates, Inc 
N;,.<hv,uc, Tennessee 87210-3718 

CALI BRATI ON CERT m C ATE 

Calibr.iuon Date· 6 '27 '2016 Report ',wnber !(ii 866 1 C'S! ',umb.:r: M 161 ~8~ 

h.&S rertiiie~ 1ha1 lh" <:tl\ iror,m~rn.11 radiahon m,m:tor identified bchi,, ha, been calibrated 1or 
rJdiation mcnsun·mcnt using collim.,•cd n,Ji~iion ,oW"Ccs "ho~ outpm has been c.ilibratcd ,,uh 
msirumcnL~ ,-Jlib,Jted b) or d ir.xlly 1ra,-..-,,t,·.- tu the \:ational h1>11tute of Standards ar.d 
Tcchnolog). K&S ' , ::iccreditcd b> the Am~ricu, .'\:>.'IJCwt,on for : aborntor> \.:crtdit~nion l-, 

pcrfom1 crl\ ir.mmcntal le,·cl ,:alibr:uw,i- :mo:! 1unher cent lies thot th.: calibration \\3S pcrfom,-d 
using accrcJ11cd p,,111:,cs and proc,-Jur,', p;J ~51 that m..-et ur cxcet.-J the requircm...··ms o f 

ISO.'!EC 170~5::!005 

:,criul t'>;uml,cr: 07JOOK\l 1 

A \<T'Jl,!C Cahbra1ion Coetlicicn' for Lh~ r.ir.gc lit" 0 .01 2. mR.n - 0.220 mR b • : 
1.02 mRrmRfl rcadine. 
\l\1.-a,,urcJ ,11 J pointSJ 

Calibrntion Cucf1ic,,m for the 50.0 mR/11 point• : 
1.12 mRrmRk ~adin!! 

Calibration C:ocffic1~m t'c,r thl· RO O mR 11 point•· 
1.10 mlif"n1R~ reading 

~ound RAC :! H,'k-8 

•'v1ul11ol, the rc:rdinl:! in mlUb b) th.: CalibrJuor Lo.:nicient tu obtain lnk! mR/h , . 

Log: \.1-53 Pa.:~: 13 

KcHsion I:! I:?. 2011 



CIIA\10ER: 

\I fgr: 

\1odd: 

Scri:tl: 

1 K&S Associates, Inc 
/ Nashville, Tennessee 31210-3718 

AS FOU~D DATA 
l{c u tc r-Stokes Chamber Cnlib ration 

June ~7. ~01(, Tes/ Number .\! 16158,\ 

Reuter Sto~c~ 

R::iS-1.1 1 

07JOOK:-.1 I 

l :B\IITI'ED BY: 

LRG 

Albuquerque. K~1 

ORIF.:\'T A TJOl's/CO'-DITIOSS, AT,,.IOSl'HF".RIC' COMl\11 ' '-lCA TION: S£ ALFI) 

Sena:t number 3\\3) from ,)Ure\.' 

·1 rue• bt>..:~gr\lu-w! t\r<1,ure ra:.: ,,f 6 - uR;h. 111,lnlrn.:.11 rad1r.1, "" 0 O(P6 mR·h 

l 'OLAl<IL.11\t; 1'0 I L;\I IAL ·!Lt I \ LEJ\K,_\CE: n.:gli)!ible 
BEAM QLALITY C,U ,IRIU TIO!\ 

HEAM f:Xl'OSl RF RATE CO[ FFICJE'iT l':,iCERT LOG 

CsEn220 \ 11 mC'1) o ~:inR:~ :'\ -a 

' 
I 00 mRlh•rdl, I 1 •. ~1-;J 71 

CsEn8C (I lmCi) 0.0Smkh :,; : . ' 1.03 ,nR, ludg 11 •. 

CsEn,i2 tlmC1l 0 0 1mRh N -
' 

1.01 mR i>rd,?- I I~. 

CsEnv15 (I rnCi) () 0 :'ml< h :X -. \ 1.0~ mRlh. rJtl 11•. 

Cs19Sm ,10 c,1 50n>R.h ;\' I~ mR•h·rdg. 8~ o. 

Cs252m •~O Ci) 8llmll h " ; ' 
JU ml< •h rdi s~ 

Comments Ann. b.1 \'. Temp 24.6 dq~ C 

Rcix>n r--.urnbo:r· , b I 860 
Rcf~r ,o /\ppcndi., I of 1h1s rep,,n for dc1nils 011 I'll ,onizauon chrtmb.r c~linn1ion< Pro::cdurc: SI 15 
RAC I ound· ~. I C,9c-8 

CaHbr.11ed B) ~~(i';4 , , _ Rt'•i.,.,cd 8) : /4..+ I 4:, .. 
~~-t ·1 ltlc: Gii,lni'IPOJeccsoo fide. ___ ...._ ______ ..... ___ _ 

ChcckNl By:a:_ --c:::: Prcpar<il B): &Q:/ 

.-tCCREDIT£D l:VSTRU.111:,:.\T C.-UIBR.,1 TIOS UBORATORr Pagi: 3 of 3 



ERG 

~b.nufMhlfn 

Mod<I. 

Scnol No 

C.J. l>uc o.«:: 

Sourct, 

Si-oul No 

l>111c 

.i., ., I 
4' -L .11 

4-l-t, 

A· "Hl 
........ , 
~ .. •ll 

M£nR 

i.-11 .... 

....... , 
,-~•o l 

l•u-1 "> 

C,- ,~1 
1 l L-"l <t 

·r1111r 

o,is 
,,. .... 
oU.1 

, .... -r 

"'lo• 
l't4\ 

Rovkw,4 try: ,?4 p. 

n ... 11,ry 

'"-~ 
-:. . ..-
~ -) 

f .> 
< .~ 

'{'.{ 

Single-Channel Fu nction C heck Log 

lllcTtCTOB 

Mun1,1lil c: lurc, '-C\..-
MO<)d ""l-1 .. 

Serial No (' • - - . 
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Radiological Survey of the Harvey Blackwater No.3 
Abandoned Uranium Mine 
Prepared for Stantec Consulting Services Inc. 

Appendix B ERG 
September 19, 2018 

Appendix B Exposure Rate Measurements



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

(mR/h) Location

10/27/2016 13:26 0.0536 Correlation Location 1 10/27/2016 13:31 0.0128 Correlation Location 1
10/27/2016 13:26 0.0938 Correlation Location 1 10/27/2016 13:31 0.013 Correlation Location 1
10/27/2016 13:26 0.0816 Correlation Location 1 10/27/2016 13:31 0.0129 Correlation Location 1
10/27/2016 13:26 0.0558 Correlation Location 1 10/27/2016 13:32 0.0132 Correlation Location 1
10/27/2016 13:26 0.0368 Correlation Location 1 10/27/2016 13:32 0.0136 Correlation Location 1
10/27/2016 13:26 0.0255 Correlation Location 1 10/27/2016 13:32 0.0139 Correlation Location 1
10/27/2016 13:26 0.019 Correlation Location 1 10/27/2016 13:32 0.014 Correlation Location 1
10/27/2016 13:26 0.0156 Correlation Location 1 10/27/2016 13:32 0.0141 Correlation Location 1
10/27/2016 13:26 0.0142 Correlation Location 1 10/27/2016 13:32 0.0141 Correlation Location 1
10/27/2016 13:26 0.0135 Correlation Location 1 10/27/2016 13:32 0.0136 Correlation Location 1
10/27/2016 13:27 0.0127 Correlation Location 1 10/27/2016 13:32 0.0132 Correlation Location 1
10/27/2016 13:27 0.0123 Correlation Location 1 10/27/2016 13:32 0.0128 Correlation Location 1
10/27/2016 13:27 0.0126 Correlation Location 1 10/27/2016 13:32 0.0126 Correlation Location 1
10/27/2016 13:27 0.0124 Correlation Location 1 10/27/2016 13:33 0.0123 Correlation Location 1
10/27/2016 13:27 0.0127 Correlation Location 1 10/27/2016 13:33 0.0126 Correlation Location 1
10/27/2016 13:27 0.0123 Correlation Location 1 10/27/2016 13:33 0.0124 Correlation Location 1
10/27/2016 13:27 0.0122 Correlation Location 1 10/27/2016 13:33 0.0127 Correlation Location 1
10/27/2016 13:27 0.0126 Correlation Location 1 10/27/2016 13:33 0.0131 Correlation Location 1
10/27/2016 13:27 0.013 Correlation Location 1 10/27/2016 13:33 0.0132 Correlation Location 1
10/27/2016 13:27 0.0133 Correlation Location 1 10/27/2016 13:33 0.0134 Correlation Location 1
10/27/2016 13:28 0.0135 Correlation Location 1 10/27/2016 13:33 0.0136 Correlation Location 1
10/27/2016 13:28 0.0138 Correlation Location 1 10/27/2016 13:33 0.0136 Correlation Location 1
10/27/2016 13:28 0.0141 Correlation Location 1 10/27/2016 13:33 0.0138 Correlation Location 1
10/27/2016 13:28 0.0139 Correlation Location 1 10/27/2016 13:34 0.0135 Correlation Location 1
10/27/2016 13:28 0.0138 Correlation Location 1 10/27/2016 13:34 0.0132 Correlation Location 1
10/27/2016 13:28 0.0135 Correlation Location 1 10/27/2016 13:34 0.0129 Correlation Location 1
10/27/2016 13:28 0.0131 Correlation Location 1 10/27/2016 13:34 0.0128 Correlation Location 1
10/27/2016 13:28 0.0128 Correlation Location 1 10/27/2016 13:34 0.0132 Correlation Location 1
10/27/2016 13:28 0.013 Correlation Location 1 10/27/2016 13:34 0.0133 Correlation Location 1
10/27/2016 13:28 0.0134 Correlation Location 1 10/27/2016 13:34 0.013 Correlation Location 1
10/27/2016 13:29 0.0133 Correlation Location 1 10/27/2016 13:34 0.0129 Correlation Location 1
10/27/2016 13:29 0.0129 Correlation Location 1 10/27/2016 13:34 0.0129 Correlation Location 1
10/27/2016 13:29 0.0128 Correlation Location 1 10/27/2016 13:34 0.013 Correlation Location 1
10/27/2016 13:29 0.0127 Correlation Location 1 10/27/2016 13:35 0.0131 Correlation Location 1
10/27/2016 13:29 0.0127 Correlation Location 1 10/27/2016 13:35 0.0132 Correlation Location 1
10/27/2016 13:29 0.0126 Correlation Location 1 10/27/2016 13:35 0.0133 Correlation Location 1
10/27/2016 13:29 0.0126 Correlation Location 1 10/27/2016 13:35 0.0129 Correlation Location 1
10/27/2016 13:29 0.0129 Correlation Location 1 10/27/2016 13:35 0.0127 Correlation Location 1
10/27/2016 13:29 0.0127 Correlation Location 1 10/27/2016 13:35 0.0127 Correlation Location 1
10/27/2016 13:29 0.0128 Correlation Location 1 10/27/2016 13:35 0.0127 Correlation Location 1
10/27/2016 13:30 0.0129 Correlation Location 1 10/27/2016 13:35 0.0129 Correlation Location 1
10/27/2016 13:30 0.013 Correlation Location 1 10/27/2016 13:35 0.0133 Correlation Location 1
10/27/2016 13:30 0.0133 Correlation Location 1 10/27/2016 13:35 0.0135 Correlation Location 1
10/27/2016 13:30 0.0135 Correlation Location 1 10/27/2016 13:36 0.0131 Correlation Location 1
10/27/2016 13:30 0.0138 Correlation Location 1 10/27/2016 13:36 0.0128 Correlation Location 1
10/27/2016 13:30 0.0142 Correlation Location 1 10/27/2016 13:36 0.0126 Correlation Location 1
10/27/2016 13:30 0.0144 Correlation Location 1 10/27/2016 13:36 0.0124 Correlation Location 1
10/27/2016 13:30 0.0142 Correlation Location 1 10/27/2016 13:36 0.0122 Correlation Location 1
10/27/2016 13:30 0.0139 Correlation Location 1 10/27/2016 13:36 0.0123 Correlation Location 1
10/27/2016 13:30 0.0137 Correlation Location 1 10/27/2016 13:36 0.0133 Correlation Location 1
10/27/2016 13:31 0.0133 Correlation Location 1 10/27/2016 13:36 0.0133 Correlation Location 1
10/27/2016 13:31 0.0135 Correlation Location 1 10/27/2016 13:36 0.0131 Correlation Location 1
10/27/2016 13:31 0.014 Correlation Location 1 10/27/2016 13:36 0.013 Correlation Location 1
10/27/2016 13:31 0.0142 Correlation Location 1 10/27/2016 13:37 0.0127 Correlation Location 1
10/27/2016 13:31 0.0136 Correlation Location 1 10/27/2016 13:37 0.0126 Correlation Location 1
10/27/2016 13:31 0.0133 Correlation Location 1 10/27/2016 13:37 0.0126 Correlation Location 1
10/27/2016 13:31 0.013 Correlation Location 1 10/27/2016 14:03 0.0529 Correlation Location 2

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 14:03 0.0921 Correlation Location 2 10/27/2016 14:09 0.0099 Correlation Location 2
10/27/2016 14:03 0.0795 Correlation Location 2 10/27/2016 14:09 0.0102 Correlation Location 2
10/27/2016 14:03 0.0536 Correlation Location 2 10/27/2016 14:09 0.0099 Correlation Location 2
10/27/2016 14:03 0.0344 Correlation Location 2 10/27/2016 14:09 0.0092 Correlation Location 2
10/27/2016 14:04 0.0229 Correlation Location 2 10/27/2016 14:09 0.009 Correlation Location 2
10/27/2016 14:04 0.0167 Correlation Location 2 10/27/2016 14:09 0.0093 Correlation Location 2
10/27/2016 14:04 0.0131 Correlation Location 2 10/27/2016 14:09 0.0093 Correlation Location 2
10/27/2016 14:04 0.0111 Correlation Location 2 10/27/2016 14:10 0.0091 Correlation Location 2
10/27/2016 14:04 0.0102 Correlation Location 2 10/27/2016 14:10 0.0091 Correlation Location 2
10/27/2016 14:04 0.01 Correlation Location 2 10/27/2016 14:10 0.0094 Correlation Location 2
10/27/2016 14:04 0.0102 Correlation Location 2 10/27/2016 14:10 0.01 Correlation Location 2
10/27/2016 14:04 0.0104 Correlation Location 2 10/27/2016 14:10 0.0103 Correlation Location 2
10/27/2016 14:04 0.0103 Correlation Location 2 10/27/2016 14:10 0.0104 Correlation Location 2
10/27/2016 14:04 0.01 Correlation Location 2 10/27/2016 14:10 0.0104 Correlation Location 2
10/27/2016 14:05 0.0098 Correlation Location 2 10/27/2016 14:10 0.0105 Correlation Location 2
10/27/2016 14:05 0.0098 Correlation Location 2 10/27/2016 14:10 0.0109 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:10 0.011 Correlation Location 2
10/27/2016 14:05 0.0102 Correlation Location 2 10/27/2016 14:11 0.0112 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:11 0.0112 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:11 0.0105 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:11 0.0102 Correlation Location 2
10/27/2016 14:05 0.0097 Correlation Location 2 10/27/2016 14:11 0.01 Correlation Location 2
10/27/2016 14:05 0.0096 Correlation Location 2 10/27/2016 14:11 0.0103 Correlation Location 2
10/27/2016 14:05 0.0096 Correlation Location 2 10/27/2016 14:11 0.01 Correlation Location 2
10/27/2016 14:06 0.0096 Correlation Location 2 10/27/2016 14:11 0.0096 Correlation Location 2
10/27/2016 14:06 0.0097 Correlation Location 2 10/27/2016 14:11 0.0094 Correlation Location 2
10/27/2016 14:06 0.0095 Correlation Location 2 10/27/2016 14:11 0.0095 Correlation Location 2
10/27/2016 14:06 0.0096 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:06 0.0098 Correlation Location 2 10/27/2016 14:12 0.01 Correlation Location 2
10/27/2016 14:06 0.0099 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:06 0.0098 Correlation Location 2 10/27/2016 14:12 0.0095 Correlation Location 2
10/27/2016 14:06 0.0098 Correlation Location 2 10/27/2016 14:12 0.0093 Correlation Location 2
10/27/2016 14:06 0.01 Correlation Location 2 10/27/2016 14:12 0.0096 Correlation Location 2
10/27/2016 14:06 0.01 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:07 0.0099 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:07 0.0096 Correlation Location 2 10/27/2016 14:12 0.01 Correlation Location 2
10/27/2016 14:07 0.01 Correlation Location 2 10/27/2016 14:12 0.0103 Correlation Location 2
10/27/2016 14:07 0.0106 Correlation Location 2 10/27/2016 14:13 0.0103 Correlation Location 2
10/27/2016 14:07 0.0105 Correlation Location 2 10/27/2016 14:13 0.0108 Correlation Location 2
10/27/2016 14:07 0.0106 Correlation Location 2 10/27/2016 14:13 0.0109 Correlation Location 2
10/27/2016 14:07 0.0105 Correlation Location 2 10/27/2016 14:13 0.0106 Correlation Location 2
10/27/2016 14:07 0.0105 Correlation Location 2 10/27/2016 14:13 0.0103 Correlation Location 2
10/27/2016 14:07 0.0103 Correlation Location 2 10/27/2016 14:13 0.0098 Correlation Location 2
10/27/2016 14:07 0.01 Correlation Location 2 10/27/2016 14:13 0.0096 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:13 0.0096 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:13 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:13 0.0105 Correlation Location 2
10/27/2016 14:08 0.0102 Correlation Location 2 10/27/2016 14:14 0.0104 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.0098 Correlation Location 2
10/27/2016 14:08 0.0103 Correlation Location 2 10/27/2016 14:14 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.0102 Correlation Location 2
10/27/2016 14:08 0.0096 Correlation Location 2 10/27/2016 14:43 0.0556 Correlation Location 3
10/27/2016 14:09 0.0096 Correlation Location 2 10/27/2016 14:43 0.0993 Correlation Location 3
10/27/2016 14:09 0.0097 Correlation Location 2 10/27/2016 14:43 0.0905 Correlation Location 3
10/27/2016 14:09 0.0098 Correlation Location 2 10/27/2016 14:43 0.0665 Correlation Location 3

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 14:43 0.0479 Correlation Location 3 10/27/2016 14:49 0.0242 Correlation Location 3
10/27/2016 14:43 0.0363 Correlation Location 3 10/27/2016 14:49 0.0239 Correlation Location 3
10/27/2016 14:43 0.0302 Correlation Location 3 10/27/2016 14:49 0.0237 Correlation Location 3
10/27/2016 14:43 0.0267 Correlation Location 3 10/27/2016 14:49 0.0237 Correlation Location 3
10/27/2016 14:44 0.0251 Correlation Location 3 10/27/2016 14:49 0.0239 Correlation Location 3
10/27/2016 14:44 0.0253 Correlation Location 3 10/27/2016 14:49 0.024 Correlation Location 3
10/27/2016 14:44 0.0249 Correlation Location 3 10/27/2016 14:49 0.0242 Correlation Location 3
10/27/2016 14:44 0.0242 Correlation Location 3 10/27/2016 14:50 0.0245 Correlation Location 3
10/27/2016 14:44 0.0235 Correlation Location 3 10/27/2016 14:50 0.0247 Correlation Location 3
10/27/2016 14:44 0.0239 Correlation Location 3 10/27/2016 14:50 0.0247 Correlation Location 3
10/27/2016 14:44 0.0245 Correlation Location 3 10/27/2016 14:50 0.0241 Correlation Location 3
10/27/2016 14:44 0.0249 Correlation Location 3 10/27/2016 14:50 0.0243 Correlation Location 3
10/27/2016 14:44 0.0247 Correlation Location 3 10/27/2016 14:50 0.0243 Correlation Location 3
10/27/2016 14:44 0.0247 Correlation Location 3 10/27/2016 14:50 0.024 Correlation Location 3
10/27/2016 14:45 0.0249 Correlation Location 3 10/27/2016 14:50 0.0237 Correlation Location 3
10/27/2016 14:45 0.0249 Correlation Location 3 10/27/2016 14:50 0.024 Correlation Location 3
10/27/2016 14:45 0.0245 Correlation Location 3 10/27/2016 14:50 0.0242 Correlation Location 3
10/27/2016 14:45 0.0241 Correlation Location 3 10/27/2016 14:51 0.0244 Correlation Location 3
10/27/2016 14:45 0.024 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.024 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.0242 Correlation Location 3 10/27/2016 14:51 0.0247 Correlation Location 3
10/27/2016 14:45 0.0241 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.0241 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.0242 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:46 0.0242 Correlation Location 3 10/27/2016 14:51 0.0251 Correlation Location 3
10/27/2016 14:46 0.0241 Correlation Location 3 10/27/2016 14:51 0.0256 Correlation Location 3
10/27/2016 14:46 0.0237 Correlation Location 3 10/27/2016 14:51 0.0255 Correlation Location 3
10/27/2016 14:46 0.0235 Correlation Location 3 10/27/2016 14:52 0.0255 Correlation Location 3
10/27/2016 14:46 0.0237 Correlation Location 3 10/27/2016 14:52 0.0253 Correlation Location 3
10/27/2016 14:46 0.0241 Correlation Location 3 10/27/2016 14:52 0.0251 Correlation Location 3
10/27/2016 14:46 0.0242 Correlation Location 3 10/27/2016 14:52 0.0252 Correlation Location 3
10/27/2016 14:46 0.0244 Correlation Location 3 10/27/2016 14:52 0.0249 Correlation Location 3
10/27/2016 14:46 0.0241 Correlation Location 3 10/27/2016 14:52 0.0247 Correlation Location 3
10/27/2016 14:46 0.024 Correlation Location 3 10/27/2016 14:52 0.0249 Correlation Location 3
10/27/2016 14:47 0.0241 Correlation Location 3 10/27/2016 14:52 0.0245 Correlation Location 3
10/27/2016 14:47 0.0244 Correlation Location 3 10/27/2016 14:52 0.0242 Correlation Location 3
10/27/2016 14:47 0.0242 Correlation Location 3 10/27/2016 14:52 0.0242 Correlation Location 3
10/27/2016 14:47 0.024 Correlation Location 3 10/27/2016 14:53 0.0241 Correlation Location 3
10/27/2016 14:47 0.0241 Correlation Location 3 10/27/2016 14:53 0.0239 Correlation Location 3
10/27/2016 14:47 0.0239 Correlation Location 3 10/27/2016 14:53 0.0243 Correlation Location 3
10/27/2016 14:47 0.0237 Correlation Location 3 10/27/2016 14:53 0.0245 Correlation Location 3
10/27/2016 14:47 0.0241 Correlation Location 3 10/27/2016 14:53 0.0245 Correlation Location 3
10/27/2016 14:47 0.0245 Correlation Location 3 10/27/2016 14:53 0.0247 Correlation Location 3
10/27/2016 14:47 0.0243 Correlation Location 3 10/27/2016 14:53 0.0251 Correlation Location 3
10/27/2016 14:48 0.024 Correlation Location 3 10/27/2016 14:53 0.0249 Correlation Location 3
10/27/2016 14:48 0.024 Correlation Location 3 10/27/2016 14:53 0.0245 Correlation Location 3
10/27/2016 14:48 0.0243 Correlation Location 3 10/27/2016 14:53 0.0243 Correlation Location 3
10/27/2016 14:48 0.0242 Correlation Location 3 10/27/2016 14:54 0.0237 Correlation Location 3
10/27/2016 14:48 0.0239 Correlation Location 3 10/27/2016 14:54 0.0241 Correlation Location 3
10/27/2016 14:48 0.024 Correlation Location 3 10/27/2016 14:54 0.0247 Correlation Location 3
10/27/2016 14:48 0.0245 Correlation Location 3 10/27/2016 14:54 0.0251 Correlation Location 3
10/27/2016 14:48 0.0247 Correlation Location 3 10/27/2016 14:54 0.0253 Correlation Location 3
10/27/2016 14:48 0.0245 Correlation Location 3 10/27/2016 15:14 0.0548 Correlation Location 4
10/27/2016 14:48 0.0242 Correlation Location 3 10/27/2016 15:14 0.0969 Correlation Location 4
10/27/2016 14:49 0.0243 Correlation Location 3 10/27/2016 15:14 0.0866 Correlation Location 4
10/27/2016 14:49 0.0247 Correlation Location 3 10/27/2016 15:14 0.0618 Correlation Location 4
10/27/2016 14:49 0.0245 Correlation Location 3 10/27/2016 15:14 0.0427 Correlation Location 4

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 15:14 0.0312 Correlation Location 4 10/27/2016 15:20 0.0196 Correlation Location 4
10/27/2016 15:14 0.0251 Correlation Location 4 10/27/2016 15:20 0.02 Correlation Location 4
10/27/2016 15:14 0.022 Correlation Location 4 10/27/2016 15:20 0.0198 Correlation Location 4
10/27/2016 15:14 0.0206 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:14 0.0199 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:15 0.0197 Correlation Location 4 10/27/2016 15:20 0.0194 Correlation Location 4
10/27/2016 15:15 0.0194 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:15 0.0189 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:15 0.0184 Correlation Location 4 10/27/2016 15:21 0.019 Correlation Location 4
10/27/2016 15:15 0.019 Correlation Location 4 10/27/2016 15:21 0.019 Correlation Location 4
10/27/2016 15:15 0.0196 Correlation Location 4 10/27/2016 15:21 0.0192 Correlation Location 4
10/27/2016 15:15 0.0194 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:15 0.0192 Correlation Location 4 10/27/2016 15:21 0.0196 Correlation Location 4
10/27/2016 15:15 0.0194 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:15 0.0192 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:16 0.0188 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:16 0.0189 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:16 0.0192 Correlation Location 4 10/27/2016 15:21 0.0192 Correlation Location 4
10/27/2016 15:16 0.0192 Correlation Location 4 10/27/2016 15:22 0.0189 Correlation Location 4
10/27/2016 15:16 0.019 Correlation Location 4 10/27/2016 15:22 0.0187 Correlation Location 4
10/27/2016 15:16 0.019 Correlation Location 4 10/27/2016 15:22 0.0187 Correlation Location 4
10/27/2016 15:16 0.0194 Correlation Location 4 10/27/2016 15:22 0.0189 Correlation Location 4
10/27/2016 15:16 0.0194 Correlation Location 4 10/27/2016 15:22 0.0188 Correlation Location 4
10/27/2016 15:16 0.019 Correlation Location 4 10/27/2016 15:22 0.0186 Correlation Location 4
10/27/2016 15:16 0.0188 Correlation Location 4 10/27/2016 15:22 0.0185 Correlation Location 4
10/27/2016 15:17 0.0187 Correlation Location 4 10/27/2016 15:22 0.0185 Correlation Location 4
10/27/2016 15:17 0.0185 Correlation Location 4 10/27/2016 15:22 0.019 Correlation Location 4
10/27/2016 15:17 0.0184 Correlation Location 4 10/27/2016 15:22 0.0194 Correlation Location 4
10/27/2016 15:17 0.0185 Correlation Location 4 10/27/2016 15:23 0.0192 Correlation Location 4
10/27/2016 15:17 0.0187 Correlation Location 4 10/27/2016 15:23 0.0186 Correlation Location 4
10/27/2016 15:17 0.0187 Correlation Location 4 10/27/2016 15:23 0.0182 Correlation Location 4
10/27/2016 15:17 0.019 Correlation Location 4 10/27/2016 15:23 0.0184 Correlation Location 4
10/27/2016 15:17 0.0196 Correlation Location 4 10/27/2016 15:23 0.0185 Correlation Location 4
10/27/2016 15:17 0.0198 Correlation Location 4 10/27/2016 15:23 0.0188 Correlation Location 4
10/27/2016 15:17 0.0194 Correlation Location 4 10/27/2016 15:23 0.019 Correlation Location 4
10/27/2016 15:18 0.019 Correlation Location 4 10/27/2016 15:23 0.0188 Correlation Location 4
10/27/2016 15:18 0.0189 Correlation Location 4 10/27/2016 15:23 0.0187 Correlation Location 4
10/27/2016 15:18 0.0188 Correlation Location 4 10/27/2016 15:23 0.019 Correlation Location 4
10/27/2016 15:18 0.0185 Correlation Location 4 10/27/2016 15:24 0.0192 Correlation Location 4
10/27/2016 15:18 0.0184 Correlation Location 4 10/27/2016 15:24 0.019 Correlation Location 4
10/27/2016 15:18 0.0184 Correlation Location 4 10/27/2016 15:24 0.0188 Correlation Location 4
10/27/2016 15:18 0.0185 Correlation Location 4 10/27/2016 15:24 0.0187 Correlation Location 4
10/27/2016 15:18 0.0188 Correlation Location 4 10/27/2016 15:24 0.0186 Correlation Location 4
10/27/2016 15:18 0.0192 Correlation Location 4 10/27/2016 15:24 0.0188 Correlation Location 4
10/27/2016 15:18 0.019 Correlation Location 4 10/27/2016 15:24 0.0188 Correlation Location 4
10/27/2016 15:19 0.0189 Correlation Location 4 10/27/2016 15:24 0.0187 Correlation Location 4
10/27/2016 15:19 0.019 Correlation Location 4 10/27/2016 15:24 0.0185 Correlation Location 4
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:24 0.0182 Correlation Location 4
10/27/2016 15:19 0.0197 Correlation Location 4 10/27/2016 15:25 0.0186 Correlation Location 4
10/27/2016 15:19 0.0197 Correlation Location 4 10/27/2016 15:25 0.0189 Correlation Location 4
10/27/2016 15:19 0.0194 Correlation Location 4 10/27/2016 15:25 0.019 Correlation Location 4
10/27/2016 15:19 0.0194 Correlation Location 4 10/27/2016 15:25 0.0187 Correlation Location 4
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:25 0.0182 Correlation Location 4
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:35 0.0538 Correlation Location 5
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:36 0.0945 Correlation Location 5
10/27/2016 15:20 0.0192 Correlation Location 4 10/27/2016 15:36 0.0836 Correlation Location 5
10/27/2016 15:20 0.0192 Correlation Location 4 10/27/2016 15:36 0.059 Correlation Location 5

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 15:36 0.0398 Correlation Location 5 10/27/2016 15:42 0.0154 Correlation Location 5
10/27/2016 15:36 0.0284 Correlation Location 5 10/27/2016 15:42 0.016 Correlation Location 5
10/27/2016 15:36 0.0225 Correlation Location 5 10/27/2016 15:42 0.016 Correlation Location 5
10/27/2016 15:36 0.0196 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:36 0.0178 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:36 0.0165 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:36 0.0162 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:37 0.0161 Correlation Location 5 10/27/2016 15:42 0.0158 Correlation Location 5
10/27/2016 15:37 0.0161 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:37 0.0162 Correlation Location 5 10/27/2016 15:42 0.0158 Correlation Location 5
10/27/2016 15:37 0.0165 Correlation Location 5 10/27/2016 15:43 0.0164 Correlation Location 5
10/27/2016 15:37 0.0164 Correlation Location 5 10/27/2016 15:43 0.0163 Correlation Location 5
10/27/2016 15:37 0.0163 Correlation Location 5 10/27/2016 15:43 0.0158 Correlation Location 5
10/27/2016 15:37 0.016 Correlation Location 5 10/27/2016 15:43 0.0153 Correlation Location 5
10/27/2016 15:37 0.0155 Correlation Location 5 10/27/2016 15:43 0.0155 Correlation Location 5
10/27/2016 15:37 0.0155 Correlation Location 5 10/27/2016 15:43 0.0158 Correlation Location 5
10/27/2016 15:37 0.0152 Correlation Location 5 10/27/2016 15:43 0.016 Correlation Location 5
10/27/2016 15:38 0.0152 Correlation Location 5 10/27/2016 15:43 0.0162 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:43 0.016 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:43 0.016 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0156 Correlation Location 5
10/27/2016 15:38 0.0158 Correlation Location 5 10/27/2016 15:44 0.0154 Correlation Location 5
10/27/2016 15:38 0.0158 Correlation Location 5 10/27/2016 15:44 0.0155 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0154 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0154 Correlation Location 5
10/27/2016 15:38 0.0158 Correlation Location 5 10/27/2016 15:44 0.0156 Correlation Location 5
10/27/2016 15:39 0.0162 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:39 0.0164 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:39 0.0162 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0156 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:45 0.0155 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:45 0.0154 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.0153 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.015 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.0154 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:46 0.0155 Correlation Location 5
10/27/2016 15:40 0.016 Correlation Location 5 10/27/2016 15:46 0.0155 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.0156 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:46 0.0156 Correlation Location 5
10/27/2016 15:41 0.0155 Correlation Location 5
10/27/2016 15:41 0.0155 Correlation Location 5
10/27/2016 15:41 0.0156 Correlation Location 5
10/27/2016 15:41 0.0156 Correlation Location 5
10/27/2016 15:41 0.0158 Correlation Location 5
10/27/2016 15:41 0.0156 Correlation Location 5
10/27/2016 15:41 0.0154 Correlation Location 5
10/27/2016 15:41 0.0151 Correlation Location 5
10/27/2016 15:41 0.015 Correlation Location 5
10/27/2016 15:41 0.0149 Correlation Location 5

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation
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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 
R2) 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 R2 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 R2 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 R2 > 0.8) 
associated with these regressions can be improved by fitting a power curve to the data, and 
reporting unadjusted R2 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 
R2 is not a statistically rigorous approach, and improving R2 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 R2 (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 
– is not a one-to-one relationship indicative of secular equilibrium. Most commonly, an 
equilibrium condition results from an environmental process which chemically selects for and 
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transports one nuclide (parent or decay product) away from the other nuclide.  Because a consistent 
fraction of one nuclide has been removed, the two nuclides are present at a fixed ratio other than 
one-to-one.

Determination of secular equilibrium for an AUM can be an important part of the risk assessment 
process, as the assumed fraction of radium-226 decay products present in the environment greatly 
influences a hypothetical receptor’s radiation dose and mortality risk. However, it is 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.,

ã

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.

cp 

cp cp 

cp 

cp cp 
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2. Simple linear regression is performed on the dataset; the p-value and the adjusted R2 are 
recorded. The resulting linear model and the 95% UCL (upper confidence limit) bands are 
plotted on the figure generated in step 1.

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

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

a. If the p-value for the regression slope is insignificant (i.e., p > 0.05) or the adjusted 
R2 does not meet the study’s data quality objective (Adjusted R2 > 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 R2 criteria.

b. If the p-value for the regression slope is significant (i.e., p < 0.05) and the adjusted 
R2 meets the DQO (Adjusted R2 > 0.8) there are two possible conditions, which 
are evaluated via visual examination of the figure generated in step 3.

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



Page 6

Figure 2. Result for Mitten secular equilibrium analysis, showing failure to meet p-value and adjusted R2

criteria, i.e., the data are poorly correlated.

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 AUMs.

Mine p-value Adjusted R2 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 Harvey Blackwater No. 3 abandoned 
uranium mine (AUM) located in the Kayenta Chapter of the Navajo Nation in Monument Valley, Arizona 
and Utah. It documents part of the implementation of the Navajo Nation AUM Environmental Response 
Trust, First Phase, Removal Site Evaluation Work Plan (RSE Work Plan). The work was performed by 
Environmental Restoration Group, Inc. of Albuquerque, New Mexico and Stantec Consulting Services Inc. 
(Stantec) in accordance with the Navajo Nation AUM Environmental Response Trust  First Phase.  

This report provides 1) the results of a Global Positioning System (GPS)-based gamma radiation (gamma) 
survey, 2) comparisons of the gamma count rates at this AUM to exposure rates and concentrations of 
radium-226 in surface soils, and 3) an assessment of equilibrium in the uranium series. The field 
activities addressed in this report were conducted on October 15, 27, and 28, 2016; November 2, 2016; 
and March 18 and September 20, 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; and roads and 
drainages within a 0.25-mile radius of the 100-ft buffer; and correlation studies. The Survey Area was 
extended beyond the 100-ft buffer where elevated gamma count rates were observed.  

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. Harvey Blackwater 
No. 3 Removal Site Evalu  

The findings of the RSE pertaining to these activities are:  

The horizontal extent and magnitude of mining-related materials were delineated sufficiently to 
support additional characterization of the subsurface. 
 
The highest count rates were observed along a recurring exposure of bedrock that runs 
northeast to southwest through and beyond the mine claim. 
 
 A potential Background Reference Area was established.  
 
The relationship between gamma count rates and concentrations of radium-226 in surface soils 
(0 to 0.5 ft below ground surface [bgs]) is described by a power regression model:  
 
Radium-226 (picocuries per gram [pCi/g]) = 5x10-8 x Gamma Count Rate (cpm)1.8283 

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 169.3, with 
a central tendency (median) of 0.9 pCi/g.  

• 

• 

• 

• 

• 

These and additional results for the continuing RSE are addressed in" 

ation Report" (Stantec, 2017) . 
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The relationship between gamma count rates and exposure rates is described by a linear 
regression model:  
 
Exposure Rate (µR/h) = Gamma Count Rate (cpm) x 4x10-4 + 7.7 
 
The distribution of exposure rates predicted using this model resembles a lognormal 
distribution. The values in the Survey Area range from 9.5 to 72.9, with a central tendency 
(median) of 11.5 µR/h. 

• 

• 
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1.0 Introduction 

This report addresses the radiological characterization of the Harvey Blackwater No. 3 abandoned 
uranium mine (AUM) located in the Kayenta Chapter of the Navajo Nation in Monument Valley, Arizona 
and Utah. 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) in accordance with the Navajo Nation AUM Environmental Response 
Trust  First Phase.  

The activities described here focus on the characterization of uranium series radionuclides in surface 
soils at the AUM. This report provides 1) the results of a Global Positioning System (GPS)-based gamma 
radiation (gamma) survey, 2) comparisons of gamma count rates to exposure rates and concentrations 
of radium-226 in surface soils, and 3) an assessment of equilibrium in the uranium decay series.  

The field activities addressed in this report were conducted on October 15, 27, and 28, 2016; November 
2, 2016; and March 18 and September 20, 2017 in accordance with the methods described in the RSE 
Work Plan. The GPS-based radiological survey of land surfaces covered an approximately 37-acre Survey 
Area that included the mine claim area out to a 100-foot buffer; and roads and drainages within a 0.25-
mile radius of the buffer; gamma count rate and exposure rate measurements at fixed points; and 
gamma count rate measurements and soil sampling for radionuclides and metals in areas centered on 
these fixed points. The Survey Area was extended beyond the 100-ft buffer where elevated gamma 
count rates were observed. 

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. Harvey Blackwater 
No. 3 Removal S  

Figure 1 shows the location of the AUM. Background information that is pertinent to the 
characterization of this AUM is presented in the Harvey Blackwater No. 3 Removal Site Evaluation 

 (Stantec, 2017). 

 

 

Report" 

These and additional results for the continuing RSE are addressed in" 

ite Evaluation Report" (Stantec, 2017). 

II 
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Figure 1. Location of the Harvey Blackwater No. 3 Abandoned Uranium Mine 
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2.0 GPS-Based Gamma Surveys  

This section addresses the GPS-based surveys conducted in a potential Background Reference Area and 
the Survey Area. 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. 

Table 1. Detection systems used in the GPS-Based gamma surveys. 

Survey Area Ludlum 
Model 44-10 

Ludlum Model 2221 
Ratemeter/Scaler 

Potential Background 
Reference Area PR303727a 254772a 

Survey Area 

PR303727 254772 
PR295014 196086 
PR154615 138368 
PR355763 138368 

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

2.1 Potential Background Reference Area 

A potential Background Reference Area was surveyed, the location and results of which are depicted on 
Figure 2. BG3 in the figure is Background Reference Area 3.  

Table 2 lists a summary of the gamma count rates, which in BG3 ranged from 6,662 to 10,663 counts per 
minute (cpm), with a mean and median of 8,584 and 8,606 cpm, respectively.  

Figure 3 depicts a histogram of the gamma count rates. 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 Area. 

 Gamma Count Rate (cpm) 

n Min Max Mean Median Standard 
Deviation 

235 6,662 10,663 8,584 8,606 764 
Notes: 
cpm = counts per minute   
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Figure 2. Gamma count rates in the potential Background Reference Area. 
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Figure 3. Histogram of gamma count rates in the potential Background Reference Area. 

2.2 Survey Area (including extended) 

The gamma count rates observed in the Survey Area are depicted in Figure 4. The highest count rates 
were observed along a recurring exposure of bedrock that runs northeast to southwest through and 
beyond the mine claim. 

Figure 5 is a histogram of the gamma count rate measurements made in the Survey Area, including 
those made 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, 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 25th, 50th, and 75th percentiles --the three horizontal lines of the box inside the box 
plot are 7,887, 9,383, and 11,255 cpm, respectively.  

Table 3 is a statistical summary of the measurements, which range from 4,427 to 163,071 cpm and have 
a central tendency (median) of 9,383 cpm.  
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Figure 4. Gamma count rates in the Survey Area. 
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Figure 5. Histogram of gamma count rates in the Survey Area. 

 

Figure 6. Box plot of gamma count rates in the Survey Area. 
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Table 3. Summary statistics for gamma count rates in the Survey Area. 

 
Parameter Gamma Count Rate (cpm) 

n 40,738 
Minimum 4,427 
Maximum 163,071 

Mean 10,568 
Median 9,383 

Standard Deviation 5,396 
Notes: 
cpm = counts per minute 

 

3.0 Correlation Studies 

The following sections address the activities under two types of correlation studies outlined in the RSE 
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 October 27, 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 the two could be compared. 
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. Table 4 lists the results of the measurements and radium-226 concentrations in the soil 
samples. The means of the gamma count rate measurements range from 7,900 to 32,623 cpm. The 
concentrations of radium-226 range from 0.59 to 8.1 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 F Removal Site Evaluation 
Report Stantec, 2017). 

 

of "Harvey Blackwater No. 3 
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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  Result  MDL 

S239-C01-001 13,124 11,553 14,760 669 1.81 0.36 0.51 
S239-C02-001 7,900 6,929 9,336 406 0.59 0.17 0.29 
S239-C03-001 32,623 23,166 41,460 5,157 8.1 1.1 0.5 
S239-C04-001 24,551 16,640 31,349 3,673 4.67 0.66 0.48 
S239-C05-001 19,387 16,799 23,182 1,343 4.42 0.63 0.44 

Notes:  
cpm = counts per minute 
MDL = method detection limit 
pCi/g = picocuries per gram 

 = standard deviation 

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

Thorium-228 Thorium-230 Thorium-232 

Sample ID Result 
Error ± 

 MDL Result 
Error 

 MDL Result 
Error 

 MDL 
S239-C01-001 0.81 0.15 0.04 1.56 0.27 0.08 0.69 0.13 0.01 
S239-C02-001 0.282 0.067 0.042 0.62 0.12 0.07 0.226 0.053 0.013 
S239-C03-001 0.399 0.085 0.04 8.5 1.3 0.1 0.386 0.079 0.013 
S239-C04-001 0.329 0.071 0.031 3.42 0.55 0.07 0.351 0.072 0.018 
S239-C05-001 0.331 0.073 0.036 3.09 0.5 0.07 0.334 0.07 0.016 

Notes:  
MDL = method detection limit 
pCi/g = picocuries per gram 

 = 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 , is a strong, power function with a 

2) of 0.9745, as expressed in the equation:  

Radium-226 concentration (pCi/g) = 5 x 10-8 x Gamma Count Rate (cpm)1.8283 

R2 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 correlation are 0.189 and 0.0017, respectively; these parameters are
not data quality objectives (DQOs) and are included only as information.

The concentrations of thorium-232 and thorium-228, isotopes in the thorium series, in the correlation 
samples are similar and at most 0.81 pCi/g. Given these low concentrations and the high R2 of the power 

a Error ±la 

0 

la ±la ±la 

0 

Figure 8 Pearson's Correlation Coefficient 

(R 
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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. 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 0.2 to 169.3 pCi/g, with a mean and median of 1.3 and 0.9 pCi/g, 
respectively. 

 shows the predicted concentrations of radium-226, the spatial and numerical distribution of 
which mirror those depicted in 

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 40,738 

Minimum 0.2 
Maximum 169.3 

Mean 1.3 
Median 0.9 

Standard Deviation 2.7 
Notes: 
pCi/g = picocuries per gram 

Ra-226 = 5x10-8(Gamma Count Rate)1.8283

R² = 0.9745
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Figure 9. Predicted concentrations of radium-226 in the Survey Area. 
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3.2 Equilibrium in the uranium series 

Secular equilibrium occurs when the activities of a parent radionuclide and its decay product are equal.  
This can occur in a closed system, when the half-life of the parent radionuclide is much larger than that 
of the decay product.  

The ratio of the concentrations of radium-226 to thorium-230 can be used as an indicator of the status 
of equilibrium in the uranium series. The half-lives of thorium-230 and radium-226 are 77,000 and 1,600 
years, respectively. The ratios in the five correlation samples are 1.2 (Sample S239-C01-001), 1.0 
(Sample S239-C02-001), 1.0 (Sample S239-C03-001), 1.4 (Sample S239-C04-001), and 1.4 (Sample S239-
C05-001), indicating that thorium-230 is potentially 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. 

3.3 Exposure rates and gamma count rates 

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

The gamma count rate and exposure rate measurements were made on October 27, 2016 at 0.5 m and 
1 m above the ground surface, respectively. The gamma count rate measurements were made using one 
of the sodium iodide detection systems used in the GPS-based gamma survey of the AUM (Serial 
Numbers PR303727/254772). The exposure rate measurements were made using a Reuter Stokes 
Model RSS-131 high pressure ionization chamber (HPIC) at six-second intervals for about 10 minutes. 
The exposure rate 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.  

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. 

Correlation Coefficient (R2) is a measure of the dependence between two variables, and is 
expressed as a value between -1 and +1 where +1 is a positive correlation, 0 is no correlation, and -1 is a 
negative correlation. The best predictive relationship between the measurements is linear with a R2 of 
0.9829, strongly indicating a positive correlation. The root mean square error and p-value for the 
correlation are 0.837 and 0.0010, respectively; these parameters are not DQOs and are included only as 
information. 

Table 7 

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

Exposure Rate (µR/h) = 4x10-4 x Gamma Count Rate (cpm) + 7.7 

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

present summary statistics for the predicted exposure rates in the potential 
Background Reference Area and AUM, respectively. The range of predicted exposure rates at BG3 is 
10.3 to 11.9 µR/h, with a mean and median of 11.1 µR/h. The range of predicted exposure rates in the 
Survey Area is 9.5 to 72.9 µR/h, with a mean and median of 11.9 and 11.5 µR/h, respectively. 

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

Location Gamma Count Rate 
(cpm) 

Exposure Rate 
(µR/h) 

S239-C01-001 12,419 13.1 
S239-C02-001 8,453 10 
S239-C03-001 42,856 24.4 
S239-C04-001 29,363 19 
S239-C05-001 18,212 15.7 

Notes:  
cpm = counts per minute 
µR/h = microRoentgens per hour 

Exposure Rate = 4x10-4 x Gamma Count Rate + 7.6643
R² = 0.9829
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Figure 10. Correlation of gamma count rates and exposure rates. 

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

Parameter Exposure Rate (µR/h)
n 235 

Minimum 10.3 
Maximum 11.9 

Mean 11.1 
Median 11.1 

Standard Deviation 0.3 
Notes: 
µR/h = microRoentgens per hour 
 

Table 9. Predicted exposure rates in the Survey Area. 

Parameter Exposure Rate (µR/h) 
n 40,738 

Minimum 9.5 
Maximum 72.9 

Mean 11.9 
Median 11.5 

Standard Deviation 2.2 
Notes: 
µR/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 Workplan 

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

5.0 Conclusions 

The findings of the RSE pertaining to these activities are:  

The horizontal extent and magnitude of mining-related materials were delineated sufficiently to 
support additional characterization of the subsurface. 
 
The highest count rates were observed along a recurring exposure of bedrock that runs 
northeast to southwest through and beyond the mine claim. 
 
 A potential Background Reference Area was established.  
 
The relationship between gamma count rates and concentrations of radium-226 in surface soils 
(0 to 0.5 ft bgs) is described by a power regression model:  
 
Radium-226 (pCi/g) = 5x10-8 x Gamma Count Rate (cpm)1.8283 

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 169.3, with 
a central tendency (median) of 0.9 pCi/g.  
 
The relationship between gamma count rates and exposure rates is described by a linear 
regression model:  
 
Exposure Rate (µR/h) = Gamma Count Rate (cpm) x 4x10-4 + 7.7 
 
The distribution of exposure rates predicted using this model resembles a lognormal 
distribution. The values in the Survey Area range from 9.5 to 72.9, with a central tendency 
(median) of 11.5 µR/h. 
  

• 

• 

• 

• 

• 

• 

• 



Radiological Survey of the Harvey Blackwater No. 3 
Abandoned Uranium Mine - Preliminary 
Prepared for Stantec Consulting Services Inc. 

18 ERG 
October 20, 2017 

6.0 References 

ANSI, 1997. Radiation Protection Instrumentation Test and Calibration, Portable Survey Instruments, 
American National Standards Institute (ANSI) Standard N232A. June 20, 2014. 

MWH, 2016. Navajo Nation AUM Environmental Response Trust, First Phase, Removal Site Evaluation 
Work Plan, October 24, 2016.   

Stantec, 2017. Harvey Blackwater No. 3 Removal Site Evaluation Report, October 2017. 



Radiological Survey of the Harvey Blackwater No.3 
Abandoned Uranium Mine  Preliminary 
Prepared for Stantec Consulting Services Inc. 

Appendix A ERG 
October 20, 2017 

Appendix A Instrument calibration and completed function check forms 



ERG 

.., ,1.:du;:)t,'al l l,~,L 

-./ r , R,••,r1,t1· ... t. 'l'k..lt:.t. 

"' l ,~<U\'f'l'lt 

J \ k1a /cn¼.'LI 

Certificate of Calibration 

I 1.Jl•m 

l..Jlum 

tr1 UR\\ 1, o,~.·r.111,,n 
~ R .. · .... •1 < htci.,. 

v \uJ ,, Ch1.'\:h. 

., fkt1,T~ Ch,-i I \1m I I \ TX 

~'.:! Ir 

lhr'"...J1,,JJ 11Jm\ 

\\ ,l'k!,m 

\1(11,· K~-J -,~ 

, IMIU 

, l(,(J11 

, ldO 

, luil 

' IO 

' lfl 

' I 

I ll~h \ "111.11.:.~ 

'°'{l(j 

, .... , .. , 
IU:'·1 

ltlll 

I «I 

. wu 

llll 

,,. 
JOO 

J[J,) 

I th.!lw i~u!:-...:r ~"ful 11111Nr ,,... ... ~, ..; 101,,•: 

1110 

JIJ(o 

i)f, 

.lh J 

ll ~J 

Ill 

.\:pt.1"",11·.a,.:\." 111 .. ::_.; ,, l.!.1<111..1,lrn,t ~ •-•-o ·H~i'\-'1.l 

•>; h 

lkt.> ._,,,urc< h--ll'>r I ' - 101 Joon (I I C 1 ,~ ~o•,.;a ii 

\! J~- r ~.thNai~-.1 DJI< 

~ U.ik 

► JoU t 111t111fl IMj \ 

,., 

1110 

1110 

-1◄ -U 

I••• 
.:110 

11•1 

-ltll 

11 .. 

I I 

I a, _..,11n.,..r.al W.:,1<14:,,. .. 1 .,,,.,~.._ 11-i.,. 

i<-'tl"J\\~.Jo. .. ••••"'' ,,n,, I "' 

\:,~q1i.-i1, .. '"" 
(er( I "'i>. .. ,-.,. 

""'"' t lh !i..: .... , n 

f\: er 1 ,rt1 ;;Ir k: Pn.-..., .. un:. ~4."X 1eche, ~•. 
r.,•OIJ".'r.l7 \1f1.' ,I I 

Kd~1\\.' H1:1niJn, :1) •• 

mh,-yr.1h:J 
1-\1 fl C'11ur1 I o~ 'r..!lk (. vunt 

~~S-l";IJ .,~ . 
Im 

NS4' JlllJ 

llltl 

.N~J IIKI 

1(1( 

.. ,,N -llHI 

I 1111 

\\.lhat,!'\." PlJ.ll ,H .. 

)'\ 11111 1 

d I I .,.-.-r 
' 

:· .:~ 
; • : ~ I 

'" ' 
•' .... + " ..,.-

' ' 

l JJjh,.,_1h,n Ou, •. - I 



ERG Certificate of Calibration 
IA\' .ronmeat&I Rc:swtr.k:IG Cin)up. Inc, 
86ll'I W.,.J,~ S1 St_ Saine I SO 
A1t,,,q11:rqu,:. r;:,1 on u 
(l0Sl l93-4224 

Calibration and Voltaj?e Plateau .. -....w ERG,)"!PO( com 

Meler. Manufac1urcr: 

Detector Manu&ctum: 

Ludlum 

wdluin 

\1odcl Number. 

Model humbcr: 

:.1) Mechanical Check 2 'I J IJVWII\ Operation 
!;a FIS Re<pon£• Chock 52] R_, Che,~ 

Sil Gcotropism S1j Audio Check 

2221r 

44-10 

Serial }..'umber. 

Serial 11:mnbcr: 

13836! 

PR355763 

HV Check (- ·. 25~•): 2J 500 V Ii'! 1000 V 1500 V 

Cabk Leng)h: 0 39-inch bl. 72-inch O Other: 

2J Meler Zeroed 1i2J Banery Check (Min q 4 VDC) Baromeiric Pn:s,sure: 24.7:S inches Hg 

Source Distanc~ 0 Contac1 b1; 6 inches O Other. 
Source GeometJy. li!i Side O Below '.J Otha-: 

Instrument fotutd within tolerH= @ Yes O No 

l'lnshold· 10 mV 

\lnndow: 

Te,npe,ature: 76 "F 

Relanve Uumidhy: 20 ¾ 

Range!Mukiplier Reference Sctl.ing "As Found Readilll!," Meler Reading 
lntegraled 

Log ~cale Count I-Min. CIJ\Jnl 

, 1000 400 400 400 

, 1000 100 100 100 

X 100 400 400 400 

X 100 100 100 100 

X 10 400 400 400 

xlO 100 100 100 

x I 400 400 400 

x I 100 100 100 

Hig!> Voltage Source CountS BacltgtOll!d 

700 6227S 
SO() 68049 

900 69726 
950 70112 950\l 

1000 70006 
1050 71042 

1100 77619 

Comments: Commcms. HY Plarnu Scaler Count Time = I-min. Recommended HV 950 

Ref•raice lnstrumenu and/or Sources: 

00000 
IW')OO 
70JOO 
60000 
$0000 
00000 
JOOO<J 
?0000 
10000 

• 

398875 

39883 

3988 

393 

Vol1age Plateau 

400 

100 

400 

100 

400 

100 

400 

100 

-

Ludlum pulser serial number:□ 97743 ii1: 201932 Fluk• multuneter serial oumber: 0874901 28 

0 Alpba Source: Tl\-2;0 sn: 4098-03@,I 2.800dpm'6.S20 cpm (11-4/ 12) ~ Gamma Source C&- ll 7@ 52 uCi (I 4112) ""' 4097-03 

D Beta Sourc.:. AMsn: 4099--03@;1 7.700dpm ·ll.lOOcpm(ll4/12) ::J OlllerSoorce: 

Calibrated By: ~ _ Calibmion Date: c;.,..,./1 Cahbrmon Due: 9~/7-/,f( 

ReviewtdBy; ~-- - Dau:: 01/0<1 /11 
t:RC h rnl rte IOI.A 

Thu a,/11:ranotf ~ ""'° ,o rM r~INIHJ aNl on"tplf)tJlt- callhrailfllt ro,n;Jd/04$ •f d \ $1 \.J.'J.,,a - 199 • 



ERG Certificate of Calibration 

Meler. Manufaerurcr· 

O..>tector: Manufacwrcr: 

Calibration and Voltage Plateau 

Luc.Uum 

Ludlum 

Model Number: 

Model Number. 

.l!ll r 

44-10 

Enviromnemal Rcno,a1ion Grcu:p. lru:+ 
8809 Wa,binaion SI NE. S•<c I SO 
All•-••• t.:t.l g; I lJ 
(~Sl 298-1124 
WWW F.RC"'fft«.o:wn 

~rial Number: 

Serial Number: 

190206 

PK2R846S 

:£. Mechanical Chock 

.>!. FIS Rc_s11<>n« Check 
:L Geotr<lf) Ism 

>' Tl IR/WIN O~er.iion 
., Rcsc1 (;heck 

HV Check (Ti- 2.5%): • ., .500 V ., 1000 V .>I' 1500 V 

Cook Lcn,r.th: _ l~-inch !l. 72-inch - Oths:r. 
>I' Audio <.:heck 

:L. Meter Zeroed "' Battery Check (Min 4.4 VDC) 
Source Distance: __ Conlllcr :~ 6 inches _ Other. 

Source Geomeuy ,L. Sade _: Below _: Other. 

ln$trumen1 found wi1bin tolerance: ~ Yes : No 

Threshold: IO m V 

Window: 

Range/Multiplier Refcrcnc.e Semns "As Foood Reading" \,leter Reading 

X 1000 400 400 400 

X 1000 100 100 100 
x JOO 400 400 400 

x 100 100 100 100 

• 10 -l-00 400 400 

xl0 100 100 100 

"' I 400 400 400 

x I 100 100 100 

High Vohage Soorc~ Counts Background 

700 59266 
800 67330 

900 696()() 

950 69728 

1000 7118! 10070 
1050 71562 
1100 72192 
1150 71326 

1200 7 13 16 

Commenis: HV Plateau Scaler Count Time • I-min. Recommended HV ; 1000 

Refe.rentt lns1n.,n'lc.nts and/or Sources: 

Barometric Pressure: 24 .54 inches H ! 
Temperature: 71 °F 

Relative Humidity. 20 % 

Integrated 
Log Scale Co, I-Min. Coum 

399414 400 

100 

39954 400 

100 

3996 400 

100 

400 400 

100 

Voltage Plutenu 

80000 . 
70000 .,.. 
60000 . 
~0000 
, 0000 
)l)<)00 

10000 
10000 

0 

,,,@ .. ~ ,#' .ef' ... .&' 

Ludlum pulser ~rial number:_ 97743 .., 20 1932 Fluke mulumeter serial nwnber: ;:-:8749012 

_ Alpha Source: Th-230@ 12.800 dpm (l/4/12) sn: 4098-03 !l. Gamma Source Cs-137 @ 5.2 uC, (114/12) sn: 4097-03 

- Bea, Sourc~r9@ 17.700 dpm (1 /4112) sn: -1099-03 . . :_ Qtil<,r Source: 

Calibrated By: ~~==:::::-:, CahbrauonDate: {,)o-t (,,, CalibrationOue {-) 0 , 11 
Reviewed By: cJ:-- Dare: i/w/, r., 

(RC, f .. rn; IT(. lul . \ 
Thi-1 .. --..114 ,vr, 11 ~ "'tt' '' Nb I'• •,'it l<!\.!,,,,c.••:m.• .Ul-o ...1.. ~ .. J ,,{-+-..' .... ,, •r-,-.,r. fl .. , ,:JI' ,.,. ,• ,i ,.:..:.; \J;: 1 • / ,1-;; • 



ERG Certificate of Calibration 

\ 1elc-r \ t.,nt.11 .i-.'ll!rl-'r 

.,/ \It, 1.JJll1..tl L <c-1,.l,,, 

.., I 'R .. -"f\1..>0....: ·~d,. 

.,,, ~IC\flfll(')NH 

~ \ l~~\.". /crl't'.~ 

I uJlu111 

,, 11 IR \\ 1, I ir.,, ....... 

,_, R.-~ C 1 .... L 

~ \11.Jh,(h..-, ... 

., u.u,...,.i th," 1\lln. ~ \Ot , 

I lll·rr 

011,~.,. 

l n"11,.11nrn1 found\\ 1thm tokrant"c: -./ \ ~ '" 

II\ C "'-• I 
I. ,1"'li.i.,· I ,.·1 ;;ltl 

ll"<'h"IJ 
\\ rJtm 

Ill ,n\ 

f<JU,et.· \ 1 lt1phtr 

, IL•IIO 

• \) h.i1.lf'IJ R( 1,lln:.• .. ,1r1,.·r K..:..IJ '" 

\ 1{11 10 

, OU 

' I fl 

~, 
'I 

f/,'llt 

I Mtlt 

I 11'-(J 

100 

I'" 
.:!:Ill) 

l(Jtl 

11~1 

.lf11) 

11,0 

'"'"':., 
r,~:!1J1> 
,.,l(.t~ 1. 

c,~,u--­

,,,, = 
,, ... ,,. .. ,. 
.. .,,,~ 

... 

~ ., 1110 

I ll 11•11 

J)ol lt,CI 

I\, I 11,0 

j ~I 1\110 

100 lilt> 

.tMI mo 

100 I fl • I 

(\..11.L;ro 1J1J 

I I I I 

1/t.of, 
l fUd,111llh 11111 \ 

,1f.lr,•tn•11IIK.:.,t'-.,.a'11'1t,r I~ 
"''< piJ \\,bt,.i.,.i.•11 'il '1 "5111,. I~ l 
\'W1o;1,.;1o:ta \.\1~ I 
.c.,,1,, .! .. ~--.:..:.◄ 
,1o.u l(c .• tr-.c.11ut 

I i.:mpt>r.nur~ 

R,.·LJ11,,.• tf.;1111Jn> 

r 
•• 

1~·e1ull.."\.: 
1 ,1..,_ 'tak l ,,1.101 1-\hn t ou-u 

;9QSO:' ➔114 1 

l!ll 

";IJ'J~N ,1ft1;1 

1(1(1 

\•,N•I 11)(1 

I OU 

~lK) ➔011 

l•)(I 

' •.. ~------------
- 1<♦11 +-----:::::.:""------
M 11,t +---,,C.--------
(( _,,, __ ..,... ____ _ 
,u j 

~U 111 ~ ----------

!• F 
:,L--- ---~~ 

, . 



tRG 
Manufacturer: 

Delector: Manulacrurer: 

Certificate of Calibration 
Cal ibra1ion and Volmge Plateau 

Ludlum 

Ludlum 

Model Number: 

Model Number: 

2221r 

44-10 

Er1-..ironmen1a! Reston!ioo Group. Inc, 
&809 W..tou,gtoo SI ME. Suuc JS() 
Alht1'1•ittqHI' N~ 11JJ} 
c505) 298-4224 
w,,,w FRGoifioe.oom 

Serial Number: 

Serial Number: 

218600 

PR174359 

~ Mechanical Check 
,,, FIS Response Check 

,., Geotropism 

:£ Tii R/WfN Operation 
~ Reset Check 

HV Check(+/- 2.5%): ~ 500 V ~ 1000 V i!] I 500 V 

Cable Length: L 39-inch ,., 72-inch C O!her: 
,_, Audio Check 

:,l Meter Zeroed i': BaueryCheclt (Min4.4 VDC) 

Source Distance: = Conlact V 6 mcbes - Other: Threshold: 10mV 

Source Geometry 7 Side .:: Below ._ Other: Window: 

Instrument round ,.,jtl, in tolerance: !ti Yes = 1-/o 

Range/Multiplier Kelerence Sening "As Found Read ing" Meler Reading 

x IOOO 400 400 400 

X 1000 100 100 100 

x 100 400 400 400 

X JO() JOO JOO 100 

xlO 400 400 400 

xlO JOO 100 100 

X I 400 400 400 

X I 100 100 100 

Barometric Pressure: 
Temperarure: 

Relative Humidity. 

lntegraled 

24.57 
72 

20 

inches Hg 

•F 
% 

I -Min. Count Log Scale Count 

3984S9 400 

JOO 

39851 400 

100 

3985 400 

100 

399 400 

100 

High Voltage Soun:(: Counu Backgr<>und Voltage Plareau 

700 67271 

750 69012 
800 70122 

850 70599 

900 7 1003 

950 73740 

1000 11 17 11 

10144 

120000 ----------~ 
100000 .._ _ _ _ _ _ ___ / __ _ 

soooo 
60000 

•0000.1----------­
,oooO .L----------

0.1--~------~-
-..<S' ,.<f' ,.,<& .. ~ ,,.<&- "'"' # ., 

Comments: HV Plateau Saler Counl Time= I-min. Recommended HV = 800 

Rercren~• Jnstr11ments and/or Sources: 
Ludlum puls<r serial number:= 97743 ~ 201932 
_ Alpha Source: Tb-230 @ 12.800 dpm ( 1/4/ 12) sn: 4098-03 
_ Oera Sour c-99@ 17. 700 dpm ( I /4' 12) sn: 4099-03 

-
Flulte multimeter serial number: ....18749012 

,., Gamma Source Cs-137@ 5.2 uCi ( 114/1 2) sn: 4097-03 
=. Other Source: 

Calibrated By: Calibration Datt: "l.. I ~ - { (,, CalibrationDue 2- fJ--f t 

Revie .. ·ed By: Date: 

F.RC Farra ITC IOI., 
""••-'~••- • ,..........,.. ... , ,.. ...... _,_.,,...._,._. , -.cl-.-...-.~1,.1.a ,...1,J.,....,..,,_ ._ .. ,., ...._,~ -.•'..J \ l' I \ t•~..1 - JO. -



ERG Certificate of Calibration 
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ERG Certi1icate of Calibration 
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ERG Certificate of Calibration 
Calibratinn and Voltage Plateau 

Meler: Manufitc.tu1·er: Ludlum Model Number: 22:! lr 

De<ector: Manuf.crun:r. Ludlum Model Number: 44-1 0 

En,..ironmc:ntal Res,oraion Grw;,. lnc. 
!109 Waslungion SI S:F.. S.siie ISO 
AlbuqUffijU<. NM Jl?IJ3 
!>-OSl 29'!-122-1 
"'""''11'!'.l:RG)fli~ cil'ft 

Sc, ial Number: 

Serio! Numb<r. l'R 150507 

~ Mcchaokal Ch«:k 
';i, f 1S Response Check .., Rtse1 Check 

;;, T IIR!WIN Op.,ra1ion l·IV01eck (-'-l- 2.5'¼): '1 soov ,!. rnoov .:' lj()OV 

i' Ccotroµi::-111 
~ Meter Zeroed 

Cable Lcnglh: 39-inch - 72-inch iil: 01her: 60" 
'I!. Audio Ch.iti< 

;, Battery Lheck (~1in 4.4 VOC) 
So=e Distance· - Con1ac1 

Source Geometry:i'.; Side 
~ · 6 inches ::- 01her: 

::, Below = Other: 

IIIStrument fnu!!<I ,.•ithin cokranct: ,!. Yo ~ No 

Tllm;hold: 10 mV 

Window: 

Ranj!,e/Muhiplier Reference Seuing "A3; Found Reading• Meter Reading 
X 1000 400 400 400 
~ 1()00 100 100 100 
X ) ()C) 400 400 400 
" I 00 100 100 100 
X 10 400 400 400 
< 10 100 100 100 
., I 400 400 400 
x I 100 100 100 

HigJ, Volta~ Source Counts Background 
700 56463 
800 64304 
900 68534 
950 6933 1 
IOOO 09568 9696 
10,0 70054 
1100 70609 
1150 70681 
1200 719SS 

Comm~ncs: HV Plateau Scaler Count Time = I-min. Recommen~d HV = I 000 

Reference- Instruments and/or Sou"--es: 

Baromcirk Pressure: 24.89 inches Hg 
Temperature: 73 °1' 

Relative Humidity: 20 % 

Integrated 
I-Min. Count Log Scale Count 

398753 400 

100 

39879 400 

100 

3989 400 

100 

399 400 

100 

Vuhage Plateau 

aoooo 
70000 ~ 

6-0000 
_.. 

soooo . 
4000-0 
) 0000 
20000 
10000 

0 

Ludlum puls,r serial number: 97743 ,,,,- 201932 = Alpha Sourct: Th-130 @ 12.800 dpm (l /4112) so: 4098-03 
Fluke multimeter serial number: = 87490128 

BecaSourc: 99 @17.700dpm(l/4112) sn:4099-03 
~ Oarnma Source Cs- 137@ 5.2 uCi ( 11411 2) sn: ..o97-03 

Other Source: 

::a1ibra1<d B)~ 

tevie1red By: 
C'ahbration Date: to . ~ 1 • , <.. 

Dare: 

ERG Fonn ITC Ill . , 

Calibration Doe: t0·sf· t 1 



-, K&S Associates, Inc. 
1926 Elm rroB OlfVB 

Nallh\l(ltJ, Tent16SSIHI 37210-3718 
Phom, 8()().52fM!325 F111t G15-8714 8.'i6 

C ~I I HR.\T IO'- REPORT 

SI f\\11Tfl-l) HY I RC 
S81fl W .w1ml(t,,n ...,,...,~, ,,,nhca,.t 

',ull'-' 1 -i\ 
\lbu4ueque '\ \I II 7113 

I'~ I Rl \II '• Rema ~t,1~.;,, R .... :,.' , I. =07.HIOk \11 

R[POR I , l \ 1B[R 1 nl 800 

Tl ...,, '-l \IBlRt',i \tlol~~x 

Rl:PURT DA 11.. .lull<!'" ~Ill!• 

lbe C'Al IRR,\ TIO' cor ~ ~ IC:11 , Is .:.•nrnin.:J in 1h1< r,.,,.,n "ere ob1a1m.:J b~ intcr.:,,mp3n«•n "1th 
, n,U-\111wnu; ,:~I ih..,u<'.i t,~. ,,r di:.:.:tl; tracc::ihl.,; Iv th<· ,Ju,,nal ln,t1tute of Stand.mi,, ar.J I echn,,(,,~; 
1'-l'nl K• S .'\~:.-..:ia1-,, Inc , hc"n"'--.:1 t,~ 1h, ">t,ile, i Te1U1<>'-'-. IR- llll':'~-G<l7, R-l-11.\b-811ll t,, 
perfonn ,aht>ration.. anJ "re"<>-e'llit:cJ ~; th<' 1-t .... anh I' ,;,,~s ~,1c1; tHl'~l a, an ,\CCRLOI ITD 
l' <; I Rl '.\II: '\T (. .\l.lBK.\ rll )'.'. LAil( IRA H'R) .\_, p.1rt ,,1 th,e :i.c.:rditauon K • ', r:iru,:1patc, 111 
.i me.tsur.:mem llSSUrance rro~r..m1 rnnJi:c1~d 0~ 1h~ HP'- anJ SJ', I K • -; also cenilic, that rh, 
...:Jlibr;.nh.m \\J..., rcrtOrmcJ u~ing ~ualit} pnlit.::1c--,.. me1.h~xt, i:u1~ pn.1c"'-Jurc~ th.it m~:-:t u1 c.\.1.. -.:~d the 

r,,,uirem-,nt, ,,f 1~0111 C I 70'.!5:.::oo5. 

I h1, lal,n,llor) i• ru:cn.-Jitcd ~r :he Arneri,·~n ,h,,>C1J.tion for l.Jhornwr~ \ ~,'l'l.-d tl.ll!On ( A'.!l..\ I an ... 
!he result, ,ho,\n in 1h" ,-,pon h.i«: bc,.-n d~1en-1111cd ,., J.ccorJancc "Hh the . .1oor,1to~ ·, 1enn, <• 

a;crci.litauon unlc--.s st:ited Nh<'I'\\ ise in thi , rC(>MI 

Ille C,\LIBRA TIO'-: Ct 11,n KIi '\ T :-, , 1,ncJ h..:rcrn .ire ,ah.:! unJ,·1 1'1.- conJiuons ;;pec11ic,L It 
i, 1h~ U'!.:t1nnn~nl u:,.er~ r'CSJ1<'1l'll,tlll~ tn pMvnn ,he aprropriuh.' ~on ... t~~ 1c,h rrior h) ,hipnl~ll 
and :it\errcmm ·mm c.:.11ihr;i11,,n It " Jh<• tno: 1t>,ix•tblbil11; uf thc: us.:r i., as-.un: 1hu11he 
in11:rprel.;!110n o· the int<1nn:n!on in tlu, n:pun t~ .;,mw,tent \\Tlh 1hal IO~cndcJ h~ 1-- • ;;;, \,-,ociaw, In.: 



K&S Assoc iates, Inc 
N;,.<hv,uc, Tennessee 87210-3718 

CALI BRATI ON CERT m C ATE 

Calibr.iuon Date· 6 '27 '2016 Report ',wnber !(ii 866 1 C'S! ',umb.:r: M 161 ~8~ 

h.&S rertiiie~ 1ha1 lh" <:tl\ iror,m~rn.11 radiahon m,m:tor identified bchi,, ha, been calibrated 1or 
rJdiation mcnsun·mcnt using collim.,•cd n,Ji~iion ,oW"Ccs "ho~ outpm has been c.ilibratcd ,,uh 
msirumcnL~ ,-Jlib,Jted b) or d ir.xlly 1ra,-..-,,t,·.- tu the \:ational h1>11tute of Standards ar.d 
Tcchnolog). K&S ' , ::iccreditcd b> the Am~ricu, .'\:>.'IJCwt,on for : aborntor> \.:crtdit~nion l-, 

pcrfom1 crl\ ir.mmcntal le,·cl ,:alibr:uw,i- :mo:! 1unher cent lies thot th.: calibration \\3S pcrfom,-d 
using accrcJ11cd p,,111:,cs and proc,-Jur,', p;J ~51 that m..-et ur cxcet.-J the requircm...··ms o f 

ISO.'!EC 170~5::!005 

:,criul t'>;uml,cr: 07JOOK\l 1 

A \<T'Jl,!C Cahbra1ion Coetlicicn' for Lh~ r.ir.gc lit" 0 .01 2. mR.n - 0.220 mR b • : 
1.02 mRrmRfl rcadine. 
\l\1.-a,,urcJ ,11 J pointSJ 

Calibrntion Cucf1ic,,m for the 50.0 mR/11 point• : 
1.12 mRrmRk ~adin!! 

Calibration C:ocffic1~m t'c,r thl· RO O mR 11 point•· 
1.10 mlif"n1R~ reading 

~ound RAC :! H,'k-8 

•'v1ul11ol, the rc:rdinl:! in mlUb b) th.: CalibrJuor Lo.:nicient tu obtain lnk! mR/h , . 

Log: \.1-53 Pa.:~: 13 

KcHsion I:! I:?. 2011 



CIIA\10ER: 

\I fgr: 

\1odd: 

Scri:tl: 

1 K&S Associates, Inc 
/ Nashville, Tennessee 31210-3718 

AS FOU~D DATA 
l{c u tc r-Stokes Chamber Cnlib ration 

June ~7. ~01(, Tes/ Number .\! 16158,\ 

Reuter Sto~c~ 

R::iS-1.1 1 

07JOOK:-.1 I 

l :B\IITI'ED BY: 

LRG 

Albuquerque. K~1 

ORIF.:\'T A TJOl's/CO'-DITIOSS, AT,,.IOSl'HF".RIC' COMl\11 ' '-lCA TION: S£ ALFI) 

Sena:t number 3\\3) from ,)Ure\.' 

·1 rue• bt>..:~gr\lu-w! t\r<1,ure ra:.: ,,f 6 - uR;h. 111,lnlrn.:.11 rad1r.1, "" 0 O(P6 mR·h 

l 'OLAl<IL.11\t; 1'0 I L;\I IAL ·!Lt I \ LEJ\K,_\CE: n.:gli)!ible 
BEAM QLALITY C,U ,IRIU TIO!\ 

HEAM f:Xl'OSl RF RATE CO[ FFICJE'iT l':,iCERT LOG 

CsEn220 \ 11 mC'1) o ~:inR:~ :'\ -a 

' 
I 00 mRlh•rdl, I 1 •. ~1-;J 71 

CsEn8C (I lmCi) 0.0Smkh :,; : . ' 1.03 ,nR, ludg 11 •. 

CsEn,i2 tlmC1l 0 0 1mRh N -
' 

1.01 mR i>rd,?- I I~. 

CsEnv15 (I rnCi) () 0 :'ml< h :X -. \ 1.0~ mRlh. rJtl 11•. 

Cs19Sm ,10 c,1 50n>R.h ;\' I~ mR•h·rdg. 8~ o. 

Cs252m •~O Ci) 8llmll h " ; ' 
JU ml< •h rdi s~ 

Comments Ann. b.1 \'. Temp 24.6 dq~ C 

Rcix>n r--.urnbo:r· , b I 860 
Rcf~r ,o /\ppcndi., I of 1h1s rep,,n for dc1nils 011 I'll ,onizauon chrtmb.r c~linn1ion< Pro::cdurc: SI 15 
RAC I ound· ~. I C,9c-8 

CaHbr.11ed B) ~~(i';4 , , _ Rt'•i.,.,cd 8) : /4..+ I 4:, .. 
~~-t ·1 ltlc: Gii,lni'IPOJeccsoo fide. ___ ...._ ______ ..... ___ _ 

ChcckNl By:a:_ --c:::: Prcpar<il B): &Q:/ 

.-tCCREDIT£D l:VSTRU.111:,:.\T C.-UIBR.,1 TIOS UBORATORr Pagi: 3 of 3 



ERG 

~b.nufMhlfn 

Mod<I. 

Scnol No 

C.J. l>uc o.«:: 

Sourct, 

Si-oul No 

l>111c 

.i., ., I 
4' -L .11 

4-l-t, 

A· "Hl 
........ , 
~ .. •ll 

M£nR 

i.-11 .... 

....... , 
,-~•o l 

l•u-1 "> 

C,- ,~1 
1 l L-"l <t 

·r1111r 

o,is 
,,. .... 
oU.1 

, .... -r 

"'lo• 
l't4\ 

Rovkw,4 try: ,?4 p. 

n ... 11,ry 

'"-~ 
-:. . ..-
~ -) 

f .> 
< .~ 

'{'.{ 

Single-Channel Fu nction C heck Log 

lllcTtCTOB 

Mun1,1lil c: lurc, '-C\..-
MO<)d ""l-1 .. 

Serial No (' • - - . 
Cal Due Date: • •.Zo-1'1 

Actn 111y .. ,, ue, ~ o.-~ '·"·'f 
l~m•~•1nn Rnic l't#A cr,nt '-.:1ms:11orbl 

111,~ S,111ro RK(; N,1 Thrt,bhold 
\'ultage Counu <.:111n111 C:OUIIIJ 

lO"" to, ,-,,n , 1ie IY1'.l,1 . ·-· · - u 
,4, ..... ,~ J-ft.1• 

l•t• "" .(I ~9• 'fl>l. t •4,o1' ... , I.> I ,4o tf• , .. - 344M 
_I A.•1 I•• 4.111.◄ 

""' J 
to•, 

,.,o~ , .. . ~ .. , ?4-S-, :!o-4,,1 

- . . /1 
./ 

A.-9.,(l. -

Rn;.w Doi<: 5"" /-s-// C, 

ERC form l'r('.201,A 

Corumt nu :: 

N1'1~A'f 

l'M!hlllfflfftlaf """""!Ml)'MI M( 
llM.N W ..... ....,_,i, ._Ii(." I ' ll 

,.,~uer11•, -+t 11110 
csm Mot?:-& 

Ou t:ince 1n $()urce 

' i""""' J 

.. 
:e 
] 

\Qlt(•): 

--- f,C,t • -••·" t'M '•' ,.,.,, u.► •-~J< r- ,.i 
,.,., M .. 1 '--Ir T. lo I-
,~ ...... • -· Jc. r. ........ 1.1 - .-t .. ~ L., I, .. ,.~ 
~ k,~ t...Jc ["AA r.i 
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Radiological Survey of the Harvey Blackwater No.3 
Abandoned Uranium Mine  Preliminary 
Prepared for Stantec Consulting Services Inc. 

Appendix B ERG 
October 20, 2017 

Appendix B Exposure Rate Measurements 



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

(mR/h) Location

10/27/2016 13:26 0.0536 Correlation Location 1 10/27/2016 13:31 0.0128 Correlation Location 1
10/27/2016 13:26 0.0938 Correlation Location 1 10/27/2016 13:31 0.013 Correlation Location 1
10/27/2016 13:26 0.0816 Correlation Location 1 10/27/2016 13:31 0.0129 Correlation Location 1
10/27/2016 13:26 0.0558 Correlation Location 1 10/27/2016 13:32 0.0132 Correlation Location 1
10/27/2016 13:26 0.0368 Correlation Location 1 10/27/2016 13:32 0.0136 Correlation Location 1
10/27/2016 13:26 0.0255 Correlation Location 1 10/27/2016 13:32 0.0139 Correlation Location 1
10/27/2016 13:26 0.019 Correlation Location 1 10/27/2016 13:32 0.014 Correlation Location 1
10/27/2016 13:26 0.0156 Correlation Location 1 10/27/2016 13:32 0.0141 Correlation Location 1
10/27/2016 13:26 0.0142 Correlation Location 1 10/27/2016 13:32 0.0141 Correlation Location 1
10/27/2016 13:26 0.0135 Correlation Location 1 10/27/2016 13:32 0.0136 Correlation Location 1
10/27/2016 13:27 0.0127 Correlation Location 1 10/27/2016 13:32 0.0132 Correlation Location 1
10/27/2016 13:27 0.0123 Correlation Location 1 10/27/2016 13:32 0.0128 Correlation Location 1
10/27/2016 13:27 0.0126 Correlation Location 1 10/27/2016 13:32 0.0126 Correlation Location 1
10/27/2016 13:27 0.0124 Correlation Location 1 10/27/2016 13:33 0.0123 Correlation Location 1
10/27/2016 13:27 0.0127 Correlation Location 1 10/27/2016 13:33 0.0126 Correlation Location 1
10/27/2016 13:27 0.0123 Correlation Location 1 10/27/2016 13:33 0.0124 Correlation Location 1
10/27/2016 13:27 0.0122 Correlation Location 1 10/27/2016 13:33 0.0127 Correlation Location 1
10/27/2016 13:27 0.0126 Correlation Location 1 10/27/2016 13:33 0.0131 Correlation Location 1
10/27/2016 13:27 0.013 Correlation Location 1 10/27/2016 13:33 0.0132 Correlation Location 1
10/27/2016 13:27 0.0133 Correlation Location 1 10/27/2016 13:33 0.0134 Correlation Location 1
10/27/2016 13:28 0.0135 Correlation Location 1 10/27/2016 13:33 0.0136 Correlation Location 1
10/27/2016 13:28 0.0138 Correlation Location 1 10/27/2016 13:33 0.0136 Correlation Location 1
10/27/2016 13:28 0.0141 Correlation Location 1 10/27/2016 13:33 0.0138 Correlation Location 1
10/27/2016 13:28 0.0139 Correlation Location 1 10/27/2016 13:34 0.0135 Correlation Location 1
10/27/2016 13:28 0.0138 Correlation Location 1 10/27/2016 13:34 0.0132 Correlation Location 1
10/27/2016 13:28 0.0135 Correlation Location 1 10/27/2016 13:34 0.0129 Correlation Location 1
10/27/2016 13:28 0.0131 Correlation Location 1 10/27/2016 13:34 0.0128 Correlation Location 1
10/27/2016 13:28 0.0128 Correlation Location 1 10/27/2016 13:34 0.0132 Correlation Location 1
10/27/2016 13:28 0.013 Correlation Location 1 10/27/2016 13:34 0.0133 Correlation Location 1
10/27/2016 13:28 0.0134 Correlation Location 1 10/27/2016 13:34 0.013 Correlation Location 1
10/27/2016 13:29 0.0133 Correlation Location 1 10/27/2016 13:34 0.0129 Correlation Location 1
10/27/2016 13:29 0.0129 Correlation Location 1 10/27/2016 13:34 0.0129 Correlation Location 1
10/27/2016 13:29 0.0128 Correlation Location 1 10/27/2016 13:34 0.013 Correlation Location 1
10/27/2016 13:29 0.0127 Correlation Location 1 10/27/2016 13:35 0.0131 Correlation Location 1
10/27/2016 13:29 0.0127 Correlation Location 1 10/27/2016 13:35 0.0132 Correlation Location 1
10/27/2016 13:29 0.0126 Correlation Location 1 10/27/2016 13:35 0.0133 Correlation Location 1
10/27/2016 13:29 0.0126 Correlation Location 1 10/27/2016 13:35 0.0129 Correlation Location 1
10/27/2016 13:29 0.0129 Correlation Location 1 10/27/2016 13:35 0.0127 Correlation Location 1
10/27/2016 13:29 0.0127 Correlation Location 1 10/27/2016 13:35 0.0127 Correlation Location 1
10/27/2016 13:29 0.0128 Correlation Location 1 10/27/2016 13:35 0.0127 Correlation Location 1
10/27/2016 13:30 0.0129 Correlation Location 1 10/27/2016 13:35 0.0129 Correlation Location 1
10/27/2016 13:30 0.013 Correlation Location 1 10/27/2016 13:35 0.0133 Correlation Location 1
10/27/2016 13:30 0.0133 Correlation Location 1 10/27/2016 13:35 0.0135 Correlation Location 1
10/27/2016 13:30 0.0135 Correlation Location 1 10/27/2016 13:36 0.0131 Correlation Location 1
10/27/2016 13:30 0.0138 Correlation Location 1 10/27/2016 13:36 0.0128 Correlation Location 1
10/27/2016 13:30 0.0142 Correlation Location 1 10/27/2016 13:36 0.0126 Correlation Location 1
10/27/2016 13:30 0.0144 Correlation Location 1 10/27/2016 13:36 0.0124 Correlation Location 1
10/27/2016 13:30 0.0142 Correlation Location 1 10/27/2016 13:36 0.0122 Correlation Location 1
10/27/2016 13:30 0.0139 Correlation Location 1 10/27/2016 13:36 0.0123 Correlation Location 1
10/27/2016 13:30 0.0137 Correlation Location 1 10/27/2016 13:36 0.0133 Correlation Location 1
10/27/2016 13:31 0.0133 Correlation Location 1 10/27/2016 13:36 0.0133 Correlation Location 1
10/27/2016 13:31 0.0135 Correlation Location 1 10/27/2016 13:36 0.0131 Correlation Location 1
10/27/2016 13:31 0.014 Correlation Location 1 10/27/2016 13:36 0.013 Correlation Location 1
10/27/2016 13:31 0.0142 Correlation Location 1 10/27/2016 13:37 0.0127 Correlation Location 1
10/27/2016 13:31 0.0136 Correlation Location 1 10/27/2016 13:37 0.0126 Correlation Location 1
10/27/2016 13:31 0.0133 Correlation Location 1 10/27/2016 13:37 0.0126 Correlation Location 1
10/27/2016 13:31 0.013 Correlation Location 1 10/27/2016 14:03 0.0529 Correlation Location 2

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 14:03 0.0921 Correlation Location 2 10/27/2016 14:09 0.0099 Correlation Location 2
10/27/2016 14:03 0.0795 Correlation Location 2 10/27/2016 14:09 0.0102 Correlation Location 2
10/27/2016 14:03 0.0536 Correlation Location 2 10/27/2016 14:09 0.0099 Correlation Location 2
10/27/2016 14:03 0.0344 Correlation Location 2 10/27/2016 14:09 0.0092 Correlation Location 2
10/27/2016 14:04 0.0229 Correlation Location 2 10/27/2016 14:09 0.009 Correlation Location 2
10/27/2016 14:04 0.0167 Correlation Location 2 10/27/2016 14:09 0.0093 Correlation Location 2
10/27/2016 14:04 0.0131 Correlation Location 2 10/27/2016 14:09 0.0093 Correlation Location 2
10/27/2016 14:04 0.0111 Correlation Location 2 10/27/2016 14:10 0.0091 Correlation Location 2
10/27/2016 14:04 0.0102 Correlation Location 2 10/27/2016 14:10 0.0091 Correlation Location 2
10/27/2016 14:04 0.01 Correlation Location 2 10/27/2016 14:10 0.0094 Correlation Location 2
10/27/2016 14:04 0.0102 Correlation Location 2 10/27/2016 14:10 0.01 Correlation Location 2
10/27/2016 14:04 0.0104 Correlation Location 2 10/27/2016 14:10 0.0103 Correlation Location 2
10/27/2016 14:04 0.0103 Correlation Location 2 10/27/2016 14:10 0.0104 Correlation Location 2
10/27/2016 14:04 0.01 Correlation Location 2 10/27/2016 14:10 0.0104 Correlation Location 2
10/27/2016 14:05 0.0098 Correlation Location 2 10/27/2016 14:10 0.0105 Correlation Location 2
10/27/2016 14:05 0.0098 Correlation Location 2 10/27/2016 14:10 0.0109 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:10 0.011 Correlation Location 2
10/27/2016 14:05 0.0102 Correlation Location 2 10/27/2016 14:11 0.0112 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:11 0.0112 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:11 0.0105 Correlation Location 2
10/27/2016 14:05 0.01 Correlation Location 2 10/27/2016 14:11 0.0102 Correlation Location 2
10/27/2016 14:05 0.0097 Correlation Location 2 10/27/2016 14:11 0.01 Correlation Location 2
10/27/2016 14:05 0.0096 Correlation Location 2 10/27/2016 14:11 0.0103 Correlation Location 2
10/27/2016 14:05 0.0096 Correlation Location 2 10/27/2016 14:11 0.01 Correlation Location 2
10/27/2016 14:06 0.0096 Correlation Location 2 10/27/2016 14:11 0.0096 Correlation Location 2
10/27/2016 14:06 0.0097 Correlation Location 2 10/27/2016 14:11 0.0094 Correlation Location 2
10/27/2016 14:06 0.0095 Correlation Location 2 10/27/2016 14:11 0.0095 Correlation Location 2
10/27/2016 14:06 0.0096 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:06 0.0098 Correlation Location 2 10/27/2016 14:12 0.01 Correlation Location 2
10/27/2016 14:06 0.0099 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:06 0.0098 Correlation Location 2 10/27/2016 14:12 0.0095 Correlation Location 2
10/27/2016 14:06 0.0098 Correlation Location 2 10/27/2016 14:12 0.0093 Correlation Location 2
10/27/2016 14:06 0.01 Correlation Location 2 10/27/2016 14:12 0.0096 Correlation Location 2
10/27/2016 14:06 0.01 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:07 0.0099 Correlation Location 2 10/27/2016 14:12 0.0098 Correlation Location 2
10/27/2016 14:07 0.0096 Correlation Location 2 10/27/2016 14:12 0.01 Correlation Location 2
10/27/2016 14:07 0.01 Correlation Location 2 10/27/2016 14:12 0.0103 Correlation Location 2
10/27/2016 14:07 0.0106 Correlation Location 2 10/27/2016 14:13 0.0103 Correlation Location 2
10/27/2016 14:07 0.0105 Correlation Location 2 10/27/2016 14:13 0.0108 Correlation Location 2
10/27/2016 14:07 0.0106 Correlation Location 2 10/27/2016 14:13 0.0109 Correlation Location 2
10/27/2016 14:07 0.0105 Correlation Location 2 10/27/2016 14:13 0.0106 Correlation Location 2
10/27/2016 14:07 0.0105 Correlation Location 2 10/27/2016 14:13 0.0103 Correlation Location 2
10/27/2016 14:07 0.0103 Correlation Location 2 10/27/2016 14:13 0.0098 Correlation Location 2
10/27/2016 14:07 0.01 Correlation Location 2 10/27/2016 14:13 0.0096 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:13 0.0096 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:13 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:13 0.0105 Correlation Location 2
10/27/2016 14:08 0.0102 Correlation Location 2 10/27/2016 14:14 0.0104 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.0098 Correlation Location 2
10/27/2016 14:08 0.0103 Correlation Location 2 10/27/2016 14:14 0.01 Correlation Location 2
10/27/2016 14:08 0.01 Correlation Location 2 10/27/2016 14:14 0.0102 Correlation Location 2
10/27/2016 14:08 0.0096 Correlation Location 2 10/27/2016 14:43 0.0556 Correlation Location 3
10/27/2016 14:09 0.0096 Correlation Location 2 10/27/2016 14:43 0.0993 Correlation Location 3
10/27/2016 14:09 0.0097 Correlation Location 2 10/27/2016 14:43 0.0905 Correlation Location 3
10/27/2016 14:09 0.0098 Correlation Location 2 10/27/2016 14:43 0.0665 Correlation Location 3

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 14:43 0.0479 Correlation Location 3 10/27/2016 14:49 0.0242 Correlation Location 3
10/27/2016 14:43 0.0363 Correlation Location 3 10/27/2016 14:49 0.0239 Correlation Location 3
10/27/2016 14:43 0.0302 Correlation Location 3 10/27/2016 14:49 0.0237 Correlation Location 3
10/27/2016 14:43 0.0267 Correlation Location 3 10/27/2016 14:49 0.0237 Correlation Location 3
10/27/2016 14:44 0.0251 Correlation Location 3 10/27/2016 14:49 0.0239 Correlation Location 3
10/27/2016 14:44 0.0253 Correlation Location 3 10/27/2016 14:49 0.024 Correlation Location 3
10/27/2016 14:44 0.0249 Correlation Location 3 10/27/2016 14:49 0.0242 Correlation Location 3
10/27/2016 14:44 0.0242 Correlation Location 3 10/27/2016 14:50 0.0245 Correlation Location 3
10/27/2016 14:44 0.0235 Correlation Location 3 10/27/2016 14:50 0.0247 Correlation Location 3
10/27/2016 14:44 0.0239 Correlation Location 3 10/27/2016 14:50 0.0247 Correlation Location 3
10/27/2016 14:44 0.0245 Correlation Location 3 10/27/2016 14:50 0.0241 Correlation Location 3
10/27/2016 14:44 0.0249 Correlation Location 3 10/27/2016 14:50 0.0243 Correlation Location 3
10/27/2016 14:44 0.0247 Correlation Location 3 10/27/2016 14:50 0.0243 Correlation Location 3
10/27/2016 14:44 0.0247 Correlation Location 3 10/27/2016 14:50 0.024 Correlation Location 3
10/27/2016 14:45 0.0249 Correlation Location 3 10/27/2016 14:50 0.0237 Correlation Location 3
10/27/2016 14:45 0.0249 Correlation Location 3 10/27/2016 14:50 0.024 Correlation Location 3
10/27/2016 14:45 0.0245 Correlation Location 3 10/27/2016 14:50 0.0242 Correlation Location 3
10/27/2016 14:45 0.0241 Correlation Location 3 10/27/2016 14:51 0.0244 Correlation Location 3
10/27/2016 14:45 0.024 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.024 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.0242 Correlation Location 3 10/27/2016 14:51 0.0247 Correlation Location 3
10/27/2016 14:45 0.0241 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.0241 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:45 0.0242 Correlation Location 3 10/27/2016 14:51 0.0245 Correlation Location 3
10/27/2016 14:46 0.0242 Correlation Location 3 10/27/2016 14:51 0.0251 Correlation Location 3
10/27/2016 14:46 0.0241 Correlation Location 3 10/27/2016 14:51 0.0256 Correlation Location 3
10/27/2016 14:46 0.0237 Correlation Location 3 10/27/2016 14:51 0.0255 Correlation Location 3
10/27/2016 14:46 0.0235 Correlation Location 3 10/27/2016 14:52 0.0255 Correlation Location 3
10/27/2016 14:46 0.0237 Correlation Location 3 10/27/2016 14:52 0.0253 Correlation Location 3
10/27/2016 14:46 0.0241 Correlation Location 3 10/27/2016 14:52 0.0251 Correlation Location 3
10/27/2016 14:46 0.0242 Correlation Location 3 10/27/2016 14:52 0.0252 Correlation Location 3
10/27/2016 14:46 0.0244 Correlation Location 3 10/27/2016 14:52 0.0249 Correlation Location 3
10/27/2016 14:46 0.0241 Correlation Location 3 10/27/2016 14:52 0.0247 Correlation Location 3
10/27/2016 14:46 0.024 Correlation Location 3 10/27/2016 14:52 0.0249 Correlation Location 3
10/27/2016 14:47 0.0241 Correlation Location 3 10/27/2016 14:52 0.0245 Correlation Location 3
10/27/2016 14:47 0.0244 Correlation Location 3 10/27/2016 14:52 0.0242 Correlation Location 3
10/27/2016 14:47 0.0242 Correlation Location 3 10/27/2016 14:52 0.0242 Correlation Location 3
10/27/2016 14:47 0.024 Correlation Location 3 10/27/2016 14:53 0.0241 Correlation Location 3
10/27/2016 14:47 0.0241 Correlation Location 3 10/27/2016 14:53 0.0239 Correlation Location 3
10/27/2016 14:47 0.0239 Correlation Location 3 10/27/2016 14:53 0.0243 Correlation Location 3
10/27/2016 14:47 0.0237 Correlation Location 3 10/27/2016 14:53 0.0245 Correlation Location 3
10/27/2016 14:47 0.0241 Correlation Location 3 10/27/2016 14:53 0.0245 Correlation Location 3
10/27/2016 14:47 0.0245 Correlation Location 3 10/27/2016 14:53 0.0247 Correlation Location 3
10/27/2016 14:47 0.0243 Correlation Location 3 10/27/2016 14:53 0.0251 Correlation Location 3
10/27/2016 14:48 0.024 Correlation Location 3 10/27/2016 14:53 0.0249 Correlation Location 3
10/27/2016 14:48 0.024 Correlation Location 3 10/27/2016 14:53 0.0245 Correlation Location 3
10/27/2016 14:48 0.0243 Correlation Location 3 10/27/2016 14:53 0.0243 Correlation Location 3
10/27/2016 14:48 0.0242 Correlation Location 3 10/27/2016 14:54 0.0237 Correlation Location 3
10/27/2016 14:48 0.0239 Correlation Location 3 10/27/2016 14:54 0.0241 Correlation Location 3
10/27/2016 14:48 0.024 Correlation Location 3 10/27/2016 14:54 0.0247 Correlation Location 3
10/27/2016 14:48 0.0245 Correlation Location 3 10/27/2016 14:54 0.0251 Correlation Location 3
10/27/2016 14:48 0.0247 Correlation Location 3 10/27/2016 14:54 0.0253 Correlation Location 3
10/27/2016 14:48 0.0245 Correlation Location 3 10/27/2016 15:14 0.0548 Correlation Location 4
10/27/2016 14:48 0.0242 Correlation Location 3 10/27/2016 15:14 0.0969 Correlation Location 4
10/27/2016 14:49 0.0243 Correlation Location 3 10/27/2016 15:14 0.0866 Correlation Location 4
10/27/2016 14:49 0.0247 Correlation Location 3 10/27/2016 15:14 0.0618 Correlation Location 4
10/27/2016 14:49 0.0245 Correlation Location 3 10/27/2016 15:14 0.0427 Correlation Location 4

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 15:14 0.0312 Correlation Location 4 10/27/2016 15:20 0.0196 Correlation Location 4
10/27/2016 15:14 0.0251 Correlation Location 4 10/27/2016 15:20 0.02 Correlation Location 4
10/27/2016 15:14 0.022 Correlation Location 4 10/27/2016 15:20 0.0198 Correlation Location 4
10/27/2016 15:14 0.0206 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:14 0.0199 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:15 0.0197 Correlation Location 4 10/27/2016 15:20 0.0194 Correlation Location 4
10/27/2016 15:15 0.0194 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:15 0.0189 Correlation Location 4 10/27/2016 15:20 0.0192 Correlation Location 4
10/27/2016 15:15 0.0184 Correlation Location 4 10/27/2016 15:21 0.019 Correlation Location 4
10/27/2016 15:15 0.019 Correlation Location 4 10/27/2016 15:21 0.019 Correlation Location 4
10/27/2016 15:15 0.0196 Correlation Location 4 10/27/2016 15:21 0.0192 Correlation Location 4
10/27/2016 15:15 0.0194 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:15 0.0192 Correlation Location 4 10/27/2016 15:21 0.0196 Correlation Location 4
10/27/2016 15:15 0.0194 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:15 0.0192 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:16 0.0188 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:16 0.0189 Correlation Location 4 10/27/2016 15:21 0.0194 Correlation Location 4
10/27/2016 15:16 0.0192 Correlation Location 4 10/27/2016 15:21 0.0192 Correlation Location 4
10/27/2016 15:16 0.0192 Correlation Location 4 10/27/2016 15:22 0.0189 Correlation Location 4
10/27/2016 15:16 0.019 Correlation Location 4 10/27/2016 15:22 0.0187 Correlation Location 4
10/27/2016 15:16 0.019 Correlation Location 4 10/27/2016 15:22 0.0187 Correlation Location 4
10/27/2016 15:16 0.0194 Correlation Location 4 10/27/2016 15:22 0.0189 Correlation Location 4
10/27/2016 15:16 0.0194 Correlation Location 4 10/27/2016 15:22 0.0188 Correlation Location 4
10/27/2016 15:16 0.019 Correlation Location 4 10/27/2016 15:22 0.0186 Correlation Location 4
10/27/2016 15:16 0.0188 Correlation Location 4 10/27/2016 15:22 0.0185 Correlation Location 4
10/27/2016 15:17 0.0187 Correlation Location 4 10/27/2016 15:22 0.0185 Correlation Location 4
10/27/2016 15:17 0.0185 Correlation Location 4 10/27/2016 15:22 0.019 Correlation Location 4
10/27/2016 15:17 0.0184 Correlation Location 4 10/27/2016 15:22 0.0194 Correlation Location 4
10/27/2016 15:17 0.0185 Correlation Location 4 10/27/2016 15:23 0.0192 Correlation Location 4
10/27/2016 15:17 0.0187 Correlation Location 4 10/27/2016 15:23 0.0186 Correlation Location 4
10/27/2016 15:17 0.0187 Correlation Location 4 10/27/2016 15:23 0.0182 Correlation Location 4
10/27/2016 15:17 0.019 Correlation Location 4 10/27/2016 15:23 0.0184 Correlation Location 4
10/27/2016 15:17 0.0196 Correlation Location 4 10/27/2016 15:23 0.0185 Correlation Location 4
10/27/2016 15:17 0.0198 Correlation Location 4 10/27/2016 15:23 0.0188 Correlation Location 4
10/27/2016 15:17 0.0194 Correlation Location 4 10/27/2016 15:23 0.019 Correlation Location 4
10/27/2016 15:18 0.019 Correlation Location 4 10/27/2016 15:23 0.0188 Correlation Location 4
10/27/2016 15:18 0.0189 Correlation Location 4 10/27/2016 15:23 0.0187 Correlation Location 4
10/27/2016 15:18 0.0188 Correlation Location 4 10/27/2016 15:23 0.019 Correlation Location 4
10/27/2016 15:18 0.0185 Correlation Location 4 10/27/2016 15:24 0.0192 Correlation Location 4
10/27/2016 15:18 0.0184 Correlation Location 4 10/27/2016 15:24 0.019 Correlation Location 4
10/27/2016 15:18 0.0184 Correlation Location 4 10/27/2016 15:24 0.0188 Correlation Location 4
10/27/2016 15:18 0.0185 Correlation Location 4 10/27/2016 15:24 0.0187 Correlation Location 4
10/27/2016 15:18 0.0188 Correlation Location 4 10/27/2016 15:24 0.0186 Correlation Location 4
10/27/2016 15:18 0.0192 Correlation Location 4 10/27/2016 15:24 0.0188 Correlation Location 4
10/27/2016 15:18 0.019 Correlation Location 4 10/27/2016 15:24 0.0188 Correlation Location 4
10/27/2016 15:19 0.0189 Correlation Location 4 10/27/2016 15:24 0.0187 Correlation Location 4
10/27/2016 15:19 0.019 Correlation Location 4 10/27/2016 15:24 0.0185 Correlation Location 4
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:24 0.0182 Correlation Location 4
10/27/2016 15:19 0.0197 Correlation Location 4 10/27/2016 15:25 0.0186 Correlation Location 4
10/27/2016 15:19 0.0197 Correlation Location 4 10/27/2016 15:25 0.0189 Correlation Location 4
10/27/2016 15:19 0.0194 Correlation Location 4 10/27/2016 15:25 0.019 Correlation Location 4
10/27/2016 15:19 0.0194 Correlation Location 4 10/27/2016 15:25 0.0187 Correlation Location 4
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:25 0.0182 Correlation Location 4
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:35 0.0538 Correlation Location 5
10/27/2016 15:19 0.0192 Correlation Location 4 10/27/2016 15:36 0.0945 Correlation Location 5
10/27/2016 15:20 0.0192 Correlation Location 4 10/27/2016 15:36 0.0836 Correlation Location 5
10/27/2016 15:20 0.0192 Correlation Location 4 10/27/2016 15:36 0.059 Correlation Location 5

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation



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

(mR/h) Location

10/27/2016 15:36 0.0398 Correlation Location 5 10/27/2016 15:42 0.0154 Correlation Location 5
10/27/2016 15:36 0.0284 Correlation Location 5 10/27/2016 15:42 0.016 Correlation Location 5
10/27/2016 15:36 0.0225 Correlation Location 5 10/27/2016 15:42 0.016 Correlation Location 5
10/27/2016 15:36 0.0196 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:36 0.0178 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:36 0.0165 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:36 0.0162 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:37 0.0161 Correlation Location 5 10/27/2016 15:42 0.0158 Correlation Location 5
10/27/2016 15:37 0.0161 Correlation Location 5 10/27/2016 15:42 0.0156 Correlation Location 5
10/27/2016 15:37 0.0162 Correlation Location 5 10/27/2016 15:42 0.0158 Correlation Location 5
10/27/2016 15:37 0.0165 Correlation Location 5 10/27/2016 15:43 0.0164 Correlation Location 5
10/27/2016 15:37 0.0164 Correlation Location 5 10/27/2016 15:43 0.0163 Correlation Location 5
10/27/2016 15:37 0.0163 Correlation Location 5 10/27/2016 15:43 0.0158 Correlation Location 5
10/27/2016 15:37 0.016 Correlation Location 5 10/27/2016 15:43 0.0153 Correlation Location 5
10/27/2016 15:37 0.0155 Correlation Location 5 10/27/2016 15:43 0.0155 Correlation Location 5
10/27/2016 15:37 0.0155 Correlation Location 5 10/27/2016 15:43 0.0158 Correlation Location 5
10/27/2016 15:37 0.0152 Correlation Location 5 10/27/2016 15:43 0.016 Correlation Location 5
10/27/2016 15:38 0.0152 Correlation Location 5 10/27/2016 15:43 0.0162 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:43 0.016 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:43 0.016 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0156 Correlation Location 5
10/27/2016 15:38 0.0158 Correlation Location 5 10/27/2016 15:44 0.0154 Correlation Location 5
10/27/2016 15:38 0.0158 Correlation Location 5 10/27/2016 15:44 0.0155 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0154 Correlation Location 5
10/27/2016 15:38 0.0156 Correlation Location 5 10/27/2016 15:44 0.0154 Correlation Location 5
10/27/2016 15:38 0.0158 Correlation Location 5 10/27/2016 15:44 0.0156 Correlation Location 5
10/27/2016 15:39 0.0162 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:39 0.0164 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:39 0.0162 Correlation Location 5 10/27/2016 15:44 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:39 0.0158 Correlation Location 5 10/27/2016 15:45 0.0158 Correlation Location 5
10/27/2016 15:39 0.0156 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:45 0.0156 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:45 0.0155 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:45 0.0154 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.0153 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.015 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.0154 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:46 0.0155 Correlation Location 5
10/27/2016 15:40 0.016 Correlation Location 5 10/27/2016 15:46 0.0155 Correlation Location 5
10/27/2016 15:40 0.0158 Correlation Location 5 10/27/2016 15:46 0.0156 Correlation Location 5
10/27/2016 15:40 0.0156 Correlation Location 5 10/27/2016 15:46 0.0156 Correlation Location 5
10/27/2016 15:41 0.0155 Correlation Location 5
10/27/2016 15:41 0.0155 Correlation Location 5
10/27/2016 15:41 0.0156 Correlation Location 5
10/27/2016 15:41 0.0156 Correlation Location 5
10/27/2016 15:41 0.0158 Correlation Location 5
10/27/2016 15:41 0.0156 Correlation Location 5
10/27/2016 15:41 0.0154 Correlation Location 5
10/27/2016 15:41 0.0151 Correlation Location 5
10/27/2016 15:41 0.015 Correlation Location 5
10/27/2016 15:41 0.0149 Correlation Location 5

Harvey Blackwater No. 3 Exposure Rate Measurements for Correlation
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Appendix B Site Photographs 

()stantec 
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Appendix C Field Activity Forms 

C.1 Soil Sample Field Forms  

C.2 Drilling and Hand Auger Borehole Logs 

()stantec 



.1 Soil Sample Field FormsC 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME '::>-l-'.>"'- ~ 0~1 .-o O l ( ~CI..\.V'-\' 'al~) 

SAMPLE I.D. >'l-:}~ - q.<.,-, \- eo \ 

SAMPLE COLLECTION DATE -------'--\ _o-'--1,-':S-_/_l---=<o'--------­

SAMPLE COLLECTION TIME __ \,._io_o"--"'1{'-----------

SAMPLE COLLECTED BY _ _ _,,_(_,'-------=---~--=-:__ _______ _ 

WEATHER CONDITIONS '60' '> I .s,..,,,......_ ·J 

FIELD uses DESCRIPTIONS ___ 'b.-j_;_:;.::___,_~..:....•-_;;__--=~"-~-'-===--------------

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: QdlJRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ __....,_\ ----t-l~?-c-· 'f'-f">'->1.\--=.;....,=---- - ------

ANALYSES: ______ q.----=-----,._-_1..:_;"'l..._\o-'-+l _f\,.....;'-"-'==~--=---..:.\_.:) _____________ _ 

17 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

M:INi~----------------------------



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE I.D. ~'2-'>c.i ~ <3 ½ \ - o c:,-z.._ 

SAMPLE COLLECTION DATE __ \"-'O"-'"'-'----':s'-r----'l----'\<o=----------

SAMPLE COLLECTION TIME ___ \i..,o=--,_\ ~_\:,__ ___ ___ _ 

SAMPLE COLLECTED BY ___ (...._\.-...... _________ _ 

WEATHER CONDITIONS __ ~...,,.__'_c">_,,,.--~........,_==---"1'1----------------

FIELD uses DESCRIPTIONS ___ Q..e.0....:.==--==-----.::...[:....:...:~..:........::._....e~=='-----------------

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~RY O MOIST O WET 

SAMPLE CONTAINERS {NUMBER AND TYPE) ______ ,c,,,.l __ -i..-=~"¥''-'».;)>,.__"-~-'------- --

ANALYSES: ----------''Q.'-----'.._"-----='\.:=-'.'"'L------=~,.,______,___,_~~"-'--''-'-...,_\ ____________ ~ 
' 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MV\t:H------------------------.....1 



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME S1.-~"\- q.v,\-oo:} { +l<.c.v.....,_,, C'1.L......J .. •6;:c..,) 

SAMPLE 1.D. $1-:,C\, ~L-,\ -oo'J 

SAMPLE COLLECTION DATE _ __,\'----"Oec...L..._/=1S-:'-----'1'----'-C__,\,.,."'---- - --­

SAMPLE COLLECTION TIME -~\~o_,\~°''----------

SAMPLE COLLECTED BY _ __,L,..c__L.a........ _ _ _______ _ 

WEATHER CONDITIONS ------'-'~'-=--\ -'--'>+1 _S,_,,_1)-"'-'~'--=---'=-"--J ---------------­

FIELD uses DESCRIPTIONS __ Sl,....)--'--""'=.e...----'~'-':,_ ........ _ __:;_~-~-------------­

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

lasM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: i2mRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ______ __,\~•-".'2....,-,-e~\~•=w..._.'-"--- ---
ANALYSES: _____ 72......:..\_ .... _-_""l.J:_r't.._---=l,'--------..-_.__~----=-=~ ~l __._s ______ _____ _ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

.M:IN1H---------------------------' 



{ 
\ 

SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAI\IIE $,_'}~~~<..,\- Co~ (.l-\4.11v-c..~ °(&\.~1,(") 

SAMPLE 1.D. S1--'l9 - e:,v,\ -oo .. l 

SAMPLE COLLECTION DATE \ 10 
;, S l'l v, 

SAMPLE COLLECTION TIME __ __,_\....:.o_1.-_ "l-_ ______ _ 

SAMPLE COLLECTED BY ___ _,.,C.,c__\--'--'=--=9=---•=----------~ 

WEATHER CONDITIONS ~
1 > 1 '>--?'-"~"I 

FIELD uses DESCRIPTIONS '0-..) .c.-........ <;;.~ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ______ \_~--z_.~ .. ~fr\.~o~._._'-_ _ _ ___ _ 

ANALYSES: Q__-·1,.:"L.1.,.) &,~'-~ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

M,V\1.1._ ______________________ _____. 



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME 

SAMPLE I.D. !:>'l-'!:,Cot - (3(-, \ ~ 00 !"" 

SAMPLE COLLECTION DATE ---'-Io_/_, _'S"_:/:_l_"-"-=---------­

SAMPLE COLLECTION TIME -----'---\Q.::........:::'1,.._\o-=-------- --

SAMPLE COLLECTED BY _ ______,,C...,""'--\---'---r-_•__;;f..-::....._ _______ _ 

WEATHER CONDITIONS '::6:O'::, , >,.)._., 

FIELD uses DESCRIPTIONS __ · _,,,~==---£:-=-·=v-.:::...--_....,,':1:,-c..ei..:...k_#=j-----------­

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

eJ'sM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~y O MOIST O WET 

. 
SAMPLE CONTAINERS (NUMBER AND TYPE) - --'\~, _---z~,...~~"'"\.o..,...,--=-.... ----------

ANALYSES: ------~-=\ "--'---~-~-\,.,l----+,__,1'¼--'--="-'b'-----'--l-'>....._ ___________ _ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

na,wY------------------------



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE I.D. ':>'"2-~c::.i - (1. c....., 1 - c::.c b 

SAMPLE COLLECTION DATE l O /\ :S- / l '-'" 

SAMPLE COLLECTION TIME __ \,_o"--'2.._c, ________ _ 

SAMPLE COLLECTED BY _ _.,.(_,..,_,_ \,._9_ 9 ________ _ 

WEATHER CONDITIONS _~~~0~':;:,_,,,1~>-~~~'/¾----------------­

FIELD uses DESCRIPTIONS __ SL.j==---',b"---'-'------'<>-=--o.,.J-------~-----­
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL 

8t'SM O SP O SW O GC O GM 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE 

MOISTURE: 12:bRY O MOIST O WET 

0 ML O SC 

0 GP O GW 

0 FINE O MEDIUM O COARSE 

SAMPLE CONTAINERS (NUMBER AND TYPE) ______ \~-~~--~L='=>~"'--'~------

ANALYSES: _____ ~\<--__ -_'1:_:--Z.,_v---'--------.~~~~~\.~'::,~------------

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

IVl:INhl---------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME 

SAMPLEI.D. si.--;,°1.- ~C.,\- 'l..o\.c> 

SAMPLE COLLECTION DATE --'-\,~--'----,1-'---=S--'1_,_~ _______ _ 

SAMPLE COLLECTION TIME __ \_o_'2-_ ~=---------- ----

SAMPLE COLLECTED BY---'(_..,.._\ _o_.c ________ _ 

WEATHER CONDITIONS __ °lsb-=--~· >c:...___~"""""';=-:,....:'->1-~ ________ _______ _ 

FIELD uses DESCRIPTIONS --~-"'-===~-'-~.l.:---------~~==-------- -------- -­
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: 'i;;foRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) -----~\--+l".2,,..,~ .. 'lr"f',~1:1-.,,~\..-' _ _ _____ _ 

ANALYSES=-----~=_,,_---,...; __ ~__;:::........-..i~---"----==~:....c..__..:..._\._~""--------------

I 
I... J 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

l\ll:WW-------------------------



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE 1.D. -~~-1.._'}_4_-_~_G-\~\_-_Oo~r)_,_ ______ _ 

SAMPLE COLLECTION DATE __,1,-0~,'""'''-'s.._-_/_l _~ ______ _ 

SAMPLE COLLECTION TIME _ ____._\ ,.,_c _..3,,_7L__ _______ _ 

SAMPLE COLLECTED BY _ ___..(___...,.'----LA--'-_________ _ 

WEATHER CONDITIONS _~'.?l:~l....,)_
1 >~_,~<..C~--'1---------------­

FIELD uses DESCRIPTIONS - - ~-=-\ ---~---'---· ........ _ __:_>_~-------------­

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

iS:'SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) _____ _ __,\~_-,.,..-"""'-1 .. k('IL\..,,_,1;,.._,c,-.=-------

ANALYSES: ______ \Lc..._-'--- -,.;_ :-z.__~<,'------;-~~~~~I.._'-,____,,_ __________ _ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

NHt\Urt----------------------------



( 

SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME S--i.~C\- ~<n\- oolS' (~o.-.'J Sb~.,.,) 

SAMPLE I.D. ~ '°!»c:, - g <e.. \ - o e> Y 

SAMPLE COLLECTION DATE __ \1....:0~./....:..l .=:S-_:_./....:..I _::'-::::.__ _____ _ 

SAMPLE COLLECTION TIME -----''l-',o..,__':1_._'1-________ _ 

SAMPLE COLLECTED BY ___ L---_ _c\,:...._0 _• ___ ____ _ 

WEATHER CONDITIONS __ <;st)--=-• =!:o __ ~_,,nJ.:>-.=~-J.,.__ ______________ _ 

FIELD uses DESCRIPTIONS _ ____,_'\L..J==--"----M=-'-'~=__j""-'~=:..:::-=-------------­
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

1;;3:$M O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: @DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) - - -~\ __ ::z,....,._,.,_, -t-f''--""---"'e,--':-::=----- -----

ANALYSES: _____ Q.._..\_-=--_--z..;_~ _ _,,\.,,'---,---+[Y½.?.c.______c==--~-'--------'--\.--""";>'----- - ----- ---

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

Nl·W·tt----------------------------



{ 

SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME S 'l, 1>~ -~ l- C) 0 9\ l ;\-k~v..,,_,.. "g\. ~ ... '\- C") 

SAMPLE 1.D. ~->'2-'>°I- ~L'l \ - co~ 

SAMPLE COLLECTION DATE \ O /\ S" I I..,_ 

SAMPLE COLLECTION TIME __ _,_\ 10_ "-\-'----'-- - -----­

SAMPLE COLLECTED BY ------'L""""---·-\--=--_-D --=«-=---- ----~ 

WEATHER CONDITIONS __ _,,,(S'=0'-1..£>----"",s....,uw----=-== .. 'I----J _______________ _ 

FIELD uses DESCRIPTIONS --~~'-=-------'+-'---'-~-""----"~::.....~------------ -­

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: '\<[DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ----·~\_"'"#-_-=-~ t=-1"\.-=-o=""=--'---- ------

ANALYSES: \2--'1.,..,'"'L-5-< 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

I\IHNH----------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME 

SAMPLE I.D. S"l-'}C'.t,.. ~'>\ - O t 0 

SAMPLE COLLECTION DATE \ o / 1 :S- / I \..p 

SAMPLE COLLECTION TIME -~\_o_S_'2-_______ _ 

SAMPLE COLLECTED BY ___ (..-'-. _\---c... _________ _ 

WEATHER CONDITIONS __ <is'_O_'_">_~--~-""_) _______________ _ 

FIELD uses DESCRIPTIONS __ Q.J~ __ Q;~.,,.,.,..--~~~-------------­
MAJOR DIVISIONS: D OH D CH D MH D OH D CL D ML D SC 

§..SM D SP D SW D GC D GM D GP D GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: t:fuRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) _______ \ __ ~~~' l'-l~t.-k~\.-. _____ _ 

ANALYSES: _____ \4._\ __ -_-,;:_;"'L._L,------=-----+~~~-\.~~------------

' 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

IMl1M\I~;---------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME s '2-3°1 - G,c..,1...- 0° \ c r'(c;.••'··.,~v 'Bl~ 

SAMPLE I.D. _:c...)_"2..-_"!>_'1_-____c~-~~')~1,,_-_o_o_\~-------

SAMPLE COLLECTION DATE -~' _,O~/~l~~~L~l~\o~------

SAMPLE COLLECTION TIME ___ \_\_\_, ________ _ 

SAMPLE COLLECTED BY __ _,L-....;_•.-.-,~==/,;:.-~--,,• ----- ~ 

WEATHER CONDITIONS __ ~~~•_'>---Jl1--!b~v~"'-""'-~'1-'l----------------­

FIELD uses DESCRIPTIONS __ 'n-.)~\ --~£~~~~-~~~~~~-----------­
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

.ifSM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ \.,._..\~:Z.~;....,'f''""\~~~"\...... __________ _ 

ANALYSES: '\2.--'"\,.,~U) ~ L~ 

, 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

1\11:Wld;------------------------



AREA#/NAME 

SURFACE SOIL SAMPLE LOG FORM 

~ '2.-"; C\- (;~,_.DO 1,... (__ .\J(ON-\y Ul ~) 

SAMPLE I.D. _S_'l-_'3_C,_-_0._({l_'l---_-_~_o_'L _______ _ 

SAMPLE COLLECTION DATE _ _,_\ .=O:.L/..L.l _,,,;S°._,/---'t....:::\o,e__ _____ _ 

SAMPLE COLLECTION TIME ------'-l \,_V_~ ________ _ _ 

SAMPLE COLLECTED BY L. ~&_~ /c_. Lt....._ 

WEATHER CONDITIONS y;b\ '>, ) D\11.'""- -J 

FIELD uses DESCRIPTIONS '12.-..) k\~ 'SCM..0 
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

ia:sM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: QpRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ----"\--\-~ ~'")..~• fl"'--l"--'t.=J.-=------------­

ANALYSES: - - -~===-----i;~:,.,----'----'1..p"'----1\.-----'-'Nv-,;<--="'-:\""\.~'-__,~"-------- --------- -

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MWW------------------------" 



f 

SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME 

SAMPLE I.D. _ S_ '2--_>_c:i_-_(3_C.,_1.-_-_o_o_J _______ _ 

SAMPLE COLLECTION DATE ----'-lO_/_t .:f'_;-'-1 ~=--------

SAMPLE COLLECTION TIME _ _ l _l 'l-_~ ____ ____ _ 

SAMPLE COLLECTED BY ___ G __ L_a...._6_;_ _______ _ 

WEATHER CONDITIONS ___ 1:,_0_
1 

">--1-1__.':,e....='llc..."'-_""-----'---"l"l----------- ----

FIELD uses DESCRIPTIONS --~-=c...='-'c__f_._-:............'---'--------'~=--o.,..,J------- ------­
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

~M O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: .3DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ _ \_.__'"2.----'----'---'\+\?----=-l _ .. ..,.__ _ _ _____ _ 

ANALYSES: ___ 'Q..=-,:.,_-_1;_;-i,.-----"'------'~-----=-_.:c...1._,,,~'-------------- ------

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

l\ll1ll\U/l--------------..;....------------' 



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME S,'2-'3,,'1 -O.l11..-ooc; (\,-\~.J Q.l~) 

SAMPLE I.D. __ S_'2-_'!>_ct_-____,,~=-(!::....cr1_'2-_-_b_ O_'-\-'-------------­

SAMPLE COLLECTION DATE __ \ _O_I----'-\ §i___,/----=lc....::~=----- ----

SAMPLE COLLECTION TIME __ ,_\ _l-_C, ________ _ 

SAMPLE COLLECTED BY __ __:::L:._. _l...c....:::~=--=----------

WEATHER CONDITIONS __ __,,io.___1-"->_,__J_~=""-'---'-'""-~~----------------

FIELD uses DESCRIPTIONS --~----'-'\ ='------_,_h..:...~ _ __;:'=>c..---.) ______________ _ 

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ ___,\~~--~-=--1----'~'--"t)=..,,=-\..---------

ANALYSES: '2,-c..-'1.~-., (\>...,_,~\> 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

.M:\l\til:I. _______________________ __. 



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAI\IIE S 'l 1'~ - 0 C., 1- - c>.:> S" L t--\.c.'I ~, \l\c.,.c,1.,.w~\-c,v') 

SAMPLE I.D. __ 5-_i._~_oi_-_~_<f)_'l._-_0_.,_:S-________ _ 

SAMPLE COLLECTION DATE _....,1--"P'--'---l'-'-l "":S-_,_/_,_,lv,""------------­

SAMPLE COLLECTION TIME __ \c....:l---=-~-'-1'-----------------­

SAMPLE COLLECTED BY _ __;::L,:;___~---- -------

<1 0 '> 
WEATHER CONDITIONS ___ P_--+-----;>""'....>'A=""-"'-•"1------------------

FIELD uses DESCRIPTIONS u...., .(;:.-.. c;,.o,,....._) 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

la'SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: (a'DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ----~\ __ -z,~"'-if~l~o="'-'-- - ----­

ANALYSES: -----'~=----""2..:-~--=---,-------'---M.,c_J-----'~'----=--t...L>----------------

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

NHAl:li .. ________________________ __. 



( 

SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME 

SAMPLE I.D. _!,._'7,,_:_'>--=--°1-'-------'Q._~....:.!l_"l-_-_o_D_..,,, ________ _ 

SAMPLE COLLECTION DATE -----'---\ O_/..:_l S"..:_..:_/_l \D=------­

SAMPLE COLLECTION TIME-----"\_._\_~'-~-><---------­

SAMPLE COLLECTED BY -~L""'-•____.:_\_._· --------

WEATHER CONDITIONS __ <t>_O_'_>_L,____,,~=:-.-.=.c....~::....::i----------------­

FIELD USCS DESCRIPTIONS :t e- /..,........) ¼-llM- ":>~ , .,..o~ c. o,c:;.v-..c,- ~It¼. 

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: BTRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM W COARSE 

MOISTURE: 146RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) __ \,.___:z-'-"-'''-"f'~\~c::,~t...~'-'----------­

ANAL YSES: -----=\2...-=~--""1,;-=---::Z.-V-----=~-,--"'-Jv--w-=-~--=-----'-\_::~'-------------------

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

·M 0Wi'H---------------------------' 



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE I.D. f,'2., '3C, ~ ~ l, '2- - '2. 0 '° 

SAMPLE COLLECTION DATE _\LO=/_,\'-"'S'-I----'\_::::~:__ ______ _ 

SAMPLE COLLECTION TIME __ \_\_:,,_<( ________ _ _ 

SAMPLE COLLECTED BY _ _____,,(_,"'-......,L_ o ,;;_<-___ _____ _ 

WEATHER CONDITIONS -----=~_D_'_~-+l_____::;'>-=o-'----v\_""-----1'l1------------------

FIELD USCS DESCRIPTIONS Q...)/.\,-c..,._ :f,....,. :>~, W~ U><.N'5-V ~~ ~'\ 

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

~SM D SP D SW D GC D GM D GP D GW 

QUALIFIERS: ~RACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM ©' COARSE 

MOISTURE: Ql-DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) _ _ _ J._\ ----\-\ _..,,,'2...,_.. '-tf>"-'\_.,.,._....,.=!>..-::;__ _______ _ 

ANALYSES: _____ 'Q..;.. __ -_'l...:_ :'L_~_;___,.------'-~-------'=-.:._-'----l---'">'----- - ------ ---

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

OOfWlrl-----------------------~ 



{ 

t 

SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME ~i. '!)~ - {>(.1'1,.-00'1 L~~""""I Q.\~ ..... ) 

SAMPLE 1.D. 5•1.:'!,Co\ - G,<..,t. -oo1 

SAMPLE COLLECTION DATE _...,,._\--=O=/--'---l S::..._,_/--=--l --=1....'--- ----

SAMPLE COLLECTION TIME-----'\'----'-\-~_\....:..._ _ _ _____ _ _ 

SAMPLE COLLECTED BY _ __,l..=-_\ =--o_...,c__ _______ _ 

WEATHER CONDITIONS _ __,_1SQ.c,,:....~.....:;">'--'-,~S,c_,c..,_,""-'--'--~_,_-+-I __________ _____ _ 

FIELD uses DESCRIPTIONS --~'-----=--'=---~-•'-'-__ ~'.:>..e....:::~"'----=--.::"'------------­

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

la::SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: Ja°DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) _ _ ___ \'---_""2,..,--=· ,"-\liqc._\'--c,--..;_L ___ ___ _ 

ANALYSES: '\2..c...-'1,--Z..,t, fu.1 ~\.~ 
' 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

·OO,ll\Hrl·-------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA # /NAIi/iE ';, '2-~ ci - 3 <q 7.- - 0 0 'IS' ( \:\,""""''i Ql , ..... 1 ........ >.), •• ,,) 

SAMPLE I.D. ~ "l- 'lct - (3 c., ").. - o o ")' 

SAMPLE COLLECTION DATE _.._,\0"-'/'---'l'-"':S-'---'l'---'lc..._\o'-----------

SAMPLE COLLECTION TIME -----'-\ \_~_ :> _ _______ _ 

(__. ~ SAMPLE COLLECTED BY--~----------~ 

WEATHER CONDITIONS ___ '250=·=-..,• >'-+--1 ~>J-=-=-'-=-l"it------------------

FIELD uses DESCRIPTIONS 'Q....J £~ :.~ ' ~ <,..o .... __. ~':..l 

MAJOR DIVISIONS: 0 OH OCH O MH OOH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: ~RACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM l!st°COARSE 

MOISTURE: ~RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) __ __.\-',\-, __.-, __ ,,~;~F-\~o~c..;=-"------------

ANALYSES: _____ '\2_>-=-.,._=----"l.'._:-?.-_1...,---4__,~'--'--..=....:,'----\.--''>==------------ -----

... 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

_.1Nl:;I-----------------------____. 



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME ~'1,."3,"l-(3,1.,.-,~- bo4\ (\-\'""":':'."'} ~\.~In-) 

SAMPLE 1.D. 5,,7,:'~'1 - ~ <.-, ,_- 0 ..::> ~ 

SAMPLE COLLECTION DATE --'-~ o_,c...c\=~_,/_,\'""""\o"'-------------

SAMPLE COLLECTION TIME ------'----\'1--=------=o_o _ _______ _ 

SAMPLE COLLECTED BY --~L~•-LA,....... _________ ~ 

WEATHER CONDITIONS ~· :> I "n.>v-""'- ... , 

FIELD uses DESCRIPTIONS Q-..) £,......,_ ":,ov,,,J 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

g SM D SP D SW D GC D GM D GP D GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ill:DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ----~'----\\-------"1,,-'-.-F¢----=-'-=•"""=-'-"------- --

ANALYSES: ____ Q..,_==--_"1,;.:_.._:-1------=~~-J-~--==---:,_""_" '>L.___ _____________ _ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MW,W------------------------' 



( 

SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME S Z>°I -(3,<t,1,.-o\C L4-\.o.v"':'\',l ~\,~...,.,,) 

SAMPLE 1.D. > '7-~e>t - Ol-,'l--- t>\ 0 

SAMPLE COLLECTION DATE _lo~✓~>S::-✓~L_\,o _______ _ 

SAMPLE COLLECTION TIME -~\'l--_ O_ ::.,~-----------

SAMPLE COLLECTED BY __ (...,._L...a....c... _________ _ 

WEATHER CONDITIONS __ 15Q~_'>_,~~- --~'/ ___ _____________ _ 

FIELD uses DESCRIPTIONS---------------------­

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: l&fiRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ---~.,__-~-1-'-.c..-_..,_,__ _________ _ 

ANALYSES: _____ '"\<......,....-~ -'1,;- ~_ '-P_,________.._~~~ ~\.~i~-------------

I 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

·noi\Nii:1:------------------------



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE COLLECTION DATE __._\O=/:c....:l:..:..S:.._,/___,_l_,.,1,o:..__ ______ _ 

SAMPLE COLLECTION TIME _\_1-_0_:5° ______ __ _ 

SAMPLE COLLECTED BY _ __,,(_,"""------l_e _c. ________ _ 

WEATHER CONDITIONS ~D'::, , )..;)-..•I 

FIELD uses DESCRIPTIONS __ 'Q__;__ .. _:"-=---)_.f:.,.,.~----:..____,,'b,<.;;~c....=.....:C-------- -----­

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

~ SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: 0-DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) _____ \~~~~i'-"-=°'=""'-1....... _______ _ 

ANALYSES: ______ 'Q..-_~..:....::..::'------'?,;,::_;-z...--=---.:,v=------.,---------<-~-=--="'-~"---'-l~'->~- ----------
" 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

·n(l:\OUJf------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME ':;>2-'.>"1 ~ '3,v,"7- - olo Lt\Cul"':W U.l~:) 

SAMPLE 1.0. .Y).>ct- <}V1'2--- 1>1-:> M '> 

SAMPLE COLLECTION DATE _I_0~/'-1--"5_/_\..~\c~------ ­

SAMPLE COLLECTION TIME _.,_,\'2...,,,_,o'-''J'---------------

SAMPLE COLLECTED BY -~L,"-'----_l_o _• ________ _ 

WEATHERCONDITIONS __ "d)-=--l-'-'>➔l~~ ..... \:::,,'S"""""'"--=-,'l:!-----------------­

FIELD uses DESCRIPTIONS __ '\'2-_ .. _ ... _~_____:~c_--_--=~::..:o.,...j::.......:....~------------­

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

la°SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: i2!lDRY O MOIST O WET 

~ 

SAMPLE CONTAINERS (NUMBER AND TYPE) - - --4\----+-, ____..,.i.-=--=~C-¥f=\_..3,~._,,,..__1..--'-'----- ----

ANALYSES: ______ 'Q._-=:c...c'"""-,..'--_-i;_:""1...-_~_+---'-~-------'---\.-\ ____ _______ _ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

OO;lt\Url------------------------



/ 

SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E _ _ ~;._ . .J_4_,_'-'"<.~:)-~~-\_ .. _<..._k_w_"'\_-k~r--J/~i_G-_J __ 
-, I 

SAMPLE I.D. __ )_--4~,~~ci~--F,_(,._J_-_o_a_·· _I _______ _ 

SAMPLE COLLECTION DATE ___ J_-_i_'t.,_-_l_+ _____ _ 

0Ci3u SAMPLE COLLECTION TIME ____________ _ 

SAMPLE COLLECTED BY ___ "J_ .. _P_.z._\.c_,.._l_..,,. ______ _ 

WEATHER CONDITIONS ___ w-_<1.._f_,..,.._ _ __________________ _ 

FIELD uses DESCRIPTIONS r C>o( l_.., ~ .,-,,,J..a.P P, '.-..e s Ci ,...J 
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM 0 SP O SW O GC O GM O GP O GW 

QUALIFIERS: Qf' TRACE O MINOR O SOME; SAND SIZE ifFINE O MEDIUM O COARSE 

MOISTURE: (i DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ (:,~•_:.;);1-,. Jc)--'. 'i~e_____,__(_-\ ~} ____ ____ _ 

ANALYSES: ()...,,.1.1-G, Me,\...,\> 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MtWH----------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM .... E ___ ·\-\-'-ct_r_vt_j+--- Ci_ l q-'--• c_· t..:_· v,.r_ ,J_,· <""_ ._/ _R_&_-3 __ _ 

SAMPLE 1.D. ___ s_-_2-_:':>_c't'_-_l?,_G_-_?:._·-_o_'-_-' L ___ h_-"~'(~M_,5~i),__ __ 

SAMPLE COLLECTION DATE ___ ?,_···_t_<o_·_l_t _____ _ 

./ 

SAMPLE COLLECTION TIME - - --'o""-Cf-'-·->-'-.> ______ _ _ 

SAMPLE COLLECTED BY ___ "J_._p_"-_' k_r_s_o_!' _____ ~ 

WEATHER CONDITIONS __ w-_tt_rn __________________ __ _ 

FIELD uses DESCRIPTIONS P <>.:.rl:'.) <''J rr...k,9 ~f J.. ~~ "~ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM 0 SP O SW O GC O GM O GP O GW 

QUALIFIERS: @TRACE O MINOR O SOME; SAND SIZE ~ FINE O MEDIUM O COARSE 

MOISTURE: ~ DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) __ f,_4-1-)+')-'-'1 e,__s_(-=-·-3 _,__) __________ _ 

ANALYSES: (l._'7\ - 2.1- b 1"--c.. +., li 

rk 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

( 

M:.Wlrl---------------------------' 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM"'-E ___ _____c._H.--'-G\,.,_r-=..i<.-1+---0_'.)_l "_,.._c_k_w_,"'_l_~r__,_/_r?._(,.-_- =J __ 

SAMPLE 1.D. ___ _ 5_:>-_\_9_·---"~"-G-_3-=--·· _o_c_, ] __ }\.,,_· --'-'v\---'-r---=2_o__,3'---. _ 

SAMPLE COLLECTION DATE __ :_i_-_l _0_-_\---'-·7-______ _ 

SAMPLE COLLECTION TIME ___ o_· "_'T_"+_o _______ _ 

SAMPLE COLLECTED BY ___ J_. _._()_e_l~=r'-s_,:._,.. _ ____ _ 

WEATHER C0NDITIONS ____ w_·,~_r_n _________________ _ 

FIELD uses DESCRIPTIONS p {)() r(⇒ ·:l , ,_J<_!} ~ N- ."::.4 1'!} 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM iJ21' SP O SW O GC O GM O GP O GW 

QUALIFIERS: Gf"TRACE O MINOR O SOME; SAND SIZE (l FINE O MEDIUM O COARSE 

MOISTURE: ~ DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) -~"'-· ,_<J'.¥,J_·,_e.--=s----'-(_'-_) __________ _ 

{ 
\ ANALYSES: __ {L_ lll._-_2._2._G_. ~/vl.-~_l_t:t_l '---s _________________ _ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

( 

OO:W,1;,1-----------------------------



/ . 
\ 

SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E ____ H_c._r_vc._l+---~- '-' a._· '--_- ._k1_w_""-~_r _/~1s_G._ J_. _ 

s l :!, 9 - V G,- ~ - 6 0 4 :'. . ' D .. &01 I SAMPLE I.D. _______ \& ______ _;_;_~"'-'---' 

SAMPLE COLLECTION DATE __ ·?._-_l_'D_-_t_°1 ______ _ 

094( SAMPLE COLLECTION TIME ____________ _ 

SAMPLE COLLECTED BY ___ -:r_. -~_et_· e_r_.s_,:,_f\ _____ _ 

WEATHER CONDITIONS ___ \JJ~t.._· ,_,...., __________________ _ 

FIELD uses DESCRIPTIONS p D 6 r 17 ') 1 ... Jl.e j ~-, N. s..:.," p 
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

0 SM 0 SP O SW O GC O GM O GP O GW 

QUALIFIERS: @° TRACE O MINOR O SOME; SAND SIZE (i FINE O MEDIUM O COARSE 

MOISTURE: 51' DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) --~-ll'.J_,_J_,_, ·~1 e~'5_· ~(~z._) _________ _ 
ANALYSES: (lq-1.l(. ~-l,,.( J 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

l\llll\UI----------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME...._ ____ µ_Cl_r v<------'-l_'t:._l "-_' L_k_v.1_"'l_k_r ----'('--Q._(,_] __ 

SAMPLE 1.D. _____ ~_'2._?,_'l_- _· _!l_(,.'--_.3_--_G_o_'-cc_{ ____ _ 

SAMPLE COLLECTION DATE _ _ _ 1_-_l_~_-_1_1'~-----

SAMPLE COLLECTION TIME ____ 0-=---9_.s_·-u ______ _ 

SAMPLE COLLECTED BY ___ -_·>_- _P_e_l::_c_r_s_0 -_~ -----

WEATHER CONDITIONS ___ "'1_c-._r_r _ _ _ _______________ _ 

FIELD uses DESCRIPTIONS p OLJ r l:J ~ r.,,.k_,9 ~'fr4. ~'.'.t"g 
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM GJ' SP O SW O GC O GM O GP O GW 

QUALIFIERS: g" TRACE O MINOR O SOME; SAND SIZE 13 FINE O MEDIUM O COARSE 

MOISTURE: 00 DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ---~- '_->i +J-1'.J_c.~_c,e__,_( ___ I )-'-----------

ANALYSES: p_.,,,/U(:, M<~ .. l s 

L 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

( 

l\lUN:M----------------------------' 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME ___ \,t_.Q_r_Ut._----'1'--_,~_l.::;_· c_· _k_,,.,_c.._k_r__,_/_(?:,_G_-_J __ 

SAMPLE 1.D. ____ 5_2-_3_q_-_t_ G-_3_-_-u_- o_· _G _____ _ 

SAMPLE COLLECTION DATE ___ ?,_._-l_~_-- _(_·r-_____ _ 

SAMPLE COLLECTION TIME ____ 0_-_ct_:s_~ ·_; _____ _ 

SAMPLE COLLECTED BY __ -:;-__ -~ ~_k_("'_J_v_'"------

WEATHER CONDITIONS ___ i,v_°'-~' .-_. !"'-__________________ _ 

FIELD uses DESCRIPTIONS PO ,,r ' 1 S ,-.-;, k ,P -9:t·M '!::.4..A.!) 

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

0 SM ii' SP O SW O GC O GM O GP O GW 

QUALIFIERS: @l TRACE O MINOR O SOME; SAND SIZE !ill FINE O MEDIUM O COARSE 

MOISTURE: Gf DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ f1._4_5,__,· 5,____-_, ~~(_t~) _ _______ _ 
ANALYSES: ___ n-__- _- 2._7-_~'--+-~"'-'----~-"'-~-J _________________ _ 

I '\ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

OOINl,I------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E ___ \-{~q_~r_.J(__,:J __ t>~( __ ,:;_d(_,_W_c.,._{_(._r--+/-· ~P>-~_-_3 __ 

SAMPLE I.D. ___ -\_· 2-~:\_9~-~V~·-~ _G,._3_-_· ~◊~o_·-,.~~l)_¼_P _··_2.v_· --~} 

SAMPLE COLLECTION DATE ___ :::._·"_-_, _'3_--_l_}:~-----

SAMPLE COLLECTION TIME _____ ( o_· _o_c,_·· ____ _ _ 

SAMPLE COLLECTED BY ___ =>_._~ e_l_e_,_-~_0_11 _____ _ 

WEATHER CONDITIONS ___ \r.J_,:.._r ,.,. ___________________ _ 

FIELD uses DESCRIPTIONS P <> or 17 '} r"' k J) fi ~ ~ c,_ ,..J 
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

0 SM [i("sp O SW O GC O GM O GP O GW 

QUALIFIERS: r;;a'TRACE O MINOR O SOME; SAND SIZE ~ FINE O MEDIUM O COARSE 

MOISTURE: ~DRY O MOIST □WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ---~-c....,.,Jh'),_' ·-~e~s'---"(_2-_)~---------

ANAL YSES: (2__ ~ r 2 2. G I'-'€ -L, l 1 

i \ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

{ 

,IN,.-, ________________________ ___. 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E ___ H_C\_f_'-'<--1-)-Q, ___ l_.:;_c_h_.w_.,___k_r__,{'-. -~-~ G_-_J_ 

SAMPLE 1.D. ___ s_-z.__z._q_-~t~l_--_3_--~o~·· o_·_9~-----

SAMPLE COLLECTION DATE ___ '.>_~_l_'2._-_l_1-______ _ 

(oo<_ SAMPLE COLLECTION TIME _______ ) ______ _ 

SAMPLE COLLECTED BY ___ -_,)_. _P_e_t-<_,_.1._,;,_~ _____ _ 

WEATHER CONDITIONS __ µ_.c,.__ri-___________________ _ 

FIELD USCSDESCRIPTIONS p ,:,c.:,r (.j ".) r;-,__k} ~--,.... shr._j 

MAJOR DIVISIONS: DOH D CH D MH D OH D CL D ML D SC 

D SM l2I'" SP D SW D GC D GM D GP D GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE C!f FINE O MEDIUM O COARSE 

MOISTURE: Gf DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) -~'5-'"'~,J1..j,-._·;~~~~c_·, ~) _________ _ 

ANALYSES: 12" -22(; ""~A.J I 

ll) ... 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

Nl:WH---------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAM~E ____ u_~_r_U{_l-+-- ~-· -l_4_L_k_w_e-.._k_r_/_i_&_ ... _3 __ 

~ 2 7> 9 -I> , 3 ·- 0· 0 q 
SAMPLE I.D. _______ "-_~1o--~-~-------

SAMPLE COLLECTION DATE ___ 3_-_\__,!'.i'-----('-1 ______ _ 

SAMPLE COLLECTION TIME ____ I o_l_O ______ _ 

SAMPLE COLLECTED BY __ -:Y_. _f_.z,_l_('.._f .5_, .:>_,, _ _____ _ 

WEATHER CONDITIONS ____ w_c.._' r_,.,... __________________ _ 

FIELD USCS DESCRIPTIONS e €> 0 f l-:1 'J n:~JkJ .Qi~ .5 c\ ,._J.J 
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM Q' SP O SW O GC O GM O GP O GW 

QUALIFIERS: r:i) TRACE O MINOR O SOME; SAND SIZE Ult' FINE O MEDIUM O COARSE 

MOISTURE: d DRY D MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) __ {s_1._'( J-1-)+·-• e _ _,(~-,,_I J-'----------~ 
ANALYSES: (le.. - 2-)_(. , ~ \_-..,J' 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

··Mtt\t,H----------------------------



( SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM~f ____ \{_c,__r_,J(._.~---~-l~_-c_· ~_Wv_ct_-k_r--1-/_R_&-_.3_ 

5 ·2.7,_a.- n~1-o(o SAMPLE I.D. --~-~~,J~--1_1.>~1:, _________ _ 

SAMPLE COLLECTION DATE ___ }_-_( 'i:l_:, _-(_1-______ _ 

SAMPLE COLLECTION TIME ____ l_o_l_) _______ _ 

SAMPLE COLLECTED BY ___ J~, _---~_e_-l_<.,_5_0_" ____ _ 

WEATHER CONDITI0NS ___ lJ<J_C..._C'_r-" __________________ _ 

FIELD uses DESCRIPTIONS ___ ()_v_D_r_l::7_,___5 ___ t-_c.._JJ __ ~_' _N.. __ .'::>_ct._r--_l _______ _ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM g' SP O SW O GC O GM O GP O GW 

QUALIFIERS: @TRACE O MINOR O SOME; SAND SIZE ~ FINE O MEDIUM O COARSE 

MOISTURE: BDRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ \1_,.'--'-:)t-'+' -~, ,::~--1{c--1 _,_) ________ _ / J 
I 
( ANALYSES: R..c.. -1-2.l'" (M. <.t-;. \ J 

rl\ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

l\ft:W,M----------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME _____ l{_,-1_r_-i-<_ 7~ _ R_. _t,::z_· _/_·( ..,._""-_/~_r--+(_G_~_-_3 

SAMPLE I.D. s·z.z,➔~ ISG:J·- t\ -1 (o·-o.~ ~t) 
SAMPLE COLLECTION DATE ___ ~'S_·-_(_~'-----f---'-7 _____ _ 

SAMPLE COLLECTION TIME ___ l_o_·z__v_· _______ _ 

SAMPLE COLLECTED BY ___ J"_-_r_~_\.e._r S_o_" _ ____ _ 

WEATHER CONDITIONS ___ .,,_l,-J_c.-_· .:._r_,-.. _________________ _ 

FIELD uses DESCRIPTIONS P oar C:J ti r.,.kfl ~-;..e. sc, ,../ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM uJ SP O SW O GC O GM O GP O GW 

QUALIFIERS: ilJ'TRACE O MINOR O SOME; SAND SIZE QIFINE O MEDIUM O COARSE 

MOISTURE: GJ"ORY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ rg~· _.,, "J+-,1~~··,_e---"-(_,-'-) _________ _ 

ANALYSES: (2_.4 - 2-2-C w,,e_J~lf 

Ir'\ 
I/ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

00:IN:H---------------------------' 



/ 

SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E _ _ ~;._ . .J_4_,_'-'"<.~:)-~~-\_ .. _<..._k_w_"'\_-k~r--J/~i_G-_J __ 
-, I 

SAMPLE I.D. __ )_--4~,~~ci~--F,_(,._J_-_o_a_·· _I _______ _ 

SAMPLE COLLECTION DATE ___ J_-_i_'t.,_-_l_+ _____ _ 

0Ci3u SAMPLE COLLECTION TIME ____________ _ 

SAMPLE COLLECTED BY ___ "J_ .. _P_.z._\.c_,.._l_..,,. ______ _ 

WEATHER CONDITIONS ___ w-_<1.._f_,..,.._ _ __________________ _ 

FIELD uses DESCRIPTIONS r C>o( l_.., ~ .,-,,,J..a.P P, '.-..e s Ci ,...J 
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM 0 SP O SW O GC O GM O GP O GW 

QUALIFIERS: Qf' TRACE O MINOR O SOME; SAND SIZE ifFINE O MEDIUM O COARSE 

MOISTURE: (i DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ (:,~•_:.;);1-,. Jc)--'. 'i~e_____,__(_-\ ~} ____ ____ _ 

ANALYSES: ()...,,.1.1-G, Me,\...,\> 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MtWH----------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM .... E ___ ·\-\-'-ct_r_vt_j+--- Ci_ l q-'--• c_· t..:_· v,.r_ ,J_,· <""_ ._/ _R_&_-3 __ _ 

SAMPLE 1.D. ___ s_-_2-_:':>_c't'_-_l?,_G_-_?:._·-_o_'-_-' L ___ h_-"~'(~M_,5~i),__ __ 

SAMPLE COLLECTION DATE ___ ?,_···_t_<o_·_l_t _____ _ 

./ 

SAMPLE COLLECTION TIME - - --'o""-Cf-'-·->-'-.> ______ _ _ 

SAMPLE COLLECTED BY ___ "J_._p_"-_' k_r_s_o_!' _____ ~ 

WEATHER CONDITIONS __ w-_tt_rn __________________ __ _ 

FIELD uses DESCRIPTIONS P <>.:.rl:'.) <''J rr...k,9 ~f J.. ~~ "~ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM 0 SP O SW O GC O GM O GP O GW 

QUALIFIERS: @TRACE O MINOR O SOME; SAND SIZE ~ FINE O MEDIUM O COARSE 

MOISTURE: ~ DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) __ f,_4-1-)+')-'-'1 e,__s_(-=-·-3 _,__) __________ _ 

ANALYSES: (l._'7\ - 2.1- b 1"--c.. +., li 

rk 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

( 

M:.Wlrl---------------------------' 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM"'-E ___ _____c._H.--'-G\,.,_r-=..i<.-1+---0_'.)_l "_,.._c_k_w_,"'_l_~r__,_/_r?._(,.-_- =J __ 

SAMPLE 1.D. ___ _ 5_:>-_\_9_·---"~"-G-_3-=--·· _o_c_, ] __ }\.,,_· --'-'v\---'-r---=2_o__,3'---. _ 

SAMPLE COLLECTION DATE __ :_i_-_l _0_-_\---'-·7-______ _ 

SAMPLE COLLECTION TIME ___ o_· "_'T_"+_o _______ _ 

SAMPLE COLLECTED BY ___ J_. _._()_e_l~=r'-s_,:._,.. _ ____ _ 

WEATHER C0NDITIONS ____ w_·,~_r_n _________________ _ 

FIELD uses DESCRIPTIONS p {)() r(⇒ ·:l , ,_J<_!} ~ N- ."::.4 1'!} 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM iJ21' SP O SW O GC O GM O GP O GW 

QUALIFIERS: Gf"TRACE O MINOR O SOME; SAND SIZE (l FINE O MEDIUM O COARSE 

MOISTURE: ~ DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) -~"'-· ,_<J'.¥,J_·,_e.--=s----'-(_'-_) __________ _ 

{ 
\ ANALYSES: __ {L_ lll._-_2._2._G_. ~/vl.-~_l_t:t_l '---s _________________ _ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

( 

OO:W,1;,1-----------------------------



/ . 
\ 

SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E ____ H_c._r_vc._l+---~- '-' a._· '--_- ._k1_w_""-~_r _/~1s_G._ J_. _ 

s l :!, 9 - V G,- ~ - 6 0 4 :'. . ' D .. &01 I SAMPLE I.D. _______ \& ______ _;_;_~"'-'---' 

SAMPLE COLLECTION DATE __ ·?._-_l_'D_-_t_°1 ______ _ 

094( SAMPLE COLLECTION TIME ____________ _ 

SAMPLE COLLECTED BY ___ -:r_. -~_et_· e_r_.s_,:,_f\ _____ _ 

WEATHER CONDITIONS ___ \JJ~t.._· ,_,...., __________________ _ 

FIELD uses DESCRIPTIONS p D 6 r 17 ') 1 ... Jl.e j ~-, N. s..:.," p 
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

0 SM 0 SP O SW O GC O GM O GP O GW 

QUALIFIERS: @° TRACE O MINOR O SOME; SAND SIZE (i FINE O MEDIUM O COARSE 

MOISTURE: 51' DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) --~-ll'.J_,_J_,_, ·~1 e~'5_· ~(~z._) _________ _ 
ANALYSES: (lq-1.l(. ~-l,,.( J 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

l\llll\UI----------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME...._ ____ µ_Cl_r v<------'-l_'t:._l "-_' L_k_v.1_"'l_k_r ----'('--Q._(,_] __ 

SAMPLE 1.D. _____ ~_'2._?,_'l_- _· _!l_(,.'--_.3_--_G_o_'-cc_{ ____ _ 

SAMPLE COLLECTION DATE _ _ _ 1_-_l_~_-_1_1'~-----

SAMPLE COLLECTION TIME ____ 0-=---9_.s_·-u ______ _ 

SAMPLE COLLECTED BY ___ -_·>_- _P_e_l::_c_r_s_0 -_~ -----

WEATHER CONDITIONS ___ "'1_c-._r_r _ _ _ _______________ _ 

FIELD uses DESCRIPTIONS p OLJ r l:J ~ r.,,.k_,9 ~'fr4. ~'.'.t"g 
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM GJ' SP O SW O GC O GM O GP O GW 

QUALIFIERS: g" TRACE O MINOR O SOME; SAND SIZE 13 FINE O MEDIUM O COARSE 

MOISTURE: 00 DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ---~- '_->i +J-1'.J_c.~_c,e__,_( ___ I )-'-----------

ANALYSES: p_.,,,/U(:, M<~ .. l s 

L 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

( 

l\lUN:M----------------------------' 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME ___ \,t_.Q_r_Ut._----'1'--_,~_l.::;_· c_· _k_,,.,_c.._k_r__,_/_(?:,_G_-_J __ 

SAMPLE 1.D. ____ 5_2-_3_q_-_t_ G-_3_-_-u_- o_· _G _____ _ 

SAMPLE COLLECTION DATE ___ ?,_._-l_~_-- _(_·r-_____ _ 

SAMPLE COLLECTION TIME ____ 0_-_ct_:s_~ ·_; _____ _ 

SAMPLE COLLECTED BY __ -:;-__ -~ ~_k_("'_J_v_'"------

WEATHER CONDITIONS ___ i,v_°'-~' .-_. !"'-__________________ _ 

FIELD uses DESCRIPTIONS PO ,,r ' 1 S ,-.-;, k ,P -9:t·M '!::.4..A.!) 

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

0 SM ii' SP O SW O GC O GM O GP O GW 

QUALIFIERS: @l TRACE O MINOR O SOME; SAND SIZE !ill FINE O MEDIUM O COARSE 

MOISTURE: Gf DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ f1._4_5,__,· 5,____-_, ~~(_t~) _ _______ _ 
ANALYSES: ___ n-__- _- 2._7-_~'--+-~"'-'----~-"'-~-J _________________ _ 

I '\ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

OOINl,I------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E ___ \-{~q_~r_.J(__,:J __ t>~( __ ,:;_d(_,_W_c.,._{_(._r--+/-· ~P>-~_-_3 __ 

SAMPLE I.D. ___ -\_· 2-~:\_9~-~V~·-~ _G,._3_-_· ~◊~o_·-,.~~l)_¼_P _··_2.v_· --~} 

SAMPLE COLLECTION DATE ___ :::._·"_-_, _'3_--_l_}:~-----

SAMPLE COLLECTION TIME _____ ( o_· _o_c,_·· ____ _ _ 

SAMPLE COLLECTED BY ___ =>_._~ e_l_e_,_-~_0_11 _____ _ 

WEATHER CONDITIONS ___ \r.J_,:.._r ,.,. ___________________ _ 

FIELD uses DESCRIPTIONS P <> or 17 '} r"' k J) fi ~ ~ c,_ ,..J 
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

0 SM [i("sp O SW O GC O GM O GP O GW 

QUALIFIERS: r;;a'TRACE O MINOR O SOME; SAND SIZE ~ FINE O MEDIUM O COARSE 

MOISTURE: ~DRY O MOIST □WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ---~-c....,.,Jh'),_' ·-~e~s'---"(_2-_)~---------

ANAL YSES: (2__ ~ r 2 2. G I'-'€ -L, l 1 

i \ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

{ 

,IN,.-, ________________________ ___. 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-E ___ H_C\_f_'-'<--1-)-Q, ___ l_.:;_c_h_.w_.,___k_r__,{'-. -~-~ G_-_J_ 

SAMPLE 1.D. ___ s_-z.__z._q_-~t~l_--_3_--~o~·· o_·_9~-----

SAMPLE COLLECTION DATE ___ '.>_~_l_'2._-_l_1-______ _ 

(oo<_ SAMPLE COLLECTION TIME _______ ) ______ _ 

SAMPLE COLLECTED BY ___ -_,)_. _P_e_t-<_,_.1._,;,_~ _____ _ 

WEATHER CONDITIONS __ µ_.c,.__ri-___________________ _ 

FIELD USCSDESCRIPTIONS p ,:,c.:,r (.j ".) r;-,__k} ~--,.... shr._j 

MAJOR DIVISIONS: DOH D CH D MH D OH D CL D ML D SC 

D SM l2I'" SP D SW D GC D GM D GP D GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE C!f FINE O MEDIUM O COARSE 

MOISTURE: Gf DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) -~'5-'"'~,J1..j,-._·;~~~~c_·, ~) _________ _ 

ANALYSES: 12" -22(; ""~A.J I 

ll) ... 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

Nl:WH---------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAM~E ____ u_~_r_U{_l-+-- ~-· -l_4_L_k_w_e-.._k_r_/_i_&_ ... _3 __ 

~ 2 7> 9 -I> , 3 ·- 0· 0 q 
SAMPLE I.D. _______ "-_~1o--~-~-------

SAMPLE COLLECTION DATE ___ 3_-_\__,!'.i'-----('-1 ______ _ 

SAMPLE COLLECTION TIME ____ I o_l_O ______ _ 

SAMPLE COLLECTED BY __ -:Y_. _f_.z,_l_('.._f .5_, .:>_,, _ _____ _ 

WEATHER CONDITIONS ____ w_c.._' r_,.,... __________________ _ 

FIELD USCS DESCRIPTIONS e €> 0 f l-:1 'J n:~JkJ .Qi~ .5 c\ ,._J.J 
MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM Q' SP O SW O GC O GM O GP O GW 

QUALIFIERS: r:i) TRACE O MINOR O SOME; SAND SIZE Ult' FINE O MEDIUM O COARSE 

MOISTURE: d DRY D MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) __ {s_1._'( J-1-)+·-• e _ _,(~-,,_I J-'----------~ 
ANALYSES: (le.. - 2-)_(. , ~ \_-..,J' 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

··Mtt\t,H----------------------------



( SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM~f ____ \{_c,__r_,J(._.~---~-l~_-c_· ~_Wv_ct_-k_r--1-/_R_&-_.3_ 

5 ·2.7,_a.- n~1-o(o SAMPLE I.D. --~-~~,J~--1_1.>~1:, _________ _ 

SAMPLE COLLECTION DATE ___ }_-_( 'i:l_:, _-(_1-______ _ 

SAMPLE COLLECTION TIME ____ l_o_l_) _______ _ 

SAMPLE COLLECTED BY ___ J~, _---~_e_-l_<.,_5_0_" ____ _ 

WEATHER CONDITI0NS ___ lJ<J_C..._C'_r-" __________________ _ 

FIELD uses DESCRIPTIONS ___ ()_v_D_r_l::7_,___5 ___ t-_c.._JJ __ ~_' _N.. __ .'::>_ct._r--_l _______ _ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM g' SP O SW O GC O GM O GP O GW 

QUALIFIERS: @TRACE O MINOR O SOME; SAND SIZE ~ FINE O MEDIUM O COARSE 

MOISTURE: BDRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ \1_,.'--'-:)t-'+' -~, ,::~--1{c--1 _,_) ________ _ / J 
I 
( ANALYSES: R..c.. -1-2.l'" (M. <.t-;. \ J 

rl\ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

l\ft:W,M----------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME _____ l{_,-1_r_-i-<_ 7~ _ R_. _t,::z_· _/_·( ..,._""-_/~_r--+(_G_~_-_3 

SAMPLE I.D. s·z.z,➔~ ISG:J·- t\ -1 (o·-o.~ ~t) 
SAMPLE COLLECTION DATE ___ ~'S_·-_(_~'-----f---'-7 _____ _ 

SAMPLE COLLECTION TIME ___ l_o_·z__v_· _______ _ 

SAMPLE COLLECTED BY ___ J"_-_r_~_\.e._r S_o_" _ ____ _ 

WEATHER CONDITIONS ___ .,,_l,-J_c.-_· .:._r_,-.. _________________ _ 

FIELD uses DESCRIPTIONS P oar C:J ti r.,.kfl ~-;..e. sc, ,../ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

0 SM uJ SP O SW O GC O GM O GP O GW 

QUALIFIERS: ilJ'TRACE O MINOR O SOME; SAND SIZE QIFINE O MEDIUM O COARSE 

MOISTURE: GJ"ORY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ rg~· _.,, "J+-,1~~··,_e---"-(_,-'-) _________ _ 

ANALYSES: (2_.4 - 2-2-C w,,e_J~lf 

Ir'\ 
I/ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

00:IN:H---------------------------' 



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE I.D. ~'l l4: - lo\ - oo \ 

SAMPLE COLLECTION DATE -~l'"""o~ /")..;~ ':7~/~l~lo~-----­

SAMPLE COLLECTION TIME _..,.\3........:;;-,,.S'-""'-----------

SAMPLE COLLECTED BY _ ___._(-'''---L_ ... --" __ ..._ _______ _ 

WEATHER C0NDITIONS __ 7._0,...'"""').'--+-1 --'~=---""--- '1..._ _______________ _ 

FIELD uses DESCRIPTIONS +:"\.."""'- ~'( ...... ~ ... ~ 1 ""'V\JJ""" ;,4 , ~ LO~ s o....J 
MAJOR DIVISIONS: 0 OH CH MH :JOH O CL O ML O SC 

□ SM N SP D SW O GC □ GM O GP GW 

QUALIFIERS: 0 TRACE O MINOR i8"SOME; SAND SIZE O ANE O MEDIUM COARSE 

MOISTURE: 13:DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ ___,\'---_-:z...--'e'--~-'-oJ..-________ _ 

ANALYSES: ~ - -i,.-Z,,,v ,, ~q~ -fk,,wt vM.. 

c.> 
!) 

-" 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

tJJi..\ MWH ---------------------------



[ 

SURFACE SOIL SAM1PLE LOG FORM 

AREA #/NAME 5"2-1,9 - (.0'2.-00 \ 

SAMPLE I.D. __ S_'l_1>_ C\_ -_L_o_"l..._-_co_ \ _________ _ 

SAMPLE COLLECTION DA TE _ __._,I o=t .... ".& ... 7...&...a.l _l _'-" ______ _ 

SAMPLE COLLECTION TIME __ \_'-{_ o_ ~ ________ _ 

SAMPLE COLLECTED BY _ _ c_.=-....:...\ _•=•-=-----------

WEATHER CONDITIONS _ _ 1,..:;.._0_• !>_---'5Ji<.=-:.vv--_ :,..,__ _______________ _ 

FIELD uses DESCRIPTIONS ~~~ ~ /'owt,,,.M ":::,c......J 

MAJOR 011/ISIONS: 0 OH :JcH :J MH OOH O CL □ Ml O SC 

~ SM O SP O SW □ GC GM O GP O GW 

QUALIFIERS: LJ TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM L..J COARSE 

MOISTURE: ia'oRY Q MOIST O \VET 

SAMPLE CONTAINERS (NUMBER AND TYPE) _ _J,,\ _ _,,"'2..:c..!,'.\"~~lQ<.='-=-----------

ANALYSES: ~ -~7.AD , :l--..o1n,e:._, -(~ 

I 

T 

t 

I 
1 

'--' ' ' 

I 

I 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GR.ID 

I 

_(JA\ MWH---------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NA~E S"Z, '3."I - t..:>~ - OD 1 ( \.\c:.. .. q ~1a..,) 

SAMPLE 1.D. $ ')., 3<;_ - u::., :> - o.:, \ 

SAMPLE COLLECTlON DATE __ \c:....o_ / _""2.-_7_ / _I I&? ______ _ 

SAMPLE COLLECTtON TIME ___ \:.....L\...:.."'_,_\ _O _______ _ 

SAMPLE COLLECTED BY ___ L-;;;;___ \.-AJL ________ _ 

WEA THEA CONDITIONS __ ::1...r..;Q~• •=---.....:..S-=-.:,"'::....:.......:""'-=-1-i-----------------

FIELD uses DESCRIPTIONS - ~...:....,...;...-.A..=--_,~'------='--"="~ -c....J _______________ _ 

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

~SM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: □TRACE O MINOR O SOME; SAND SIZE O FlNE O MEDIUM O COARSE 

MOISTURE: '0 DRY O MOIST □ WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ \ _ :::".\_ ...,,_lo..;..:L,::....'---_________ _ 

l ANALYSES: _______ '12..o-==---J.;~::i.~,""o- J ..... d--\xv~Do\!-""'. :e::....__::"t.l,..luc.u<~~=~-------

• '\,, 

• 

v 
• 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

IL~ MWH ---------------------------



SURFACE SOIL SAMPLE LOG FORM 

S1.-=>~ - Lo~ - ua, SAMPLE 1.0. ----"---------------

SAMPLE COLLECTION DATE _.....,\..,;..o....:..1...:;..'2-....:..1 _/ ___ l "°--------

SAMPLE COLLECTION TIME __ ,_S;;..;l:...O ________ _ 

SAMPLE COLLECTED BY ___ L_ \..._=-11_« _______ _ 

WEATHER CONDITIONS __ 7_.__u_•_~ ---'~:::....:::..;;-"-....:..-......:......:,•)L--_______________ _ 

FIELD uses DESCRIPTIONS £,~ ..-e-.:, .. ~ bJ,....... M.LJI'.-.-. ) ._.._J 
j 

MAJOR DIVISIONS: □ OH □ CH O MH O OH O CL ML O SC 

[i{)" SM O SP SW GC O GM O GP O GW 

QUALIFIERS: !JtTRACE O MINOR O SOME; SAND SIZE O FINE lia MEDIUM ::J COARSE 

MOISTURE: DRY O MOIST WET 

SAMPLE CONTAJNERS (NUMBER AND TYPE) ___ \,....__"'1..,.,.=;fM'F>""~.>:::;...._ ________ _ 

ANALYSES: Q.....-'"1..--Z.,1., , 1s~ :::twv:--

0 Co 

I 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

l(I\.\ MWH -------------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA 1 /NAt.1~E __ S_2-~ '!>~'\_-_c..,:,_ s_-~ oo~ ' ~(~U~"'-✓ .... ___,__y ~'.M~~~-J~ 
SAMPLE 1.0. __ :S_'1.._"!-_Ci._-_LJ:>_ S-_ - _0 _0 _' _______ _ _ 

SAMPLE COLLECTION DATE -~1°_ t"l-_ ,_ / _'-1o ______ _ 

SAMPLE COLLECTION TIME __ ,_S_'!._ 6 ________ _ 

SAMPLE COLLECTED ev ___ L __ \..-..--. ________ _ 

WEATHER C0NDITI0NS ___ 7_ u_'_>_ ~~ "'-"'"~----------------

1FIELD uses DESCRIPTIONS __ :£,_' ·=-~-=----.J----"___.S.e,_C.._.....,_J _____________ _ 

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

'bi:r'SM O SP SW O GC GM O GP O GW 

QUALIFIERS: TRACE O MINOR :J SOME: SAND SIZE FlNE O MEDIUM O COARSE 

MOISTURE: Jil1>AY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ \. ____ -z._:f_ l-.>_-_1..-________ _ 

ANALYSES: _____ '\2..e-__ -_ '2.:_ :-L_ <..._~_---r..~ c..->- ½:6-_,_'_ :i~ \..A_ .,_l"""'-~---------

0 

l 

t 
! I I ! I I I \ I I I I ! I I 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

~~MWH---------------------------



( 

SURFACE SOIL SAMPLE LOG FORM 

SAMPLE 1.D. s-2- :::,C1 - c x - 0 0 \ 

SAMPLE COLLECTION DATE __ \ o_ ,--;,._,_,,,_l_"-P _______ _ 

SAMPLE COLLECTION TIME __ \~_s_·z,,_.:., ________ _ 

SAMPLE COLLECTED BY t~ '?-o T 
WEATHER CONDITIONS -,-, O' ";> , "':::.u:W'\ '-\ 

FIELD uses DESCRIPTIONS p, ',/'-4.... 5\""-'j / (V-'.J sc:.~ , 7) vi---..v-.t,L '.) l "". ·2-s; ,, ) 

MAJOR DIVISIONS: D OH D CH D MH D OH D CL D ML D SC 

D SM ~SP D SW D GC D GM D GP D GW 

QUALIFIERS: 0 TRACE !2l1JIINOR O SOME; SAND SIZE O FINE O MEDIUM ~COARSE 

MOISTURE: lstbRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ \ __ :::½p __ l vJ-_ · _____ ____ _ 

ANALYSES: _____ l6_l _ -.._ ~_l-_--Z..._ lt?_,.__~--~- L-~') _____________ _ 

, ...... 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

1)(11\N~-------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME 

SAMPLE COLLECTION DATE _ _ t_o_n;_ 7_ /_l_ i..CJ ______ _ 

SAMPLE COLLECTION TIME ___ r-_'S_'>_ ~_--_____ __ _ 

SAMPLE COLLECTED BY ___ L_ - _Q_\ _ ~_-_• _______ _ 

WEATHER CONDITIONS --~-""---0_· l_,,>:.......+--i ---,5:~-Mt,..,:v\"'-=~ · =i'J1----------------­

FIELD uses DESCRIPTIONS -'+, ~ ..,,,_,_j y~ ':k f~ j ,--z--. ls c ~ .1,. ~. I ) 

MAJOR DIVISIONS: D OH D CH D MH D OH D CL D ML D SC 

D SM ~ SP D SW D GC D GM D GP D GW 

QUALIFIERS: ~TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM l1f' COARSE 

MOISTURE: ~ DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) - - --"-\ __ ~-i-__ '4 =---'-_..,.,.,,_ .i--_• ________ _ 

ANALYSES: ~ - 7-SL-v ._ " .) .. A .... ~ l-) 
i 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MiW1"1-------------------------



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE 1.0. - -=~--z..,;_~;;._~_ - _<-_K._-00 __ 3 _________ _ 

SAMPLE COLLECTION DATE --+-to~~/,z_;/_ / l_'P _______ _ 

SAMPLE COLLECTION TIME __ , ___ "3_:S-_3 ___ _____ _ 

SAMPLE COLLECTED BY t / ~~~ 
: O' '> WEATHER CONDITIONS __ _f_~---+-l ~~~- i-----------------

FIELD uses DESCRIPTIONS _ :-fJ_.-__ LV'-L __ ,r-,.l, ___ ~______c;,s_·tA._J ______________ _ 

MAJOR DIVISIONS: D OH D CH D MH D OH D CL D ML D SC 

(il::'sM D SP D sw D Ge D GM D GP D GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: @:oRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ____ \_ ·7.,,~,'-¼f~l,;_.,1../~- _...., ___ ______ _ 

ANALYSES: 12~ -'1..:'1,,\0 ) ~ LS 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

QCli)N:_.I-------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAIi/iE :')1.,,'7"1 - (_1<.,- 0 
P •-f ( \-\&<.vv--',I l¼..,..,1.,-,v\v➔ 

SAMPLE I.D. C, ·i ,:::::i..,- L...: -c,oL; 

SAMPLE COLLECTION DATE -~'-Q~l-~_:7_I_L _\..P _____ _ 

SAMPLE COLLECTION TIME ----'--/ __,!..(;'--· v'-'6--_______ _ 

SAMPLE COLLECTED BY b. <:;}r:,~~ 

WEATHER CONDITIONS -~-~ 

FIELD USCS DESCRIPTIONS _n_(_\.M-__ v-'-'--'------'--~-c,,.._~_' ______________ _ 
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

.l(gM it'..SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: J21:DRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ _,_i __ -z..c...,,,-1fi'-'L.,=· '--,L--_________ _ 

ANALYSES: ~-7,.'.L-,,(.,:,, 1 ~<><-lS, 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

··ntHNM.------------------------



SURFACE SOIL SAMPLE LOG FORM 

SAMPLE 1.D. --~-"2.,;-~_',_· _-_c_.-£, __ c_o_.:s_-_________ _ 

SAMPLE COLLECTION DATE _l_c-'-,/_v_0-'-----'--/l_\e'_· -------

SAMPLE COLLECTION TIME __ I _L{_7,_· ,___ ________ _ 

SAMPLE COLLECTED BY __ L _ _ -~-~---;---------

WEATHER CONDITIONS __ ~1 __ 0_
1
_""'--1\r--'n,,,=-_.,v"-"-1v--"'-", .. ,..i _______________ _ 

FIELD uses DESCRIPTIONS --~--~(""----~--· - ~-·~---------------­

MAJOR DIVISIONS: 0 OH OCH O MH O OH O CL O ML O SC 

~M O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ \~--=t_~.,-+~~l~ol.-_~_· _________ _ 

ANALYSES:---~~· __ --~_-_1;:_·7-,_~---~j\l~\A~~~l_') ______________ _ 
I 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MtWsld----------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME 

SAMPLE I.D. _______ $.,,_· ·-=i;_:"7_-, __ -_'-_"'-_-_0
_

0
_' _(p ________ _ 

SAMPLE COLLECTION DATE __ l""""'o'---l-._z.~_;__/--'--l _It?_· _____ _ 

\ 4"~Y SAMPLE COLLECTION TIME ____________ _ 

SAMPLE COLLECTED BY ----=L--_~_~_0_'-_~--,~~A'r-.. ______ _ 

-J "f') ! ( 
WEATHER CONDITIONS __ l,___v_J---+--S=--· ·..::.....vv---=--'i{V"\,,-+------------------

FIELD uses DESCRIPTIONS ~ ... ..,.) '?.SO.._J 
MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

··J8rsM O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: \sroRY □ MOIST □ WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ \ _"'µ __ \---¼p::...C~'-----=---=-l _________ _ 

ANALYSES: ~..._ .~L/-lA-., "'\ f\i\.A ... ~⇒. 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MtWM------------------------__. 



SURFACE SOIL SAMPLE LOG FORM 

AREA# /NAM-E --~-~_,:71_· __ ,,... _l'i('.-'---- ·cO_· _-r, __ L_ .. _;_µ_--=- · ~:;_·-~•_,_/ ~½~ \a---="U-r-'----. .,_,~_r~) 
SAMPLE I.D. __ S_ i__,1e:._'1....:_. _- _U<-_ -_c67 __________ _ 

SAMPLE COLLECTION DATE ---=-l _o_/_-C.::_~_ /_L-'-.'P ______ _ 

SAMPLE COLLECTION TIME __ \_½_· _q _;,_· _______ _ 

SAMPLE COLLECTED BY __ L_ -_(k,_· _~_JJ_~_·r-'-------

WEATHER CONDITIONS __ 1--"--0_\ _>_ $o~ ""--""-'-----+-'/---------------­

FIELD uses DESCRIPTIONS __ y ;..._,..,,-_,.__l _·~ - · - ~-'-----J--+-,1_1_. '-_"-_ ........ __ ~--~-· -'=---------­

MAJOR DIVISIONS: 0 OH O CH O MH O OH O CL O ML O SC 

¾sM O SP D sw O Ge D GM D GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~ RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ ____,\_~=--fl-"'-' --=-.c'-c'--'?1-):--:::=-·---------

ANAL YSES: ------~- · _;__. _ ~_7_:"2-------'--k;=--·· _· _ _,_/\_'U...:_ ,_· ¼:,--=--. '\._• _1.. =-->- - --------

/ ') 
v · 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

IMIW0bl1------------------------__. 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAM-F ___ S_-z;-=--~-=-'}---''i_- _c_x_- _co_Y-__ (""-.,,;,..._~=-·~:::..:...vVL-'--=-11'-----'r\S~ l""'-~=· ·""-=-=-'· '-..:-J~ 

SAMPLE 1.D. __ S_~_'3_i_ - _ L_><-_-_ 00
_· <if_ ,:.._·.· ');--_ t1_<t'-L.-14_>-=--, _fv1_· s_D __ _ 

SAMPLE COLLECTION DATE _ __,\...,.Oc..__ri-'---..,_7 _,__/ _l lP-=--_· _____ _ 

SAMPLE COLLECTION TIME _ ____,'~s;-__ o_o_, --------

SAMPLE COLLECTED BY L- · '\2-v,5,.,_;¥ 
WEATHER CONDITIONS ·1 0 '\~ Sv"'-""- 1 

FIELD uses DESCRIPTIONS __ -_,,_f:_·--'-c _v-...,,t_ __ ,--e_.0_ -=s;,=---c,;---=· ·V\.,--=-v-"""' '--------------­

MAJOR DIVISIONS: D OH D CH D MH D OH D CL D ML D SC 

~M O SP O SW O GC O GM O GP O GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: JgoRY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ______ \ __ ·-"2..--i_ --4-'(';__L_~--~-------

ANAL YSES: _______ \Z-__ ►_1 __ -i_,-z_. _v_'' -'------'--'~-~----k- -_·, _1.. __,2'--------------

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

I\O .. w;\Jflrli------------------------.....11 



SURFACE SOIL SAMPLE LOG FORM 

AREA #/NAME.__n_·_~_r"I_-_L_~_· -_· 'tJO __ e;_t _(""--'-t:t-'-' tA_\Je._v"'-_t:J,,__g=-· _k __ ~-~-.. -~),I'--_ 

SAMPLE COLLECTION DATE __ l_O_l~_··-~_l_l_\, ______ _ 

SAMPLE COLLECTION TIME ____________ _ 

SAMPLE COLLECTED BY L- · ~l) Ir"~ 

WEATHER CONDITIONS __ ·"'7.,_c~~-' >~~;;x,~.v.~··'-'-__ ,~)----------------

FIELD uses DESCRIPTIONS ___ t,___· .. --'--( ..,-.L_ .. __ ..r-L_0_· ---=:;,_0 _•,~--------------

MAJOR DIVISIONS: D OH D CH D MH D OH D CL D ML D SC 

f2KsM D SP D SW D GC D GM D GP D GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~y O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) \ -L,va° L"'-»>--/ 

ANALYSES ·. ~~"- ~t/l/~ " . \ L ' , V\..J-L-~ \ 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

MtW!M-------------------------



SURFACE SOIL SAMPLE LOG FORM 

AREA#/NAME 

SAMPLE I.D. __ $_.£. _,,:::t,"'-:).£._e,-'----~_,_-_-__ c_>t_.:7 ________ _ 

SAMPLE COLLECTION DATE __ lo_1~_-::'}-'--'-/'--I l._lf'"--------­

SAMPLE COLLECTION TIME --~--';,<-----~-------­

SAMPLE COLLECTED BY __ L_~ -,~--~--~Pc----------

WEATHER CONDITIONS __ ·1-'--/_0_~_S,r_v~·w-_---'-y ________________ _ 

FIELD uses DESCRIPTIONS --~"------"-(_\i'.J..... __ -v_·-......_J _ ___,.~-----"""-J_.· _____________ _ 

MAJOR DIVISIONS: D OH D CH D MH D OH D CL D ML D SC 

CJ<sM D SP D SW D GC D GM D GP D GW 

QUALIFIERS: 0 TRACE O MINOR O SOME; SAND SIZE O FINE O MEDIUM O COARSE 

MOISTURE: ~RY O MOIST O WET 

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ \~-~--=-----¾\-L_· ~-·•_. · _________ _ 

ANALYSES: ~- /,/~ ::\ k~'"'l. '-J 

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID 

M2WBM ________________________ ___. 



.2 Drilling and Hand Auger LogsC Borehole 



S239-SCX-001
() Stantec 

DRILLING CONTRACTOR: 

DRILLING METHOD 

DRILLING EQUIPMENT: 

SAMPLING METHOD: 

Stantec 

Hand auger 

Hand auger 

N.AV.AJO 
NATION 
A.ll'd Enwonmentcl 
Re~nse Trusl-Rrs, ase 

Regular hand auger, 3 inch diameter 

LITHOLOGICAL DESCRIPTION 

BOREHOLE ID: (BG-1) 
CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603078.46 NORTHING: 4095631 .37 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):1.6 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 SUBSURFACE SAMPLE INFORMATION 
0 
0 
0 
IO 

0 N 

0 
0 
0 
0 
IO 

0 0 
g 8c-------~-~-~--~--~ 
:e ~ ~:;;::::- LAB 

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢e TYPE RA-226 

;;ii !z ~ (pCi/g ) 

Q--lr~~~-=s=1L=T~Y~S~A~N=D~(=s=M=)-: fi~,n_e_s_a-nd~,-m- o~is~t-. -----------, 9155 

1-

2-

3-

4-

Terminated hand auger borehole at 1.6 fl . below ground 
surface. Reason for borehole termination unknown. 

S239-SCX-001-1 0-0.5 grab 0.84 

11753 f-------f----+--__,_, ~ -

13101 S239-SCX-001-2 0.5-1 .5 grab 0.79 

13957 

s ~--~------------------~-------~-----~--~-~ -+--------J 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-002
() Stantec 

NAVAJO 
NATION 
AUM. Erw,;ronmenrai 
i,e(.pons& Trus4-Flrs: Phme 

DRILLING CONTRACTOR: Stantec 

DRILLING METHOD Hand auger 

DRILLING EQUIPMENT: Hand auger 

SAMPLING METHOD: Regular hand auger, 3 inch diameter 

LITHOLOGICAL DESCRIPTION 

Q--1r.-~-=-=-~- c.-t-~=~~~=~~~~-~~ --~------! 
SIL TY SAND (SM): red, dry to moist, fine sand. 

-·-·-· 

1 -,.,·ci_,·=: =· . • =· .-'1-------
., . . ., . . POORLY GRADED SAND (SP): red and gray, fine 

2-

3-

4-

; .... _. , . 
:~:-) _;(/ sand, trace fine gravels. Decomposed bedrock. 

·- ·, ,.:-. 
::~ .:•~~ '.:>h.'. '. • 

Terminated hand auger borehole at 1.5 fl . below ground 
surface. Refusal on sandstone bedrock. 

BOREHOLE ID: (BG-2) 
CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603358.94 NORTHING: 4095696.13 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):1.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 SUBSURFACE SAMPLE INFORMATION 
0 
0 
0 
IO 

0 N 

0 
0 
0 
0 
IO 

0 0 
g 8c-------~-~-~--~--~ 
~ ~ ~:;;::::- LAB 

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢e TYPE RA-226 

;;ii !z ~ (pCi/g ) 

9020 

S239-SCX-002-1 0-0.5 grab 1.02 

10298 

13051 S239-SCX-002-2 0.5-1 .5 grab 2.3 

15408 

s ~--~------------------~-------~-----~--~-~~-------0 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-003
() Stantec 

DRILLING CONTRACTOR: 

DRILLING METHOD 

DRILLING EQUIPMENT: 

SAMPLING METHOD: 

Stantec 

Hand auger 

Hand auger 

NAVAJO 
NATION 
AUM. Erw,;ronmenrai 
i,e(.pons& Trus4-Flrs: Phme 

Regular hand auger, 3 inch diameter 

LITHOLOGICAL DESCRIPTION 

Q--1r.-~-=-=-~- c.-t-~=~~~=~~~~-~~---------! 
SIL TY SAND (SM): red, dry to moist. ------

. ~ . ~ . ~ 
._' ."'-·,: · :_:: :. POORLY GRADED SAND (SP): red,dry To moisCfine -
·,;i·::/ ·./: sand, trace gravels of gray rock fragments. 

1- /;;=)}/;' 

2-

3-

4-

•'. ~- : · , : ~ ~-
.:--.; ;:·-:=. = :: 

:---~ : ·_. .- .: : 

i::J/(i;'. 
: ~. .-_, 

Terminated hand auger borehole at 1.75 fl. below 
ground surface. Refusal on bedrock. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603267.5 NORTHING: 4095640.53 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):1.75 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
N 

0 0 SUBSURFACE SAMPLE INFORMATION 
0 0 

0 .... 

I I I I I I I I I I I I I I I I I I I 

8 8c-------~-~-~--~--~ 
g ~ ~:;;::::- LAB 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢e TYPE RA-226 

;;ii !z ~ (pCi/g) 

9042 

S239-SCX-003-1 0-0.5 grab 30.4 

150578 

[

23378 

229043 

S239-SCX-003-2 0.5-1 .75 comp 155 

s ~--~------------------~-------~-----~--~-~~-------0 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-004
() Stantec 

DRILLING CONTRACTOR: Stantec 

DRILLING METHOD Hand auger 

DRILLING EQUIPMENT: Hand auger 

NAVAJO 
NATION 
AUM. Erw,;ronmenrai 
i,e(.pons& Trus4-Flrs: Phme 

SAMPLING METHOD: Regular hand auger, 3 inch diameter 

LITHOLOGICAL DESCRIPTION 

Q---1r.~~c.-t--=~~~~=-~~~-~ --~~~------, 
SIL TY SAND (SM): reddish-brown, fine sand, slightly 

1-

2-

3-

4-

moist. 

Terminated hand auger borehole at 0.5 fl . below ground 
surface. Refusal on bedrock. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603311 .04 NORTHING: 4095528.56 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):0.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 SUBSURFACE SAMPLE INFORMATION 
0 
0 
0 
IO 

0 N 

0 
0 
0 
0 
IO 

0 0 
8 8c-------~-~-~--~--~ 
~ ~ ~:;;::::- LAB 

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢e TYPE RA-226 

;;ii !z ~ (pCi/g) 

\

13469 

21606 

S239-SCX-004-1 0-0.5 grab 10.1 

s ~--~------------------~-------~-----~--~-~~-------0 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-005
() Stantec 

NAVAJO 
NATION 
AUM. Erw,;ronmenrai 
i,e(.pons& Trus4-Flrs: Phme 

DRILLING CONTRACTOR: Stantec 

DRILLING METHOD Hand auger 

DRILLING EQUIPMENT: Hand auger 

SAMPLING METHOD: Regular hand auger, 3 inch diameter 

LITHOLOGICAL DESCRIPTION 

Q---1r..~-=-=-~- c.-t-~=~~~=~~~~-~~ --~-----! 
SIL TY SAND (SM): red, dry to moist, fine sand, trace 

1-

2-

3-

4-

- - - - - - gravels of rock fragments. 
- - - - - -

_.•.· .. 
POORLY GRADED SAND (SP) : tan to gray, dry to 
moist, trace gravels of rock fragments. 

Terminated hand auger borehole at 0.75 fl. below 
ground surface. Reason for borehole termination 
unknown. 

0 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603191 .69 NORTHING: 4095474.06 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):O. 75 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 0 0 SUBSURFACE SAMPLE INFORMATION 
0 0 0 
0 0 0 
0 0 0 -' 0 0 0 LAB N <O ...,. 

~~::::-SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 

I I I I I I I I I I I I I I 
IDENTIFICATION ::;; w ¢' TYPE RA-226 

<(I- ~ 
(pCi/g) Cl) z 

\" 
~ -

S239-SCX-005-1 0-0.5 grab 68.5 

235860 ~ -

\ 89237 
S239-SCX-005-2 0.5-0,75 grab 231 

~ -

s ~--~------------------~-------~-----~--~-~~-------0 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-006

() Stantec 

DRILLING CONTRACTOR: 

DRILLING METHOD 

DRILLING EQUIPMENT: 

SAMPLING METHOD: 

Stantec 

Hand auger 

Hand auger 

NAVAJO 
N.l\TION 
Ali~ EnWIX"lmental 
Re~pon50 'Trusl-Rrsn • ase 

Regular hand auger, 3 inch diameter 

LITHOLOGICAL DESCRIPTION 

Q ----1r.~~c.-t--=~~~~=-~~~~~~ -~---------j 
SIL TY SAND (SM): red, dry to moist, fine sand. 

1-

2-

3-

4-

Terminated hand auger borehole at 1.75 fl. below 
ground surface. Reason for borehole termination 
unknown. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603232.2 NORTHING: 4095436.05 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):1.75 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 0 0 
0 0 0 0 
0 0 0 0 -' LO 0 LO 0 LAB 0 N LO I"-- .,... 

~~::::-SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 

I I I I I I I I I I I I I I I I I I I 

IDENTIFICATION ::;; w ¢' TYPE RA-226 
<(I- ~ 

(pCi/g) Cl) z 

17185 ~ -

S239-SCX-006-1 0-0.5 grab 3.03 

~ -

13618 

S239-SCX-006-2 0.5-1.1 grab 1.07 

~ -

12154 

S239-SCX-006-3 1.1-1 .75 grab 1.3 

12710 

s ~--~------------------~-------~-----~--~-~~-------0 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-007

() Stantec 
Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

DRILLING CONTRACTOR: Stantec 

DRILLING METHOD Hand auger 

DRILLING EQUIPMENT: Hand auger 

SAMPLING METHOD: Regular hand auger, 3 inch diameter 

0 . ': : ,: , 

1-

2-

3-

4-

LITHOLOGICAL DESCRIPTION 

Refusal at 1 in. bleached sandstone bedrock. 
Terminated hand auger borehole at 1 in. (0.08 fl) below 
ground surface. Refusal on sandstone bedrock. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603162.1 NORTHING: 4095325.2 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):0 .08 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 
0 
0 
IO 

0 N 

0 
0 
0 
0 
IO 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 
8 8c-------~-~-~--~---------j 
IO o LAB r-- .,... ~:;;:::-

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ~ ~ ~ TYPE RA-226 

CfJZ (pCi/g) 

11819 NoSamp~l,e~----,-------i--7 

~ -

No 
Sample 

Collected. 
No 

Results 
Available. 

s ~--~--------------------~------~------~-~ 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-008

() Stantec 

DRILLING CONTRACTOR: 

DRILLING METHOD 

DRILLING EQUIPMENT: 

SAMPLING METHOD: 

Stantec 

Hand auger 

Hand auger 

Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

Regular hand auger, 3 inch diameter 

LITHOLOGICAL DESCRIPTION 

Q --1r.~~c.-t--=~~~~=~ ~-~~-~~-~~-------j 
SIL TY SAND (SM): fine to medium grained sand, red, 

1-

2-

3-

4-

dry to moist, trace gravels. 

Terminated hand auger borehole at 1.6 fl . below ground 
surface. Reason for borehole termination unknown. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603131 .02 NORTHING: 4095259.91 

DATE STARTED: 10/28/2016 DATE STARTED: 10/28/2016 

TOTAL DEPTH (ft.):1.6 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Luis Rodriguez 

Gamma (cpm) 

0 0 0 SUBSURFACE SAMPLE INFORMATION 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 LO 0 

0 LO .... .... N 
-' 

~:;;::::- LAB 

I I I I I I I I I I I I I I I I I I I 

SAMPLE 
IDENTIFICATION 

a. Cl'.'. _gi SAMPLE RESULTS 

~ ~ ~ TYPE ~~C~I~~ 

32391 

S239-SCX-008-1 0-0.5 grab 19.8 

72774 f-------f----+--__,_, ~ -

S239-SCX-008-2 0.5-1.1 grab 18.4 

r,,, ~ -

S239-SCX-008-3 1.1-1.6 grab 19.3 

98698 ~ -

s ~--~------------------~-------~-----~--~-~~-------0 

Notes: cpm = counts per minute 
pCi/g = picocuries per gram 

grab = grab sample 
comp = composite sample 

- - - - = approximate contact 
1 



S239-SCX-009

() Stantec 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

o--b~~-+--c~~~~~~~~~~~~~--~~~___, 
,< < · :-: WELL GRADED SAND (SW): reddish-brown and buff, 

,: -:-:-: - loose, dry, fine to medium sand, calcite rich. Increasing 
, • ; . ;- ;-; gravel fraction at 0. 7-ft bgs. 
~+ ■ ♦ •I "' + ■ 

1 ► '" i ·· .. • . .. - •. - >:•>:· 
'::;'.:7_;Ss ANDSTONE: buff, fine-to medium-grained,slighlly -
>~·;. ;:, : '. weathered (W2), strong (R4), moderately hard (H4), 

2- ', ::.:.-, ;-:, thinly bedded with ripple marks visible in surface 
: · .. ·, _:.: :-: , outcrops. 

-- • • = - .. . : 

: ~· ~ - ':: / . 

3- . ~--·. ·.··.-
·.: ~ - : ,. , .. : 
N , , .. . . , ,,., 

4-

5-

6-

7-

8-

9-

Terminated borehole at 3.5 ft. below ground surface 
in sandstone. 

-

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603189.77 NORTHING: 4095498.39 

DATE STARTED: 11/14/2016 DATE STARTED: 11/14/2016 

TOTAL DEPTH (ft.): 3.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 0 0 
SUBSURFACE SAMPLE INFORMATION 

0 0 0 
0 0 0 
0 0 0 -' 0 0 0 LAB 0 N 

'""" 
(0 ~~::::-SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 

I I I I I I I I I I I I I I 
IDENTIFICATION ::;; w ¢' TYPE RA-226 

<(I- ~ 
(pCi/g) Cl) z 

\' 
~ -

S239-SCX-009-01 0-0.5 grab 37.2 
S239-SCX-209-01 38 

~ -

24934 S239-SCX-009-02 0.5-1 .5 grab 57.3 

\ _ ~ -

~ -

S239-SCX-009-03 2.5-3 grab 90 

370164 
~ -

10~-~-------------~-----~----~-~~~------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-010

() Stantec 
Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

0 -+---+-~~~~=~~~~~-~~~-~---------, 
' • • ' WELL GRADED SAND (SW): reddish-brown, loose, 

~: -:,:,: . dry, predominantly medium sand, gravels (5-10%). 

1- + ~'!- .. . .. .. · i---------- - - - - - - - - - - - - - -
, • • • grades to reddish-gray, increasing gravels. 

~: ■ : ■: ■: ■ 

: . :·: .: . ~ gradesto grayandbuff. 

2- .. . . 
--------------

!i.<(-..-;:.-~ AN~S~N-=-: w_:at~re_ct_be~o~. ____ _ 
v:.:, : · -' buff, fine- to medium-grained, slightly weathered (W2), -
· : ·: '. ·:/ , . strong (R4), moderately hard (H4). 

3- : ·: ·_::·~ :. 

5-

6-

7-

8-

9-

- ~ • • • ,:- r -

: t; ·~•~'. ~~-
' -, ' .. . 

Terminated borehole at 4 ft. below ground surface in 
sandstone. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603171 .44 NORTHING: 4095477.89 

DATE STARTED: 11/14/2016 DATE STARTED: 11/14/2016 

TOTAL DEPTH (ft.): 4 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 
0 
0 
I.O 

0 N 

0 
0 
0 
0 
I.O 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 g 8 c-------~-~-~--~---------j 
i.o o LAB 
r-- ~ ~:;;:::-

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ~ ~ ~ TYPE RA-226 

CfJZ (pCi/g) 

29186 

19544 

17488 

18266 

No Sample 

No 
Sample 

Collected. 
No 

Results 
Available. 

10~-~-------------~-----~----~-~~~ -------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-011

() Stantec 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

NAVAJO 
N.l\TION 
Ali~ EnWIX"lmental 
Re~pon50 'Trusl-Rrsn ase 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

POORLY GRADED SAND (SP): reddish brown, loose, 
dry, 95% fine to medium grained sand, trace silt and 

··-\ ·· ,·_:·_ gravels. 

1- _i':)ii\_/ :-~th woody ctebrls. 

";{(}:."\/ . 
.. .. . . 

· · - : ~ · SANDSTONE: buff, fine- to medium-grained, slightly 

3_ \))./: weathered (W2), strong (R4), moderately hard (H4). 

.. ; ,O • • p I 

.. . - ' - . ... --•-

: :·: :·,: ( :grades to fresh (W1 )-:-
4- . . , . . . · 

. . ' . 
· " 5-+-·~ ·---------------------------, 

Terminated borehole at 5 ft. below ground surface in 
sandstone. 

6-

7-

8-

9-

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603221 .07 NORTHING: 4095484.04 

DATE STARTED: 11/14/2016 DATE STARTED: 11/14/2016 

TOTAL DEPTH (ft.): 5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 SUBSURFACE SAMPLE INFORMATION 
0 
0 
0 
LO 

0 N 

0 
0 
0 
0 
LO 

0 0 
g 8c-------~-~-~--~--~ 
:e ~ ~:;;::::- LAB 

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢e TYPE RA-226 

;;ii !z ~ (pCi/g) 

14048 

16640 

15062 

\ 4642 

\30014 

S239-SCX-011-01 0-0.5 grab 2.79 

S239-SCX-011-02 0.5-4 comp 3.32 

10~-~-------------~-----~----~-~~~ -------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-012

() Stantec 
Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

0 : :- -.: : .. -. . 
·.~·.< ... : ,: :. ; ... : ; .-_·. : . 
·.-~, ;.: .· : ·. :· : 
. .. : , •·.: 

LITHOLOGICAL DESCRIPTION 

POORLY GRADED SAND (SP): reddish-brown, loose, 
dry, 90% fine to medium grained sand, 10% coarse 
sand and silt. 

1-,..··~:·~·:·~·:-· ·:---.-· ~WE~ . II GRADED SAND (SW): buff, medium dense, dry, -

: ; : :::: ; 15% to 10 % gravels. 

~ ~ ,, .. ~ 

~: ■ =·• :--: ■ 2- +•••I! .•..,• 
+ + I + 

: ,:,;.:,weathered bedrock. - - - - - - - - - -

i /.-/ \~· SANDSTONE: buff, fine- to medium-grained, slightly 
., -:· , . weathered (W2), strong (R4), moderately hard (H4). 

3- ' ::,':•_:_'.-.', 

4-

5-

6-

7-

8-

9-

- • - • r ~ • 

: ; : : : -. grades to fresh (W1 )-:- - - - - - - - - -

Terminated borehole at 3.5 ft. below ground surface 
in sandstone. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603226.14 NORTHING: 4095532.39 

DATE STARTED: 11/14/2016 DATE STARTED: 11/14/2016 

TOTAL DEPTH (ft.): 3.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 0 0 
SUBSURFACE SAMPLE INFORMATION 

0 0 0 0 
0 0 0 0 
0 0 0 0 -' 0 0 IO 0 LAB 0 IO ~ ~ N ~~::::-SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 

I I I I I I I I I I I I I I I I I I I 

IDENTIFICATION ::;; w ¢' TYPE RA-226 
<(I- ~ 

(pCi/g) Cl) z 

\ 
~ -

S239-SCX-012-01 0-0.5 grab 2.22 
-

2752 ~ -

S239-SCX-012-04 1-2 grab 32.7 

110866 ~ -

109822 S239-SCX-012-02 o.5-3.5 comp 19.9 

-~ -

10~-~-------------~-----~----~~ 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-013

() Stantec 
NAVAJO 
N.l\TION 
Ali~ EnWIX"lmental 
Re~pon50 'Trusl-Rrsn • ase 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

0 : :, -.: : .- -. . POORLY GRADED SAND (SP): reddish-brown, loose, 
dry, 90% fine to medium grained sand, 10% trace 
coarse sand and gravel, subrounded. 

·.~·.< ... : ,: 
:: ; ... : ; .-_· ::: 
·.-~,;.: _: : ·. :· : 
. .. : , •·.: 

1 ~ •-~-·~· ·~•-· ·T• ~ --------------+: •:,:.: WELL GRADED SAND (SW): light olive-gray, medium 
• + + • 

+ .. I + 
dense, dry . 

2 j /._.:.',·\}: SANDSTONE: light greenish-gray, fine- to - - - -
.- -. . . medium-grained, highly weathered to decomposed from 
, : :.-·:·:•,•·:, 2-3 feet, grades to slightly weathered (W2) becoming 
• , • · · fresh with depth, strong (R4), moderately hard (H4), 
: : ; : : ·: very thin_l}, bedded. 

3- ,-:_::::_·.·: 7JQhtgreen and gray,fineto medfum sanci;-strong (R4), -
: : : ; ;· : . slightly weathered (W2), becoming fresh with depth, 
: : '. : ·. · · moderately hard (H4), very thin bedding. 
•,: : - ~• I - ~• 

4- ~;.:·:: :::- • 

5-

6-

7-

8-

9-

· -·' . .. ... 
I : ■ •: I • . ~ • 

Terminated borehole at 4.5 ft. below ground surface 
in sandstone. 

0 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603230.16 NORTHING: 4095564.45 

DATE STARTED: 11/14/2016 DATE STARTED: 11/14/2016 

TOTAL DEPTH (ft.): 4.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 0 0 
SUBSURFACE SAMPLE INFORMATION 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
N """ 

(0 
-' LAB 

~~::::-SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢' TYPE RA-226 

<(I-~ 
(pCi/g) Cl) z 

, 1056 ~ -

S239-SCX-013-01 0-0.5 grab 6.1 
-

73440 -

S239-SCX-013-02 1-2 grab 31 .3 

122002 -

126378 
S239-SCX-013-03 0.5-4 comp 37.2 

320126 
S239-SCX-013-04 4-4.5 grab 105 

10~-~-------------~-----~----~-~~~ ------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-014

() Stantec 
Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

0 .. .. 
·_: . : :: .. -:· .' . 
: · ... :· :•· ·:: ·:. :-~: 

. . •, •~,: •: : I: '. • • 
.• ·­. .. .. . 

--: :- : -' '~· 
I • ■- • ■ I 

- . ' ·.- : · 
.. ~ - . ' 

LITHOLOGICAL DESCRIPTION 

POORLY GRADED SAND (SP): reddish-brown, loose, 
dry, 90% fine to medium grained sand . 

--------------

SANDSTONE: buff, fine- to medium-grained, slightly 
weathered (W2), strong (R4), moderately hard (H4). 

3 ---+-~~ c+--------------------------, 
Terminated borehole at 3 ft. below ground surface 
in sandstone. 

4-

5-

6-

7-

8-

9-

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603284.54 NORTHING: 4095633.65 

DATE STARTED: 11/14/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 3 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 
0 
0 
I.O 

0 N 

0 
0 
0 
0 
I.O 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 g 8 c-------~-~-~--~---------j 
i.o o LAB 
r-- ~ ~:;;:::-

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ~ ~ ~ TYPE RA-226 

CfJZ (pCi/g ) 

756 

16014 

14002 

No Sample 

No 
Sample 

Collected. 
No 

Results 
Available. 

10~-~-------------~-----~----~-~~~------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-015

() Stantec 
Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

0 ---+-----+--~~~~~~~~~~~~~-~--~------, 
• • • • WELL GRADED SAND (SW): reddish brown, loose, dry . 
... .. . .. 

I ., + ' 
• • • • weathered bedrock. - - - - - - - -

- . - - ~ ~ ' 

--------------

SANDSTONE: buff, fine- to medium- grained sand, 
strong (R4), slightly weathered (W2), moderately hard 
(H4), thinly bedded. 

2 : : : : : -. grades tofresh (W1)-:- - - - - - - -

Terminated borehole at 2 ft. below ground surface 
in sandstone. 

3-

4-

5-

6-

7-

8-

9-

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603190.94 NORTHING: 4095591.68 

DATE STARTED: 11/15/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 2 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 SUBSURFACE SAMPLE INFORMATION 
0 
0 
0 
I.O 

0 N 

0 
0 
0 
0 
I.O 

0 0 
g 8c-------~-~-~--~--~ 
:e ~ ~:;;::::- LAB 

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢e TYPE RA-226 

;;ii !z ~ (pCi/g) 

9964 

12926 

13006 

S239-SCX-015-01 
S239-SCX-215-01 o-o.9 grab 

S239-SCX-015-02 0.9-2 comp 

1.65 
1.7 

0.51 

10~-~-------------~-----~----~-~~~-------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-016

() Stantec 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

a ___,_.~~-+--~~~~~~~~~~~~~-~-------, 
.• :.:. :. : WELL GRADED SAND (SW): reddish-brown, loose, 

,: -:-:-: - dry, medium sand (80%), fine sand (15%), trace 
• • • • sub-angular to sub-rounded gravels. 

~:-:->:• 
1- .~ .. ·•1•♦ ~ 

+ ... . ,fl 

· · ~: ~ .. , SANDSTONE: buff, slightly weathered (W2), strong 
2-\ __ \.•;_~.·;_:: .. \_·_:_·:·.··:_ (R4), moderately hard (H4), thinly bedded, moderately 

to highly weathered at top. 

3-

4-

5-

6-

7-

8-

9-

- .. - ~ . ' 
Terminated borehole at 2.5 ft. below ground surface 
in sandstone. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603232.84 NORTHING: 4095439.38 

DATE STARTED: 11/15/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 2.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 
0 
0 
I.O 

0 N 

0 
0 
0 
0 
I.O 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 
g 8c-------~-~-~--~--~ 
:e ~ ~:;;::::- LAB 

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ::;; w ¢e TYPE RA-226 

;;ii !z ~ (pCi/g) 

31158 

;30010 

/ 18826 

S239-SCX-016-01 
72104 

0-1.7 comp 

S239-SCX-016-02 1.7-2.5 grab 

-~ -

22.8 

1.86 

10~-~-------------~-----~----~-~~~-------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-017

() Stantec 
NAVAJO 
N.l\TION 
Ali~ EnWIX"lmental 
Re~pon50 'Trusl-Rrsn • ase 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

0 -+---+-~~~~=~~~~~- ~ ~~-~-------, 
. ; •. ;.:.; WELL GRADED SAND (SW): reddish-brown, loose, 

,• . • . •• • . dry, 80% fine to medium sand, trace organics and 

►: : ;:;:;: gravels. 

1 . ... + 4 -

- : : : : m ottled gray-;light olwe-brown, anct yeilowfsh=lirown, -
, .. : .. :-:-: medium dense, dry, fine to coarse sands, sub-angular 
': :;: ; :;: to sub-rounded gravels of mixed composition. 

2- + 't- I+ 

+ ... !' ... 
I ,t, + I ,·. · ..... 

.:-:-:-:-
■ + + I 

I •• .. • 
♦ .. I ♦ 

, _ - -. =-.-~ ·;,•\, . , ..... . 
4- ~,·.:.~:-~ 

: t: ·.·-:. '. .'_ 
. --. '-, ' .. . 

' , .. . . .. . 

5-

6-

7-

8-

9-

--------------

SANDSTONE: light buff, slightly weathered (W2), 
strong (R4), moderately hard (H4), conglomerate beds 
with sandy matrix . 

Terminated borehole at 4.5 ft. below ground surface 
in sandstone. 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603230.73 NORTHING: 4095301.3 

DATE STARTED: 11/15/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 4.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 
0 
0 
LO 

0 N 

0 
0 
0 
0 
LO 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 g 8 c-------~-~-~--~-------j 
LO O LAB 
r-- ~ ~:;;:::-

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ~ ~ ~ TYPE RA-226 

CfJZ (pCi/g) 

9366 
S239-SCX-017-01 0-0.5 grab 1.1 

11496 

S239-SCX-017-02 0.5-3.5 comp 2.06 

13592 

18636 
S239-SCX-017-04 3-3.5 grab 2.59 

18876 

10~-~-------------~-----~----~-~~~ -------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-018

() Stantec 
NAVAJO 
N.l\TION 
Ali~ EnWIX"lmental 
Re~pon50 'Trusl-Rrsn • ase 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

Q--,,~~--~~~~~~~~---~-~-~~--------, 
. . . . . . SIL TY SAND (SM): light gray, medium dense, dry to 
. . . . . . moist, 50% fine sands, 50% fines. laminated to very 

thinly bedded, locally oxidized yellow . 
. . . 

1--JL·:_·.,__._· ... · 1.u· "f-. - M~ UDSTONE: light gray with dark gray laminations, - -
>- -
--.----2- - -

..--
--

3,_ 1- -
,--- -
,- -

4-

5-

6-

7-

8-

9-

residual soil at contact (RS) grading to highly weathered 
(W4), very weak (R1 ), soft (HS), laminated and 
deformed beds 

Terminated borehole at 3.5 ft. below ground surface 
in mudstone 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603174.49 NORTHING: 4095328.87 

DATE STARTED: 11/15/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 3.5 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 
0 
0 
LO 

0 N 

0 
0 
0 
0 
LO 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 g 8 c-------~-~-~--~---------j 
LO O LAB 
r-- ~ ~:;;:::-

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ~ ~ ~ TYPE RA-226 

CfJZ (pCi/g) 

r•oo 

No Sample 

37526 

No 
Sample 

Collected. 
No 

Results 
Available . 

10~-~-------------~-----~----~-~~~ -------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-019

() Stantec 
Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

0 .. .. -~ -:-_: :: _. ·_. :· .... POORLY GRADED SAND (SP): reddish brown, loose, 
dry, 90% fine to medium sand, trace organics and 
coarse sand . 

: . ~.:· _· ..... : -:-~: 
. _. ~ .. ~ 

: . : ·: _: 

'·· .... ... . 
I •t + I 

♦ ♦ I ♦ 
■ ,■ .. ■ 

--------------

WELL GRADED SAND (SW): gray, yellow, assorted 

2- .. . · .·.· . 
colors, dense, dry, well graded, subrounded sands and 
gravels. Residual soil from underlying conglomerate. 

I .. + I 

■ ■ .. ■ 

~ + . "' .. ' .. + . 
--------------

. O · · CONGLOMERATE: gray, assorted colors, highly 
• • : : l weathered (W4), weak (R2), bedded sands and gravels. 

3- .··o· .. 
·.;.; .. 
_ MUDSTONE: gray and dark gray laminations, fine- to 

.... - very fine-grained moderately weathered (W3), weak 
4 - l\ (R2), laminations from 2 to 5 mm. Mudstone -

connlomerate mix / ~ '"---------~ 
Terminated borehole at 4 ft. below ground surface 
in mudstone. 

5-

6-

7-

8-

9-

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603196.28 NORTHING: 4095260.77 

DATE STARTED: 11/15/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 4 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 
0 
0 
I.O 

0 N 

0 
0 
0 
0 
I.O 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 g 8 c-------~-~-~--~---------j 
i.o o LAB 
r-- ~ ~:;;:::-

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ~ ~ ~ TYPE RA-226 

CfJZ (pCi/g) 

9960 

12356 

17294 

27082 

No Sample 

No 
Sample 

Collected. 
No 

Results 
Available. 

10~-~-------------~-----~----~-~~~------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-020

() Stantec 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

NAVAJO 
N.l\TION 
Ali~ EnWIX"lmental 
Re~pon50 'Trusl-Rrsn • ase 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

LITHOLOGICAL DESCRIPTION 

0 -+---+-~~~~~~~~~~~- ~ ~~-~------, 
· · • · POORLY GRADED SAND (SP) , reddish-brown, loose, 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603201 .7 NORTHING: 4095318.32 

DATE STARTED: 11/15/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 2 .7 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 
0 
0 
I.O 

0 N 

0 
0 
0 
0 
I.O 

0 SUBSURFACE SAMPLE INFORMATION 
0 0 g 8 c-------~-~-~--~---------j 
'° o LAB r-- ~ ~:;;:::-

I I I I I I I I I I I I I I I I I I I 

SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 
IDENTIFICATION ~ ~ ~ TYPE RA-226 

CfJZ (pCi/g ) 

: -: -:-: - dry, fine to medium sand (80%), 15% coarse sands and - 8\ 202
972 , , • , gravels. 

~ : - : ■:.. : ■ 
-------------

1- ' · ' : '· ' SANDSTONE WITH CONGLOMERATE: buff with dark 
:_.\•:: !:":"-: gray, assorted colors, fresh (W1), strong (R4), hard 
::: :~:·:·/ (H3), interbedded sandstone and conglomerate. 
.. , .,■ - • ' 

, , •. - • 26220 

No Sample 

No 
Sample 

Collected. 
No 

Results 
Available. 

2-t(-\:/_ 

3-

4-

5-

6-

7-

8-

9-

~ • t I • t • 

. - , - - ' 
~. • 4 ■ : I ' t: 

Terminated borehole at 2.7 ft. below ground 
surface. Refusal on conglomerate. 

\,300 

10~-~-------------~-----~----~-~~~ ------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 



S239-SCX-021

() Stantec 
Nt\V/\JO 
NATION 
AtiM ErwJronmaitol 
Response Trus4-R~ Phme 

DRILLING CONTRACTOR: National Drilling 

DRILLING METHOD Rotary Sonic 

DRILLING EQUIPMENT: Geoprobe 8140LC 

SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter 

. ' - .. · -·. 

1 - })/( / \ 

LITHOLOGICAL DESCRIPTION 

POORLY GRADED SAND (SP): reddish-brown, loose, 
dry, fine to medium sand (80%), trace course sand and 
gravels, gravels composed of chert, sandstone and 
petrified wood. 

; ...... ... •: :::-~ -;· 

i:'.;·,:·!·: _·.:·_grades to light reddish-brown--;-graclesliner with 
:··.·.·_· . : · increased fine sand. 

2-{.::<-/{\ 
::-~·~ :: ~_: .-:-::·: .. ,:· 

/ _:""-\ ·: ... :··.·:-_ , 

-·- ·-·:.··:: 

· · · -: .~. ,: · . . ... 
... . 4 ----+-~~·-~·-.+-- - - - - - - - - - - - - - -

i_:_·_._,i_/_i\ ';. SANDSTONE: buff, completely weathered to residual 
soil (W5-W6) at top grading to highly weathered (W4), 

;->·:·:-.~-., moderately strong (R3), moderately hard (H4), fine- to 
• , , · · · · medium-grained, residual bedding . . ' __ ... 

,_--. -·-: 

e- ;-/ :_: ;:} 0grades to slightly weathered (Wi[ strong( R4). - - -
. ' ' 

: : ~: :,~ ·-~ ~ 

--..... --: 
8-: ::":"=::'-: 

• ~ t 't • I 

~, : 't • : • I • ~· 

• I •" • • ~ • 
• I • I ~ t 

9-,.~· ~· ·- ·----i-~ ~~~~~~~ ~ ~~---~~---------1 

Terminated borehole at 9 ft. below ground surface 
in sandstone. 

0 

BOREHOLE ID: 

CLIENT: NNAUMERT 

PROJECT Removal Site Evaluation 

SITE LOCATION: Harvey Blackwater No. 3 

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N 

EASTING: 603236.64 NORTHING: 4095537.31 

DATE STARTED: 11/15/2016 DATE STARTED: 11/15/2016 

TOTAL DEPTH (ft.): 9 BOREHOLE ANGLE: 90 degrees 

LOGGED BY: Justin Peterson 

Gamma (cpm) 

0 0 0 
SUBSURFACE SAMPLE INFORMATION 

0 0 0 
0 0 0 
0 0 0 -' 0 0 0 LAB N 

""'" 
(0 ~~::::-SAMPLE a. Cl'.'. _gi SAMPLE RESULTS 

I I I I I I I I I I I I I I 
IDENTIFICATION ::;; w ¢' TYPE RA-226 

<(I- ~ 
(pCi/g) Cl) z 

~ -

S239-SCX-021-01 0-0.5 grab 5.44 
S239-SCX-221-01 4.25 

~ -

, 7150 

45890 

75228 

S239-SCX-021-02 1-8 comp 26.9 
131098 

126358 

163088 

S239-SCX-021-04 6.5-7 grab 66 
207184 

159144 

S239-SCX-021-03 8-9 grab 22.9 

321848 

10~-~-------------~-----~----~-~~~-------1 
Notes: cpm = counts per minute 

pCi/g = picocuries per gram 
grab = grab sample 
comp = composite sample 

- - - - = approximate contact 1 
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HARVEY BLACKWATER NO. 3 (#239) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION 

D1.1 
 

BACKGROUND REFERENCE AREA SELECTION 

1.0 INTRODUCTION 

This appendix presents the rationale for selection of the background reference area for the 
Harvey Blackwater No. 3 Site (Site). To select the background reference area for the Site, 
personnel considered geology, predominant wind direction, hydrologic influence, similarities of 
vegetation and ground cover, distance from the Site, and visual evidence of impacts due to 
mining (or other anthropogenic sources) in accordance with the Multi-Agency Radiation Survey 
and Site Investigation Manual  Appendix A ([MARSSIM] USEPA, 2000). 

2.0 POTENTIAL BACKGROUND REFERENCE AREAS 

The potential background reference area study was initiated during the Site Clearance desktop 
study and field investigations. In April 2016, three potential background reference areas 
(hereafter referred to as BG-1, BG-2, and BG-41) were identified for the Site, and gamma surveys 
of the three areas were completed. These background areas were identified to represent 
unconsolidated Quaternary deposits (BG-1 and BG-4) and a mix of Quaternary deposits and 
exposed bedrock of the Chinle Formation (BG-2) at the Site. Following data review during 
generation of the Harvey Blackwater No. 3 Site Clearance Data Report (MWH, 2016a), it was 
determined that BG-4 was not a good candidate for the Site (see Section 3.0 below). Samples 
were then collected at BG-1 and BG-2 in October 2016. For reference, BG-2 is shown in 
Appendix B photograph number 8. Following the Site Characterization program at the Site, it 
was determined that BG-1 also may not best represent the Site (see Section 3.0). During further 
review of the Baseline Studies data, it was decided that BG-2 and the surface soil samples could 
not be used to represent the Site, as described in Section 3.0 below. Consequently, one 
additional potential background reference area was evaluated (hereafter referred to as BG-3) 
to represent the Quaternary deposits and exposed bedrock of the Chinle Formation, and a 
gamma survey and sample collection were conducted in March 2017.  

The locations of the four potential background reference areas (BG-1, BG-2, BG-3, and BG-4) are 
shown along with the Site geology in Figure D.1-1. The potential background reference areas are 
described below. 

 BG-1 encompasses an area of 364 ft2 (approximately 0.01 acres), is located 450 ft northwest 
of the Site, and is crosswind and hydrologically upgradient of the Site. Geologically, BG-1 
represents areas on-site covered by unconsolidated Quaternary deposits, and contains 
similar vegetation.  

              
1 The background reference area designations used in this RSE Report have been revised from the Harvey 
Blackwater No. 3 Site Clearance Data Report (MWH, 2016a). 
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 BG-2 encompasses an area of 1,232 ft2 (approximately 0.03 acres), is located 600 ft north of 
the Site, and is upwind and hydrologically upgradient of the Site. Geologically, BG-2 
represents areas on the Site that have Chinle Formation bedrock outcrops and 
unconsolidated Quaternary deposits, and contains similar vegetation.  

 BG-3 encompasses an area of 1,136 ft2 (approximately 0.03 acres), is located 900 ft north of 
the Site, and is upwind and hydrologically upgradient of the Site. Geologically, BG-3 
represents areas on the Site that have Chinle Formation bedrock outcrops and 
unconsolidated Quaternary deposits, and contains similar vegetation.  

 BG-4 encompasses an area of 634ft2 (approximately 0.01 acres), is located 175 ft northwest 
of the Site, and is crosswind and hydrologically upgradient of the Site. Geologically, BG-4 
represents areas on-site covered by unconsolidated Quaternary deposits, and contains 
similar vegetation. 

The potential background reference area evaluation included a walkover gamma survey, static 
surface gamma measurements (at borehole locations in BG-1 and BG-2, and S239-BG3-011 at 
BG-3), and surface soil sampling at BG-1, BG-2, and BG-3. Static subsurface gamma 
measurements and subsurface soil samples were collected in borehole S239-SCX-001 at BG-1. 
Refusal on bedrock at 0.3 inches below ground surface (bgs) at BG-3 meant subsurface static 
gamma measurements and subsurface soil samples could not be collected. Field personnel 
collected the following surface and subsurface samples, as shown in Figure D.1-2 and 
summarized in Table D.1-1. 

 BG-1: Eleven surface soil grab samples from 11 locations, one subsurface soil grab sample 
from hand auger location S239-SCX-001. 

 BG-2: Eleven surface soil grab samples from 11 locations, one subsurface soil grab sample 
from hand auger location S239-SCX-002 south of BG-2. 

 BG-3: Eleven surface soil grab samples from 11 locations. 

Samples were categorized as surface soil samples where sample depths ranged from 0.0-0.5 ft 
bgs and as subsurface samples where sample depths were greater than 0.5 ft bgs. Table D.1-2 
provides the results of the sample analyses. It is important to note that sample analyses for BG-1 
and BG-2 are included in this appendix and not in the tables in the RSE Report. Tables D.1-3 and 
D.1-4 provide descriptive statistics for the metals/Ra-226 concentrations and the surface gamma 
measurements, respectively. Field forms, including borehole logs, are provided in Appendix C of 
the RSE Report. 

The gamma survey measurements for the four potential background reference areas are shown 
in Figure D.1-2. The same equipment used for the walkover gamma survey was also used for 
static one-minute gamma measurements at the ground surface at hand auger locations  
S239-SCX-001 (BG-1), S239-SCX-002 (south of BG-2), and S239-BG3-011 (BG-3). Subsurface static 
gamma measurements were collected at the hand auger locations at BG-1 and south of BG-2. 
Gamma measurements were collected according to the methods described in the Removal 
Site Evaluation Work Plan (MWH, 2016b).

• 
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3.0 SELECTION OF BACKGROUND REFERENCE AREA

Subsequent to performing the gamma surveys at BG-4, it was not selected as a background 
reference area due to it being redundant with BG-1 and being closer to the Site than BG-1. 
During Site Characterization, field personnel determined that bedrock was more prevalent at 
the Site and closer to the surface (generally less than 1 to 3 feet bgs) than was presumed during 
selection of BG-1 in April 2016. Although, BG-1 is geologically similar to the Site areas that have 
unconsolidated deposits, a background area containing near-surface bedrock and shallow 
unconsolidated deposits (e.g., BG-2 or BG-3) was considered more representative of the Site.  

BG-2 was considered representative of the Site; however due to an abundance of exposed 
bedrock in the area, the field team moved samples (S239-BG2-005, S239-BG2-006, S239-BG2-007, 
and S239-BG2-010) over to the nearest area where residual soils were present (see Figure D.1-2). 
These samples were therefore considered to be collected judgmentally. It was therefore 
decided that the surface samples from BG-2 should be excluded from development of 
investigation levels, and BG-2 should not be used as the selected background reference area. 
Additionally, while reviewing potential subsurface hand auger locations at BG-2, the cultural 
resources subcontractor, Dinétahdóó, recommended that the hand auger borehole location 
should be stepped out from BG-2 to avoid a nearby archeological finding. Therefore, the 
subsurface background location, S239-SCX-002, was advanced south of BG-2, as shown in  
Figure D.1-2.  

BG-3 is similar to BG-2 and was selected as the background reference area for the Site. It 
contains bedrock outcrops within the potential background reference area, represents the Site 
geologically, and is located upwind and hydrologically upgradient from the Site. BG-3 surface 
gamma survey measurements and surface soil sample results were used for the remainder of the 
RSE for the Site. Due to refusal of the hand auger boring at 0.3 inches bgs and the inability to 
collect subsurface static gamma measurements and a subsurface soil sample from BG-3  
(at S239-BG3-011), the auger location from BG-2 (S239-SCX-002) was used for a comparison to 
subsurface static gamma and soil sample data collected during Site Characterization at the 
Site. 

4.0 REFERENCES 

MWH, 2016a. Harvey Blackwater No. 3 Site Clearance Data Report  Revision 1, Navajo Nation 
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Table D.1-1
Potential Background Reference Area Soil Sampling Summary

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

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

Sample Types
Sample Location Sample 

Depth (ft 
bgs)

Sample 
Category

Sample 
Collection 

Method

Sample 
Date

Easting ¹ Northing ¹ Metals, 
Total

Ra-226

Background Reference Area Study - Background Area 1
S239-BG1-001 0 - 0.5 SF G 10/15/2016 603077.521 4095630.53 N;MS;MSD N
S239-BG1-002 0 - 0.5 SF G 10/15/2016 603075.939 4095631.59 N N
S239-BG1-003 0 - 0.5 SF G 10/15/2016 603075.884 4095633 N N
S239-BG1-004 0 - 0.5 SF G 10/15/2016 603076.707 4095633.89 N N
S239-BG1-005 0 - 0.5 SF G 10/15/2016 603077.65 4095634.64 N N
S239-BG1-006 0 - 0.5 SF G 10/15/2016 603078.852 4095634.38 N;FD N;FD
S239-BG1-007 0 - 0.5 SF G 10/15/2016 603079.232 4095633.21 N N
S239-BG1-008 0 - 0.5 SF G 10/15/2016 603077.935 4095632.09 N N
S239-BG1-009 0 - 0.5 SF G 10/15/2016 603077.791 4095630.73 N N
S239-BG1-010 0 - 0.5 SF G 10/15/2016 603075.93 4095631.91 N N
S239-SCX-001 0 - 0.5 SF G 10/28/2016 603078.468 4095631.38 N N
S239-SCX-001 0.5 - 1.5 SB G 10/28/2016 603078.468 4095631.38 N N

Background Reference Area Study - Background Area 2
S239-BG2-001 0 - 0.5 SF G 10/15/2016 603368.296 4095771.95 N N
S239-BG2-002 0 - 0.5 SF G 10/15/2016 603368.798 4095775.46 N N
S239-BG2-003 0 - 0.5 SF G 10/15/2016 603370.936 4095777.19 N N
S239-BG2-004 0 - 0.5 SF G 10/15/2016 603373.188 4095779.4 N N
S239-BG2-005 0 - 0.5 SF G 10/15/2016 603377.437 4095770.85 N N
S239-BG2-006 0 - 0.5 SF G 10/15/2016 603380.135 4095773.34 N;FD N;FD
S239-BG2-007 0 - 0.5 SF G 10/15/2016 603382.206 4095775.04 N N
S239-BG2-008 0 - 0.5 SF G 10/15/2016 603374.772 4095777.96 N N
S239-BG2-009 0 - 0.5 SF G 10/15/2016 603371.104 4095780.01 N N
S239-BG2-010 0 - 0.5 SF G 10/15/2016 603374.259 4095767.75 N;MS;MSD N

Background Reference Area Study - S239-SCX-002
S239-SCX-002 0 - 0.5 SF G 10/28/2016 603358.944 4095696.13 N N
S239-SCX-002 0.5 - 1.5 SB G 10/28/2016 603358.944 4095696.13 N N

Background Reference Area Study - Background Area 3
S239-BG3-001 0 - 0.5 SF G 3/18/2017 603398.089 4095862.91 N N
S239-BG3-002 0 - 0.5 SF G 3/18/2017 603395.612 4095863.37 N;MS;MSD N
S239-BG3-003 0 - 0.5 SF G 3/18/2017 603394.803 4095866 N;FD N;FD
S239-BG3-004 0 - 0.5 SF G 3/18/2017 603398.021 4095868.48 N;FD N;FD
S239-BG3-005 0 - 0.5 SF G 3/18/2017 603400.81 4095866.8 N N
S239-BG3-006 0 - 0.5 SF G 3/18/2017 603400.678 4095863.97 N N
S239-BG3-007 0 - 0.5 SF G 3/18/2017 603396.185 4095871.03 N;FD N;FD
S239-BG3-008 0 - 0.5 SF G 3/18/2017 603399.839 4095872.47 N N
S239-BG3-009 0 - 0.5 SF G 3/18/2017 603402.454 4095871.75 N N
S239-BG3-010 0 - 0.5 SF G 3/18/2017 603402.906 4095868.85 N N
S239-BG3-011 0 - 0.3 SF G 3/18/2017 603400.99 4095866.14 N N

Notes
N Normal
FD Field Duplicate
MS Matrix Spike
MSD Matrix Spike Duplicate
Ra-226 Radium 226
G Grab Sample
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 D.1-2
Potential Background Reference Area Soil Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 4

Location Identification S239-BG1-001 S239-BG1-002 S239-BG1-003 S239-BG1-004 S239-BG1-005 S239-BG1-006 S239-BG1-006 Dup S239-BG1-007 S239-BG1-008 S239-BG1-009 S239-BG1-010
Date Collected 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016

Depth (feet) 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
Sample Category surface surface surface surface surface surface surface surface surface surface surface

Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil soil

Analyte (Units)

Metals ¹ (mg/kg)
Arsenic 2 1.6 1.6 0.99 2 1.8 1.2 1.2 1.1 1.4 1
Molybdenum 1.2 J 0.54 0.67 0.39 1.1 1 0.99 0.55 0.48 0.42 0.45
Selenium <0.99 <0.98 <1 <0.89 <1 <0.98 <0.86 <0.97 <0.9 <0.97 <0.98 
Uranium 0.63 J+ 0.8 0.41 0.32 0.5 0.56 0.52 0.43 0.4 0.61 0.39
Vanadium 8.8 6.2 4.5 4.2 5.5 5.3 4.4 4.6 4.1 6.9 4.6

Radionuclides (pCi/g)
Radium-226 0.88 ± 0.21 J- 0.54 ± 0.19 J- 0.57 ± 0.19 J- 0.47 ± 0.16 J- 0.51 ± 0.19 J- 0.52 ± 0.18 J- 0.49 ± 0.19 J- 0.63 ± 0.18 J- 0.5 ± 0.18 J- 0.45 ± 0.18 J- 0.53 ± 0.2 

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 values
2 Sample location was moved south of BG-2 to avoid a nearby archeological finding
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table D.1-2
Potential Background Reference Area Soil Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 2 of 4

Location Identification S239-SCX-001 S239-SCX-001 S239-BG2-001 S239-BG2-002 S239-BG2-003 S239-BG2-004 S239-BG2-005 S239-BG2-006 S239-BG2-006 Dup S239-BG2-007 S239-BG2-008
Date Collected 10/28/2016 10/28/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016 10/15/2016

Depth (feet) 0 - 0.5 0.5 - 1.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
Sample Category surface surface surface surface surface surface surface surface surface surface surface

Matrix grab grab grab grab grab grab grab grab grab grab grab
Test ID soil soil soil soil soil soil soil soil soil soil soil

Analyte (Units)

Metals ¹ (mg/kg)
Arsenic 3.8 3.5 1.6 1.5 3.2 1.7 3.4 2.6 2 3.5 2.2
Molybdenum 0.44 0.4 0.55 0.33 0.63 0.54 0.83 0.26 0.21 0.37 0.7
Selenium <1 <0.93 <1 <0.87 <0.96 <0.94 <1 <0.98 <1 <1 <0.98 
Uranium 1.1 0.81 0.85 0.69 0.96 1.1 2.1 0.96 0.76 0.94 1.2
Vanadium 13 12 6.8 3.6 6.5 5.2 6.7 4.5 3.9 6.1 8.4

Radionuclides (pCi/g)
Radium-226 0.84 ± 0.21 0.79 ± 0.25 1.24 ± 0.25 J- 0.91 ± 0.22 J- 1.04 ± 0.25 J- 1.13 ± 0.22 J- 1.23 ± 0.27 J- 0.85 ± 0.21 J- 1.16 ± 0.24 J- 0.98 ± 0.23 1.88 ± 0.36 

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 values
2 Sample location was moved south of BG-2 to avoid a nearby archeological finding
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table D.1-2
Potential Background Reference Area Soil Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 3 of 4

Location Identification S239-BG2-009 S239-BG2-010 S239-SCX-0022 S239-SCX-0022 S239-BG3-001 S239-BG3-002 S239-BG3-003 S239-BG3-003 Dup S239-BG3-004 S239-BG3-004 Dup S239-BG3-005
Date Collected 10/15/2016 10/15/2016 10/28/2016 10/28/2016 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017

Depth (feet) 0 - 0.5 0 - 0.5 0 - 0.5 0.5 - 1.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
Sample Category surface surface surface subsurface surface surface surface surface surface surface surface

Matrix grab grab grab grab grab grab grab grab grab grab grab
Test ID soil soil soil soil soil soil soil soil soil soil soil

Analyte (Units)

Metals ¹ (mg/kg)
Arsenic 2 2.1 J+ 1.8 8 3.1 11 1.4 1.3 2.9 2.9 2.6
Molybdenum 0.61 0.76 0.62 0.63 0.52 1.2 0.32 0.29 0.52 0.58 0.5
Selenium <0.86 <0.99 <1 <0.99 <0.89 <0.94 <0.88 <0.73 <0.82 <0.85 <0.79 
Uranium 1 1.2 J+ 1.3 2 0.92 0.83 0.63 0.67 0.8 0.79 2.1
Vanadium 4.7 6 J 5.8 12 5.6 5.8 5.1 4.6 8.5 8.6 5.2

Radionuclides (pCi/g)
Radium-226 0.79 ± 0.19 J- 1.11 ± 0.26 J- 1.02 ± 0.22 J- 2.3 ± 0.37 J- 1.38 ± 0.26 0.96 ± 0.27 0.99 ± 0.23 0.75 ± 0.19 1.8 ± 0.34 1.65 ± 0.32 0.78 ± 0.23 

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 values
2 Sample location was moved south of BG-2 to avoid a nearby archeological finding
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data

() Stantec 
N1AV/\JO 

ATION 



Table D.1-2
Potential Background Reference Area Soil Sample Analytical Results

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 4 of 4

Location Identification S239-BG3-006 S239-BG3-007 S239-BG3-007 Dup S239-BG3-008 S239-BG3-009 S239-BG3-010 S239-BG3-011
Date Collected 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017 3/18/2017

Depth (feet) 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.3
Sample Category surface surface surface surface surface surface surface

Matrix grab grab grab grab grab grab grab
Test ID soil soil soil soil soil soil soil

Analyte (Units)

Metals ¹ (mg/kg)
Arsenic 2.5 4.2 5.8 3.1 8.4 2 3
Molybdenum 0.53 0.59 1.1 0.43 0.7 0.57 0.93
Selenium <0.85 <0.83 <1 <0.76 <0.83 <0.89 <0.84 
Uranium 0.8 1.1 1 0.88 1.2 0.7 0.77
Vanadium 7.4 9.4 10 5.5 13 4.8 5.4

Radionuclides (pCi/g)
Radium-226 1.24 ± 0.25 2.05 ± 0.37 2.4 ± 0.38 1.6 ± 0.29 1.57 ± 0.29 0.91 ± 0.24 0.93 ± 0.22 

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 values
2 Sample location was moved south of BG-2 to avoid a nearby archeological finding
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table D.1-3
Soil and Sediment Sampling Summary

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 2

Statistic Arsenic (mg/kg) Molybdenum (mg/kg) Selenium (mg/kg) Uranium (mg/kg) Vanadium (mg/kg) Radium-226 (pCi/g)

Background Reference Area Study - Background Area 1 - Quaternary Deposits
Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- -- 1 -- -- --
Minimum¹ 0.99 0.39 -- 0.32 4.1 0.45
Minimum Detect² -- -- -- -- -- --
Mean¹ 1.68 0.66 -- 0.56 6.16 0.59
Mean Detects² -- -- -- -- -- --
Median¹ 1.6 0.54 -- 0.5 5.3 0.53
Maximum¹ 3.8 1.2 -- 1.1 13 0.88
Maximum Detect² -- -- -- -- -- --
Distribution Gamma Gamma Not Calculated Normal Normal Gamma
Coefficient of Variation¹ 0.473 0.451 -- 0.405 0.434 0.246
UCL Type 95% Adjusted Gamma UCL 95% Adjusted Gamma UCL Not Calculated 95% Student's-t UCL 95% Student's-t UCL 95% Adjusted Gamma UCL
UCL Result 2.227 0.878 Not Calculated 0.683 7.613 0.682
UTL Type UTL Gamma WH UTL Gamma WH -- UTL Normal UTL Normal UTL Gamma WH
UTL Result 4.285 1.71 -- 1.196 13.67 1.034

Background Reference Area Study - Background Area 2 - Chinle Formation and Quaternary Deposits
Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- -- 1 -- -- --
Minimum¹ 1.5 0.26 -- 0.69 3.6 0.79
Minimum Detect² -- -- -- -- -- --
Mean¹ 2.33 0.56 -- 1.12 5.85 1.11
Mean Detects² -- -- -- -- -- --
Median¹ 2.1 0.61 -- 1 6 1.04
Maximum¹ 3.5 0.83 -- 2.1 8.4 1.88
Maximum Detect² -- -- -- -- -- --
Distribution Normal Normal Not Calculated Normal Normal Normal
Coefficient of Variation¹ 0.316 0.319 -- 0.33 0.225 0.266
UCL Type 95% Student's-t UCL 95% Student's-t UCL Not Calculated 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 2.73 0.662 Not Calculated 1.32 6.564 1.268
UTL Type UTL Normal UTL Normal -- UTL Normal UTL Normal UTL Normal
UTL Result 4.4 1.069 -- 2.157 9.545 1.935
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Table D.1-3
Soil and Sediment Sampling Summary

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 2 of 2

Statistic Arsenic (mg/kg) Molybdenum (mg/kg) Selenium (mg/kg) Uranium (mg/kg) Vanadium (mg/kg) Radium-226 (pCi/g)
Background Reference Area Study - Background Area 3 - Chinle Formation and Quaternary Deposits

Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- -- 100% -- -- --
Minimum¹ 1.40 0.32 -- 0.63 4.80 0.780
Minimum Detect² -- -- -- -- -- --
Mean¹ 4.02 0.62 -- 0.98 6.88 1.29
Mean Detects² -- -- -- -- -- --
Median¹ 3.00 0.53 -- 0.83 5.60 1.24
Maximum¹ 11.00 1.20 -- 2.10 13.0 2.05
Maximum Detect² -- -- -- -- -- --
Distribution Lognormal Gamma Not Calculated Gamma Normal Normal
Coefficient of Variation¹ 0.735 0.399 -- 0.418 0.367 0.324
UCL Type 95% H-UCL 95% Adjusted Gamma UCL Not Calculated 95% Adjusted Gamma UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 6.16 0.80 Not Calculated 1.24 8.26 1.52
UTL Type UTL Lognormal UTL Gamma WH -- UTL Gamma WH UTL Normal UTL Normal
UTL Result 17.80 1.45 -- 2.230 14.0 2.47

Notes
mg/kg Milligrams per kilogram
-- Not applicable
pCi/g Picocuries per gram
WH Wilson Hilferty
¹ This statistic is reported by ProUCL when the dataset contains 100 percent detections.
² This statistic is reported by ProUCL when non-detect values exist in the dataset. The value reported is calculated using detections only.
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Table D.1-4
Surface Gamma Survey Summary

Harvey Blackwater No. 3
Removal Site Evaluation Report - Final

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

Background Reference 
Area 1 (BG-1)

Background Reference 
Area 2 (BG-2)

Background Reference 
Area 3 (BG-3)

Background Reference 
Area 4 (BG-4)

Geologic Formation Quaternary Deposits Quaternary Deposits Quaternary Deposits & 
Chinle Formation

Quaternary Deposits

Statistic

Total Number of Observations 314 142 235 189
Minimum 5347 5522 6662 5696
Mean 6771 6494 8585 7398
Median 6784 6475 8606 7355
Maximum 8459 8108 10663 9252
Distribution Normal Normal Normal Normal
Coefficient of Variation 0.0864 0.0801 0.089 0.0975
UCL Type 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 6825 6566 8667 7484
UTL Type UTL Normal UTL Normal UTL Normal UTL Normal
UTL Result 7821 7469 9975 8725

Notes
cpm Counts per minute
UCL Upper confidence limit
UTL Upper tolerance limit
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STATISTICAL EVALUATION

1.0 INTRODUCTION

This statistical evaluation presents the methods used in, and results of, statistical analyses 
performed on gamma radiation survey results and soil sample analytical results collected from 
the Harvey Blackwater No. 3 Site (Site), and Background Reference Area 3 (BG-3), selected to 
represent site conditions as described in Appendix D.1. The statistical evaluation includes a 
comparison of the Survey Area and BG-3 data distributions, and documents the decision 
process followed to select site-specific investigation levels (ILs). The ILs are used to confirm 
contaminants of potential concern (COPCs) listed in the RSE Work Plan, and to support 
identification of technologically enhanced naturally occurring radioactive materials (TENORM) 
at the Site.

2.0 EVALUATIONS

The evaluation process included compiling the results for gamma radiation surveys and soil 
sample analytical results for both BG-3 and the Survey Area. The gamma radiation survey data 
and soil sample analytical results for BG-3 and the Survey Area were evaluated to determine the 
appropriate ILs for the Site as follows:

1. Identify and examine potential outlier values. Potential outlier values were identified 
statistically and, if justified upon further examination, removed from a dataset prior to further 
evaluation and calculations. No data were removed from the dataset for the calculations 
presented in this appendix.

2. Compare data populations between BG-3 and the Survey Area (boxplots, probability plots, 
hypothesis testing with Wilcoxon Mann-Whitney test). Soil sample and gamma radiation 
survey results were compared between BG-3 and the Survey Area qualitatively and 
quantitatively to evaluate similarity or difference in data distributions between the areas, 
and as a component of evaluating background reference area adequacy and 
representativeness.

3. Develop descriptive statistics. Descriptive statistics for gamma survey results and soil sample 
analytical results (e.g., number of observations, mean, maximum, and median) were 
generated to facilitate qualitative comparisons of soil sample and gamma radiation survey 
results from one area to another.

4. Select ILs for the Site based on the results of the statistical evaluations.
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3.0 RESULTS

The following sections present the evaluation of potential outlier values in the dataset, 
calculated descriptive statistics, and comparison of data populations between groups in 
support of determining ILs for use at the Site. 

3.1 POTENTIAL OUTLIER VALUES

A potential outlier is a data point within a random sample of a population that is different 
enough from the majority of other values in the sample as to be considered potentially
unrepresentative of the population, and therefore requires further inspection and evaluation.
Unrepresentative values in a dataset have potential to yield distorted estimates of population 
parameters of interest (e.g., means, upper confidence limits, upper percentiles). Therefore, 
potential outliers in the Site data were evaluated further prior to performing data comparisons 
(Section 3.2) and developing the descriptive statistics (Section 3.3). In the context of this 
statistical evaluation, extreme values and statistical outliers are referred to as potential outliers.  

A potential outlier value in a sample may be a true representative value in the test population
(not a “discrepant” value), simply representing a degree of inherent variation present in the 
population. Furthermore, a statistical determination of one or more potential outliers does not 
indicate that the measurements are actually discrepant from the rest of the data set. Therefore, 
general statistical guidance does not recommend that extreme values (potential outliers) be 
removed from an analysis solely on a statistical basis. Statistical outlier tests can provide 
supportive information, but a reasonable scientific rationale needs to be identified for the 
removal of any potential outlier values (e.g., sampling error, records error, or the potential outlier 
is determined to violate underlying assumptions of the sampling design, such as the targeted 
geology).

At BG-3, soil samples were collected randomly. Potential outliers in the BG-3 dataset were 
examined using boxplots, probability plots and statistical testing. Descriptive statistics were then 
calculated with and without the potential outlier values, as applicable. Finally, the potential 
outlier values were evaluated to determine if a reason could be found to remove the data 
points before calculating final statistics. The results of these evaluations are described in the 
following sections.

In the Survey Area at the Site, soil samples were collected judgmentally. Specifically, some 
sample locations were selected to characterize areas of higher gamma radiation and, as a 
result, potential outlier values are not unexpected. Potential outliers in this context mean values 
that are well-separated from the majority of the data set coming from the far/extreme tails of 
the data distribution (USEPA, 2016a). Descriptive statistics and comparisons to BG-3 are still 
presented for qualitative assessment. However, potential outlier values in the Survey Area are 
not evaluated further nor removed from the dataset.
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3.1.1 Boxplots

Box plots depict descriptive statistics from a group of data (Figure 1A). The interquartile range is 
represented by the bounds of the box, the minimum and maximum values, not including 
potential outlier values (extreme values), are depicted by the whiskers (vertical lines), and any 
potential outliers are identified as singular dots. Potential outliers in this context are defined as 
values outside 1.5 times the interquartile range above or below the box.

3.1.1.1 Soil Sample Results Boxplots

Figure 1A. Survey Area and Background Reference Area 3 (BG-3) Soil Sample Boxplots 

The soil sample boxplots shown on Figure 1A depict differences in the data distribution for 
analytical constituent concentrations between BG-3 and the Survey Area. Some potential outlier 
values are shown for both BG-3 and the Survey Area at the Site.

Potential outlier values are of greatest concern in the BG-3 dataset as the data from BG-3 are 
used to determine the ILs. Background reference area data are presented alone in Figure 1B.
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Figure 1B. Background Reference Area 3 (BG-3) Soil Sample Boxplots

Two values each for arsenic (As) and molybdenum (Mo), and one value each for uranium (U) 
and vanadium (V), are identified as potential outliers (i.e., outside 1.5 times the interquartile 
range) in the boxplots in Figure 1B for the BG-3 dataset.
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3.1.1.2 Gamma Radiation Results Boxplots

Figure 2A. Survey Area and Background Reference Area 3 (BG-3) Gamma Radiation Boxplots

The gamma radiation survey result boxplots shown on Figure 2A depict differences in the data 
distribution for gamma measurements between BG-3 and the Survey Area. The large number of 
potential outlier values in the Survey Area boxplot indicate high skewness or possibly non-
normally distributed data, instead of outlier values. This has been further evaluated with the use 
of probability plots in Section 3.1.2 and statistical testing in Section 3.1.4. Based on Site geology, 
the gamma radiation potential outlier values observed for the Survey Area data on Figure 2A
represent localized areas of higher gamma radiation with respect to other parts of the Survey 
Area, as would be expected in areas with varying levels of mineralization, NORM and potential 
TENORM.
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Figure 2B. Background Reference Area 3 (BG-3) Gamma Radiation Boxplots

As shown in Figure 2B, there is one potential outlier value shown in the BG-3 gamma dataset;
however, it is not very high, represents a very small proportion of the total BG-3 gamma data 
values, and there is no other compelling rationale to reject the value based on the boxplot 
evaluation alone.

3.1.2 Probability Plots

The normal probability plot is a graphical technique for assessing whether a data set is 
approximately normally distributed, and where there may be potential outlier values. The data 
are plotted against a theoretical normal distribution in such a way that the points, if normally 
distributed, form an approximate straight line. Curved lines may indicate non-normally or log-
normally distributed data, and "S"-shaped lines may indicate two distinct groups within the 
dataset.
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3.1.2.1 Soil Sample Results Probability Plots

Figure 3 depicts the probability plots for metals and Ra-226 results at BG-3.

Figure 3. Background Reference Area 3 (BG-3) Soil Sample Probability Plots 

Two values each for arsenic and molybdenum, and one value each for uranium and vanadium 
were identified as potential outliers in the boxplots in Figure 1B. When viewed in the probability 
plots in Figure 3, several of these values do appear to be distant from the rest of their respective 
datasets. These six values were tested for statistical significance in Section 3.1.3. All 11 soil 
samples at BG-3 were non-detect for selenium (Se).
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3.1.2.2 Gamma Survey Results Probability Plots

Figure 4 depicts the probability plots for gamma radiation results at BG-3 and the Survey Area.

Figure 4. Survey Area and Background Reference Area 3 (BG-3) Gamma Probability Plots 

Gamma survey results indicate generally normal distribution of data in BG-3 and likely non-
normal distribution in the Survey Area (Figure 4). When viewed in the probability plot, the highest 
BG-3 gamma value, identified as a potential outlier in the boxplot in Figure 2B, does not appear 
far removed from, or out of line with, the distribution of the rest of the dataset, suggesting it is 
representative of BG-3.

The shape and smoothness of the probability plot for the Survey Area gamma results confirms 
that the gamma radiation data are more log-normally distributed than the BG-3 gamma results. 
This suggests that these higher values are not potential outlier values but rather are 
representative of the spatial variability of gamma radiation in the Survey Area. As shown in 
Figure 4-1 of the RSE Report, there are isolated areas within the Survey Area where elevated 
gamma measurements were recorded indicating localized areas of higher mineralization.
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3.1.3 Potential Soil Sample Data Outliers

Six high results, two values each for arsenic and molybdenum, and one value each for uranium 
and vanadium, are identified in the boxplots in Figure 1B. These values are:

Arsenic: 11 mg/kg, 8.4 mg/kg

Molybdenum: 1.2 mg/kg, 0.93 mg/kg

Uranium: 2.1 mg/kg

Vanadium: 13 mg/kg

The highest two arsenic values and the highest uranium value do appear to be potential outliers 
relative to the rest of their respective datasets when viewed in the probability plots in Figure 3.
The molybdenum values and vanadium values appear to conform to the general distribution of 
their respective BG-3 datasets. However, each of these six values was tested for statistical 
significance.

Dixon’s Test (Dixon, 1953) is designed to be used for datasets containing only one or two 
potential outlier values. Therefore, Dixon's Test was performed to the 95% confidence level on 
each of the six soil sample potential outlier values for arsenic, molybdenum, uranium and 
vanadium in the BG-3 datasets. The results of Dixon’s Test are summarized in Table 1.

Table 1. Summary of Dixon's Test on Maximum Values

Constituent Location ID Method Hypothesis p_Value Conclusion

As
S239-BG3-002 Dixon Test for 

potential outliers
high value 11 is a 
potential outlier < 0.05 Hypothesis accepted

239-BG3-009 Dixon Test for 
potential outliers

high value 8.4 is a
potential outlier < 0.05 Hypothesis accepted

Mo
S239-BG3-002 Dixon Test for 

potential outliers
high value 1.2 is a
potential outlier < 0.05 Hypothesis accepted

S239-BG3-011 Dixon Test for 
potential outliers

high value 0.93 is a
potential outlier > 0.05 Hypothesis rejected

U S239-BG3-005 Dixon Test for 
potential outliers

high value 2.1 is a
potential outlier < 0.05 Hypothesis accepted

V S239-BG3-009 Dixon Test for 
potential outliers

high value 13 is a
potential outlier > 0.05 Hypothesis rejected

The test confirms that the two highest arsenic values (11 mg/kg and 8.4 mg/kg), the highest 
molybdenum value (1.2 mg/kg), and the highest uranium value (2.1 mg/kg) are statistically 
significant (p value <0.05). The statistically significant potential outlier values were further 
investigated by reviewing sample forms, field notes and laboratory reports. Field staff interviews 
and field notes indicated nothing abnormal about the locations where these samples were 
collected, and the laboratory dataset showed that no data quality flags were applied to these 
values that would call their accuracy into question.
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Therefore, while these four values are outside the interquartile range of their respective datasets 
(Figure 1B), do not appear to conform to their respective dataset distributions in the probability 
plots (Figure 3), and are deemed potential statistical outliers by Dixon's Test, these values were 
not removed from the BG-3 datasets because they are considered representative of the natural 
variation at BG-3, and no scientific reason was found to justify removing them from their 
respective datasets. However, descriptive statistics were calculated with and without these 
values for comparison (Section 3.3.1).

3.1.4 Potential Gamma Data Outliers

In the Figure 2B boxplot, one gamma survey potential outlier value is shown for the BG-3 dataset.
When viewed in the probability plot in Figure 4, the value appears to conform to the general 
distribution of the BG-3 gamma dataset (i.e., the data forms a straight line). Because the number 
of values in the BG-3 gamma dataset is >30, Dixon’s Test was not appropriate for testing 
potential outliers. Instead, because the values appear to be generally normally distributed, it 
was appropriate to identify potential outliers using Z, t and chi squared scoring methods at the 
95% confidence level. These tests were performed in the 'Outliers' package in R (Lukasz Komsta, 
2011), and the results are summarized in Table 2. The R programming language complements 
ProUCL in its ability to provide more meaningful and useful graphics and summarizes the results 
equivalent to ProUCL. Because ProUCL and R packages follow similar statistical procedures, the 
results are comparable. The interquartile range evaluation (values outside 1.5 times the 
interquartile range) results are also provided in Table 2.

Table 2. Potential Gamma Outlier Interquartile Range, Z Score, t Score and Chi Squared Score 
Results

Value 
(cpm) Interquartile Range Result Z Score Result t Score Result Chi Sq Score Result

10,663 High Potential Outlier Potential Outlier Potential Outlier

Cpm Counts per minute

This single potential outlier value represents 0.4 percent of the 235 result dataset. Nothing in the
field notes or the gamma data records indicates a scientific reason (e.g., data handling error
and equipment malfunction) for this value to be excluded from the dataset, and there is no 
record of anomalous soil or other material at BG-3. Therefore, this value is considered 
representative of the natural variation present at the BG-3 area, and there is no basis to remove 
the value from the BG-3 gamma dataset. However, descriptive statistics were calculated with 
and without this value for comparison (Section 3.3.2).

Potential outlier values in the gamma dataset for the Survey Area appear in the Figure 2A
boxplot. However, because of the non-linear shape and continuous distribution of gamma 
results shown in the probability plot in Figure 4, these values are thought to be representative of 
the heterogeneous nature of radioactive materials within the Survey Area and are not outlier 
values. Indeed, Figure 4-1 of the RSE Report shows that while gamma results for the majority of 
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the Survey Area are within the range of background, localized areas of elevated gamma results 
associated with mineralized areas are also present.

3.2 COMPARE DATA POPULATIONS

Group comparison analyses provide insight into the relative concentrations of constituents 
between a background reference area and the Survey Area. Observations made during these 
analyses may indicate the need for further evaluation or discussion regarding the influence of 
potential outlier values, and the use of background data. For instance, if two or more 
background reference areas were determined to be statistically similar to each other, these 
data could be combined to calculate more robust statistics (not a factor in this evaluation, as 
one background reference area was selected to represent the Survey Area). Alternatively, 
testing of this kind may reveal background concentrations statistically higher than 
corresponding Survey Area concentrations, requiring additional interpretation or modifications in 
the use of background reference area datasets. Finally, results of these evaluations are a 
component of determining background reference area representativeness, though statistical 
comparisons are not the only factors to be considered in judging representativeness. Factors 
such as geologic materials, topographic gradient, distance from the site being represented, 
wind direction and non-impacted condition are all important to the selection of background 
reference areas.

Group comparisons, therefore, are considered instructive as a component of the overall 
evaluation of soil sample and gamma radiation survey results collected from BG-3 and the 
Survey Area. Relative data distributions were investigated by evaluating the boxplots and 
probability plots in Figures 1A through 4, and by hypothesis testing with the non-parametric 
Mann-Whitney test, as applicable.

3.2.1 Evaluation of Boxplots

3.2.1.1 Soil Sample Boxplots

When interpreting the soil sample boxplots in Figure 1B, it is important to note that samples at BG-
3 were collected randomly, while samples in the Survey Area were collected judgmentally.
Observations from the boxplots in Figure 1B indicate:

Arsenic. Arsenic results appear elevated in the Survey Area with respect to BG-3.

Molybdenum. Molybdenum results appear elevated in the Survey Area with respect to BG-3.

Ra-226. Ra-226 results appear elevated in the Survey Area with respect to BG-3.

Selenium. All results for selenium in BG-3 are non-detect.

Uranium. Uranium results appear elevated in the Survey Area with respect to BG-3.
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Vanadium. Vanadium results appear slightly elevated in the Survey Area with respect to BG-
3, though the boxplots in Figure 1A mostly overlap as a result of larger variance in the Survey 
Area vanadium results.

3.2.1.2 Gamma Radiation Boxplots and Probability Plots

The boxplot comparison in Figures 2A and 2B suggests that median and interquartile range 
values are similar between BG-3 and the Survey Area. Gamma radiation data distributions 
between BG-3 and the Survey Area are not similar (normal vs. non-normal, respectively). These 
observations are verified in Section 3.2.2 using the non-parametric Mann-Whitney test.

3.2.2 Mann-Whitney Testing

The Mann-Whitney test (Bain and Engelhardt, 1992) is a nonparametric test used for determining 
whether a difference exists between two or more population distributions. This test is also known 
as the Wilcoxon Rank Sum (WRS) test. This test evaluates whether measurements from one 
population consistently tend to be larger (or smaller) than those from another population. This 
test was selected over other comparative tests such as the Student’s t test and analysis of 
variance (ANOVA) because it remains robust in the absence of required assumptions that these 
two tests require such as normally distributed data and equality of variances.

Soil samples at BG-3 were collected randomly, while soil samples in the Survey Area were 
collected judgmentally (see Section 3.1). Mann-Whitney testing is not appropriate for 
comparative analysis if one or both groups contain data collected using a judgmental
approach. Therefore, the Mann-Whitney test was not performed for soil sample data between 
BG-3 and the Survey Area. Gamma radiation data, however, do represent non-judgmental
sampling, and so the Mann-Whitney test was appropriate for comparison between BG-3 and the 
Survey Area (Table 3). Therefore, the test was performed 2-sided on the BG-3 and Survey Area 
gamma radiation data. The two-sided test accounts for results from one group being lower or 
higher than any other group (i.e., the hypothesis tested is whether two groups differ, 
independent of which group is higher). A test result p-value of 0.05 or smaller indicates that a 
significant difference exists between any two groups that are compared. Results of Mann-
Whitney testing are presented in Table 3.

Table 3. Summary of Gamma Survey Mann-Whitney Test Results

Comparison p_Value Description
Background Reference Area 3 (BG-3) vs Survey Area <0.05 Significant Difference

Background Reference Area 3 (BG-3) vs Background Reference Area 3 (BG-3) 
Potential Outlier Excluded 0.937 No Significant Difference

Background Reference Area 3 (BG-3) Potential Outlier Excluded vs Survey 
Area <0.05 Significant Difference
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The results of the Mann-Whitney testing on gamma radiation survey results in Table 3 indicate the 
following:

Gamma results are statistically elevated in the Survey Area with respect to BG-3. This result is 
likely due to the presence of radiation coincident with historic mining activity and waste piles 
in the northwest portions of the Survey Area. In addition, BG-3 may not fully represent the 
degree of natural mineralization present at the Survey Area (see RSE Report Section 3.2.2.2 
and Appendix D.1). This latter point does not prohibit use of the gamma ILs calculated from 
BG-3, but this observation should be considered as Site conditions are further evaluated for 
remediation.

The inclusion or removal of potential outlier values has no effect on the results of the Mann-
Whitney test between BG-3 and the Survey Area (i.e., there is a statistically significant 
difference in gamma results between BG-3 and the Survey Area with and without potential 
outlier values included).

3.3 DESCRIPTIVE STATISTICS

Descriptive statistics, including the upper confidence limit (UCL) of the mean and the 95-95
upper tolerance limit (UTL), were calculated from gamma survey data and soil sample results. 
Descriptive statistics are important for any data evaluation to present the basic statistics of a 
dataset with regards to its limits (maximum and minimum), central tendencies (mean and 
median) as well as data dispersion (coefficient of variance). The ILs for the Site also are taken 
from the descriptive statistics, namely the 95-95 UTL. The UTL value is selected by ProUCL as the 
maximum value in the dataset when the data are determined to be non-parametric. The 
parameters and constituents evaluated include gamma radiation, arsenic, molybdenum, 
selenium, uranium, vanadium, and Ra-226.

Statistics were calculated using Environmental Protection Agency (EPA) ProUCL version 5.1 
software. Statistical methodology employed by the software is documented in the ProUCL 
Version 5.1 Technical Guide Statistical Software for Environmental Applications for Data Sets with 
and without Nondetect Observations (EPA, 2015). In the case of non-detect results, ProUCL does 
not recommend detection limit substitution methods (e.g., 1/2 the detection limit), considering 
these methods to be imprecise and out of date (EPA, 2015). The software instead calculates 
descriptive statistics for the detected results only, and follows various methods accordingly to 
calculate UCL and UTL values based on the percentage of non-detect results present in the 
dataset and on the distribution of the data (i.e., normal, lognormal, gamma, or unknown 
distribution).

Descriptive statistics for soil samples and gamma radiation survey results have been calculated 
with and without the potential outlier values previously identified, as applicable. Select 
descriptive statistics for these constituents are presented in Tables 4 and 5.

3.3.1 Soil Sample Analytical Results Summary
Table 4 presents the descriptive statistics output from the ProUCL software for the soil sample 
results.
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Table 4. Summary of Soil Sampling Results

Area Statistic Arsenic (mg/kg) Molybdenum (mg/kg) Selenium (mg/kg) Uranium (mg/kg) Vanadium (mg/kg) Radium-226 (pCi/g)

Background Reference Area 3 (BG-3) All Data

Total Number of 
Observations 11 11 11 11 11 11

Percent Non-Detects -- -- 100% -- -- --
Minimum¹ 1.40 0.320 -- 0.630 4.80 0.780

Minimum Detect² -- -- -- -- -- --
Mean¹ 4.02 0.619 -- 0.975 6.88 1.29

Mean Detects² -- -- -- -- -- --
Median¹ 3.00 0.530 -- 0.830 5.60 1.24

Maximum¹ 11.0 1.20 -- 2.10 13.0 2.05
Maximum Detect² -- -- -- -- -- --

Distribution Lognormal Gamma Not Calculated Gamma Normal Normal
Coefficient of Variation¹ 0.735 0.399 -- 0.418 0.367 0.324

UCL Type 95% H-UCL 95% Adjusted Gamma 
UCL Not Calculated 95% Adjusted Gamma 

UCL 95% Student's-t UCL 95% Student's-t UCL

UCL Result 6.16 0.795 Not Calculated 1.24 8.26 1.52
UTL Type UTL Lognormal UTL Gamma WH -- UTL Gamma WH UTL Normal UTL Normal
UTL Result 17.8 1.45 -- 2.23 14.0 2.47

Background Reference Area 3 (BG-3) Excluding Potential Outliers³

Total Number of 
Observations 9 10 -- 10 -- --

Minimum¹ 1.40 0.320 -- 0.630 -- --
Mean¹ 2.76 0.561 -- 0.863 -- --

Median¹ 2.90 0.525 -- 0.815 -- --
Maximum¹ 4.20 0.930 -- 1.20 -- --
Distribution Normal Normal -- Normal -- --

Coefficient of Variation¹ 0.284 0.291 -- 0.201 -- --
UCL Type 95% Student's-t UCL 95% Student's-t UCL -- 95% Student's-t UCL -- --
UCL Result 3.24 0.656 -- 0.964 -- --
UTL Type UTL Normal UTL Normal -- UTL Normal -- --
UTL Result 5.13 1.04 -- 1.37 -- --

Survey Area

Total Number of 
Observations 15 15 15 15 15 15

Percent Non-Detects -- -- 93% -- -- --
Minimum¹ 1.20 0.700 -- 0.800 3.60 0.540

Minimum Detect² -- -- 1.30 -- -- --
Mean¹ 8.09 4.55 -- 33.2 8.75 20.5

Mean Detects² -- -- 1.30 -- -- --
Median¹ 4.00 2.50 -- 6.20 6.40 3.59

Maximum¹ 40.0 18.0 -- 260 26.0 147
Maximum Detect² -- -- 1.30 -- -- --

Distribution Lognormal Gamma Not Calculated Unknown Gamma Gamma
Coefficient of Variation¹ 1.27 1.01 -- 2.16 0.624 1.92

UCL Type 95% H-UCL 95% Adjusted Gamma 
UCL Not Calculated 99% Chebyshev (Mean, 

Sd) UCL
95% Adjusted Gamma 

UCL
95% Adjusted Gamma 

UCL
UCL Result 15.8 7.43 Not Calculated 218 11.6 49.1
UTL Type UTL Lognormal UTL Gamma WH -- UTL Non-Parametric UTL Gamma WH UTL Gamma WH
UTL Result 59.3 20.4 Not Calculated 260 24.2 148

¹ This statistic is reported by ProUCL when the dataset contains 100 percent detections.
² This statistic is reported by ProUCL when non-detect values exist in the dataset. The value reported is calculated using detections only.
³ No potential outlier values were identified for selenium (100 percent non-detect), vanadium or Ra-226 in this area.
CV Coefficient of variation
KM Kapplan Meier
mg/kg Milligrams per kilogram
-- Not applicable
pCi/g Picocuries per gram
WH Wilson Hilferty

Note
The UTL result that is shown on the table is based on the output from ProUCL. ProUCL evaluates the data and provides all possible UCLs from its UCL module for three possible data distributions, then identifies a 
recommended UCL value. ProUCL does not identify a recommended UTL value. The UTLs are therefore based on the distribution of the recommended UCL. Please refer to ProUCL Version 5.1 Technical Guide 
Statistical Software for Environmental Applications for Data Sets with and without Non-detect Observations (EPA, 2015) for further information

()stantiec 
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As described in Section 3.2.1.1, arsenic, molybdenum, uranium, vanadium and Ra-226 results 
appear elevated in the Survey Area relative to BG-3. Selenium results were 93% non-detect in 
the Survey Area and all non-detect in BG-3. However, an important consideration when 
comparing concentrations of metals and Ra-226 between BG-3 and the Survey Area is that the 
background reference area was selected to be representative of the geology present in the 
region around the Site, whereas the Site was selected as a mine claim because it is in an area of 
mineralized bedrock likely to have localized, naturally elevated uranium concentrations (see RSE 
Report Section 3.2.2.2).

In addition, soil sampling for metals and Ra-226 in the background reference area was 
conducted in a random manner, whereas soil sampling for metals and Ra-226 in the Survey Area 
was performed judgmentally. As a result of this sampling approach, it is not surprising that some 
metals and Ra-226 concentrations in the Survey Area appear to be elevated relative to 
concentrations in BG-3. It should be noted, however, that concentrations of several of the 
metals measured in the Survey Area are within the range of metals concentrations typically 
observed in Western US soils (United States Geological Survey [USGS], 1984): 

Arsenic (mean = 5.5 mg/kg; range <0.10 – 97 mg/kg) 

Molybdenum (mean = 0.85 mg/kg; range <3 – 7 mg/kg) 

Selenium (mean = 0.23 mg/kg; range <0.1 – 4.3 mg/kg)

Uranium (mean = 2.5 mg/kg; range 0.68 – 7.9 mg/kg)

Vanadium (mean = 70 mg/kg; range 7 – 500 mg/kg)

A regional background concentration is not available for Ra-226, though concentrations of Ra-
226 are expected to track with uranium concentrations.

As shown in Table 4, maximum detected concentrations of arsenic, selenium and vanadium in 
the Survey Area are within typical ranges reported for Western US soils. Exceptions to the above 
are molybdenum, uranium and Ra-226; elevated concentrations of these constituents in the 
Survey Area are likely attributable to residual uranium concentrations and Ra-226 activities 
associated with mining activity and the historic waste piles in the northwest portions of the Survey 
Area, as well as a higher degree of natural mineralization within the Survey Area relative to BG-3.

3.3.2 Gamma Radiation Results Summary

Table 5 presents the descriptive statistics output from the ProUCL software for the gamma 
radiation survey results.
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Table 5. Summary of Walk-over Gamma Results

Area Statistic Gamma (cpm)

Background Reference Area 3 (BG-3) All Data

Total Number of Observations 235
Minimum 6,662

Mean 8,585
Median 8,606

Maximum 10,663
Distribution Normal

Coefficient of Variation 0.089
UCL Type 95% Student's-t UCL
UCL Result 8,667
UTL Type UTL Normal
UTL Result 9,975

Background Reference Area 3 (BG-3) Excluding 
Potential Outliers

Total Number of Observations 234
Minimum 6,662

Mean 8,576
Median 8,606

Maximum 10,323
Distribution Normal

Coefficient of Variation 0.088
UCL Type 95% Student's-t UCL
UCL Result 8,657
UTL Type UTL Normal
UTL Result 9,947

Survey Area

Total Number of Observations 40,738
Minimum 4,427

Mean 10,568
Median 9,383

Maximum 163,071
Distribution Normal

Coefficient of Variation 0.511
UCL Type 95% Student's-t UCL
UCL Result 10,611
UTL Type UTL Normal
UTL Result 19,512

cpm Counts per minute
WH Wilson Hilferty

As noted for metals and Ra-226 in Section 3.3.1, gamma results measured within the Survey Area 
appear to be elevated relative to gamma results measured in BG-3 because the background 
reference area was selected to represent the geology present in the region around the Site, 
whereas the Site was selected as a mine claim because it is in an area of mineralized bedrock 
with localized naturally elevated uranium concentrations. Therefore, it’s not surprising that 
gamma results within the Survey Area are higher than gamma results at BG-3. Elevated gamma 
results in portions of the Survey Area are attributable to historic waste piles, as well as a higher 
degree of natural mineralization within the Survey Area relative to BG-3.
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4.0 INVESTIGATION LEVELS

The calculated 95-95 UTL values described in Section 3.3 are used as the ILs for gamma 
measurement results and soil sampling results because they reflect the natural variability in the 
background data, and provide an upper limit from background data to be used for single-point 
comparisons to Survey Area data. The calculated ILs are summarized below.

The ILs for analytical results of soil samples and gamma radiation results in the Survey Area are 
based on the 95-95 UTL values calculated for BG-3, as presented in Tables 4 and 5 in Section 3.3.
IL values are as follows:

Arsenic (mg/kg): 17.8

Molybdenum (mg/kg): 1.45

Selenium (mg/kg): None (all results non-detect)

Uranium (mg/kg): 2.23

Vanadium (mg/kg): 14.0

Ra-226 (pCi/g): 2.47

Gamma radiation measurements (cpm): 9,975
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1. INTRODUCTION AND PROJECT BACKGROUND
The federal Endangered Species Act (ESA) of 1973, 16 U.S.C. §1531 et seq., requires all federal 
departments and agencies to conserve threatened, endangered, and critical and sensitive species and 
the habitats on which they depend, and to consult with the U.S. Fish and Wildlife Service (USFWS) on all 
actions authorized, funded, or carried out by each agency to ensure that the action will not likely 
jeopardize the continued existence of any threatened and endangered species or adversely modify critical 
habitat [USFWS 1998]. This report describes the potential for federal ESA-listed species and Navajo 
Nation Endangered Species List (NESL) endangered, threatened, candidate, or otherwise designated 
sensitive flora and fauna to occur in the proposed action area.  The action area with regard to the ESA is 
defined as any area that may be directly or indirectly impacted by the proposed action [50 CFR §402.02]. 
This report is intended to provide the responsible official with information to make determinations of effect 
on species with special conservation status.

As the result of settlement by the United States, the Navajo Nation AUM Environmental Response 
Trust—First Phase was established to evaluate certain abandoned uranium mines located across the 
Navajo Nation. The project requires investigation of these sites prior to potential remediation activities in 
the future. MWH Global, a division of Stantec (MWH), will conduct exploratory activities at the Harvey 
Blackwater No. 3 abandoned uranium mine (AUM) such as pedestrian gamma surveys, mapping, well 
sampling, and surface soil sampling within the mine claim boundaries and surrounding buffer zone. 
Subsequent earthwork and long term monitoring may be involved after final approval by the Navajo 
Nation Environmental Protection Agency (NNEPA) in conjunction with the U. S. Environmental Protection 
Agency (USEPA). 

In support of this project, MWH contracted Adkins Consulting, Inc. (ACI) to conduct surveys for ESA-listed 
fauna and Navajo Nation Endangered Species List (NESL) endangered, threatened, candidate, or 
otherwise designated sensitive fauna.  MWH contracted Redente Ecological Consultants (Redente) to 
conduct surveys for NESL and ESA-listed plant species.  The results of the 2016 Redente biological 
investigations will be incorporated in Sections 4.2 and 4.3 of this report and can be found in entirety 
attached as Appendix C. The objectives of the biological surveys were as follows:

To compile a list of ESA-listed or NESL species potentially occurring in the proposed action area.

To provide a physical and biological description of the proposed action area.

To determine the presence of ESA-listed or NESL species in the proposed action area. 

To assess potential impacts the proposed action may have on any ESA-listed or NESL species 
present in the area.

To assess potential impacts to species protected under the Migratory Bird Treaty Act (MBTA).

2. PROJECT DESCRIPTION

2.1. Location
Harvey Blackwater No. 3 is located in both Apache County, Arizona and San Juan County, Utah,
approximately 14 miles northwest of Mexican Water, Arizona at an elevation of approximately 4,772 feet.
Global Positioning System coordinates are 36o 59.980’ N by 109o 50.372’ W NAD 83. The site is located 
on Navajo Tribal Trust Lands within the Bureau of Indian Affairs (BIA) Tuba City Agency. The legal 
description of the project surface location is as follows: Section 3, Township 41 North, Range 23 East, 
Gila and Salt River Principal Meridian; and Section 32, Township 43 South, Range 19 East, Salt Lake 
Principal Meridian.  Project area maps are provided in Appendix A.  
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2.2. Estimated Disturbance
MWH proposes a phased approach to scientific investigations at the Harvey Blackwater No. 3 AUM. The
study area encompasses the claim boundary and a 100-foot perimeter buffer zone for a total of 
approximately 23.2 acres. Please refer to Appendix A for maps delineating the mine claim boundary and 
buffer zone.

The project will also include a walkover survey for gamma radiation across a small area known as the 
“background area”.  Please refer to Appendix A for a map of the background sample areas. A few soil 
samples approximately 3 inches in diameter and up to 6 inches deep will be collected by hand in these 
areas. 

Phase I: Spring of 2016 activity would entail pedestrian biological surveys and land surveying. 
Fall of 2016 work would entail pedestrian activity including gamma surveys, mapping, well 
sampling, and surface soil sampling. In 2016 there will be a maximum of 5 people onsite for no 
more than 5 to 7 days. Surface disturbance would be minimal and noise would be light.

Phase II: Beginning in 2017, equipment including an excavator or small mobile drilling unit may 
be used to collect one or more soil samples. Up to 8 people may be onsite all day for a period of 
one week. Equipment travel would be confined to a temporary travel corridor approximately 20 
feet in width. Within the travel corridor, vegetation and surface soil would sustain some 
disturbance but would not be bladed or bulldozed. During Phase II, noise may be moderate for a 
short duration, and surface disturbance will be light to moderate but confined to a minimal 
footprint within the study area. No permanent structures will be left on site.

3. AFFECTED ENVIRONMENT
3.1. Proposed Project Area (PPA)
The proposed project area (PPA) at Harvey Blackwater No. 3 includes the mine boundary and a 100-foot 
perimeter buffer zone for a total of approximately 23.2 acres. The affected environment or action area 
includes any area that may be directly or indirectly impacted by the proposed activities. Project area 
maps are provided in Appendix A.   

3.1.1. Environmental Setting 
Project activities would occur in northern Arizona / Southern Utah located within the USEPA designated 
Colorado Plateau Level III Ecoregion. The Colorado Plateau ecoregion is located Utah and Colorado with 
extensions in New Mexico and Arizona. It has an area of 32,387 square miles. The Colorado Plateau is 
an uplifted, eroded, and deeply dissected tableland. Its benches, mesas, buttes, salt valleys, cliffs, and 
canyons are formed in and underlain by thick layers of sedimentary rock. The ecoregion has a broad 
latitudinal range, from the Uinta Basin in the north to the arid canyon lands along the border of Arizona 
and New Mexico.

Harvey Blackwater No. 3 is situated in gently rolling sagebrush terrain between Genevieve’s Arch and 
Yazzie Mesa to the southwest and Garnet Ridge to the east. Small weathered sandstone outcrops are 
located just west and southwest of the PPA boundary, and Indian Service Route 6440 as well as several 
other dirt roads are located within 1000 feet of the site.

Flora
Vegetation communities found within the region include shrublands with big sagebrush, rabbitbrush, 
winterfat, shadscale saltbush, and greasewood; and grasslands of blue grama, Western wheatgrass, 
green needlegrass, and needle-and-
woodlands. The Harvey Blackwater No. 3 site is sparsely vegetated shrubland with patches of bare 
ground and previous disturbance.
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Fauna
Wildlife or evidence of wildlife observed within the PPA included common raven (Corvus corax) and
cottontail rabbit (Sylvilagus sp.). No signs of consistent raptor use such as whitewash or nests were 
observed.  No prairie dog (Cynomys sp.) burrows were recorded within the PPA or immediate vicinity.
Further analysis of sensitive species can be found in Section 4 of this document.

Hydrology/Wetlands
Under Executive Orders 11988 and 11990, Federal agencies are required to minimize the destruction, 
loss, or degradation of wetlands and floodplains, and preserve and enhance their natural and beneficial 
values. These habitats should be conserved through avoidance, or mitigated to ensure that there would 
be no net loss of wetlands function and value. 

Run-off from precipitation in the project area generally drains into Cane Valley Wash approximately 1.3 
miles south of the PPA. Cane Valley Wash joins the San Juan River near Mexican Hat, Utah
approximately 12 miles northwest of the PPA. The nearest perennial / intermittent water source is Chinle 
Creek, approximately 7.5 miles east of the PPA. There are no wetlands, seeps, springs, or riparian areas 
within the proposed project area.  The proposed project activities would contribute to a negligible increase 
in sedimentation down gradient of the project area. This increase is not anticipated to be a factor due to 
the distance from perennial waters. There is no suitable habitat for ESA-listed fish, nor critical habitats 
thereof, within 12 miles of the PPA.  

Cumulative impacts to surface waters would be negligible. Surface-disturbing activities other than the 
proposed action that may cause accelerated erosion include, but are not limited to, construction of roads, 
other facilities, and installation of trenches for utilities; road maintenance such as grading or ditch-
cleaning; public recreational activities; vegetation manipulation and management activities; natural and 
prescribed fires; and livestock grazing.  Because the proposed action would have a negligible impact to 
downstream surface water quality, the cumulative impact also would be negligible when added to other 
past, present, and reasonably foreseeable activities.

4. THREATENED, ENDANGERED, AND SENSITIVE SPECIES
EVALUATION

The Endangered Species Act (ESA) of 1973 requires all federal departments and agencies to conserve 
threatened, endangered, and critical and sensitive species and the habitats on which they depend, and to 
consult with the U.S. Fish and Wildlife Service (USFWS) on all actions authorized, funded, or carried out 
by the agency to ensure that the action will not likely jeopardize the continued existence of any 
threatened and endangered species or adversely modify critical habitat.

4.1. Methods
4.1.1. Off-site Methods
Prior to conducting fieldwork, ACI compiled data on animal species listed under the ESA. Informal 
consultation was initiated by requesting an Official Species List from the USFWS Information, Planning, 
and Conservation System (IPaC) website (http://ecos.fws.gov/ipac/). ACI received the Official Species 
Lists (02EAAZ00-2016-SLI-0356 and 06E23000-2016-SLI-0207) on April 7, 2016. See Table 1 for 
USFWS-listed threatened, endangered, or candidate species with potential to occur in the PPA.

The Navajo Nation Department of Fish and Wildlife (NNDFW), Navajo Natural Heritage Program (File # 
15mwh101) sent MWH a NESL information letter dated 29 December, 2015. The letter suggests 
biologists determine habitat suitability within the project area for the provided list of species of concern 
with potential to occur on the 7.5-minute quadrangles containing the project boundaries. The Navajo 
species of concern listed in the NESL information letter are included in Table 2.a below. 
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In addition to the above listed species, ACI reviewed species protected under the MBTA with potential to 
occur in the proposed project and action area (Table 3).

4.1.2. On-site Survey Methods
An on-site pedestrian survey was conducted in March 2016 by ACI personnel under a permit issued by 
NNDFW. The purpose of the survey was to assess habitat potential for ESA-listed or NESL animal
species. Field biologists with considerable experience identifying local wildlife species lead survey crews. 
The survey consisted of walking transects ten feet apart throughout the PPA including a survey buffer of 
approximately 50 feet beyond the PPA edge of disturbance. The surrounding areas were visually 
inspected with binoculars for nests, raptors, or past signs of raptor use.  Weather conditions were clear 
with a slight breeze.  All plant and wildlife species observed in the action area were recorded, and digital
photos were taken (Appendix B).

Redente conducted surveys for plant species of concern. The results of the 2016 Redente biological 
investigations will be incorporated in Sections 4.2 and 4.3 of this report and can be found in entirety 
attached as Appendix C.

4.2. ESA-Listed Species Analysis and Results
4.2.1. Species from the USFWS IPaC Official Species List
Table 1 includes ESA-listed species that have the potential to occur in the project area based on the 
USFWS IPaC Official Species List.  Biologists evaluated habitat suitability within and surrounding the 
PPA for the species in Table 1.

Table 1: USFWS Species List for the Harvey Blackwater No. 3 Project

Species Status Occurrence 
Within Region Habitat Potential to Occur 

within Action Area 
BIRDS

Southwestern 
Willow Flycatcher
(Empidonax traillii 
extimus)

Endangered 
with 
Designated 
Critical 
Habitat

Summer/breeding 
range.2

Breeds in dense riparian 
habitat.2

No potential. Action 
area does not provide 
suitable habitat for 
species to occur.

Mexican spotted 
owl
(Strix occidentalis 
lucida)

Threatened 
with 
Designated 
Critical 
Habitat

Year-round 
range.1

Mixed conifer forests.  
Typically where unlogged, 
uneven-aged, closed-canopy 
forests occur in steep 
canyons.1

No potential. Action 
area does not provide 
suitable habitat for 
species to occur.

Western Yellow-
Billed Cuckoo 
(Coccyzus 
americanus)

Threatened
Possible rare 
summer/breeding 
occurrences.2

In the southwestern U.S., 
associated with riparian 
woodlands dominated by 
cottonwood or willow trees.  
In New Mexico, native or 
exotic species may be used.2

No potential. Action 
area does not provide 
suitable habitat for 
species to occur.
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Table 1: USFWS Species List for the Harvey Blackwater No. 3 Project

Species Status Occurrence 
Within Region Habitat Potential to Occur 

within Action Area 

California condor
(Gymnogyps
californianus)

Experimental
Population, 
NonEssential

In northern 
Arizona, condors 
are located 
primarily near the 
Vermilion cliffs, 
Grand Canyon
and Coconnino 
County.3

Large areas of remote 
country for foraging, 
roosting, and nesting. Roost 
on large trees or snags, or on 
isolated rocky outcrops and 
cliffs. Nests are located in 
shallow caves and rock
crevices on cliffs where there 
is minimal disturbance. 
Foraging habitat includes 
open grasslands and oak 
savanna foothills that support 
populations of large 
mammals such as deer and 
cattle.1

No potential. Action 
area does not provide 
suitable habitat for 
species to occur.

Gunnison sage-
grouse
(Centrocercus
minimus)

Threatened Utah population is 
near Monticello1

Sagebrush with a diversity of 
grasses and forbs and healthy 
wetland and riparian 
ecosystems. Requires 
sagebrush for cover and fall 
and winter food.

No potential. Action 
area does not provide 
suitable habitat for 
species to occur. 
Significant 
sagebrush, diverse 
forbs, grasses and 
wetland habitat is 
lacking. Previous 
disturbance in the 
area is also a limiting 
factor. 

FISHES

Roundtail chub
(Gila robusta)

Proposed 
Threatened

San Juan and 
Mancos Rivers. 
Rarely found in 
recent surveys; 
some found from 
Shiprock to near 
Lake Powell with 
most between 
Shiprock and 
Aneth. 2,3

Rocky runs, rapids, and pools 
of creeks and small to large 
rivers; also large reservoirs in 
the upper Colorado River 
system.2

No potential. No 
perennial waters in 
or near the PPA. 
Action area is within 
the San Juan River 
watershed; however, 
negligible effects 
from the project to 
any drainage system 
are expected. 
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Table 1: USFWS Species List for the Harvey Blackwater No. 3 Project

Species Status Occurrence 
Within Region Habitat Potential to Occur 

within Action Area 

Colorado 
pikeminnow
(Ptychocheilus
lucius)

Endangered

Upper Colorado 
River from WY to 
NM. On the 
Navajo Nation 
documented 
throughout the 
San Juan River 
(SJR), from 
Shiprock to Lake 
Powell; mouth of 
the Mancos River 
used during
spring runoff.3

Backwaters and flooded
riparian areas during spring 
runoff, and migrate large 
distances (15-64 km in the 
SJR) to spawn in riffle-run 
areas with cobble/gravel 
substrates. Young-of-year use 
warm backwaters along 
shorelines. Irrigation canals 
and ponds connected to SJR 
may be potential habitat.3

No potential. No 
perennial waters in 
or near the PPA. 
Action area is within 
the San Juan River
watershed; however, 
negligible effects 
from the project to 
any drainage system 
are expected.

Zuni Bluehead 
Sucker 
(Catostomus 
discobolus 
yarrowi)

Endangered

Native to 
headwater streams 
of the Little 
Colorado River in 
east-central AZ 
and west-central 
NM; current 
range in NM is 
limited to the 
upper Río Nutria 
drainage.2

Low-velocity pools and pool-
runs with seasonally dense 
perilithic and eriphytic algae, 
particularly shady, 
cobble/boulder/bedrock 
substrates in streams with 
frequent runs and pools.2

No potential. Action 
area does not provide 
suitable habitat for 
species to occur. 

Greenback 
Cutthroat trout
(Oncorhynchus 
clarki stomias)

Threatened San Juan County  
Utah1

Cold water streams and cold 
water lakes with adequate 
stream spawning habitat 
present during spring. 
Generally require clear, cold, 
well-oxygenated water.1

No potential. No 
perennial waters in 
or near the PPA. 
Action area is within 
the San Juan River 
watershed; however, 
negligible effects 
from the project to 
any drainage system 
are expected.

Razorback sucker
(Xyrauchen
texanus)

Endangered
Known to occur 
in San Juan 
River.2

Slow areas, backwaters, and 
eddies of medium to large 
rivers and their impound-
ments. Often associated with 
sand, mud, and rock substrate 
in areas with sparse aquatic 
vegetation, where 
temperatures are moderate to 
warm.2

No potential. No 
perennial waters in
or near the PPA. 
Action area is within 
the San Juan River 
watershed; however, 
negligible effects 
from the project to 
any drainage system 
are expected.

PLANTS
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Table 1: USFWS Species List for the Harvey Blackwater No. 3 Project

Species Status Occurrence 
Within Region Habitat Potential to Occur 

within Action Area 

Navajo sedge
(Carex specuicola) Threatened

From the Navajo 
Creek drainage in 
Coconino Co, east 
to the Tsegi 
Canyon
Watershed in 
Navajo Co, south 
to the Rock 
Point/Mexican 
Water & Canyon 
de Chelly 
National
Monument, 
Apache Co, AZ 
area. Also known 
from Chinle 
Creek, San Juan 
Co, UT.3

Typically found in seeps and 
hanging gardens, on vertical 
sandstone cliffs and alcoves. 
Known populations occur 
from 4600ft to 7200ft.3

No potential. Action 
area does not provide 
suitable habitat for 
species to occur. No 
species found during 
the 2016 Redente 
surveys.5

Welsh's milkweed
(Asclepias welshii) Threatened

In Apache 
County, from  
Kayenta east to 
highway 191and 
north to the Utah 
boarder.1

Coral pink sand dunes.1

No potential. Action 
area does not provide 
suitable habitat for 
species to occur. No 
species found during 
the 2016 Redente 
surveys.5

MAMMALS

Black-Footed ferret
(Mustela nigripes)

Experimental
Population, 
Non-
Essential

Reintroduced into 
Coconino
County.1

Open habitat, including 
grasslands, steppe, and shrub 
steppe.  Closely associated 
with prairie dog colonies.  At 
least 40 hectares of prairie 
dog colony required to 
support one ferret.2

No potential. Action 
area does not provide 
suitable habitat for 
species to occur.
Action area does not 
provide prairie dog 
colonies of sufficient 
size

Gray wolf (Canis 
lupus)

Proposed 
Experimental
Population, 
NonEssential

In NE AZ, South 
of Hwy 60 in 
Apache, 
Coconino, and 
Navajo County; 
In NW NM, south 
of I-40 in Cibola, 
McKinley and 
Catron County.2

Not limited to any particular 
habitat type. Viable 
populations occur only where 
human population density 
and persecution level are low 
and prey densities are high.
Birthing dens may be on 
bluffs or slopes among rocks 
or in enlarged badger holes. 
In Arizona and New Mexico,
diet includes primarily elk 
and sometimes livestock, 
deer, rodents, or 
lagomorphs.2

No potential. Action 
area is outside of 
range for this species. 
No dens suitable for 
this species were 
found in the action 
area. Lack of prey 
density also a 
limiting factor.

REPTILES
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Table 1: USFWS Species List for the Harvey Blackwater No. 3 Project

Species Status Occurrence 
Within Region Habitat Potential to Occur 

within Action Area 

Northern Mexican 
gartersnake
(Thamnophis eques 
megalops)

Threatened

Most of AZ; In 
SE NM including 
Carton, Grant and 
Hildago County 2

Considered a riparian 
obligate except during 
dispersal behavior.  Occurs 
chiefly in the following 
general habitat types: (1) 
Source-area wetlands [e.g., 
cienegas (mid-elevation 
wetlands with highly organic, 
reducing (basic or alkaline) 
soils), stock tanks (small 
earthen impoundment, etc.]; 
(2) large river riparian 
woodlands and forest; and 
(3) streamside gallery forests 
(as defined by well-
developed broadleaf 
deciduous riparian forests 
with limited, if any, 
herbaceous ground cover or 
dense grass). Occurs at
elevations from 130 to 8,497 
(ft).

No potential. Action 
area does not provide 
suitable habitat for 
species to occur.

1USFWS; 2NatureServe Explorer; 3Navajo Endangered Species List, Species Accounts 2008, 4 IUCN Red List, 
5Redente 2016

4.2.2. ESA-Listed Species Eliminated From Further Consideration
Table 1 includes fifteen (15) ESA-listed species that may occur in the project area based on the USFWS 
IPaC Official Species Lists. All of the species in Table 1 have been eliminated from further discussion in
this report. None of the species in Table 1 were observed during surveys of the proposed project area or 
immediate surroundings.

4.3. NESL Species Analysis and Results
4.3.1. Navajo Endangered Species List (NESL) and Species of Concern
Table 2.a lists species of concern with potential to occur on the 7.5-minute quadrangle(s) containing the 
project boundaries. According to the NESL information letter received from the NFWD found in Appendix 
D, Golden eagle (Aquila chrysaetos) are known to occur within 1-mile of the project site and Parish's 
Alkali Grass (Puccinellia parishii) within 3-miles of the project site. Biologists evaluated the potential for 
species of concern listed in the table below to occur within the project area.

Additionally, the NESL information letter requested that the potential for black-footed ferret (Mustela 
nigripes) be evaluated if prairie dog towns of sufficient size (per NFWD guidelines) occur in the project 
area, and that potential for Parish’s alkali grass (Puccinellia parishii) be evaluated if wetland conditions 
exist that contain white alkaline crusts. Species listed by the USFWS in Table 1 are not reiterated here.
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Table 2.a: Navajo Endangered Species List (NESL) and Species of Concern

Species Status Habitat Associations Potential to Occur in 
Project or Action Area

ANIMALS

Kit fox (Vulpes 
macrotis) NESL G4

Desert grassland or desert scrub w/ soft, 
alluvial or silty-clay soils often w/ 
sparse shrubs and grasses.3,4

No potential. Action area 
does not provide suitable 
habitat for species to occur.

Black-footed ferret
(Mustela nigripes)

USFWS 
Endangered

Open habitat, including grasslands, 
steppe, and shrub steppe.  Closely 
associated with prairie dog colonies.  At 
least 40 hectares of prairie dog colony
required to support one ferret.1

No potential. Action area 
does not provide suitable 
habitat for species to occur.
Action area does not provide 
prairie dog colonies of 
sufficient size 

Western burrowing 
owl
(Athene cunicularia 
hypugaea)

NESL G4

Open grasslands and sometimes other 
open areas (such as vacant lots).  Nests 
in abandoned burrows, such as those dug 
by prairie dogs.3,4

No potential. Action area 
does not provide suitable 
habitat for species to occur.

American peregrine 
falcon 
(Falco peregrinus)

NESL G4
NM-T

Nest in ledges or potholes on cliffs in 
wooded/forested habitats; Forage over 
riparian woodlands, coniferous & 
deciduous forests, shrublands, prairies.

No potential. Action area 
does not provide suitable 
habitat for species to occur.

Golden eagle
(Aquila chrysaetos) NESL G3

In the west, mostly open habitats in 
mountainous, canyon terrain. Nests 
primarily on cliffs.1,3

Action area provides suitable 
foraging habitat for species to 
occur.

PLANTS

Parish’s alkali grass 
(Puccinellia parishii)

NESL G4
NM-E

Alkaline springs, seeps, and seasonally 
wet areas that occur at the heads of 
drainages or on gentle slopes. 
Elevation: 2600-7200 feet.2,3

No potential. Action area 
does not provide suitable 
habitat for species to occur. 
No species found during the 
2016 Redente surveys.5

Rydberg's Thistle 
(Cirsium rydbergii) NESL G4

Hanging gardens, seeps and sometimes 
stream banks below hanging gardens, 
3300-6500 ft.3

No potential. Action area 
does not provide suitable 
habitat for species to occur. 
No species found during the 
2016 Redente surveys.5

Cave Primrose 
(Primula specuicola) NESL G4

Hanging gardens and occasionally 
streamsides below; mainly in alcoves in 
Entrada and Navajo Sandstone 
formations at 3500 to 7200ft. 3

No potential. Action area 
does not provide suitable 
habitat for species to occur. 
No species found during the 
2016 Redente surveys.5

Alcove Bog-orchid 
(Platanthera 
zothecina)

NESL G3

Seeps, hanging gardens, and moist 
stream areas from the desert shrub to 
pinion-juniper & Ponderosa pine/mixed 
conifer communities. Known 
populations occur between 4000 and 
7200ft elevation. 3

No potential. Action area 
does not provide suitable 
habitat for species to occur. 
No species found during the 
2016 Redente surveys.5

Alcove Death Camass 
(Zigadenus vaginatus) NESL G3

Hanging gardens in seeps and alcoves, 
mostly on Navajo Sandstone, 3700 –
6700ft. 3

No potential. Action area 
does not provide suitable 
habitat for species to occur. 
No species found during the 
2016 Redente surveys.5

9



Species Status Habitat Associations Potential to Occur in 
Project or Action Area

Species are listed by the NESL as; Group 2: Endangered (survival or recruitment in jeopardy); Group 3: 
Endangered (survival or recruitment in jeopardy in foreseeable future); and Group 4: Species of Consideration. 
NESL Species with New Mexico State Endangered or Threatened status are labeled as NM-T or NM-E.

Sources: Sources: 1New Mexico Natural Heritage Program 2010, 2NatureServe Explorer; 3Navajo Endangered Species 
List, Species Accounts 2008, 4 IUCN Red List, 5Redente 2016, 6 Hammerson et al 2004.

4.3.2. NESL Species Eliminated From Further Consideration
Table 2.a includes ten (10) NESL and Navajo Species of Concern that have the potential to occur in the 
project area based on general geographical association. The following species have been eliminated from 
further discussion in this report because the action area does not provide suitable habitat for them to 
occur:  Kit fox (Vulpes macrotis), Black-footed ferret (Mustela nigripes), Western burrowing owl (Athene 
cunicularia hypugaea), American peregrine falcon (Falco peregrinus), Parish’s alkali grass (Puccinellia 
parishii), Rydberg's Thistle (Cirsium rydbergii), Cave Primrose (Primula specuicola), Alcove death camass 
(Zigadenus vaginatus), and Alcove bog orchid (Platanthera zothecina). None of these species were 
observed during surveys of the proposed project area or immediate surroundings. There would be no 
direct, indirect or cumulative impacts to these species.

4.3.3. NESL Species Warranting Further Analysis
Table 2.b lists NESL and Navajo Species of Concern with potential to occur within the proposed project 
area based on habitat suitability or actual record of observation.

Table 2.b: NESL and Navajo Species of Concern Warranting Further Analysis

Species Status Habitat Associations Potential to Occur in 
Project or Action Area

ANIMALS

Golden eagle
(Aquila chrysaetos) NESL G3

In the west, mostly open habitats in
mountainous, canyon terrain. Nests 
primarily on cliffs.1,3

Action area provides suitable 
foraging habitat for species to 
occur.

Species are listed by the NESL as; Group 2: Endangered (survival or recruitment in jeopardy); Group 3: Endangered (survival 
or recruitment in jeopardy in foreseeable future); and Group 4: Species of Consideration. NESL Species with New Mexico 
State Endangered or Threatened status are labeled as NM-T or NM-E.

Sources: Sources: 1New Mexico Natural Heritage Program 2010, 2NatureServe Explorer; 3Navajo Endangered Species 
List, Species Accounts 2008, 4 IUCN Red List, 5Redente 2016, 6 Hammerson et al 2004.

4.4. Migratory Bird Species
The Migratory Bird Treaty Act (MBTA) implements various treaties and conventions between the U.S. and 
Canada, Japan, Mexico and the former Soviet Union for the protection of migratory birds.  Under the Act, 
taking, killing or possessing migratory birds is unlawful. 

The bald eagle (Haliaeetus leucocephalus) was delisted under the ESA on August 9, 2007. Both the bald 
eagle and golden eagle (Aquila chrysaetos) are still protected under the MBTA and Bald and Golden 
Eagle Protection Act (BGEPA). The BGEPA affords both eagles protection in addition to that provided by 
the MBTA, in particular, by making it unlawful to "disturb" eagles.
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In preparation for conducting the migratory bird survey, information from the New Mexico Partners In 
Flight website (http://www.hawksaloft.org/pif.shtml), the New Mexico PIF highest priority list of species of 
concern by vegetation type, the USFWS’s Division of Migratory Bird Management website 
(http://www.fws.gov/migratorybirds/), and the 2002 Birds of Conservation Concern Report for the 
Southern Rockies/Colorado Plateau Bird Conservation Region (BCR) No. 16, were used to develop a list 
of high priority migratory bird species with potential to occur in the area of the proposed action. Species 
addressed previously will not be reiterated here.

Table 3: Priority Birds of Conservation Concern with Potential to Occur in the Project Area

Species Name Habitat Associations Potential to Occur in the Project 
Area

Black-throated sparrow
(Amphispiza bilineata)

Xeric habitats dominated by open shrubs 
with areas of bare ground.

Suitable habitat is present within 
the action area for species to occur.

Brewer's sparrow
(Spizella breweri)

Closely associated with sagebrush, 
preferring dense stands broken up with 
grassy areas.

No suitable habitat is present within 
the action area for species to occur.

Gray vireo (Vireo vicinior)

Open stands of piñon pine and Utah 
juniper (5,800 – 7,200 ft) with a shrub 
component and mostly bare ground; 
antelope bitterbrush, mountain mahogany, 
Utah serviceberry and big sagebrush often 
present. Broad, flat or gently sloped 
canyons, in areas with rock outcroppings, 
or near ridge-tops. 

No suitable habitat is present within 
the action area for species to occur.

Loggerhead shrike (Lanius 
ludovicianus)

Open country interspersed with improved 
pastures, grasslands, and hayfields.  Nests 
in sagebrush areas, desert scrub, and 
woodland edges.

Suitable habitat is present within 
the action area for species to occur. 

Mountain bluebird (Sialia 
currucoides)

Open piñon-juniper woodlands, mountain 
meadows, and sagebrush shrublands; 
requires larger trees and snags for cavity 
nesting.

No suitable habitat is present within 
the action area for species to occur.

Mourning dove (Zenaida 
macroura)

Open country, scattered trees, and 
woodland edges. Feeds on ground in 
grasslands and agricultural fields.  Roost in 
woodlands in the winter.  Nests in trees or 
on ground.

Suitable habitat is present within 
the action area for species to occur.

Sage sparrow (Amphispiza 
belli)

Large and contiguous areas of tall and 
dense sagebrush.  Negatively associated 
with seral mosaics and patchy shrublands 
and abundance of greasewood.

No suitable habitat is present within 
the action area for species to occur. 

Sage thrasher (Oreoscoptes 
montanus) Shrub-steppe dominated by big sagebrush.

Marginal habitat is present within 
the action area for species to occur. 
Lack of significant sagebrush 
shrubland likely a limiting factor.

Scaled quail (Callipepla 
squamata)

Brushy arroyos, cactus flats, sagebrush or 
mesquite plains, desert grasslands, Plains 
grasslands, and agricultural areas. Good 
breeding habitat has a diverse grass 
composition, with varied forbs and 
scattered shrubs.

No suitable habitat present within 
the action area for species to occur. 
Lack of diverse grass composition 
with varied forbs likely a limiting 
factor.
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Swainson’s hawk (Buteo 
swainsoni)

A mixture of grassland, cropland, and 
shrub vegetation; nests on utility poles and 
in isolated trees in rangeland.  Nest 
densities higher in agricultural areas.

No suitable habitat present within 
the action area for species to occur.

Vesper sparrow (Pooecetes 
gramineus)

Dry montane meadows, grasslands, prairie, 
and sagebrush steppe with grass 
component; nests on ground at base of 
grass clumps.

No suitable habitat present within 
the action area for species to occur. 
Lack of significant grassland/prairie 
component a limiting factor.

Bald eagle (Haliaeetus 
leucocephalus)

Near lakes, rivers and cottonwood 
galleries.  Nests near surface water in large 
trees.  May forage terrestrially in winter

No suitable habitat present within 
the action area for species to occur.

Bendire’s thrasher 
(Toxostoma bendirei)

Typically inhabits sparse desert shrubland 
& open woodland with scattered shrubs; 
breeds in scattered locations in central & 
western portions of NM; most common in 
southwest NM.

Suitable habitat is present within 
the action area for species to occur.
However, likely out of species 
typical range.

Gymnorhinus 
cyanocephalus)

Foothills throughout CO and NM 
wherever large blocks of piñon-juniper 
woodland habitat occurs.

No suitable habitat present within 
the action area for species to occur.

Prairie falcon
(Falco mexicanus)

Arid, open country, grasslands or desert 
scrub, rangeland; nests on cliff ledges, 
trees, power structures.

Action area provides potential 
foraging habitat for species to 
occur.

Ferruginous hawk
(Buteo regalis)

Breed in open country, usually prairies, 
plains and badlands; semi- desert grass-
shrub, sagebrush-grass & piñon-juniper 
plant associations.

No suitable habitat present within 
the action area for species to occur.

Mountain plover 
(Charadrius montanus).

Typically nests in flat (<2% slope) to 
slightly rolling expanses of grassland, 
semi-desert, or badland, in an area with 
short, sparse vegetation, large bare areas 
(often >1/3 of total area), and that is 
typically disturbed (e.g. grazed); may also 
nest in plowed or fallow cultivation fields. 
Nest is a scrape in dirt often next to a grass 
clump or old cow manure pile. Migration 
habitat is similar to breeding habitat.

No suitable habitat present within 
the action area for species to occur.

5. EFFECTS ANALYSIS 
Effects or impacts can be either long term (permanent or residual) or short term (incidental or temporary). 
Short-term impacts affect the environment for only a limited period and then the environment reverts 
rapidly back to pre-action conditions. Long-term impacts are substantial and permanent alterations to the 
pre-existing environmental condition. Direct effects are those effects that are caused by the action and 
occur in the same time and place as the action. Indirect effects are those effects that are caused by or will 
result from the proposed action and are later in time but still reasonably certain to occur (USFWS 1998).

5.1. Direct and Indirect Effects
The PPA encompasses the claim boundary and a 100-foot perimeter buffer zone for a total of 
approximately 23.2 acres. The project will also include a walkover survey for gamma radiation across a 
small area known as the “background area” (see Appendix A for map). A few soil samples approximately 
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3 inches in diameter and up to 6 inches deep will be collected by hand in these areas. The proposed 
action would result in a short term increase in human activity within the PPA at varying degrees 
depending on the project phase:

Phase I: Spring of 2016 activity would entail pedestrian biological surveys and land surveying. 
During 2016, work would entail pedestrian activity including gamma surveys, mapping, well 
sampling, and surface soil sampling. For this phase, there will be a maximum of 5 people onsite 
for no more than 5 to 7 days. Surface disturbance would be minimal and noise would be light.

Phase II: Beginning in 2017, equipment including an excavator or small mobile drilling unit may 
be used to collect one or more soil samples. Up to 8 people may be onsite all day for a period of 
one week. Equipment travel would be confined to a temporary travel corridor approximately 20 
feet in width. Within the travel corridor, vegetation and surface soil would sustain some
disturbance but would not be bladed or bulldozed. During Phase II, noise may be moderate for a 
short duration, and surface disturbance will be light to moderate but confined to a minimal 
footprint within the study area. No permanent structures will be left on site.

Best Management Practices (BMPs) incorporated into project design will reduce potential impacts 
including: confining equipment travel to PPA boundary, minimizing travel corridors as much as 
practicable, limiting truck and equipment travel within the PPA when surfaces are wet and soil may 
become deeply rutted, and using previously disturbed areas for travel when possible.

5.1.1. Golden eagle 
Due to the mobility of adult raptors and the lack of appropriate nesting sites in the vicinity of the proposed 
project area, it is unlikely that the proposed project would result in 1) injury to a raptor, 2) a decrease in its 
productivity, by substantially interfering with normal breeding, feeding, or sheltering behavior, or 3) nest 
abandonment, by substantially interfering with normal breeding, feeding, or sheltering behavior. Short 
term audial and visual disturbances associated with the Phase II activity could cause minor indirect 
habitat loss by temporarily deterring raptors from using available habitat adjacent to the proposed project 
area.

5.1.2. Migratory Birds
The PPA encompasses approximately 23.2 acres of potential migratory bird habitat in the form of Great 
Basin Desert scrub. No trees would be removed as a result of the proposed project.

Phase I:
Noise and surface disturbance will be low during pedestrian survey activity. Adult migratory birds would 
not be directly impacted by Phase I because of their mobility and ability to avoid areas of human activity.  
Minor human presence during project activities within the breeding season may indirectly disturb or 
displace adults from nests and foraging habitats for a short period of time. Direct and indirect effects are 
expected to be short term and negligible.

Phase II:
Adult migratory birds would not be directly harmed by the activities because of their mobility and ability to 
avoid areas of human activity.  During Phase II, noise may be moderate but for a short duration, and 
surface disturbance will be light to moderate but confined to a minimal footprint within the study area. No 
permanent structures will be left on site. Direct impacts are more likely if surface disturbing activities occur 
during the breeding season (April 1 through August 15); however, surface disturbance will be confined to 
a minimal footprint (likely less than one acre) within the study area.  The increased human presence 
during project activities within the breeding season may indirectly disturb or displace adults from nests 
and foraging habitats for a short period of time.
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5.2. Cumulative Effects
Cumulative impacts of an action include the total effects on a resource or ecosystem. Cumulative effects 
in the context of the Endangered Species Act pertain to non-Federal actions, and are reasonably certain 
to occur in the action area (USFWS 1998).

5.2.1. Golden eagle 
Additional existing surface disturbances within the action area include unimproved access roads to the 
residences nearby, all-terrain vehicle use and active wildlife and livestock grazing. These foreseeable 
actions would cumulatively impact raptors through habitat loss or contamination. The intensity of indirect 
effects would be dependent upon the species, its life history, time of year and/or day and the type and 
level of human and vehicular activity is occurring.

5.2.2. Migratory Birds
With the implementation of BMPs discussed in Section 5.1, the cumulative impact of the proposed action 
on migratory birds would be low based on the minimal surface disturbance involved and the availability of 
adjacent similar habitats.

6. CONCLUSIONS
U.S. Fish and Wildlife Service Listed Species (USFWS)
ACI conducted informal consultation with the USFWS and received an Official Species List for the 
proposed project area. Qualified ACI biologists evaluated habitat suitability within and surrounding the 
PPA for these species and concluded the potential does not exist for USFWS-listed species to occur 
within the proposed project area. No further consultation with the USFWS is required. 

Migratory Birds
The proposed action phases would result in short term activity within approximately 23.2 acres of 
potential migratory bird habitat in the form of Great Basin Desert scrub. During Phase I, noise and surface 
disturbance will be low during pedestrian survey activity. Direct and indirect effects are expected to be 
short term and negligible. For Phase II, the total surface disturbance is unknown at this point; however 
equipment movement would be confined to only a few temporary travel corridors. Within the travel 
corridors, vegetation and surface soil would sustain some disturbance but would not be bladed or 
bulldozed. Possible direct impacts would be short term and are more likely if surface disturbing activities 
occur during the breeding season (April 1 through August 15). Effects to potential habitat for migratory 
birds is anticipated to be minor and short term due to the limited degree of vegetation and soil disruption 
(likely less than one acre) and the abundance of adjacent habitat for these species. 

Wetlands 
Under Executive Orders 11988 and 11990, Federal agencies are required to minimize the destruction, 
loss, or degradation of wetlands and floodplains, and preserve and enhance their natural and beneficial 
values. These habitats should be conserved through avoidance, or mitigated to ensure that there would 
be no net loss of wetlands function and value. No impacts to wetlands are anticipated. The proposed 
project activities would contribute to a negligible increase in sedimentation down gradient of the project 
area. This increase is not anticipated to be a factor due to the distance from perennial waters. There is no 
suitable habitat for ESA-listed fish, nor critical habitats thereof, within 12 miles of the PPA.  

Navajo Endangered Species List (NESL) and Species of Concern 
One (1) NESL and Navajo species of concern has potential to occur within the PPA based on habitat
suitability or actual record of observation. Based on site surveys, ACI determined the PPA contains 
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potential foraging habitat for golden eagle. Due to the mobility of adult raptors and the lack of appropriate 
nesting sites in the vicinity of the proposed project area, it is unlikely that the proposed project would 
result in detriment to raptors.

7. RECOMMENDATIONS FOR AVOIDANCE
ACI recommends that the proponent implement standard Best Management Practices (BMPs) designed 
to protect sensitive wildlife species during project activity including:  confining equipment travel to PPA 
boundary, minimizing travel corridors as much as practicable, limiting truck and equipment travel within 
the PPA when surfaces are wet and soil may become deeply rutted, and using previously disturbed areas 
for travel when possible.

8. SUPPORTING INFORMATION
8.1. Consultation and Coordination 
John Nystedt, Fish and Wildlife Biologist/AESO Tribal Coordinator
USFWS AZ Ecological Services Office - Flagstaff Suboffice
Southwest Forest Science Complex, 2500 S Pine Knoll Dr, Rm 232
Flagstaff, AZ 86001

Pam Kyselka, Project Reviewer and
Chad Smith, Zoologist
Navajo Nation Department of Fish and Wildlife 
Natural Heritage Program
PO Box 1480
Window Rock, AZ 86515

8.2. Report Preparers and Certification
Adkins Consulting, Inc.
180 E. 12th Street, Unit 5
Durango, Colorado 81301
Lori Gregory, Biologist; Sarah McCloskey, Field Biologist; Arnold Clifford, Lead Field Biologist 

It is believed by Adkins Consulting that the proposed action would not violate any of the provisions of the 
Endangered Species Act of 1973, as amended.  Conclusions are based on actual field examination and 
are correct to the best of my knowledge.

1 August 2016
_____________________________        _______
Lori Gregory                                       Date
Wildlife Biologist
Adkins Consulting
505.787.4088

15



8.3. References
Code of Federal Regulations (CFR). Interagency Cooperation - 50 CFR §402 (June 3, 1986). U.S. 
Government Publishing Office Electronic Code of Federal Regulations. 732 North Capitol Street, NW, 
Washington, DC.  Retrieved from: https://www.gpo.gov/fdsys/search/home.action.

Hammerson, Geoffrey, Frank Solís, Roberto Ibáñez, César Jaramillo, Querube Fuenmayor. 
2004. Lithobates pipiens. The IUCN Red List of Threatened Species 2004: 
e.T58695A11814172. http://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.T58695A11814172.en. Downloaded 
on 10 June 2016.

Heil, Kenneth D. 2000. Four Corners Invasive and Poisonous Plant Field Guide. Bureau of Land 
Management (BLM), Farmington District, and San Juan College, Farmington, New Mexico. 

NatureServe. 2015. NatureServe Explorer: An online encyclopedia of life [web application]. Version 7.1. 
NatureServe, Arlington, Virginia. Available http://explorer.natureserve.org. (Accessed: June 9, 2016 ).

Navajo Nation Division of Natural Resources, Department of Fish and Wildlife. 2008a. Navajo 
Endangered Species List (NESL).  Resources Committee Resolution No. RCS-41-08. Window Rock, AZ.

Navajo Nation Division of Natural Resources, Department of Fish and Wildlife. 2008b. Navajo 
Endangered Species List (NESL) Species Accounts. Retrieved from: 
http://www.nndfw.org/nnhp/species_acct.pdf

New Mexico Department of Game and Fish. BISON-M (Biota Information System of New Mexico).
Available at: http://www.bison-m.org.

New Mexico Natural Heritage Program. 2006. The website of Natural Heritage New Mexico: An online 
resource. Version 2.0. Albuquerque, New Mexico, USA: University of New Mexico. http://nmnhp.unm.edu.

New Mexico Rare Plant Technical Council. 1999. New Mexico Rare Plants. Albuquerque, NM: New 
Mexico Rare Plants Home Page. http://nmrareplants.unm.edu.

Prall, Dexter. 2015. Navajo Endangered Species List (NESL) Information letter to Eileen Dornfest, MWH 
Global (File# 15mwh101). Navajo Nation Department of Fish and Wildlife, Natural Heritage Program, 
Window Rock, AZ.

U.S. Department of Agriculture, Natural Resources Conservation Service (NRCS). 2006. Web Soil
Survey. Version 1.1. NRCS. http://websoilsurvey.nrcs.usda.gov/app.

U.S. Fish and Wildlife Service (USFWS), Endangered Species Program. Information, Protection, and 
Conservation (iPaC). http://ecos.fws.gov/ipac/. Official Species List (02EAAZ00-2016-SLI-0356 and 
06E23000-2016-SLI-0207) dated  April 8, 2016

U.S. Fish and Wildlife Service (USFWS) 1998. Final Endangered Species Act (ESA) Section 7 
Consultation Handbook, March 1998. https://www.fws.gov/endangered/esa-
library/pdf/esa_section7_handbook.pdf

U.S. Fish and Wildlife Service. 2008. Wetlands Online Mapper. National Wetlands Inventory (NWI). 
http://wetlandsfws.er.usgs.gov/wtlnds/launch.html.

16

https://www.gpo.gov/fdsys/search/home.action
http://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.T58695A11814172.en
http://explorer.natureserve.org
http://www.nndfw.org/nnhp/species_acct.pdf
http://www.bison-m.org
http://nmnhp.unm.edu
http://nmrareplants.unm.edu
http://websoilsurvey.nrcs.usda.gov/app
http://ecos.fws.gov/ipac/
https://www.fws.gov/endangered/esa
http://wetlandsfws.er.usgs.gov/wtlnds/launch.html


APPENDIX A. MAPS

t'\ba :ndon Ur.anlum Mine- - En-.ilronmental· Resp-onse Tru.s.t Project 
Projec1 Area (23.2 acres) 

Harvey Blackwater No. 3 
Sec3, T41N, R23E, Apache Counry, Arizona 

Sec32, T43S, R19E, San Juan County, Utah 

D Project Site 

~ :, Project Site Suffer 

"'"" 0.1 



/ 

0 Pcoject Site 

Abandon Ur.anfum M ine • Environmental Response Trust Project 
Project Area (23.2 acres) ~ :• Project Si te 8uffer 

Harvey Blackwater No. 3 
Sec3, T41N, R23E, Apache County, Arizona 
Sec32, T43S, Rl9E, San Juan County, Utah 

.,, •. , 



APPENDIX B. PHOTOGRAPHS

View south from PPA

View northeast from PPA



View north from PPA

View southwest from PPA
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INTRODUCTION 
Purpose of Report 
A biological survey was conducted at the Harvey Blackwater No. 3 site as part of the 

Navajo Nation AUM Environmental Response Trust Project. The purpose of the survey 

i s  to determine if plant species of concern are present within the claim boundary and 

extending 100 feet around the site. Biological clearance is required at each site prior to 

any site investigation to determine if the project may affect potential species-of-concern 

or potential federal threatened and endangered (T&Es) species and/or critical habitat. 

 

Site Location  
Harvey Blackwater No. 3 is located in San Juan County Utah, approximately 18.5 m (11.5 

miles) south of Mexican Hat, Utah at an elevation of approximately 1,463 m (4,800 ft).  

Global Positioning System coordinates are 36o o 50  23  W (North 

American Datum of 1983).  The site is located on Tribal Trust Land (TTL). 

 

Environmental Setting 
Climate 
The climate of the Harvey Blackwater No. 3 site is classified as arid, with an average 

annual precipitation of 170 mm (6.7 in) with the greatest precipitation months occurring 

between July and October (USDA 1980). Average annual temperature is 14.2o C (57.5o 

F). 

 

Soils 
The U.S. Department of Agriculture (USDA) Soil Survey for the Navajo Indian 

Reservation San Juan County, Utah was published in 1980 in cooperation with the 

Bureau of Indian Affairs. The survey includes the area where Harvey Blackwater No. 3 is 

located. The Aneth soil series is the primary series on the Harvey Blackwater No. 3 site.  

This soil series consists of deep, excessively drained soils that form mainly from 

sandstone. Aneth soils are on valley bottoms and terraces with slopes that range from 0 

to 8%. 
 

59' 57" N by 109 " 
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Plant Community Type 
The vegetation on the Harvey Blackwater No. 3 site is part of the Colorado Plateau Shrub-

Grassland type (USDA 1980). The most common species on the site include blue grama 

(Bouteloua gracilis), Indian ricegrass (Achnatherum hymenoides), galleta (Pleuraphis 

jamesii), sand dropseed (Sporobolus cryptandrus), needle and thread (Hesperostipa 

comata), broom snakeweed (Gutierrizia sarathrae), shadscale saltbush (Atriplex 

confertifolia), fourwing saltbush (Atriplex canescens), and Mormon tea (Ephedra viridis),  

 

Land Use 
The land type on the Harvey Blackwater No. 3 site is rangeland and the principal land 

uses are domestic grazing and wildlife habitat. 

 

REGULATORY SETTING 
The survey for vegetation species-of-concern was conducted according to the Navajo 

Natural Heritage Program (NNHP) guidelines and the Endangered Species Act (ESA), 

including the procedures set forth in the Biological Resource Land Use Clearance 

Policies and Procedures (RCP), RCS-44-08 (NNDFW 2008), the Species Accounts 

document (NNHP 2008), and the USFWS survey protocols and recommendations. Data 

requests for species of concern were submitted to the NNHP and for federal T&E 

species to the USFWS. NNHP responded to the request for species of concern with a 

letter to MWH dated 19 November 2015.  The letter provided a list of species of concern 

known to occur within the proximity of the project area. The list of species included their 

status as either NESL (Navajo Endangered Species List), Federally Endangered, 

Federally Threatened, or Federal Candidate. Species were further classified as G2, G3 

or G4. G2 includes endangered species or subspecies whose prospects of survival or 

recruitment are in jeopardy. G3 includes endangered species or subspecies whose 

prospects of survival or recruitment are likely to be in jeopardy in the foreseeable future. 

G4 are bspecies which may be endangered 

but for which we lack sufficient information to support being listed. 

 

"candidates" and includes those species or su 
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The Navajo Natural Heritage Program identified seven plant species of concern that may 

occur in the project area  Puccinellia parishii), Alcove death camas 

(Zigadenus vaginatus), Alcove bog-orchid (Platanthera zothecina

(Cirsium rydbergii), cave primrose (Primula specuicola Asclepias 

welshii), and Navajo sedge (Carex specuicola). The USFWS also listed Navajo sedge as 

a threatened species that may occur in the area.  
 

METHODS 
Study Area 
The area evaluated for plant species of concern was defined by the claim boundary, with 

an additional 100 foot buffer around all sides.  

 
Database Queries and Literature Review 
Prior to initiating field surveys, a target list of all potentially occurring species of concern 

identified by NNHP and the USFWS was compiled. Ecologic and taxonomic information 

was reviewed for each species prior to initiating field work to better understand ecological 

characteristics of the species, habitat requirements and key taxonomic indicators for 

proper identification (ANPS 2000). 

 

Rare Plant Survey Protocols 
The plant survey followed currently accepted resource agency protocols and guidelines,  

for conducting and reporting botanical inventories for special status plant species 

(USFWS 1996). According to these protocols, rare plant surveys were conducted by 

botanists with considerable experience with the local flora. All species observed during 

the surveys were identified to the degree necessary to correctly identify the species and 

determine if the plant had special status. The survey was conducted in the spring (May) 

and summer (July) of 2016 during the appropriate season to observe the phenological 

characteristics of the special status plant species that were necessary for identification 

(Table 1). 

 

 

- Parish's alkaligrass ( 

), Rydberg's thistle 

), Welsh's milkweed ( 
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Table 1. Species of Concern and Survey Period 

Species of Concern Survey Period 

Cirsium rydbergii) May 

Puccinellia parishii) May 

Cave primrose (Primula specuicola) May 

Alcove death camas (Zigadenus vaginatus) July 

Alcove bog-orchid (Platanthera zothecina) July 

Navajo sedge (Carex specuicola) July 

Asclepias welshii) July 

 

The botanical survey team was assisted during the survey by GIS trained staff from MWH 

with training specifically in the use of the Trimble GeoExplorer 6000 Series and the 

Garmin Montana 600. The GPS operator was also instructed in sight identification of 

species of concern to help delineate points or polygons and other data collection and data 

management tasks. GPS units were preloaded for the plant team with background and 

data files that showed the aerial photographic base map, the site boundaries, and the 

study area, so team members could clearly identify their exact location in the field at all 

times. 

 

2016 Field Survey 
The project site was surveyed by a field botanist. The botanist walked meandering 

as alkali seeps for Puccinellia parishii, seeps and hanging gardens for Cirsium rydbergii, 

Platanthera zothecina, Zigadenus vaginatus, Carex specuicola, and  Primula specuicola, 

and active sand dunes for Asclepias welshii.  The most emphasis was placed in areas 

with suitable habitat for the species of concern. If a species of concern was identified, the 

location would be recorded using the point or polygon feature in the GPS units. Further, 

the population size was planned to be obtained either by direct counts, estimations, or by 

sampling the population.  

 

Rydberg's thistle ( 

Parish's alkaligrass ( 

Welsh's milkweed ( 

"transect" lines through each area and looked for suitable habitat for these species, such 
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Field botanists documented every field visit on field forms, by area, and took photographs 

of field conditions and species of concern, if found on site. The botanist also recorded all 

plant communities and plant species observed during each field visit. Plant community 

types were also photographed to document site conditions (Photos #1 and #2).  

 

RESULTS 
A total of 7 plant species of concern were identified as potentially occurring within the 

proximity of the project area.  These species included Puccinellia parishii, Zigadenus 

vaginatus Platanthera zothecina, Cirsium rydbergii, Primula specuicola, Asclepias 

welshii, and Carex specuicola.  

 

Zigadenus vaginatus is a native perennial forb that grows in hanging gardens in seeps 

and alcoves, mostly on Navajo sandstone. This species is endemic to the Colorado 

Plateau in southern Utah and northern Arizona at elevations between 1,127 and 2,042 m 

(3,698 and 6,999 ft). Puccinellia parishii is a native annual grass that grows in a series of 

widely disjunct populations ranging from southern California to eastern Arizona and 

western New Mexico in alkaline seeps, springs and seasonally wet areas and washes at 

elevations between 1,525 and 2,195 m (5,003 and 7,201 ft). Platanthera zothecina is a 

native perennial forb that grows in seeps, hanging gardens and moist stream areas from 

the desert shrub to the Pinyon-Juniper communities. This species is found in New Mexico, 

Utah and Arizona at elevations between 1,220 and 2,195 m (4,003 and 7,201 ft). Cirsium 

rydbergii is a native perennial forb that occurs in hanging gardens, seeps and stream 

banks below hanging gardens at elevations between 1,005 and 1,980 m (3,297 and 6,946 

ft). Its distribution includes southern San Juan County along with Coconino and Apache 

Counties in Arizona. Carex specuicola is a native perennial grass-like plant that grows in 

seeps and hanging gardens primarily on sandstone cliffs and alcoves. Known populations 

occur at elevations between 1,402 and 2,195 m (4,600 and 7,201 ft) in San Juan County 

and northern Arizona. Primula specuicola is a native perennial herb that grows in hanging 

gardens and occasionally along streamsides between 1,067 and 2,195 m (3,500 and 

7,200 ft). It is endemic to Northern Arizona and Southern Utah. Asclepias welshii is a 

native herbaceous perennial forb that grows in active sand dunes derived from Navajo 
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sandstone between 1,524 and 1,890 m (5,000 and 6200 ft). It has been found in Coconino 

County and south of Monument Valley in both Navajo and Apache Counties. 

 

The survey at Harvey Blackwater No. 3 on May 6 and July 21, 2016 did not identify any 

of the seven species that have been listed as potential species of concern for this site.  

Many of the species occur in seeps, alcoves or hanging gardens (i.e. Zigadenus 

vaginatus, (Puccinellia parishii, Platanthera zothecina, Cirsium rydbergii, Primula 

specuicola, and Carex specuicola) that were not found on the site. There were seasonally 

wet areas, but there was no evidence of alkalinity on the soil surface from salt 

accumulation, a characteristic important for Puccinellia parishii. Finally, there were no 

active sand dunes present at Harvey Blackwater No. 3, which is required habitat for 

Asclepias welshii. 

 

 

 
  Photo #1 Overview of general landscape and plant community at 
  Harvey Blackwater No. 3. 
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  Photo #2 Overview of general landscape and plant community at 
  Harvey Blackwater No. 3. 
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PO !Bo:x 1480 P 928.871: .6472 
F 928. 871 . 7603 

ttp:t!nnhp.nndfw. org 
W, ndow Rook, AZ. 
86515 

19-November--2() 15 

Eileen IJomfest - Project Manager 
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366 J enn Kennedll Parkway 
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Fl. Coll'ins. CO 80525 

SUBJECT: Navajo INatio:n Al'JM Er:riiromnenral Response Trust {SITT) iProject - 16 Abandonedi Uranium 

Mine IAUMI} Sites 

Eileen JJomfest, 

P h:as performed an ana:lysis of your project in COJir\Pariso.n to km:rwn boofogic,al resouroes ,of the avajo, 

alien and has included the □r.ngs in !ms le,lter. he le!ter iis composed of seven parts. The sections as 
!hey appear in !he le"ite'.r are-: 

1. Known, Species. - a l ist of all species wilhin relative proxim[ty to-the proj ect 
2. Potential .Species - a list of poteniial species based en project pro(l(jmity to re.speciive S1Uilable habilaI 
3. Quadrangl'es - an ex us-Jive l ist of quacfs =ntainin,g the projecq 
4 . P:rojecl Summary- a ca·egcrizaed ~st of biological re.sources ·wi · ·n re.la1ive proxim y to-the pFCJged: 

groopedl by tmfwid I p~ site(s} or quads 
!5. Conditional C11teri1a N.otes - adcf.Jtic:ma d'.etai concerning various species., ha'b !at. .ew_ 
6. Personnel Colil tacls - a lis o employee conladS 
7. Resources - identifies sources or furlher informatio 

Known Species ll~ "species of concern· knO'Ml to occur within proximity to !he J>roj:ec:t are.a. Planning for 
a¥Oidance of these-species is-expecte.d. no species are displayed tt,e,n based upo.n the records ,of the 

avajo Nalion D'=ll)artment of Fish aoo Wildl ( NDFW) here are no "species. ,of concern" wilhin J>roXim'ity to 

he project. Re'~ to !he Navajo Endange.red Species List (NESL) Species Aceounts-for recomrnendecl 
a¥Oidance measures. biology. and d i-s'in1lutio of ESIL species. on 1he Navajo t\\· tian 

:Jtnrmp.nmffw.org/sp_a=unt.htm). 

Paten~ Species fists species ihat are po"..enlially within proximi:!y to !he prnj;ecl are.a and ed to, be e111 uate 

· pre.sencefabsence. I no species are. found willt"n the Known, or Potential ~es lists, !he project is not 

e)(J)ectedl to a ect any fecferally l isted species. nor significanlfy impact 8ffll triba1~/ l isted species or o!her 
specie.s of concem. Po enti fer species as been d'eternnine p.rimari mi h ab at characl:erislics and species 
range information .. A 1horough llabita analysi5. and i · neoessa,y, species speciJic surveys, are. requirecl to 

de.I.ermine the por.ential for eac'h species-. 

SJ>ecies of ooncem include pro<iedi.ed, candidm:e,, .andl ,olher rare or ,olhefwise sensiiive species, incl uding 

certain native species ' di species of eoooomc or cufur . signifi:cance. For legaU:y protected species, the 
· rn ·ng trib,al and fed.er statuses are · aocated: NESL, federal Endangered Species Act (ESA), Migratory 
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Bird Treaty Act {MBT A). and Eagie Pto(ection Act (EPA). No legal protection is afforded species with only 
ESA caodida;e, N ESL group 4 status. and species li-si:ed on the Sensitive Species List. Please be aware of 
these species during surveys and inform the NNOFW of observations. Reported observations oi these 
species and documen:ing them in project planning and management is important for conservation and may 
contribu.e :;o ensuring they w ill not be up listed in the Mure. 

In any and all oorresponde-nce with NNDFW ot NNHP conceming thi:s projecc please cite the Dab Request 
Code associ.-3ted with this document. It can be found in this report on me top right comer of the every page. 
Additionally please cite this oode in any biological evaluation documents returned to our office. 

1. Known Species (NESL• Navajo EndangeredSpeckoL.io\ FE• FederaJ/y cndange<ed, 
FT=Federall'y Threatened, FC=Fede<al Candidate) 

~ 
AMPE = Amsonia peeblesii I Peebles' BkJe-star NESL G4 

AOCH = Aquila chJysaetos / Golden E.;.gle NESL G3 
CASP = C.arex specuicola / Navajo Sedge N ESL G3 FT 
LIPI = Lithoba:es pipiens I Northern Leopard Frog N ESL G2 
PEAMCI = Perognathus run.plus cineris / Wupatki Pocket Mouse N ESL G4 

PUPA = Puccinellia parishii I Parish~s Alk3li Grass NESL G4 
'•All or parts of this project currently are within areas pto::ected by the Gdden Md Said Eagle Nest Protecdon 
Reguta~ions: consult with NNDPN zoologist or EA Reviewer foe more inform3tion and recommend.,tioos. 

12. Potential Species -ALGO = AJlium gooddingii / Gooding's Onion NESL G3 
AMPE = Amsonia peeblesii I Peebles' BkJe-star NESL G4 
AQCH = Aqui la chrysaetos / Golden Eagle NESL G3 
ASSE = Astr.agalus beathii / Beath Milk-v etch NESL G4 
ASNA = Astragatus naturite-nsis / Naturita Milk•vetch N ESL G3 
ASWE = Asclepias welshii / Welsh's MiJkweed NESL G3 FT 
ATCU = Athene cunicularia I Burrowing Owl NESL G4 
BURE= Buteo regalis / Fem.iginous Hawk NESL G3 

CASP = Carex specuicofa / Navajo Sedge NESL G3 FT 
CHMO = Charadrius monbnus / Mountain Plover NESL G4 
C IME = Cincfus mexicanus / American Dipper NESL G3 
C IRY = Cirsjum rydberg.ii / Rydberg's Thistl'e N ESL G4 
CYUT = Cys,:opteris utahensis I Utah Bladder- fem NESL G4 
Efl."ITREX = Emplaonax uamn exdin.,s t souuiwestem WTJIOW FJycatcner N ESL 02 FE 
ERAC = Erigeron acomanus/ Acoma Fleabane N ESL G3 
ERRH = Erigeron rhizomatus I Rhi-zome Fleabane/zuni Fie.lb.me NESL G2 FT 
ERRO = Eirazurizia rotundata / Round Dunebroom N ESL G3 
ER~ = Erigeron sivinski t / Sivi:nski's Fleabane NESL G4 
FAPE = Falco peregrinus I Peregrine Falcon N ESL G4 
GIRO = Gi ta robust.l / Roundtail Chub N ESL G2 
LENA = Lesquerelb navajoensis / Navajo Bladderpod N ESL G3 
LIPI = Lithoba:es pipiens / Northern Leopard Frog N ESL G2 
MUNI = Musi:ela nigripes I Black-footed Ferret NESL G2 FE 
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PEAMCI -= Perogna1hus runplus cineris / Wup.3tki Pocket .. fouse NESL G4 
PLZO = Pla!amhera zotheci:na / >Joove Bog-orchid NESL G3 
PRSP = Primula specuicola / Cave Primrose NESL G4 
PTLU = Ptchoche.ilus lucius I Colorado Pikeminnow NESL G2 
PUPA = Puccinellia parishii / Parish's Alkali Grass NESL G4 
SAPAER -= Salvia pachyphylla ssp eremopictus I Arizona Rose Sage NESL G4 
STOCLU = Strix occidentalis lucid.a / Me xican Spotted Owl NESL G3 FT 

VUMA = Vulpes macrotis / Kit Fox NESL G4 
ZNA -= Zigadenus vaginatus / Alcove Death Camass NESL G3 

13. Quadrangles (7.5 Minute) 
Quadrangles 
Cameron SE (35111-03)/AZ 
Dalton Pass (35t 08-F3) / NM 
Del Mue~o (36 t 09-84) / AZ 
Dos Lomas (35107-C7) I NM 
GallupEas; (35 108-E6)/NM 

Gamet Ridge {36109-H7) I AZ. UT 
Horse Mesa (36t~ F1) / AZ.NM 
Indian Wells (351 t 0-01)1 AZ 
Mexican Ha; SE (37109-A7) / UT, AZ 
Oljeto (371 10.A3) / UT. PZ. 
Toh Atin Mesa East (36 109-H3) / AZ, UT 
Toh Atin Mesa West {36109-H4) / AZ.UT 

4. Project Summary (E01 Mie!E03Mieo=e/emenlooccuring wffhin 1 &3 mHeo, 

MSO=mexican spotted owl PAC4 POTS-=pofential species, RCP=Biological Area::) 

SITE E0 1MJ E03MI QUAD MSO POTS 
,&:ongoMnK None ""°" HOIUMKa None LIPl, FAPE, 

(361~1)/M., -EMTREX. 
NM CHMO. BUR-E. 

ATCU, AOCH,. 
ZJVAPUPA. 
PLZO,CIRY. 

= 
6'llon J None None TOhA!JnMes.a None PTlU. G!RO. 

!J,,l,:.J;t (?,F,10Q..J.Up J:UTRH, 
AZ.UT CHV.O. BURE, 

ATCU,AOCH, 
ZJVAPLZO, 
CIRY,CASP 

BoydTI&INo. 2 None ~PE, Cameron SE None LIR.. PEA.\tCI. 
w«oem PEAMct,UPI (35111-GJ)/M. fA?E, 

EMlREX 
SURE. ACCH. 
ER.=tO, AS6E. -· Chlrtes ~th None Hooe OIJ~ (37110-AJ)I None UPI. FAPE. 

UT."2 EMTREX. 
CHMO. BURE. 
AOCH 
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SITE E01MI E03MI QUAD 

-•= None """' GX"t.pEasi 
(3510&-EO)/NM 

H<fWY 613CkW-31.er AQCH AOOi.PUPA """"-N0.3 (36109-H7}/ AZ.. 
UT 

Harve-y813Ckwltff AOCH AOCH.PUPA ME-:dcao Hat SE 
No. 3 (371~7)/UT. 

AZ 

HOUie Tso No. 1 AQCH .AQCH lnOlanV/e'.!s 
(351 1~ 1)/AZ 

Ml!t.eflNO. J """' AQCH OIJeto (37110,A,3)/ 
UT,"2 

NMl004 None .AQCH TOhA!JnMes:t 
East (36109-H3) / 
AZ.UT 

NA-0928 Nooe "''" TOOA!Jn MeG-3 
East (36109-H3)1 
AZ.UT 

03k1~. 03k125 AOCH .AQCH HOIUMKa 
(36104f1)/ AZ. 
NM 

o=rcence 6 None AOCH, CASP Del M-
(361~)/AZ 

sectlon26 None """' 006Lonu5 
I (DeSIQ:Jer'O r.,,.,.,...\ {35107-Cn/ NM 
s;.nm19Ro{t. None """' Dallon Pas$ 

(35108-FJ}I K.M 

MSO POTS 
Nooe FA?E, 

-EMTREX. 
ATCU,AQc:H. 
t ENA., ERSI, 
ER:RH,EAAC 

Nooe VUMAU?i. 
FA.PE. 
EMTREX. CIME. 
BURE..ATCU, 
AOCH. WA. 
PU?A.PRS? . 
.PLZO, CIRY, 
CASP,ASWE 

None VU..UA, FAPE. 
EMTREX. 
ATCU,AQCH. 
ZJVAPLZO, 
CIRY,CASP, 
ASWE 

Nooe FA?E, CHMO. 
BURE.,ATCU, 
AOCH, SAPAE.R 

Nooe llPl. fAPE. 
EMTRfX. 
CHMO, BUR:E, 
AQCH 

Nooe SToct.U. U:?t, 
?Tt.U, GIRO. 
FA?E. 
-EMTREX. 
CHMO,ATCU, 
AOCH,.PU?A 

Nooe STOClU. U.PI, 
PTlU. GIRO, 
FA.PE, 
EMTREX 
CHMO.ATCU, 
AOCH. PU?A 

Nooe UPI. f APE. 
EMTREX. 
CHMO, BURE, 
AOCH,Zf,IA. 
-PU?A,PlZO, 
CIRY,CASP 

Nooe UPI. f r.PE.. 
EMTREX. CIME. 
AOCH, ZIVA. 
-PLZO,CYUT, 
CIRY,CASP, 
ALGO 

Nooe FA:?E, CHMO, 
ATCU,AQCH 

Nooe VU.W..MUNI, 
FA?E, CHMO, 
8U.~ATCU, 
A0CH. E!'tSI, 
ASNA 
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SITE E01MI E03MI QUAD MSO POTS 
t5mwh101 

AREAS 1-. , AOC>1 AQCH TonAlfnMes.J NOne STOCl U, UPI, AtN 1. AreaJ 
East(3610'Hi3}1 PltU, GIRO, 
AZ. UT FA?E. 

EMTREX, 
CHMO,AOCH, 
PUPA 

5. Conditional Criteria Notes (Recentrevioionsmadepleasereadthorough/y. Force,tain 

c.pecies, and/or circum~tancec, pie ace read and comply} 

A. Biological Reso1.rce Land Use Clearance Polic ies and Procedures {RCP) - The purpose of the RCP is 
to assist the Navajo Nation goveJ'Mlent and chapters ensure oolll)liance with federal .and Navajo laws 
which protiecl. wildlife resources. including plan1S. and their habitat resulti"9 in an ex;pedited land use 
d earance process. Alt.er years of researchi and s1udy, the NNDFW h.lS identified and mapped wildlife 
habitat and sensitive areas that oover the entire Navajo N..,tion➔ 
The foOowing is a brief summary of six (6) wildlife are.as: 

1.Highly Sensitive Area - recommended no development with few exceptions. 
2M oderately Sensitive Area - moderate irestriaions on development to avoid sensitive species/habita!S. 

3.t ess Sensitive Area - fewest restrictions on d~lopmem. 
4.Community Devefopment Area - are,lS. in and around towns with few or no restrictions on 
development. 
5.Biological Pres-erve - no de1Jelopment unless oompatibJe with the purpose of this area. 

6.Recreation Area - no developmem unl~s compatible with the purpose of this are.:t. 
None - ou.side the boundaries of the Navajo Nation 
This is noc in tended to be a full description of the RCP p1ease refer to the our website for additional 
information at http://w.v.v.nndf,v.org/clup.htm. 

8. Raptors - If raptors are known to occur within t mile of projeOi IOC,ltion: Contact Chad Smith at 
87 t -7070 regarding your evaluation of po::entiaJ imp.:tcts and mitigation. 
o Golden and Bald Eagles- If Golden a.r Bald Eagle are known to occur within t mile of the project, 

decision makers need to ensure that they are n~ in violation of thP Gold"'O '30d Bald Eagle Nes• Poo•f9tion 
Regula~ions found at http:/fnnhp.nndfw.orgfdocs_reps/gben.pctf. 
o Ferruginous Hawks - Refer :;o ~Navaj o Nation Dep.:trune-nt of Fish .lfld WDdfife's Ferruginous 
Hawk Management Guidelines for Nest Protection' htcp:llnnhp.nndfw.orgldocs_reps.hm, for relevam 
information on avoidil"lg impacu to Fe1TUginous Hawks v.11hin 1 mile Of project location. 
o Mex ican Spotted Owl- Please refer to the Navajo Nation Mexican Spotted Owl M.10.19ement Plan 
htr.p:IIMhp.nndfw.org/docs_reps.hmi for relevant information on proper project plaMing near/within 

spotted owl proteaed activity centers and habitat. 

C. Surveys - Biological surveys need to be conducted during .he appropria.e season to ensure they ate 
complete and accurate please reter to NN Species Accounts http://nnhp.nndfw.org/sp _aocount.htm. 
Surveyors on the Navajo Nation must be pennitted by the Director. NNDFW. Contact Jeff Cote a, (928) 
87 1-7068 for pemiittil"lg procedures. Questions pertaining to surveys should be directed to the NNDFW 
Zoologist (Chad Slllth) for animals at871-7070, and Bo.anist (Andrea Hazelton} for plan.sat 
{Q28}523-322l. Questions regarding biolo,gical e1Jalu.1tion should be di:red.ed to Jeff Cole at 87 l-7088. 

0 . Oil/Gas Lease Sales - Any settling or evaporation pits that ooukl hold comaminams should be lined and 
covered. Covering pits, with a net or other material., will de::er waterfowl and other migratory bird use. 
Lining pits w ill protea ground water quality. 
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E. Power l ine Projects - These projects need to ensure that mey do not violate dw regulations set forth in 
me N.avaiR Nati<m Baomr Etm ox:utioo Pre1:~01i20 Bemhti9ns found at 
http:llnnhp.nndfw.orgldocs_r,eps/repr.pdf. 

F. Guy Wires - Does the project design include guy wires for strucw:ral suppon? tf so. and if bird species 
may occur in reJa'!iveJy high c:onoentrarions in me project a.rea. then guy wires should be equipped with 
highly viSt1al markers to reduce the po:eoti.lf mortality due to bird-guy wire ooltis1ons. Examples of visual 
m;ute-rs include .aviation ball-s and bird fligh t diverters. Birds can be expeo:ed to occur in relatively high 
concentrations ruoog migration routes {e.g .• rivers. ridges or other distinctive linear top0graphic features) 
ot where important habitat fo.r breediog. feeding, roosting, e tc. occurs. The U.S~ Fish and W ildfife Service 
recommends marking guy w ires with at least one marker pe-r 100 meters o f wire. 

G. San Juan River-On 2 t March 1994 {Federal Register. Vol. 59, No. 54), the U .S. Frsh and Wd'dlife 
Servjoe designa:ed portions f'Jf the San J uan River {SJR) as critical habitat for Ptychocheilus luciu:s 
(C.olorado pikeminnow) and X yrauchen texanus (Razorback sudter). Colorado p ikeminnow critical habitat 

includes the SJR and hs 100-year floodplain from the St..'1:e Route 37 1 Bridge il'll T2'9N. R13W. sec. t 7 
{New Mexico Merid.ian) to Neskahai Canyon in the San Juan amt of l ake Powell in T4 1 s. R 11E.. sec. 26 
(Saft Lake Meridian) up to the Ml pool eSevation. Razorback sucker c:ritic:31 habit.,t includes the SJR and 
its 100-year floodplain from the Hogbacll Diversion in T29N. R16W. sec. g (New Mexico Meridian) to the 
fuO pool elevation .at th.e mouth o f Neskahai Canyoo on the San Juan arm of Lake Powell in T4 1S. R 11E. 
sec. 26 (Sah l ake Meridian). All actions carried out. funded oc authorized by a f ederal agency which may 
alter the constituent e lem ems ot critical habita, mus:t undergo seaion 7 consulution under the Endangered 
Species Act of 1973, as ame:nded. Constituent elements are those physical .and biological attributes 

essential to a species conservation and include, but are noi lin"ited to. wa:er. pliysical habitat. and 
biological environment a:s required for each particular life silage of a species. 

H . Little Colorado River· On 2 t March 1994 {Federal Register. Vol. 59, No. 54) ffle U.S. Fish and W lld[ife 

Service designa:ed Critical H abitat along portions of me Colorado and lirJe Color-ado Rivers (LCR) for 
Gila cypha (humpback chub). Within or adj.lOent to the Navajo Nation this critic.al habitat includes the LCR 
and its 100-year floodplain from river mile 8 in T32N R6E. sec. 12 (Slit and Gil a River Meridian) to its 
confluence with the Colorado River in T32N R5E sec. 1 {S&GRM) and the Colorado River and 100-year 
floodplain from N.autuloid Canyon (River Mile 34) T36N R5E sec. 35 (S&GRM) to its confluence with the 
LCR. All actions carried out, tunded or authorized by .a federal agency which nuy alter the constituent 
elements oi CritiCll Habita, mus. undergo section 7 consulbtion under the Endangered Species Act of 
tQ73. as amended. Constituent elements are those physic.JI and biological aTtributes essential to a 
species conserva~ion and include. but are n~ limited to, wa,e-r . physical habitat. and b iological 
environment as required for each particular life swge of a species. 
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I. Wetlands - In Arizona and New Mexico, potential impacts ::o wetlands should al-so be evalua:ed. The 
U.S. Fish & V{Jldlife Service's Na:ional W etlands Inventory (NWI) maps should be examined to de-::ennine 
whe-ffler areas dassified as w etfands are located dose enough to the project she(s) to be impacted. ln 
cases where- the maps are inconclusive (e .g .. due to their small scale}, field surveys must be comple-~ed. 
For field surveys. wetf..."lnds idemifica1ion and detinea:ion mE'lhodology contained in the •corps of 
Engineers W erlands Delineation M.anu.ll• (Techn.ical Report Y-87- 1) shoukl be used. When wetlands are 
present. potential impacts m ust be addressed in an environmentll assessment and the Army Corps of 
Engineers, Phoenix office. mus. be conta.aed. NWI maps are available for ex.."lmination at the Navajo 
Natural Heritage Program (NNHP) office, or may be purchased through the U.S. Geological Survey {order 
forms .;ire av ail3ble through the NNHP). The NNHP has compJete coverage of the Nav ajo N ation, 
exc.luding Utah. a: 1:100,000 scale: and coverage at 1:24,000 scale in the sou!hwestem portion of the 
Nav.ajo Nation. In Utah, the U .S. Fish & Wildlife Service's Naiional Wedands Inventory maps a re not yet 
available for the Utah portion of the Navajo Nation. therefore. field su,veys should be completed to 
de-::ermine wtiethe-r we-~ands are loca:ed close enough to me project si::e( s) to be impacted. For fiekl 

surveys. wetlands klentifica!ion and delineation memodology contained in the "Corps of Engineers 
Wetlands Delineation Manual" (Technical Report Y-87-l) should be used. When wetlands are presen~ 
po:enti.lf impacts must be addressed in an environmentaJ assessment and the Army Corps of Engineers. 
Phoenix office. mus,; be con1.1cted. For more infonnation contact me Navajo Environment,."!! Pro:ection 
Agency's Water Quality Program. 

J. Life Length of Data Request - The information in this report was identified by the NNHP and NNDFWs 
biologists and computeriz ed dambase, and is b3Sed on datl available at .he time of this response. lf 
project planming takes more than two {02) years from the da:e of mis response. verification of me 
information provided herein is necessary. It should not be regarded as the final su tement on the 
ooourrence o f arry species, nor should i; substitute for on-si.~e surveys.. Also. because me NNOFW 
information is conlinua!ly updated, any given information response is only ~oily appropria:e for its 
respective request. 

K. Ground Water Pumping - Projects involving the ground water pumping for mining operations. 
agticultu:ral projects or commercial wells (including municipal wells) will have to provide an analysis on the 
e,ffects to suirface water and address potential imp.XU on all aquatic .and/or wetlands species listed below. 
N ESL Species potentially impacted by ground water pumping: Carex specuicola (Navajo Sedge). C irsium 

rydbergii (Rydberg's Thistte) . Primula specuicola (Cave Primrose). Platanthera zothecina {Ak::ove Bog 
Orchid). Puccinen:ia p.arishii (Parish Alkali Grass). Zigadenus vaginarus (Alcow Death Camas). Perityle 
specu.icola (AJcove Rock D aisy}. Symphyotrichum w e-Ishii (Wetsh's American-.w:e-r). Coccyzus 
americanus (YeOow-bilfed Cuckoo), Empidonax traifJii e:dirn.is (Southwe-s:em WiUow Flycatcher). Rana 
pipiens (Northem Leopard Frog}, Gila cypha (Humpbadl Chub), Gila robu$:a (Roundtail Chub), 

Ptychocheitus lu<ius (Colorado Pikeminnow). Xyrauchen texanus (Razorback Sucker}. Cindus mexicanus 
(American Dipper). Speyeria nokomis (Western Seep Fritillary) . Aechmophorus clarkia (Oart's Grebe). 
Ceryle alcyo:n (Belted Kingfisher). Oendroica petechia (YelJow Warbler). Porzana carol ina {Sora). 
Catostom.is discobolus (Bluehead Sucker}, Cot.us b.litdi (Moffled Sculpin). Oxyloma kanabense (Kanab 

Ambersnail) 
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IG. !Personnel Contacts 

Wildlife Maoagec 
Sam Oiswood 

928.871.7062 
sdiswood@nndfw.org 

Zoologist 

Chad Smith 
928.871.7070 
ssmitb@nncttw nee -Vacant 

Biological Reviewer 
Pamela Kyselka 
928.871.7065 
pkyselka@nndfw.org 

filS Suoeorisot 
Dexter D Prall 
928.645.2898 
ora!l:@nndfw PCP 

Wildl ife Tech 
Sonja Oetsoi 
928.871.6472 
sdetsoi@nndfw.org 
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17. Resources 

N ational Environmental Policy Act 

N avajo Endangered Species List: 
h ttp://nnhp.nndfw.org!endangerecthtm 

S pecies Accounts: 
h ttp://nnhp.nndfw.org/-sp .. ,ccounth:m 

Biological Investigation Pennit Application 
h ttp://nnhp.nndfw.org1study pennithtm 

Navajo Nation Sensitive Species Lis; 
h ttp://nnhp.nndfw.org/-study pennithtm 

Various Species Management and/or Document and Reports 
h ttp://nnhp.nndfw.org!doc-s reps.him 

Consultant List 
{Coming Soon) 

Dexter O Pran. GIS Supervisor • Na:urat Heritage Program 
Navajo Nation Department of Fish and Wildlife 
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Nov'=11:.b-=1 l.E.1015 

TO: Naiv-a.jo Natnr.:!l Herit:.22 PKIT.:m 
Naivajo NationD,:;pt ofFiehand \";'":ildlife 
ATIN· Sonja. ~ $Ii and D~e,- :e::a.11 
P.O. E(IX 1 BO 

FROM: 

'S.lJBJEC'r: 

\"F"indow Rock. AZ. B6515 

M\Di: A.te~Q~ 

ATIN: Eile=-..J1 Do:mf~t P1'lljecthl:lla:r 
3665 JClhn F Kellll=d.yPa.:rl:w-a.ry 
B.lsi;; l. S:uite 20-li 
Ft. OJllilJ.,E. CO .80525 
Ph.one: (9 0) .3 7 -9,tH) 
Fat~ (9 0) 3 -9..W-ti 
E-madl: E fle-::D.Do:rnf~:t@!r.v.iJ.:lc:ih lc!!m 

PROJECT NAlJE: 
Naivajo Nation A UM Env:ircil.1C;:.lirail.~JK111S= T:llLEt (ERT) Proj-=:it 

LOC.4-TION: 

SU1:l:MA.RY DESCRIPTION OF PROJECT: 
The wo:rk fa to be 011ndn:t.edat 16 A'lw:!.dllned Uil'.2Jl.1nm hliM, (ATJhli) and include. 
R1~1:•;n:-ail Site Ev-alna1iom (RS:&,,.;) ar.ai-r.il:in,:tc C'.ERCLA. at ea~h ofiib.e :sit:6 . The R.SEi 
a:re :.ite inv,a;ti2=-tfon;; that in.elude the followin.gact.ivitie; : 

•• OI1nducti:ngba-d:ground :.'llil .;tudj~ 
•• amduc:ting g::rr:n:e, 1adfat.iCln :;c;ui;; of :;um{'>: .;,0il!i 

• :;2:1:r.pling:;~ and a'!lb,itirlk.e :;.oil; and,;edir:celll.t; :relaEd oo histcric :1Lin.:ing 
ope:ration,:;; 

• ;:s:.esaingraiiati:Jne:xpo.;me in:i'.ide miJE op-a:a.tiam bu.:ildin.?. h.o:rr.2. o:r otller 
nearby ,;tractnse.. (if p:rei':ll.t at the 'S:ite:;;) 

·• .;a:rr.plin.gexi:;ti:ngand 2.t"-0::..:sfble _gi:,:iundw.:.te:r wi=i.lls 
• n:.1ti2=-tingphy,;iQJ. ha:af>li;; and other interim :re,p-on;;e attian:; 
■ p:reparing a finail. vrritt=-..n :repo:rtdoc:n11::~1i!!; theworlc p:!!fcm:~andhlf,zmrai!El 

obraineil. f.:i:r ea-tll of the 'S.iite; 



T-OPOGF.APH1C MAPS AITACHED: 
• :Slue Ga:p Quadr~ Aminit::-Apa.de OIi. 
·• ~~n SE QJJ::dra11.:le, .f!.rimJL:.~ilw f"~ 
,. Cza::.,::i-on Si;Jut1h Qu.:.dr4._=!le, Arimlmi-C.aC<Jnim Co. 
• Dal Mni:rt,a QJ.l:dr.:11~ A.riooIL2-ApaclE Co. 
• Fh-e Butte; Qua.ilr:::n.z]e. ?..rizanz-Nirv-ajo Co. 
• G-~et Rid.a: Qua.-d.tm_,$, Arim:n.a>-Utih 
• ll,Q:[~}Je;;; QJJ~i:11 ,:le. Arim IE-New Mel; ir;.Q 
•• Indian v;re& Quadr,:Jl~ A!ioona-N:rV'.:j,'.1 1::.0. 
•• ~ CJiee \'';,";i.\ih Q112d:r.1ll@!=, Arimm.>-Apa.-rh.e Co. 
,. !~A.till. M~a Eai;t Q112dr.:JL_:de. .AlimJE-Ut!h 
• ~.ll.Awi. ~...;a W e;t Qm.-drcll_~, Arir.o m.>-U t:.h 
• Rlnev.---ater Quadr.:.D.:gle. NewM~:.1ai 
• Br82.d 5JiriD..? Qll2dr.in.z].e, New Mc:1..Y..<1-hldUnleyva. 
• D'ailikln P-,::;.; Qua.illl~, New hle:x.tOll-hlcK.iDBy Qi. 
·• D<1a Lo~ Qll2dr~1:;. New Me;k:,o 
.. Gailln:it E2ltQuadr&,:].e. New hle:r..iai~cKililey C.() 
,. Sa.nd SJJringQk~ New hl~-Sa.n Juan G(l. 
• 's.tmdingRmd: Quadr.::n;gle, New :M~-Mc~-eo. 
,. Me:x.tc-cll. Hat SE Qnarlr.in.;}e., Utah-San Jm.n Oil 

• ~ Quadr.allge. Ut!h-SanJlWI. Co. 



ROUTE COPIES TO: 

THE NAVAJO NATION 
HISTORIC PRESERVATJON DEPARTMENT 

PO Box 4950, Window Rock, Arlxona 86515 
TEL: (928) 871 -7198 FAX: {928) 871 -7886 

CULTURAL RESOURCE COMPLIANCE FORM 

NNHPD NO. : H PD-16-588 f--c=----------------------- -liZI DCRM OTHER PROJECT NO.: DCRM 2016-06 

PROJECT TITLE: A Cultural Resource Inventory of Eight Abandoned Uranium Mines (Northern Region) for MWH 
Americas, Inc. in the Western and Sh iprock Agencies of the Navajo Nation, in Utah, Arizona, and New Mexico. 

LEAD AGENCY: BIA/NR 

SPONSOR: Sadie Hoskie, Trustee, Navajo National AUM, Environmental Response Trust, P.O. Box 3330, Window 
Rock, AZ 86515 

PROJECT DESCRIPTI.ON: The proposed undertaking will involve proposing to complete Removal Site Evaluations 
to define the horizontal extent of contamination in surface soils and sediments at the eight former uranium mine areas. 
The proposed undertaking may involve .intensive ground disturbance wrth the use of heavy equipment and hand tools. 
The area of potential effect is 54.4-acres. 

LAND STATUS: Navajo Tribal Trust 
CHAPTER: Oljato, Dennehotso, Mexican Water, Sweetwater. and Red Valle}.'. r----- -- - ----:·-- : ·---- -- ---, --- . - . ; 

· · San · 7 
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HPD-16-588 I DCRM 2016-06 
Page 2, continued 

EFFECT/CONDITIONS OF COMPLIANCE: No historic properties affected with the following conditions: 

Sites: UT-B-59-8, UT-C-63-12, AZ-I-5-25, AZ-I-7-72, AZ-I-6-79, NM-I-24-87, NM-I-24-89: 
1. Prior to any construction, the site boundaries will be flagged and/or temporarily fenced under the 
direction of a qualified archaeologist & shown to the construction foreman. 
2. All ground disturbance within the 50 ft. of the site boundaries will be monitored by a qualified 
archaeologist. 
3. No construction, equipment or vehicular traffic will be allowed within the site boundaries. 
4. A brief letter/report documenting the result of the monitoring will be submitted to NNHPD within 30 days 
of monitoring activities. 
5. All future maintenance activities shall avoid the site by a minimum of 50 ft. from the site boundaries. 

Site NM-1-24-88: 
Given the environmental hazards the mine possesses, and the thorough extent of the ethnographic 
information, all research potential has been exhausted. No further work is warranted. 

TCPs. 
No effect by proposed undertaking. 

In the event of a discovery ["discovery" means any previously unidentified or incorrectly identified cultural resources including but not limited to 
archaeological deposits, human remains, or locations reportedly associated with Native American religious/traditional beliefs or practices], all 
operations in the immediate vicinity of the discovery must cease, and the Navajo Nation Historic Preservation Department must be notified at 
(928) 871-7198. 

FORM PREPARED BY: Tamara Billie 
FINALIZED: September 9, 2016 

Notification to Proceed 
Recommended 
Conditions: 

@ Yes 

0Yes □ No 

~ Navajo Region Approval 

';\\\J 
>4'es □ No 

~ 

The Navajo Nation 
Historic Preservation Office 

2 8 2016 

( 



NNDFW Review No. 15mwh 101-hb3 

BIOLOGICAL RESOURCES COMPLIANCE FORM 
NAVAJO NATION DEPARTMENT OF FISH AND WILDLIFE 

P.O. BOX 1480, WINDOW ROCK, ARIZONA 86515-1480 

It is the Department's opinion the project described below, with applicable conditions, is in compliance with Tribal 
and Federal laws protecting biological resources including the Navajo Endangered Species and Environmental Policy 
Codes, U.S. Endangered Species, Migratory Bird Treaty, Eagle Protection and National Environmental Policy Acts. 
This form does not preclude or replace consultation with the U.S. Fish and Wildlife Service if a Federally-listed 
species is affected. 

PROJECT NAME & NO.: Harvey Blackwater No. 3 - Abandoned Uranium Mine Project 

DESCRIPTION: Proposed Phase I & II scientific investigations at an abandoned mine site. Phase I would entail 

biological and land surveying with a maximum of 5 people onsite for no more than 5-7 days. Disturbance would be 

light. Phase II would require the use of an excavator or a small mobile drilling unit to collect one or more soil samples 

with up to 8 people onsite for a period of one week. A temporary travel corridor 20 ft. in width would be necessary to 

move equipment to the site. Disturbance would be light to moderate. No permanent structures would be left onsite. 

The proposed project area (mine boundary and buffer) would be approximately 23 .2 acres. 

LOCATION: 36°59.980'N 109°50.372'W, Dennehotso Chapter, Apache/San Juan County, Arizona/Utah 

REPRESENTATIVE: Lori Gregory, Adkins Consulting, Inc. for MWH Global/Stantec 

ACTION AGENCY: U.S. Environmental Protection Agency and Navajo Nation 

B.R. REPORT TITLE/ DA TE/ PREPARER: BE-Harvey Blackwater No. 3 Abandoned Uranium Mine Project/ AUG 

2016/Lori Gregory, Plant Survey Report for Species of Concern At Harvey Blackwater No. 3 Project Site/AUG 

2016/Redente Ecological Consultants 

SIGNIFICANT BIOLOGICAL RESOURCES FOUND: Area I & 3. Suitable nesting habitat is present in the project 

area for Migratory Birds not listed under the NESL or ESA. Migratory Birds and their habitats are protected under the 

Migratory Bird Treaty Act ( 16 USC §703-712) and Executive Order 13186. Under the EO, all federal agencies are 

required to consider management impacts to protect migratory non-game birds. 

POTENTIAL IMPACTS 

NESL SPECIES POTENTIALLY IMPACTED: Aquila chrysaetos (Golden Eagle) G3, GBENPR, BGEPA, 

MBTA. 

FEDERALLY-LISTED SPECIES AFFECTED: NA 

OTHER SIGNIFICANT IMPACTS TO BIOLOGICAL RESOURCES: NA 

AVOIDANCE/ MITIGATION MEASURES: Mitigation measures will be implemented to ensure that there are no 

impacts to migratory birds that could potentially nest in the project area. 

CONDITIONS OF COMPLIANCE*: Phase I and Phase II project activities shall avoid the Golden Eagle (Aquila 

chrysaetos) breeding season of 15 JAN-15 JUL if the nest is active. Consult with staff zoologist. 

FORM PREPARED BY / DA TE: Pamela A. Kyselka/ 17 NOV 2016 
C:\old_pc2010\My Documents\NNHP\BRCF _2016\15mwhl0l_hb3.doc 

Page 1 of2 
NNDFW-B.R.C.F.: FORM REVISED 12 NOV 2009 



COPIE T?~add categories as necessary) 

~ °'~ □----------

2 NTC § 164 Recommendation: Signa~u~ Date 
□Approval · < { 

[g!Conditional Approval (with memo) ~ it ( g lb □Disapproval (with memo) Glor· . om, Dire~avajo Nation Department ofjsh and Wildlife 
□Categorical Exclusion (with request letter) 
□None ( with memo) 

*I understand and accept the conditions of compliance, and acknowledge that lack of signature may be grounds for 
the Department not recommending the above described project for approval to the Tribal Decision-maker. 

Representative's signature 

C:\old_pc2010\My Documcnts\NNHP\BRCF _2016\15mwhl0l_hb3.doc 
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NNDFW-8.R.C.F.: FORM REVISED 12 NOV 2009 

Date 



, ..\\ .\JO FL' H A D \\ lLDUFE P.O. BO~ 1-1,80 

17 November 2016 

Lori Gregor:-·, Wil<llire Biulugi.sl 
Aukir.s Consulting, Inc. 
180 East 121h Street, Unit s 
Durango, Colorado 81301 

Dear Lori, 

t•HESIDENT 

llUSSELI.. IIEGAYE 
\'ICE: Pll ll.SI DE:NT 

,JON1\TII.\N NEZ 

\\ J DO\, ROCK . .\Z 86515 

The Nava~o Nation Department of Fish and Wildlife (NNDFW) reviewed the Biological Evaluation for the 
proposed Ha1-vcy Blnckwntcr No. 3 AUM-ERT project locntcd i:1 the Dcnnchotso Chapler, 
Ar izona/Ulah. The purpose of this letter is to inform you that we are granling Lhe proposed projed a 
f',0rn-l ition,1,l Approval PhasP. l ancl Phase 11 prnjP.c:t .1ctivil'ies .shall avoirl th P. GoklP.n R;igk: (A qui fa 

chr·ysaetos) hreeding season of 15 ,JAN-15 ,JUL if the nest is active per Golden & Bald Eagle Nest 
Protection Regulations. 

Please contact me at 928-871-7065 wilh any q uc.o;lions that you have concerning the review of this project . 

Sincerely, 

Pamela A. Kyselka, Wildlife Biologist 
Navajo Natural Heritage Program 

CE 

U(ti/LC; 
Gl ria Tom, Director Date 
Department of Fish and Wi]dlife 

xc: CONS-100-16 
BIA 



From: Nystedt, John
To: Justin Peterson
Cc: Lori Gregory; Pam Kyselka; tbillie@navajo-nsn.gov; Harrilene Yazzie; Melissa Mata
Subject: Navajo Nation AUM Environmental Response Trust - -First Phase
Date: Monday, November 07, 2016 4:08:30 PM
Attachments: image001.png

Justin,

Thank you for your November 6, 2016, email.  This email documents our response regarding
the subject project, in compliance with section 7 of the Endangered Species Act of 1973
(ESA) as amended (16 U.S.C. 1531 et seq.).  Based on the information you provided, we
believe no endangered or threatened species or critical habitat will be affected by this project;
nor is this project likely to jeopardize the continued existence of any proposed species or
adversely modify any proposed critical habitat.  No further review is required for this project
at this time.  Should project plans change or if new information on the distribution of listed or
proposed species becomes available, this determination may need to be reconsidered.  In all
future communication on this project, please refer to consultation numbers given below.

In keeping with our trust responsibilities to American Indian Tribes, by copy of this email, we
will notify the Navajo Nation, which may be affected by the proposed action and encourage
you to invite the Bureau of Indian Affairs to participate in the review of your proposed action.

Should you require further assistance or if you have any questions, please contact me as
indicated below, or my supervisor, Brenda Smith, at 556-2157.  Thank you for your continued
efforts to conserve endangered species.

Claim 28 02EAAZ00-2016-SLI-0358
Section 26 (Desiddero Group) 02ENNM00-2016-SLI-0447
Mitten #3 06E23000-2016-SLI-0210
NA-0904 02EAAZ00-2016-SLI-0363
Occurrence B 02EAAZ00-2016-SLI-0361
Standing Rock 02ENNM00-2016-SLI-0448
Alongo Mines 02ENNM00-2016-SLI-0465
Tsosie 1* 02EAAZ00-2016-SLI-0364
Boyd Tisi No. 2 Western 02EAAZ00-2016-SLI-0355
Harvey Blackwater #3 02EAAZ00-2016-SLI-0356 / 06E23000-2016-SLI-0207
Oak 124/125 02ENNM00-2016-SLI-0466
NA-0928 02EAAZ00-2016-SLI-0360
Hoskie Tso #1 02EAAZ00-2016-SLI-0362
Charles Keith 06E23000-2016-SLI-0208
Barton 3 02EAAZ00-2016-SLI-0354

Eunice Becenti 02ENNM00-2016-SLI-0444

* It is our understanding that the Tsosie No. 1 site has been put on hold indefinitely due to
access issues.  However, provided the results of the survey were negative (i.e., no potential for

mailto:tbillie@navajo-nsn.gov


any ESA-listed species) then we would come to the same conclusion, above, as for the other
15 projects.
.··..··..··..··...··..··..··..··..··..··..··..··..··...··..··..··..··..··.
Fish and Wildlife Biologist/AESO Tribal Coordinator
USFWS AZ Ecological Services Office - Flagstaff Suboffice
Southwest Forest Science Complex, 2500 S Pine Knoll Dr, Rm 232
Flagstaff, AZ 86001-6381  (928) 556-2160 Fax-2121 Cell:(602) 478-3797
http://www.fws.gov/southwest/es/arizona/

http://www.fws.gov/southwest/es/arizona/
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F.1Data Usability Report

F.2 Laboratory Analytical Data and Data
Validation Reports 
(provided in a separate electronic file due to its file size and length) 
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DATA USABILITY REPORT 

1.0 INTRODUCTION 

This data usability report presents a summary of the validation results for the sample data 
collected from the Harvey Blackwater No. 3 Site (the Site) as part of the Removal Site Evaluation 
(RSE) performed for the Navajo Nation AUM Environmental Response Trust First Phase. The 
purpose of the validation was to ascertain the data usability measured against the data quality 
objectives (DQOs) and confirm that results obtained are scientifically defensible. 

Samples were collected between October 15, 2016 and March 18, 2017 and were analyzed by 
ALS Environmental of Ft. Collins, Colorado, for all methods. Samples were analyzed for one or 
more of the following: 

 Radium-226 in soil by United States Environmental Protection Agency (USEPA) Method 901.1 

 Metals in soil by USEPA Method SW6020  

 Isotopic thorium in soil by USDOEAS-06/EMSL/LV 

Samples were collected and analyzed according to the procedures and specific criteria 
presented in the Quality Assurance Project Plan, Navajo Nation AUM Environmental Response 
Trust (QAPP), (MWH 2016). 

Project data were validated as follows: 

 Laboratory Data Consultants, Inc. (LDC) of Carlsbad, California, performed validation of all 
radiological data, plus ten percent of the non-radiological data (Level IV only) 

 All non-radiological data were validated by the Stantec Consulting Services Inc. (Stantec; 
formerly MWH) Project Chemist (Level III only) 

 All samples received Level III data validation 

 Ten percent of the sample results for all methods received a more detailed Level IV 
validation 

The analytical data were validated based on the results of the following data evaluation 
parameters or quality control (QC) samples: 

 Compliance with the QAPP 

 Sample preservation 

 Sample extraction and analytical holding times 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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 Initial calibration (ICAL), initial calibration verification (ICV), and continuing calibration 
verification (CCV) results 

 Method and initial/continuing calibration blank (ICB/CCB) sample results 

 Matrix spike/matrix spike duplicate (MS/MSD) sample results 

 Laboratory duplicate results 

 Serial dilution (metals analysis only) 

 Interference check samples (ICS) (metals analysis only) 

 Laboratory control sample (LCS) and laboratory control sample duplicate (LCSD) results 

 Field duplicate sample results 

 Minimum detectable concentration (radiological analyses only) 

 Reporting limits 

 Sample result verification 

 Completeness evaluation 

 Comparability evaluation 

Sample results that were qualified due to quality control parameters outside of acceptance 
criteria are listed on Table F.1-1. 

2.0 DATA VALIDATION RESULTS 

Stantec reviewed the data validation reports and assessed the qualified data against the 
(DQOs) for the project. The following summarizes the data validation findings for each of the 
data evaluation parameters. 

2.1 QUALITY ASSURANCE PROJECT PLAN COMPLIANCE 
EVALUATION 

Based on the data validation, all samples were analyzed following the quality control criteria 
specified in the QAPP, with the following exception: ALS routinely dilutes all metals samples by a 
factor of 10 times in order to protect their ICP-MS instrument from the adverse effects of running 
samples with high total dissolved solids. This also includes running a long series of samples (as is 
common in a production laboratory) with intermediate dissolved solids. The vulnerable parts of 
the instrument are the nebulizer, which produces an aerosol, and the cones, which disperse the 
aerosol. These areas form scaly deposits from the samples in the sample solution, despite the 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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nitric acid and other acids present in the digestate. These parts of the instrument periodically 
need to be taken apart and cleaned, but in a production setting the laboratory wants to avoid 
any downtime as much as possible. As an ameliorating factor, the laboratory also takes account 
of this dilution factor up front in the project planning stages. The laboratory will not quote a 
reporting limit for this instrument that cannot be achieved after the 10 times dilution required for 
the instrument. Not 
protocol. The dilution is narrated by the laboratory merely as a matter of transparency, as well as 

. The dilution should 
goals.   

Sample Preservation Evaluation. All samples were preserved as specified in the QAPP. 

Holding Time Evaluation. All analytical holding times were met. 

Initial Calibration, Initial Calibration Verification, and Continuing Calibration Verification 
Evaluation. All ICAL, ICV, and CCV results were within acceptance criteria. 

Method Blank Evaluation. No sample data were qualified due to method blank results. 

Initial and Continuing Calibration Blank Evaluation. No sample data were qualified due to 
ICB/CCB data. 

Matrix Spike/Matrix Spike Duplicate Samples Evaluation. All MS/MSD recoveries were within 
acceptance criteria with the exception of a few metals.  Table F.1-1 lists the analytes where an 
MS and/or MSD percent recovery was outside the acceptance criteria. Samples results were 

were estimated and potentially biased high; sample 
results were qualified with a J- flag for results that were estimated and potentially biased low.  
Three MS/MSD relative percent differences (RPDs) for metals were outside the acceptance 

 

Laboratory Duplicate Sample Evaluation. For some analyses, the laboratory prepared and 
analyzed a duplicate sample. RPD results were evaluated between the parent and laboratory 
duplicate samples. Sample results qualified due to laboratory duplicate RPDs outside of the 
acceptance criteria are listed on Table F.1-1. 
indicate an estimated result. 

Serial Dilution Evaluation. All serial dilution percent differences were within acceptance criteria 
with the exception of a few metals.  Sample results associated with out-of-compliance serial 

.1-1). 

Interference Check Sample Evaluation. All interference check samples were within acceptance 
criteria. 

Laboratory Control Sample/Laboratory Control Sample Duplicate Evaluation. All LCS and LCSD 
recoveries were within acceptance criteria. All LCS/LCSD RPDs were within acceptance criteria. 

all of the requested reporting limits can be met using the laboratory's routine 

for the validator's information have no impact on the project's sensitivity 

qualified with a "J+" flag for results that 
II n 

criteria; results were qualified as estimated with a "J" flag if not otherwise qualified. 

The sample results were qualified with a "J" flag to 

dilution were qualified with a "J" flag if not otherwise qualified (see Table F 

()stantec 
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Field Duplicate Evaluation. The RPDs were less than the guidance RPD of 30 percent established 
in the QAPP for all field duplicate pairs, with the exception of results for four metals and one 
radium-226. The sample IDs, sample results, and RPDs for those results that did not meet the 
guidance RPD are listed in Table F.1-2. Sample results were not qualified due to RPDs exceeding 
the guidance criteria, as described in the QAPP. 

Minimum Detectable Concentration Evaluation. All minimum detectable concentrations met 
reporting limits with the exception of eight samples for the analysis of radium-226.  However, the 
reported activity for each of these samples was greater than the achieved minimum detectable 
concentration and no qualification was needed. 

Reporting Limit Evaluation. All sample data were reported to the reporting limit established in the 
QAPP, with the exception of the metals, as discussed at the beginning of this section related to 
dilution. 

Sample Result Verification. All sample result verifications were acceptable with the exception of 
43 samples analyzed for radium-226. The sample density exceeded the limit of +/- 15% of the 
density of the calibration standard. In all cases the re -  flag as 
estimated, potentially biased low (see Table F.1-1). 

Completeness Evaluation. All samples and QC samples were collected as scheduled, resulting in 
100 percent sampling completeness for this project. Based on the results of the data validation 
described in the previous sections, all data are considered valid as qualified. No data were 
rejected; consequently, analytical completeness was 100 percent, which met the 95 percent 
analytical completeness goal established in the QAPP. 

Comparability Evaluation. Comparability is a qualitative parameter that expresses the 
confidence that one data set may be compared to another. For this project, sample collection 
and analysis followed standard methods and the data were reported using standard units of 
measure as specified in the QAPP. In addition, QC data for this project indicate the data are 
comparable. As a result, the data from this project should be comparable to other data 
collected at this Site using similar sample collection and analytical methodology. 

3.0 DATA VALIDATION SUMMARY 

Precision. Based on the MS/MSD sample, LCS/LCSD sample, laboratory duplicate sample, and 
field duplicate results, the data are precise as qualified. 

Accuracy. Based on the ICAL, ICV, CCV, MS/MSD, and LCS, the data are accurate as qualified.  

Representativeness. Based on the results of the sample preservation and holding time 
evaluation; the method and ICB/CCB blank sample results; the field duplicate sample 
evaluation; and the RL evaluation the data are considered representative of the Site as 
reported. 

suits were qualified with a "J " 

()stantec 
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Completeness. All media and QC sample results were valid and collected as scheduled; 
therefore, completeness for this RSE is 100 percent. 

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

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

()stantec 



Table F.1-1
Summary of Qualified Data
Harvey Blackwater No. 3

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

Page 1 of 6

Field Sample
Identification

Sample
Date

Analysis
Code Analyte

Sample
Result Units

QC
Type

QC
Result

QC
Limit

Added
Flag Comment

S239-BG1-001 10/15/16 SW6020 Molybdenum 1.2 mg/kg LR 52% 20% J Result is estimated, bias unknown.  LR RPD 
outside acceptance criteria.

S239-BG1-001 10/15/16 E901.1 Radium-226 0.88 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-001 10/15/16 SW6020 Uranium 0.63 mg/kg MS
LR

Serial Dilution

135%
72%
11%

75% - 125%
20%
10%

J+ Result is estimated, potentially biased 
high. MS recovery above acceptance 
criteria. LR RPD outside acceptance 
criteria. Serial dilution %D greater than 
acceptance criteria.

S239-BG1-002 10/15/16 E901.1 Radium-226 0.54 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-003 10/15/16 E901.1 Radium-226 0.57 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-004 10/15/16 E901.1 Radium-226 0.47 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-005 10/15/16 E901.1 Radium-226 0.51 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-007 10/15/16 E901.1 Radium-226 0.63 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-008 10/15/16 E901.1 Radium-226 0.5 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-006 10/15/16 E901.1 Radium-226 0.52 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

Notes
mg/kg milligrams per kilogram LR laboratory replicate (duplicate)
pCi/g picocuries per gram MS matrix spike
%D percent difference MSD matrix spike duplicate
LCS laboratory control sample RPD relative percent difference
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Field Sample
Identification

Sample
Date

Analysis
Code Analyte

Sample
Result Units

QC
Type

QC
Result

QC
Limit

Added
Flag Comment

S239-BG1-009 10/15/16 E901.1 Radium-226 0.45 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG1-206 10/15/16 E901.1 Radium-226 0.49 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-001 10/15/16 E901.1 Radium-226 1.24 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-002 10/15/16 E901.1 Radium-226 0.91 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-003 10/15/16 E901.1 Radium-226 1.04 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-005 10/15/16 E901.1 Radium-226 1.23 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-006 10/15/16 E901.1 Radium-226 0.85 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-009 10/15/16 E901.1 Radium-226 0.79 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-010 10/15/16 SW6020 Arsenic 2.1 mg/kg MSD
MS/MSD RPD
Serial Dilution

158%
36%
17%

75% - 125%
20%
10%

J+ Result is estimated, potentially biased 
high. MSD recovery above acceptance 
criteria. MS/MSD RPD outside acceptance 
criteria. Serial dilution %D greater than 
acceptance criteria.

S239-BG2-004 10/15/16 E901.1 Radium-226 1.13 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

Notes
mg/kg milligrams per kilogram LR laboratory replicate (duplicate)
pCi/g picocuries per gram MS matrix spike
%D percent difference MSD matrix spike duplicate
LCS laboratory control sample RPD relative percent difference
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S239-BG2-010 10/15/16 E901.1 Radium-226 1.11 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG2-010 10/15/16 SW6020 Uranium 1.2 mg/kg MSD
MS/MSD RPD
Serial Dilution

170%
37%
22%

75% - 125%
20%
10%

J+ Result is estimated, potentially biased 
high. MSD recovery above acceptance 
criteria. MS/MSD RPD outside acceptance 
criteria. Serial dilution %D greater than 
acceptance criteria.

S239-BG2-010 10/15/16 SW6020 Vanadium 6 mg/kg MS/MSD RPD
LR

Serial Dilution

22%
32%
24%

20%
20%
10%

J Result is estimated, bias unknown. MS/MSD 
RPD outside acceptance criteria. LR RPD 
outside acceptance criteria. Serial dilution 
%D greater than acceptance criteria.

S239-BG2-206 10/15/16 E901.1 Radium-226 1.16 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG3-002 3/18/17 SW6020 Arsenic 11 mg/kg MS
MSD

LR

15%
13%

146%

75% - 125%
75% - 125%

20%

J- Result is estimated, potentially biased low.  
MS and MSD recoveries below 
acceptance criteria. LR RPD outside 
acceptance criteria.

S239-BG3-002 3/18/17 SW6020 Molybdenum 1.2 mg/kg LR 91% 20% J Result is estimated, bias unknown. LR RPD 
outside acceptance criteria.

S239-BG3-003 3/18/17 E901.1 Radium-226 0.99 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG3-005 3/18/17 E901.1 Radium-226 0.78 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG3-006 3/18/17 E901.1 Radium-226 1.24 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-BG3-11-1 3/18/17 E901.1 Radium-226 0.93 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

Notes
mg/kg milligrams per kilogram LR laboratory replicate (duplicate)
pCi/g picocuries per gram MS matrix spike
%D percent difference MSD matrix spike duplicate
LCS laboratory control sample RPD relative percent difference
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S239-C02-001 10/27/16 E901.1 Radium-226 0.5 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-C03-001 10/27/16 E901.1 Radium-226 8.1 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-C04-001 10/27/16 E901.1 Radium-226 4.67 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-C05-001 10/27/16 E901.1 Radium-226 4.42 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-CX-002 10/27/16 E901.1 Radium-226 1.72 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-CX-004 10/27/16 E901.1 Radium-226 0.82 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-CX-007 10/27/16 E901.1 Radium-226 7.7 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-CX-008 10/27/16 SW6020 Uranium 7.9 mg/kg LR 29% 20% J Result is estimated, bias unknown. LR RPD 
outside acceptance criteria.

S239-BG3-203 3/18/17 E901.1 Radium-226 0.75 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-CX-009 10/27/16 E901.1 Radium-226 2.7 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SCX-002-1 10/28/16 E901.1 Radium-226 1.02 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

Notes
mg/kg milligrams per kilogram LR laboratory replicate (duplicate)
pCi/g picocuries per gram MS matrix spike
%D percent difference MSD matrix spike duplicate
LCS laboratory control sample RPD relative percent difference
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S239-SCX-002-2 10/28/16 E901.1 Radium-226 2.3 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SCX-004-1 10/28/16 E901.1 Radium-226 10.1 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SCX-006-1 10/28/16 E901.1 Radium-226 3.03 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SCX-008-1 10/28/16 E901.1 Radium-226 19.8 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SCX-008-2 10/28/16 E901.1 Radium-226 18.4 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SCX-016-01 11/15/16 SW6020 Arsenic 3 mg/kg MSD 137% 75% - 125% J+ Result is estimated, potentially biased 
high. MSD recovery above acceptance 

S239-SCX-016-01 11/15/16 SW6020 Vanadium 7.4 mg/kg MSD 166% 75% - 125% J+ Result is estimated, potentially biased 
high. MSD recovery above acceptance 

S239-SCX-017-01 11/15/16 SW6020 Molybdenum 2.4 mg/kg Serial Dilution 12% 10% J Result is estimated, bias unknown. Serial 
dilution %D greater than acceptance 
criteria.

S239-SCX-017-01 11/15/16 SW6020 Uranium 0.82 mg/kg MS
MSD

135%
127%

75% - 125%
75% - 125%

J+ Result is estimated, potentially biased 
high. MS and MSD recoveries above 
acceptance criteria.

S239-SCX-017-02 11/15/16 E901.1 Radium-226 2.06 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SCX-021-04 11/15/16 E901.1 Radium-226 66 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

Notes
mg/kg milligrams per kilogram LR laboratory replicate (duplicate)
pCi/g picocuries per gram MS matrix spike
%D percent difference MSD matrix spike duplicate
LCS laboratory control sample RPD relative percent difference
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S239-SXC-009-02 11/14/16 E901.1 Radium-226 57.3 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SXC-011-01 11/14/16 E901.1 Radium-226 2.79 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

S239-SXC-012-01 11/14/16 E901.1 Radium-226 2.22 pCi/g Result 
Verification

±15% J- Result is estimated, potentially biased low.  
Sample density differs by more than 15% 
of LCS density.

Notes
mg/kg milligrams per kilogram LR laboratory replicate (duplicate)
pCi/g picocuries per gram MS matrix spike
%D percent difference MSD matrix spike duplicate
LCS laboratory control sample RPD relative percent difference
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Primary Sample / Duplicate 
Indentification Sample Date Parameter Primary 

Result
Duplicate 

Result Units RPD (%)

S239-BG1-006/S239-BG1-206 10/15/2016 Arsenic 1.8 1.2 mg/kg 40
S239-BG2-006/S239-BG2-206 10/15/2016 Radium-226 0.85 1.16 pCi/g 31

S239-CX-008/S239-CX-208 10/27/2016 Uranium 7.9 5.6 mg/kg 34
S239-BG3-007/S239-BG3-207 3/18/2017 Arsenic 4.2 5.8 mg/kg 32
S239-BG3-007/S239-BG3-207 3/18/2017 Molybdenum 0.59 1.1 mg/kg 60

Notes
mg/kg milligrams per kilogram
pCi/g picocuries per gram
RPD relative percent difference 
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