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Phase 1 Summary Report - Black Jack and Mac Mines Homestake Minina Company of California

PREFACE

This Report documents the results of radiological and geomorphological characterization surveys
conducted in support of a Removal Site Evaluation (RSE) and Interim Removal Action for the Black Jack
No.l and No.2 and the Mac No.l and No. 2 mine sites (Sites) in the Mariano Lake and Smith Lake areas
of the Navajo Nation within McKinley County, New Mexico. These surveys were conducted by
Environmental Restoration Group, Inc. (ERG) and Alan Kuhn Associates, LLC (AKA) on behalf of
Homestake Mining Company of California (HMC) pursuant to the Scope of Work (SOW) identified in the
Administrative Settlement Agreement and Order on Consent (AOC) for Interim Removal Action under
the jurisdiction of the U.S. Environmental Protection Agency (EPA) as authorized by the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA Docket No. 2014-06).

This Phase 1 Summary Report is presented in the form of two separate sub-reports organized as two
major component Parts of this overall Report:

Part 1 - Radiological Characterization Surveys (Environmental Restoration Group, Inc.)

Part 2 - Geomorphic Characterization and Assessment (Alan Kuhn Associates, LLC)

Each component Part of the Phase 1 Summary Report as noted above represent stand-alone documents
that include a main report and corresponding appendices and/or attachments. A complete electronic
file of this Report will be provided to EPA. Three hard copies of this overall Report will be compiled and
submitted to the Agencies as specified in the AOC, with Level IV analytical laboratory data provided only
in electronic format on an attached CD.

Revision 1, August 22, 2017 1
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1. INTRODUCTION

This report documents radiological characterization surveys conducted in support of a Removal Site
Evaluation (RSE) and Interim Removal Action for the Black Jack No.l and No.2 and the Mac No.l and No.
2 mine sites (Sites) in the Mariano Lake and Smith Lake areas of the Navajo Nation within McKinley County,
New Mexico (Figure 1). These surveys were conducted by Environmental Restoration Group, Inc. (ERG)1
on behalf of Homestake Mining Company of California (HMC or Respondent) pursuant to the Scope of
Work (SOW) identified in an Administrative Settlement Agreement and Order on Consent (AOC) for
Interim Removal Action under the jurisdiction of the U.S. Environmental Protection Agency (EPA) as
authorized by the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA
Docket No. 2014-06) (EPA, 2014). Specifically, this report covers the following Phase 1 SOW items:

4.1.1 -Transect Gamma Scan
4.1.3 - Background Study
4.1.5 - Radiation Measurements in Buildings

A report addressing Phase 1 SOW item 4.1.2 (Geomorphologic Study) is provided as Part 2 of this overall
Summary Report. Sampling for a Gamma Scan/Soil Concentration Correlation (SOW item 4.1.4) was
deferred to Phase 3 of the SOW as stated in the EPA-approved Phase 1 Work Plan (ERG, 2014). Phase 1
item 4.1.6 in the SOW (backfilling Open Hole at Black Jack No. 1) was deferred to Phase 2 of the SOW
(filling, closing and reclaiming mine features that present physical hazards and placement of signage).

2. OBJECTIVES
The objectives of the Phase 1 SOW items described above include:

e Characterization of terrestrial gamma radiation exposure rates across the Sites and adjacent
areas to identify the horizontal (areal) extent of mine-related material.

e Characterization of existing local background gamma exposure rates and concentrations of
specified radionuclides and metals in local soils to be used in identifying areas impacted by
mine-related material containing potential contaminants of concern (PCOC) as specified in the
SOW (Appendix A of the AOC), along with two additional radionuclides not related to PCOCs that

could influence gamma radiation readings as specified in the Phase 1 Work Plan [including
thorium-232 (Th-232) and potassium 40 (K-40)].2

I Initial gamma radiation surveys and background soil sampling was conducted between April 20-25, 2015. Due to
subsequent discussions between EPA, Navajo Nations EPA (NNEPA), and the Bureau of Indian Affairs (BIA)
regarding proper procedure for notification/approval of access to Sites located on lands allotted by the BIA to
individual members of the Navajo Nation ("Allottees™), or on lands subject to grazing permits, Phase | work was
suspended pending resolution of this matter. The Respondent (HMC) was given permission to resume Phase | field
work at the Sites in December 2016, and respective field work was completed in early May 2017.

2 Th-232 and K-40 are naturally occurring radionuclides typically found at low levels in all soils and rocks. In some
areas, these radionuclides can be naturally elevated and influence the terrestrial gamma radiation field. While not
required by the SOW, analysis of these radionuclides was included in the Phase 1 Work Plan as a potential
diagnostic tool for evaluation of Ra-226 levels in soil based on gamma radiation readings. Th-232 levels were
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« Determination of ambient indoor radon-222 (Rn-222) gas concentrations within existing onsite

structures.

« Characterization of geomorphological features in the vicinity of the Sites to evaluate active and
potential erosion processes and pathways for transport of mine-related materials to support
potential removal actions and evaluation of reclamation and Site closure options.

e Mitigation of imminent safety hazards associated with the mine Sites until permanent remedy of
these hazards occurs in later phases of the work.

Crownpoint

Mariano ™
Smith IEPBllaifegy&gpf
Gallup I Lake
Grants
County Rd-IS
Mariano Lake --ndfe'.aFf)
Chapter House ifrm. T*®*? —
Black Jack No. 1
Black Jack No. 2 Smith Lake
Chapter House
Legend
Project Area

&= Mariano Lake Mine Reclamation Areas*

E Ruby Mine Adits* I Miles

Figure 1: Black Jack and Mac Mine Site locations relative to local Navajo Nation Chapter Houses and other
abandoned uranium mines in this region of the Navajo Nation in New Mexico.

indirectly estimated based on measurements of actinium-228 (Ac-228) and an assumption of secular equilibrium
between Ac-228 and its Th-232 precursor.
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3. METHODS

The SOW items described above were implemented in accordance with the methods outlined in the Phase
1 Work Plan and accompanying standard operating procedures (SOPs). Details of the methods employed
in the field for the SOW items covered by this portion (Part 1) of the Phase 1 Summary Report are provided
below.

The gamma radiation surveys were largely completed April 20-25, 2015, with follow-up scanning
performed December 6-7, 2016 and May 3, 2017 (see Footnote 1). Instrumentation included Ludlum
Model 44-10 sodium iodide (Nal)-based scintillation detectors connected to Ludlum Model 2221
ratemeter/scalers, along with a Trimble global positioning system (GPS) receiver and handheld data
logger. Operation of the GPS-based scanning system followed the method described in Standard
Operating Procedure (SOP) 5.11 as presented in the Phase 1 Work Plan (ERG, 2014). Gamma radiation
levels were recorded in units of counts per minute (cpm) along with corresponding GPS coordinates for
each individual gamma reading. These data were collected at 1-second intervals while scanning.

The gamma detector was positioned at a height of approximately 18 inches above the ground surface
while scanning, with a scan speed of about 0.5 - 1.5 m/s (typical walking speeds) depending on terrain.
The estimated minimum detectable concentration of radium-226 (Ra-226) in surface soil for a single
individual gamma radiation measurement while scanning (scan MDC) was calculated to be 1 pCi/g based
on model parameters consistent with the scanning method used in the field, and the apparent spatial
distributions of radiological surface impacts at the Sites (Figure 2).3

Gross Background (cpm): |20000

Detector Type: j2"x2" Index of Sensitivity (cf): 1.38

Contaminant; Ra-226 (in equilibrium) d  MDCR Above BKG (20000): 1,512

Source Diamater (cm):  Infinite vl Source Volume: Infinite Plane
Detector Height (cm): |46 N/| - Detector: 2"x2‘ at 46 cm (18.1 in.) above soil
Scanning Speed (m/second): |1 Source: Infinite Plane
False Positive Proportion: 10.60 VI Scanning Parameters: 1 m/s (3.3 ft/s), 1 s counting interval
True Positive PrOportion: |0 95 H Contaminant Scan MDC: 1 pCi/g (35.6 Bg/kg)
|Calculate]

Figure 2: Retrospectively calculated scan MDC for detection of Ra-226 in surface soils based on background
gamma radiation readings, scanning procedures specified in the Phase 1 Work Plan, and the observed spatial
distributions of radiological impacts in surface soils at the Sites.

3 The estimated scan MDC was retrospectively calculated based on a recently published method (Alecksen and
Whicker, 2016) and online calculator (ERG, 2017) designed specifically for electronically recorded, GPS-based
gamma surveys, along with measured Site-specific background gamma readings. An assumption of infinite plane
conditions is appropriate for broadly dispersed contamination (versus small hot spots), and this assumption is
generally supported by gamma survey results for these Sites. The SOW defines an investigation level of 1.24 pCilg
Ra-226 above background (totaling about 2.24 pCilg at these Sites). The calculated scan MDC meets the SOW
specification of being able to detect 50% of the investigation level (i.e. a maximum scan MDC of 1.12 pCi/g).
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Target gamma survey transects were spaced 15 meters apart, though closer spacing was typically
observed within mine permit boundaries. Constraints on access (vegetative cover, steep slopes, etc.)
sometimes affected the coverage attained. Haul roads, the centerline of each arroyo leading away from
the site (to a distance of 100 meters), and identified mine-related features in the vicinity of the mine
(shafts, vents, utility raises, etc.) were also scanned. Target transect spacing for vent holes was 8 meters
apart. Scan data were downloaded per the Work Plan, SOP 5.12, "Download, Correction, and Export of
GPS Survey Data", and were subsequently mapped with commercially available GIS software (Blue
Marble, 2014).

3.1.1 Exposure Rate Cross-calibration

The Nal detectors used for the gamma surveys described above have energy-dependent response
characteristics and cannot directly measure the gamma exposure rate in air, defined as the amount of
electrostatic charge created per unit time in a defined volume of air due to ionizations, and commonly
expressed in units of micro-Roentgen per hour (pR/hr). Knowledge of exposure rate allows estimation of
1) external radiation dose to humans, and 2) calibration of instrument response against a common basis
of measure to allow valid comparisons of site data with other sites and/or data from different instruments
(Whicker and Chambers, 2015). Because Nal detectors provide a relative measure of photon flux density,
these measurements can be calibrated to provide accurate estimates of the true exposure rate based on
the site-specific statistical relationship between measured count rate with the Nal detector and
measurements of true exposure rate performed with an energy-independent High Pressurized lon
Chamber (HPIC). The HPIC directly measures ionizations in a pressurized gas (usually argon) with an
ionization potential similar to that of air.

Cross-calibration of Nal readings against the HPIC was performed in accordance with the Phase 1 Work
Plan (ERG, 2014). Because gamma readings in each of the two background areas are statistically different
from one another (T-test p-value < 0.001), it is assumed that the local background for Black Jack 1 is
characteristically different than that for the other three "western" mine Sites. Ten representative
Nal/HPIC measurement pairs were collected at select locations representative of each mine region [i.e.
the eastern mine region (Black Jack 1 and vicinity) and the western mines region (Black Jack 2 and Mac 1
and 2 Mines)]. Locations (Figure 3) were selected to range from the local background count rate to the
upper range of count rates measured across impacted areas.

Linear regressions for paired Nal/HPIC data each of the two mine regions (eastern and western) were
statistically compared with analysis of covariance (ANCOVA) testing. Slopes were not statistically different
at the 95% confidence level (p-value = 0.4), but the intercept was (p-value = 0.01). The difference in
intercepts was due to a single anomalous and statistically influential measurement pairing collected at
Blackjack 1 (cross-calibration location BJ1-8). Omission of this single data point from the cross-calibration
data set results in statistically equivalent (coincident) regression lines, meaning that the Nal/HPIC
relationship does not vary by mine region location. For this reason, the data sets were combined (minus
the data point for location BJ1-8) to create a single final cross-calibration relationship as shown in Figure 4.
This relationship was used to convert all gamma survey data (cpm) into predicted exposure rates (pR/hr).
All gamma survey data presented/mapped in this report represent estimated true exposure rates as
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calibrated against the HPIC.4 A correlation between gamma exposure rate and Ra-226 concentrations in
soil will be developed in Phase 3 per the Phase 1 Work Plan (ERG, 2014).

Figure 3: Locations of instrument cross-calibration locations to develop the linear regression used to convert raw
gamma survey count rate data (CPM) into units of exposure rate (pR/hr), including 10 locations at the Black Jack
No. 1 Mine Site and BAL (left), and 10 at the Black Jack No. 2 Mine Site and BA2 (right).

Combined Final Cross-Calibration

Figure 4: Final cross-calibration equation used to convert Nal readings to
predicted exposure rates across the Blackjack and Mac mine Sites.

To convert any reported gamma exposure rate value (pR/hr) presented in this report into an equivalent count rate
reading (cpm), the following equation may be used: Count Rate (cpm) = [(pR/hr) - 5.86J/0.00049
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Potential contaminants of concern (PCOC) identified in the SOW for these Sites are naturally occurring
and ubiquitous at low levels in background geologic materials, including inorganic components of
associated soils. For this reason, the Phase 1 Work Plan calls for background soil sampling to assess the
magnitude and variability of these constituents in native soils at the Sites. This information was used to
evaluate the areal extent of contamination (levels in excess of local background), and will also be used to
estimate the vertical extent (to be evaluated in the Phase 3 SOW).

Representative background reference areas were selected based on locations situated upwind and
hydrologically upgradient relative to nearby mine Sites, and where the background area has geology and
soil types in common with applicable mine Sites as indicated in the Phase 1 Work Plan (ERG, 2014). Two
separate background areas were sampled, including Background Area 1 (BAL) to represent background
conditions at the Black Jack No. 1 Site, and Background Area 2 (BA2) to represent background conditions
at the other three mine Sites (collectively referred to as the "Western Mine Sites" region). Background
soil samples were collected per SOP 2.22, "Surface and Shallow Subsurface Soil Sampling™ as provided in
the Phase 1 Work Plan.

Sampling of soil within each Background Area included collection of surface samples (0-15 cm depth) and
shallow subsurface samples (15-60 cm) at 10 representative locations (for a total of 20 locations across
BA-1 and BA-2). Soil samples were collected with a hand auger, and the bulk sample collected was
manually homogenized in the field inside of a plastic tub prior to being placed in labeled plastic baggies
(Figure 5). Two locations, one in each of the two Background Areas, included collection of a field duplicate
per the Phase 1 Work Plan.

Figure 5: Photos of the soil sampling process at Background Area 1 (near Black Jack No. 1 Mine).
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In addition to soil sampling, "downhole" gamma radiation measurements were taken within each soil
sampling borehole with a 2" x 2" Nal detector positioned with the Nal crystal approximately centered at
soil depths of 0, 30 and 60 cm. Individual gamma readings were manually recorded in the field logbook
for subsequent use in the Phase 3 investigation of the vertical extent of soil impacts.

Background soil samples were subsequently analyzed at an approved analytical laboratory (Energy
Laboratories Inc., Casper, Wyoming) for the following constituents:

e Ra-226 e Molybdenum
e Ac-228 e Uranium

e K-40 e Arsenic

e Selenium e Vanadium

Laboratory analysis of the above soil constituents was performed in accordance with the analytical
methods specified in Table 2 of the Phase 1 Work Plan. Two of the above analytes, Ac-228 and K-40, were
not required by the SOW, but were included in the Phase 1 Work Plan for potential diagnostic purposes
with respect to gamma readings in relation to Ra-226 levels. Ac-228 results were considered an equivalent
measure of Th-232 concentrations based on an assumption of secular radiological equilibrium. Energy
Laboratories Inc. (ELI) is accredited by the National Environmental Laboratory Accreditation Council
(NELAC) and EPA Region 8.

Short-term sampling of indoor radon gas levels in structures were collected in the two buildings at the
Mac No. 1 Mine. The radon sampling test kit used was the AccuStar PicoCan Open Face Charcoal Canister,
Model 400. In each building, two radon test kits from AccuStar Labs were deployed after all
windows/doors had been closed for at least 12 hours (note that these deteriorating structures had some
broken windows and visible holes or openings in walls, windows or doors.). The two detectors were
placed side-by-side within a representative room on the lowest level of the building and on top of level
surfaces found on available structures (a bench and a livestock feed trough, with the Kits situated at a
height of several feet above the floor) (Figure 6). The kits remained undisturbed for 48 hours prior to kit
retrieval per supplied instructions on sealing and returning to AccuStar Labs for analysis.

4. RESULTS

4.1.1 Background Gamma Radiation

The background radiation surveys were conducted April 20 - 22, 2015. The raw gamma data were
converted to predicted exposure rate values based on cross-calibration against a HPIC as previously
indicated. Respective descriptive statistics are shown in Figure 7. Both data sets appear normally
distributed, and a statistical comparison (t-test) (Figure 8) indicates that background gamma exposure
rates in the two Background Areas are significantly different from one another (p-value < 0.0001).
However, the numerical magnitude of the difference between respective average background gamma
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exposure rate values is small (» 1.4 pR/hr difference). The 95% upper tolerance limits (UTL) on gamma
exposure rates in BAL and BA2 (15 and 13.7 pR/hr respectively), expressed in approximately equivalent
units of count rate (= 18,500 cpm and 16,000 cpm), were used to guide the extent of scanning in the field

Part 1: Radiological Characterization Surveys

in order to bound the areal extent of potential "impacts" at the mine Sites.

Figure 6: Short-term radon test kits as deployed in the west building (left) and east

building (right) at the Mac No. 1 Mine Site.

BA2 Gamma (pR/h)
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Figure 7: Gamma survey results for Background Areas 1 (top) and 2 (bottom).
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& Oneway Analysis of Gamma Reading (pR/h) By Background Reference Area
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Figure 8: Statistical comparison of average gamma readings in Background
Areas 1 and 2.

4.1.2 Background Soil Properties

A summary of analytical results for analytes specified in the Phase 1 Work Plan for soil samples collected
in Background Areas 1 and 2 is provided in Table 1. Detailed data results are compiled in Appendix A
(Attachment Al) and official Level IV laboratory data reports are provided in Appendix B (Attachment BI).
Results for radiological constituents are consistent with typical naturally occurring levels in soil across the
U.S. (NCRP, 1987; Myrick et al., 1983). Results for metals are also consistent with typical ranges of
concentrations reported for soils in the U.S. (USGS, 1984).

Table 1: Summary statistics for analyte concentrations in soil at Background Areas 1 and 2.

Analyte Depth Back]ground Area 1 Background Area 2
(cm) Mean S.D. Median Min Max Mean S.D. Median Min Max
Uranium 0-15 13 0.2 15 12 18 0.9 02 1.0 05 11
(mg/kg) 15-60 13 0.2 14 12 17 0.9 02 0.9 05 12
Uranium 0-15 0.9 0.1 1.0 08 1.2 0.6 0.1 0.7 03 07
(PCifg)* 15-60 09 0.1 09 08 1.2 06 0.1 0.6 03 08
Ra 226 0-15 11 0.2 L3 0.9 15 0.9 0.2 1.0 0.7 1.2
(PCilg) 15-60 11 0.3 11 0.8 18 08 0.2 09 0.6 12
Ac-228 0-15 18 0.8 2.1 0.6 3.0 13 0.6 14 0.0 2.2
(PCilg) 15-60 19 0.6 19 15 2.9 13 0.9 15 0.0 25
K-40 0-15 195 34 226 139 249 137 26 155 10.7 18.6
(PCilg) 15-60 18.1 23 202 160 237 148 18 16.7 131 19.6
Molybdenum  0-15 0.4 0.05 04 0.4 05 03 0.06 03 0.2 04
(mg/kg) 15-60 0.4 0.04 0.4 0.4 0.5 03 0.1 03 0.2 0.7
Vanadium 0-15 17.9 6.1 21.2 38 264 131 19 1438 9.7 16.8
(mg/kg) 15-60 19.8 2.1 227 184 242 139 23 154 10.7 17.9
Selenium 0-15 06 0.1 0.7 06 0.7 03 0.1 04 03 04
(mg/kg) 15-60 0.7 0.1 0.7 0.6 0.8 0.4 0.1 04 03 08
Arsenic 0-15 59 0.7 65 5.2 77 29 04 33 2.3 4.0
(mg/kg) 15-60 6.0 0.4 6.6 6.0 71 33 07 3.7 22 48
Moisture 0-15 11.6 25 13.2 8.4 16.6 41 0.8 44 31 5.8
(%) 15-60 136 16 14.4 132 181 6.3 0.9 6.8 53 8.2

“Calculated based on a conversion factor of 0.677 pCi/g per mg/kg.
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Background concentrations of specified analytes in soil within each reference area generally appear to
follow approximately normal (Gaussian) data distributions, and statistical T-tests indicate that average
concentrations for each constituent at BAL are statistically higher (p-values < 0.05) than at BA2 (Figure 9).
T-testing also revealed no statistically significant differences in concentrations between surface (0-15 cm)
and subsurface (15-60 cm) soils at either Background Area (p-values > 0.05). Background concentrations
of these analytes in subsurface soils are also statistically higher at BAL versus BA2 (p-values < 0.05), with
the exception of molybdenum (p-value = 0.8). Assuming that deposition of mine-related materials at the
ground surface was the primary mechanism for impacts to soils at the mine Sites, the lack of statistical
differences in analyte concentrations between surface and subsurface soils at either Background Area
suggests that mine-related soil contamination is not present at either Background Area.
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Figure 9: Statistical comparisons of average analyte concentrations in surface soil within Background
Areas 1 and 2.
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Part 1: Radiological Characterization Surveys

Gamma radiation exposure rates in the vicinity of the Black Jack No. 1 Mine and adjacent Background
Area (BAL) are shown in Figure 10. These data are based on measured count rates (cpm) and conversion
to exposure rate (pR/hr) using the cross-calibration equation provided in Figure 4. The converted data
were mapped with an interpolated color format for values falling between the discrete legend values as
indicated in the legend. Summary statistics for the Black Jack No. 1 Mine are also shown in Figure 10. An
example of the data in Figure 10, shown in energy-dependent units of cpm, is provided in Attachment A6.

LM>

*< Background

Areal

Blackjack 12

| Exposure Rate (uR/h) |
| <12 D15 H>30
|13 D17
114 H2

Gamma Exposure Rate (pR/h)

Quantiles

100.0% maximum 366
99.5% 204
97.5% 141
90.0% 80.4
75.0% quartile 26.0
50.0% median 165
25.0% quartile 14.7
10.0% 13.6
2.5% 10.7
0.5% 9.4

0.0% minimum 8.7

* Summary Statistics

Mean 31.4
StdDev 35.5
Std Err Mean $

Upper 95% Mean  31.7
Lower 95% Mean 31.0
N 39852

Figure 10: Gamma Exposure Rates at Black Jack 1 and BAL (left) and summary statistics for Black Jack 1 (right).

Revision 1, August 22, 2017

12

€RG



Phase 1 Summary Report - Blackjack and Mac Mines Part 1: Radiological Characterization Surveys

Based on the gamma survey data shown in Figure 10, along with the upper 95% tolerance interval on
background gamma radiation readings in BAL (15 pR/hr), the estimated total areal extent of surface soils
in the vicinity of the Black Jack No. 1 Mine that consistently exceeds background gamma radiation levels
is 159 acres (Figure 11). Surface soils within this area are assumed to have been impacted by historic
mining activities at the Black Jack No. 1 Mine Site. Near the boundaries of this delineated area, this
assumption sometimes has greater uncertainty because readings that exceed background tend to be
intermittent.

Figure 11: Estimated areal extent of mine-related impacts to surface soils in the
vicinity of the Black Jack No. 1 Mine Site.
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n #

Gamma radiation exposure rates in the vicinity of the Black Jack No. 2 Mine and adjacent Background
Area (BA2) are shown in Figure 12. These data are based on measured count rates (cpm) and conversion
to exposure rate (pR/hr) using the cross-calibration equation provided in Figure 4. The converted data
were mapped with an interpolated color format for values falling between the discrete legend values as
indicated in the legend. Summary statistics for the Black Jack No. 2 Mine are also shown in Figure 12.
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350
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*Quantiles
100.0% maximum 340.5
99.5% 168.4
97.5% 111.7
90.0% 53.3
75.0% quartile 22.6
50.0% median  14.6
25.0% quartile  12.9
10.0% 11.0
2.5% 2.9
0.5% 9.4
0.0%  minimum 8.8
3 Summary Statistics

Mean 25.0
Std Dev 27
Std Err Mean
Upper 95% Mean 253
Lower 95% Mean  24.7
N 31284

Figure 12: Gamma Exposure Rates at Black Jack 2 and BA2 (left) and summary statistics for Black Jack 2 (right).
Annotated areas labeled ""Notes 1 and 2" are discussed later in this Section of the Phase 1 Summary Report.
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Based on the gamma survey data shown in Figure 12, along with the upper 95% tolerance interval on
background gamma radiation readings in BA2 (13.7 pR/hr), the estimated total areal extent of surface
soils in the vicinity of the Black Jack No. 2 Mine that consistently exceeds local background gamma
radiation levels is 65 acres (Figure 13). Surface soils within this area are assumed to have been impacted
by historic mining activities at the Blackjack No. 2 Mine Site. Near the boundaries of this delineated area,
this assumption sometimes has greater uncertainty because readings that exceed background tend to be
intermittent. In addition, there are two related areas of significance that are delineated in Figure 12 as
Notes 1 and 2. These special survey notes are discussed further below.

Figure 13: Estimated areal extent of mine-related impacts to surface soils in the
vicinity of the Black Jack No. 2 Mine Site.
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Note 1 (from Figure 8): During the gamma survey at Black Jack No. 2, field personnel attempted to bound
elevated gamma readings along a drainage to the northeast of the Site that terminates in a naturally
occurring depositional basin on the floor of the valley in this area (Figure 12). This basin is identified by
the U.S. Geological Survey (USGS) as upper Holocene alluvial deposits, representing more than a century
of local arroyo cutting (USGS, 1990). This depositional basin appears anthropogenically influenced in the
vicinity of a nearby dam and ephemeral reservoir, presumably constructed for livestock watering purposes
(Figure 12). When surveyor's reached this basin, gamma readings became relatively uniform at levels
slightly in excess of the upper 95% tolerance interval on background gamma radiation readings in BA2
(13.7 pR/hr). These gamma emissions appear to be naturally characteristic of sediments accumulated
within the basin.

Note 2 (from Figure 8). Unaware of the geologic features described in Note 1, or of their potential
significance with respect to survey objectives, field personnel followed gamma readings slightly in excess
of local "background" (BA2) to the northeast of the Black Jack No. 1 Mine and continued the survey onto
the lower slopes of the opposite side of the valley. This scanning covered limited upgradient areas,
terminating along a fenceline representing the northeast corner of Section 18 (Figure 12). Gamma
readings in the northeast corner of Section 18 increased over several small, localized areas. These
preliminary gamma survey data were reviewed by EPA, and on May 3, 2017, representatives of HMC, EPA
and Navajo Nation EPA (NNEPA) conducted a joint field visit to investigate elevated readings in this area.
It was discovered that the elevated readings are naturally occurring, the result of arroyo cutting down to
local bedrock comprised of sandstone with gamma radiation emissions in excess of 40 pR/hr on contact

Figure 14: Photo diagrams of geologic features responsible for elevated gamma radiation readings found on the
opposite side of the valley from the Black Jack No. 2 Mine, an area situated on an upgradient hillside in the
northeast corner of Section 18.
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Gamma radiation exposure rates in the vicinity of the Mac No. 1 Mine are shown in Figure 15. These data
are based on measured count rates (cpm) and conversion to exposure rate (pR/hr) using the
cross calibration equation provided in Figure 4. The converted data are mapped with an interpolated
color format for values falling between the discrete legend values as indicated in the legend. Summary
statistics for the Mac No. 1 Mine are also shown in Figure 15.

- Exposure Rate (pR/h)

N Quantiles Summary Statistics

100.0% maximum 1223  Mean 16.5

99.5% 64.8 StdDev 9.4

97.5% 450  Std Err Mean 0.1

90.0% 273  Upper 95% Mean 16.6

75.0% quartiie  17.1  Lower 95% Mean 163

50.0% median 127 N 22461
Iftrr 25.0% guartiie  11.6
| VI o Rl A 10.0% 10.9
35 45 55 65 75 85 95 105 25% 103
0.5% 9.9

0.0%  minimum 93

Figure 15: Gamma Exposure Rates at Mac No. 1 Mine (top) and corresponding summary statistics (bottom).
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Based on the gamma survey data shown in Figure 15, along with the upper 95% tolerance interval on
background gamma radiation readings in BA2 (13.7 pR/hr), the estimated total areal extent of surface
soils in the vicinity of the Mac No. 1 Mine that consistently exceeds local background gamma radiation
levels is 22 acres (Figure 16). Surface soils within this area are assumed to have been impacted by historic
mining activities at the Mac No. 1 Mine Site. Nearthe boundaries of this delineated area, this assumption
sometimes has greater uncertainty because readings that exceed background tend to be intermittent.

Figure 16: Estimated areal extent of mine-related impacts to surface soils in the vicinity of the Mac No. 1 Mine Site.

% #

Gamma radiation exposure rates in the vicinity of the Mac No. 2 Mine are shown in Figure 17. These data
are based on measured count rates (cpm) and conversion to exposure rate (pR/hr) using the
cross calibration equation provided in Figure 4. The converted data are mapped with an interpolated
color format for values falling between the discrete legend values as indicated in the legend. Summary
statistics for the Mac No. 2 Mine are also shown in Figure 17.
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Exposure Rate (pR/h)

[ Quantiles
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Figure 17: Gamma Exposure Rates at Mac No. 2 Mine (left) and corresponding summary statistics (right).

Based on the gamma survey data shown in Figure 17, along with the upper 95% tolerance interval on
background gamma radiation readings in BA2 (13.7 pR/hr), the estimated total areal extent of surface
soils in the vicinity of the Mac No. 2 Mine that consistently exceeds local background gamma radiation
levels is 42 acres (Figure 18). Surface soils within this area are assumed to have been impacted by historic
mining activities at the Mac No. 2 Mine Site. Although intermittent readings slightly greater than assumed
background (i.e. > 13.7 pR/hr) are relatively pervasive to north and west of clearly impacted areas (Figure
17), this area appears hydrologically separated from those impacted areas, and lies near a historic
ephemeral stream channel and zone of deposition potentially comprised of material with radiological
properties similar to that found in the depositional basin as shown in Figures 12 and 13, and as discussed
in Section 4.3 of this Report.
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Figure 18: Estimated areal extent of mine-related impacts to surface soils in the vicinity of the
Mac No. 2 Mine Site.

The consistent step-change in gamma readings at the boundary of the depositional basin in the northwest
portion of Figure 17, including areas hydrologically upgradient of the confluence between mine-impacted
material and the valley floor, is indicative of sediments with slightly higher natural gamma radiation
emissions relative to surface soil in background reference area BA2. For this reasons, intermittent gamma
readings slightly in excess of 13.7 pR/hr in this area are unlikely to be associated with mine impacts and
were thus not included in the respective delineation provided in Figure 18.

Revision 1, August 22, 2017 20 €AG



Phase 1 Summary Report - Black Jack and Mac Mines Part 1: Radiological Characterization Surveys

Co (
The two buildings at the Mac No. 1 Mine were found to have considerable ventilation within these
deteriorating structures due to broken windows, visible holes or openings in walls, windows or doors.
Nevertheless, radon monitoring was conducted per the Phase 1 Work Plan as described in Section 3.3.
Radon levels inside of these structures were consistent with typical outdoor background levels.
Specifically, average results for the west and east buildings at Mac No. 1 Mine were 1.1 pCi/L and 0.8 pCi/L
respectively. Data reports are provided in Appendix A (Attachment A2).

5. QUALITY ASSURANCE 7/ QUALITY CONTROL

Quality assurance and quality control (QA/QC) protocols were observed throughout the Phase 1
investigation to meet the data objectives outlined in Section 3.0 of the Phase 1 Work Plan (ERG, 2014).
All work conducted in accordance with QA/QC specifications detailed in the Phase 1 Work Plan and
associated SOPs.

% | ) *

Radiological instrumentation used for the gamma surveys detailed in this report were calibrated at least
1 year prior to use in the field. Calibration was in accordance SOP 1.01 (Calibration of Scaler, Ratemeter)
as provided in the Phase 1 Work Plan. Calibration certificates are provided in Appendix A (Attachment
A3). Ratemeter/scalers were each paired with a specific detector for calibration, and these pairings were
maintained for use in the field in accordance with SOP 1.04 (High Energy Gamma Scintillation Detection
and Checkout). Because detector response can vary among calibrated instruments, all detectors used for
gamma scanning in the field were comparatively evaluated prior to deployment to verify approximate
equivalency of readings. Proper instrument performance in the field was verified daily in accordance with
the Phase 1 Work Plan, SOP 1.30 (Function Check of Equipment). Daily function check forms are provided
in Appendix A (Attachment A4). The set-up and use of the HPIC was performed in accordance with SOP
1.13 (Setup and Operation of RSS-131 HPIC). Operation of GPS instruments was performed per SOP 5.11
(Setup and Operation of Trimble ProXRS GPS Receiver with Trimble TSCe Datalogger).

% * &

Soil and radon samples collected in the Phase 1 investigation were handled per the Work Plan, SOP 2.15
(Sample Control and Documentation). Sample ID's follow the nomenclature format found in Section 3.5.3
ofthe Work Plan. Field documentation including data sheets and logbook notes for each sample Appendix
A (Attachment A4) were completed at the time of sample collection or field measurements.
Documentation of the field work will be retained by ERG per SOP 4.10 (Technical Quality Control).

% & +

Analytical laboratory results for soil samples from the Background Areas (BAL and BA2) were reviewed in
accordance with SOP 4.12 (Data Validation). Fully-documented (Level IV) data packages were issued by
the laboratory (ELI) to include raw data for all analyses and electronic data deliverables (EDDs) for each
work order (in the form of MS Excel files). The EDDs were reviewed to verify that the QA/QC requirements
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specified in SOP 4.12 were met. Aside from one instance of a suspect analytical result for Ac-228 in surface
soil at Location BA2-10 (0 pCi/g), and a clearly erroneous corresponding counting precision value (+ 583
pCi/g), all other laboratory data were verified/validated and are considered usable for Phase 1 evaluation
objectives under the SOW. Data validation check sheets are provided in Appendix A (Attachment 5).
These data have been uploaded into an MS Access database in accordance with SOP 4.12 (Data Validation)
and the Data Management Plan (Appendix B of the Phase 1 Work Plan).

6. CONCLUSIONS

Radiological investigations were conducted between April 2015 and early May 2017 across four
abandoned uranium mines (Black Jack Mines Nos. 1 and 2, and Mac Mines Nos. 1 and 2) on the Navajo
Nation in the vicinity of the Smith Lake and Mariano Lake areas of McKinley County, NM. These
investigations included gamma surveys, Background Area soil sampling, and indoor radon gas
measurements inside of two historical mine buildings at the Mac No. 1 mine.

Terrestrial background gamma radiation and associated radionuclide concentrations in soil, along with
concentrations of select metals, at the two Background Area locations (BAL and BA2) are in the range of
typical background levels for most soils. The levels of all of these soil parameters are slightly higher at
BAL (near Black Jack No. 1 mine) versus BA2 (near the three other three Sites in the "western mines
region™).

The areal extent of mine-related impacts to soil at each mine Site, based on gamma radiation exposure
rates in excess of locally representative background levels (consistently exceeding the upper 95%
tolerance interval on local background readings), are as follows:

Mine Site Estimated Areal Extent of Impacted Soils
Black Jack No. 1 159 acres
Black Jack No. 2 65 acres
Mac No. 1 22 acres
Mac No. 2 42 acres

The vertical extent of mine-related impacts to soil at each Site will be investigated and characterized in
Phase 3 of the SOW as specified in the AOC.

Ambient indoor radon concentration in air inside of the two historic mine buildings at Mac No. 1 are in
the range of typical outdoor background levels (= 1 pCi/L).
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Laboratory Analysis Results for Background Area 1 Soil Samples

Ra-226 (pCilg) Ac-228 (pCilg) KO (pCilgJ Uranium Molybdenum Vanadium Selenium Arsenic Moistu re (%)
(mg/kg) (mg/kg) (mg/kg) (mg/lcg) (mg/kg)
Sample 10 Location Depth (cm)

Final Precision  Final Precision  Final Precision  Final Final Final Final Final Final

Result (i) Result (i) Result @) Result Result PaL Result Result Result PQL Result oL
BA1-01-S-0015-04202015 BA1-01 015 15 0.5 04 2.6 1.2 13 235 1.8 4.0 12 0.1 0.4 0.1 17.9 1.0 0.6 0.1 5.2 1.0 84 0.1
BA1-01-S-1560-04202015 BA1-01 15-60 11 0.5 0.4 1.6 1.4 0.5 160 42 4.2 13 0.1 04 0.1 195 1.0 0.7 o1 64 1.0 13.2 0.1
BA1-02-S-0015-04202015 BA1-02 015 11 06 0.4 06 22 0.4 139 5.1 46 13 0.1 04 0.1 18.7 1.0 0.6 0.1 5.9 10 10.9 0.1
BA1-02-S-0560-04202015 0A1-02 15-60 18 o7 05 29 1.3 08 189 2.3 40 13 0.1 04 o1 231 10 0.7 o1 65 1.0 17.6 0.1
BA1-03-5-0015-04202015 BA1-03 015 09 0.4 0.3 2.0 09 0.5 228 18 38 12 o1 04 0.1 20.6 10 0.6 0.1 62 1.0 10.0 0.1
BA1-03-5-1560-04202015 BA1-03 15-60 1.0 0.6 04 25 13 0.7 19.6 2.0 3.8 1.3 0.1 0.4 0.1 184 10 o7 0.1 6.1 1.0 14.1 0.1
BA1-04-S-0015-04202015 BA1-04 015 1.4 0.6 0.4 2.6 18 0.7 236 2.0 4.2 1.4 0.1 05 0.1 264 10 0.7 0.1 7.7 10 16.6 0.1
BA1-04-S-1560-04202015 BA1-04 15-60 11 0.7 0.5 1.8 17 0.6 214 22 4.1 15 0.1 04 0.1 22.7 10 0.8 0.1 6.6 1.0 18.1 0.1
BA1-05-S-0015-04202015 BA1-05 015 12 06 0.4 13 19 0.5 22.3 21 4.1 15 0.1 04 0.1 23.0 10 0.7 0.1 7.1 1.0 13.9 0.1
BA1-05-S-1560-04202015 BA1-05 15-60 11 0.7 0.5 28 0.6 0.6 237 21 43 15 0.1 04 0.1 24.2 1.0 0.8 0.1 6.9 1.0 14.3 0.1
BA1-06-S-0015-04202015 BA1-06 015 1.4 05 0.4 30 0.6 o8 235 21 4.2 15 0.1 0.4 0.1 22.6 10 o7 0.1 70 10 15.1 0.1
BA1-06-S-1560-04202015 BA1-06 15-60 11 0.7 0.5 19 19 06 220 23 4.3 17 0.1 05 0.1 23.6 1.0 0.7 0.1 7.1 1.0 14.5 0.1
BA1-07-S-0015-04202015 BA1-07 015 1.4 0.6 0.4 0.9 14 0.4 222 21 4.1 1.8 0.1 0.4 0.1 22.0 1.0 0.6 0.1 66 1.0 13.8 o1
BA107-S-156004202015 BA1-07 15-60 1.4 06 0.5 15 2.3 06 193 20 3.8 17 0.1 0.4 0.1 22.6 1.0 o8 0.1 69 10 14.0 01
BA1-08-S-0015-04202015 BA1-08 015 12 0.7 05 29 09 12 249 2.0 43 15 0.1 05 o1 21.8 1.0 0.7 0.1 65 1.0 146 o1
BA1OSS-1560-04202015 BA1-08 15-60 08 06 04 19 08 0.6 209 2.6 42 1.2 0.1 04 o1 186 1.0 0.6 0.1 6.0 1.0 15.2 o1
BA1-09-S-0015-04202015 BA1-09 015 13 0.4 0.4 21 1.0 06 17.4 18 3.4 15 0.1 0.5 o1 38 10 0.7 0.1 <1 1.0 12.2 o1
BA1-09-S-1560-04202015 BA1-09 15-60 15 0.5 0.4 1.6 15 0.6 207 22 4.1 15 0.1 0.4 0.1 21.9 1.0 0.7 0.1 7.0 1.0 15.3 0.1
BA1-10-S-0015-04202015 BA1-10 015 1.0 06 0.4 15 12 05 205 1.9 38 13 0.1 0.4 0.1 201 10 0.7 o1 63 1.0 125 o1
BA1-10-S-1560-04202015 BA1-10 15-60 06 0.4 28 0.6 06 16.7 3.2 4.1 13 02 0.5 0.1 22.8 1.0 0.8 0.1 65 1.0 13.8 0.1
BA1-11*S-0015-04202015 BA1-11 015 11 06 0.4 2.1 1.3 0.7 155 58 55 0.1 0.4 o1 21.1 10 06 01 64 1.0 11.2 o1

Laboratory Analysis Results for Background Area 2 Soil Samples
. . Uranium Molybdenum Vanadium Selenium Arsenic )
Ra-226 (pCi/g) Ac-228 (pCilg) K-40 (pCl/g) (mg/ka) (mg/kg) (mo/kgi (my/ka) (ma/kg) Moisture(%o)
Sample ID Location Depth (cm)

Final b Precision  Final Precision  Final bC Precision  Final POL Final POL Final POL Final POL Final POL Final POL

Result (i Result (i Result t+) Result Result Result Result Result Result
8A2-01-5-0015-04212015 BA2-01 0-15 1 04 03 1.6 11 0.7 128 3.3 3.5 0.9 005 0.3 010 13.4 1 0.4 0.1 3.3 1 4.2 0.1
BA2-01-S-1560-04212015 BA2-01 15-60 0.7 06 0.4 1 1.6 0.4 17.1 1.7 3.3 09 006 0.3 010 12.9 1 0.3 0.1 33 1 6.1 0.1
BA2-02-S-0015-04212015 BA2-02 0-15 09 06 0.4 22 11 0.6 16.7 2.1 3 11 006 0.4 010 14.9 1 0.4 0.1 3.4 1 55 0.1
BA2-02-S-1560-04212015 BA2-02 15-60 1.2 03 0.2 22 0.3 0.3 16.5 11 2.3 11 0.06 0.4 0.10 164 1 0.4 0.1 39 1 82 0.1
8A2-03-S-0015-04212015 BA2-03 0-15 1 0.5 0.4 18 05 0.4 142 1.7 3 1 005 0.3 010 14.3 1 0.4 0.1 3.1 1 38 0.1
BA2-03-S-1560-04212015 BA2-03 15-60 09 06 0.4 0 17 0.3 17.3 28 3.8 11 006 0.3 010 16.3 1 04 0.1 3.7 1 7.6 0.1
BA2-04-S-0015-04212015 BA2-04 0-15 0.7 05 0.4 13 1 0.4 18.6 1.7 3.4 0.9 006 03 010 14.3 1 0.3 0.1 27 1 58 o1
BA2-04-S-1560-04212015 BA2-04 15-60 o7 06 0.4 0] 05 03 153 18 3.2 o8 006 0.2 010 145 1 0.3 0.1 29 1 8.2 0.1
BA2-05-S-0015-04212015 BA2-05 0-15 o8 o]} 04 13 11 0.6 10.7 3.8 3.9 11 006 0.3 010 146 1 03 0.1 3.3 1 49 0.1
BA2-05-S-1560-04212015 BA2-05 15-60 0.8 06 0.4 15 1.4 05 13.1 42 42 0.9 006 03 010 14.4 1 0.4 o1 3.2 1 6.7 0.1
BA2-06-S-0015-04212015 BA2-06 0-15 1.2 06 0.4 15 12 0.5 17.5 17 3.3 0.9 005 0.3 010 15.3 1 0.4 0.1 3.1 1 4.1 0.1
BA2-06-S-1560-04212015 BA2-06 15-60 1.1 05 0.5 25 0.8 0.7 19.6 17 3.5 0.9 0.06 0.7 010 17.7 1 04 0.1 38 1 6.6 o1
BA2-07-S-0015-04212015 BA2-07 0-15 08 06 04 1.4 13 o6 17.2 1.6 3.2 11 0.05 0.4 010 15.3 1 0.4 0.1 33 1 4.1 0.1
BA2-07-S-156004212015 BA2-07 15-60 09 06 0.4 1.7 0.5 0.4 168 1.7 3.2 12 006 04 010 17.3 1 04 0.1 48 1 6.6 0.1
BA2-08-S-0015-04212015 BA2-08 0-15 05 0.4 13 15 0.5 15 35 4 1 006 04 0.10 154 1 0.3 0.1 33 1 S 0.1
BA2-08-S-1560-04212015 BA2-08 15-60 1 05 0.4 2.4 05 o8 17.4 1.7 3.3 11 006 04 010 17.9 1 0.8 0.1 4.4 1 7.2 o1
BA2-09-S-0015-04212015 BA2-09 0-15 1.1 04 0.3 1.4 05 04 159 1.7 3.2 11 006 03 010 168 1 0.3 0.1 4 1 46 01
BA2-09-S-1560-04212015 BA2-09 15-60 1 05 0.4 1.4 05 0.4 15.3 16 3 0.9 006 03 0.10 144 1 0.4 0.1 3.6 1 69 0.1
BA2-10-S-0015-04212015 BA2-10 0-15 o8 05 0.4 (0] 05 583 12.2 4.2 43 0.5 005 0.2 0.10 9.7 1 0.3 0.1 23 1 3.1 0.1
BA2-10-S-1560-04212015 BA2-10 15-60 06 03 0.2 12 05 0.3 144 11 2.2 05 006 0.2 o010 107 1 03 o1 22 1 5.3 o1
BA2-11-S-0015-04212015 BA2-11 0-15 08 0.4 0.3 09 1 0.3 144 1.6 2.9 0.6 005 0.2 010 10.1 1 03 0.1 2.2 1 3 01
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Phase 1 Summary Report - Black Jack and Mac Mines Part 1: Radioloaical Characterization Surveys

AccuStar Radon in Air

NELAC NY 11769 EPA Method <K02-R-92-0CH
NRPP 101193 AL Charcoal Cans*?
NRS8 ARL0017 NRPP Device Code 1017.1159
NRS3 Device Code 10302.10320
Laboratory Report for Property Tested:
ERG Environmental Restoration Group MAC | West Building
8809 Washington Street Northeast Suite 150 Not Indicated 564507 565508

Albuguerque NM 87113

Log Number Device Number  Area Tested Result (pCi/L)
2018630 564507 First Floor 1.1
2018631 564508 First Floor Duplicate 11

Average: 1.1 pCilL

Radon test results are below the EPA action level of 4 pCi/L. No further action is required at this tone. The EPA suggests that
you may want to test again in the future to ensure that radon levels remain below the action level. If the property tested uses
water from a private well, you may wish to consider testing for radon in water

Comment: Confidential: Release results to client only. ERG Enviromental Restoration Group was emailed a copy of this report

Distributed by: ERG Environmental Restoration Group
Test Began: 124)5/2016 10:30 am  Date Received: 12/12/2016 Date Analyzed: 12/12/2016

Test Ended: 12/07/2016 10:30 am  Date Logged: 12/12/2016 Date Reported: 12/12/2016

Test Exposure Duration: 48.C Hours

Report Reviewed By:. Report Approved By:.

Disclaimer: - Carolyn 0. *<*«. President. AccuSur Labs

The uncertainty o' ths radon measurement is./ —10\/ Factors contributing to unoertanty ndude staosocal venations, daily and seasonal variations n radon
concentrations, sample colection techniques and operator of the dwelng interference wdh lest conditions may nluenoe the test results

This report may only be transferred to a thro party n ns entirety Analytical resets relate to the samples AS RECEIVED BY THE LABORATORY. Results shown
on this report represent levels of radon gas measured between the dates shown in the room or area of the see identified above as‘Property Tested* Incorrect
nfcrmabon wi rfSect results The results may not be oonsbued as either predceve or supportive of measuements conducted n any area of this structure at any
other time AocuStar Labs, its employees and agents are not responsfcle for die consequences of any action taken or not taken based upon the results reported
or any verbal or wraen interpretation of the results

Rev 1512 11 Awl Street Medway MA 02053 888-480-8812 FAX 508-533-8831 Page 1 of |
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Phase 1 Summary Report - Black Jack and Mac Mines Part 1: Radiological Characterization Surveys

ACCUStar Radon in Air

»W. <UN

NELAC NY 11768 EPA Method «*02-R-82-004
NRPP 101183 At Charcoal Cansser
NRS8 ARL0017 NRPP Dev.ce Code 1017.1158
NRSB Device Code 10302.10320
Laboratory Report for Property Tested:
ERG Environmental Restoration Group MAC | East Building
8809 Washington Street Northeast Suite 150 Not Indicated 564503 564504

Albuquerque NM 87113

Log Number Device Number  Area Tested Result (pCi/L)
2018634 564503 First Floor 0.9
2018635 564504 First Floor Duplicate 0.7

Average: 0.8 pCi/lL

Radon test results are betow the EPA action level of 4 pCi/L. No further action is required at this time. The EPA suggests that
you may want to test again in the future to ensure that radon levels remain betow the action level. If the property tested uses
water from a private well, you may wish to consider testing for radon in water.

Comment: Confidential: Release results to client only. ERG Environmental Restoration Group was emailed a copy of this report.

Distributed by. ERG Environmental Restoration Group
Test Began: 12/05/2016 10:30 am Date Received: 12/12/2016 Date Analyzed: 12/12/2016
Test Ended: 12/07/2016 10:32am  Date Logged: 12/12/2016 Date Reported: 12/12/2016

Test Exposure Duration: 48.0 Hours

Report Reviewed By: Report Approved By:

Disclaimer: Carolyn D/Koke President AccuStar Labs

The uncertainty of ths radon measurement is -*!n 10 X. Factors contnbutng to uncertanty ndude stacstcal varasons daily and seasonal variations n radon
concentrations, sample collection techniques and operation of the dwdng  Interference wah test condbons may mSueoce die test results

This report may only be transferred to a thrd party n its entrety. Analytical restdts relate to the samples AS RECEIVED BY THE LABORATORY. Results shown
on dus report represent levels of radon gas measured between the dates shown in *>e room or area of the sue identified above as 'Property Tested*  Incorrect
niormabon will affect results The resulis mag not be consfrued as either predceve or supportive of measurements conducted n any area of this structure at an
othertme AocuStar Labs, its employees and acents are not responsble for the consequences of any action taken or not taken based upon (he results reporte
orany verbal orwrifen interpretation of the results

Rev 1512 11 Awi Street Medway MA 02053 888-480-8812 FAX 508-533-8831 Page L of i
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Phase 1 Summary Report - Blackjack and Mac Mines Part 1:

Certificate of Calibration
Calibration and Voltage Platemi

Meter. Manufacturer ludlum Mixlel Number: 222Ir

IVtector: Manufacturer l.udium Model Number. 11-10

y Mechanical Check y tIIRWIN Operation

Radiological Characterization Surveys

tmiiurenenul Rcvumion Gicup. Inc.
ssoa WattragfM SI NE. Sane 1>

buijuanuc NMR711
Esfg%%&%-UM - }
Serial Number 218J)64
Serial Number LyK:xxdhs

IV Check (-2.5%). Y 500V y 1000V y ISO0V

/ FSResponseClieck Yy Reset Check Coble lenglh ~ 39+inch 'y 72-inch . Other:
y Geotropism y Audio Chn-k . )
y Meier 7croed y Baners Cheek (Mm 4.4 VDC) naromctric Pressure. 24.33 inches Ilg
Source Oistance: ~ Contact Vv 6 inches  Other Threshold:  10mV Temperature 74 :F
Source Geometry / Side  Z Below Other; Window: Relative Humidity: 20 %
Inslrumcni found within tolerance: y Yes No
) Integrated
Range Multiplier Reference Setting "As Found Reading" Meter Reading {-Min. Count 09 Scale Cc
x 1000 400 400 400 398892 400
X 1000 100 100 100 100
X 100 400 400 400 39888 400
X 100 100 100 too 100
x 10 400 400 400 3986 400
x 10 100 100 100 100
X! 400 400 400 398 400
x 1 100 100 100 100
High Voltage Source Counts Background Voltage Plateau
700 59599 2000
800 694*6 10000
900 71679 %0000
950 72244 <0000
1000 72475 <M32 3‘8888
1050 72877 20000
1100 73119 10000
1150 73031 0
1200 73241

Comments: HV Plateau Scaler Count Time = I-min  Recommended HV -1000

Reference Instruments and nr Sources:
Ludlum pulser serial number: 97743 ™ 201932

1 Alpha Source: Th-230<g 12.800 dpm (14 12) sn: 4098-03
Beta Source:  Tc-p9 @ 17,700 dpm (IM/12) sn: 4099-03

Calibration Dale:

Dale: >~}

Calibrated By:

VWV N

Rev iewed Bv:

Fluke multimeter serial number _ 8749012
V Gamma Source Cs-137« $.2 uCi (1/4/12) sn: 4097-03

Z Other Source:

Calibration Due

fucoltbntirm *r Myinrvsamik ™ idacietavs WK -w
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€RG



Phase 1 Summary Report - Blackjack and Mac Mines Part 1: Radiological Characterization Surveys

g%bfowacnul Regmmn Group. UK

ERG Certificate of Calibration i

Calibration and Voltage Plateau nww.IXOotfWe
Meter Manufacturer;  Ludlunt Vtodcl Number 222Ir Scnal Number: 2*2973
Detector Mnimbcturer l.udium Model Number 44 10 Serial Number: PR1IR9R6
. Itv t heck (*/-2.5S); y 500V 2 looov Yy 1500V
i I HR/WIN
\Y Mlechanlcal Check g Operation Cable Length 39-inch 7 Wneh _ Other
[H'S Response Check 'y Reset Check
7 Ucotmpism y Audio Check _ )
; i 24.69 inchesti
y Meter Zeroed y Batten, Check (Min 4.4 VOC) Barometric Pressure ‘ g
Source Distance: 1.Contact </ 6 inches  Other: Threshold;, 10 mV Temperature: mey
Source Geometry . Side Below  Other Window; Relative Humidity: 20 V.
Instrument found within tolerance: y Yes No
) Integrated
Range'Mulliplicr Reference Setting ’As Found Reading"” Meter Reading I-Min. Count 09 Scale Count
x 1000 400 400 400 399626 400
x 1000 too 100 100 100
X 100 400 400 400 3998% 400
x 100 100 100 100 too
x 10 400 400 400 399% 400
x 10 100 100 100 100
X 1 400 400 400 399 400
X1 100 100 100 100
High Voltage Source Counts Background Voltage Plateau
700 36064
$00 S$303
900 67676
950 6*787
1000 71543
1050 731%9
1100 73675
1150 74374 i W@ ~
1200 74783 b

Comments: HV Plateau Sealer Count Time - I-min. Recommended HV = 1100

Reference Instruments and'or Sources:

Ludium pulser serial number:.— 9T743  ~ 201932 Fluke multimeter serial number. .1$j49012
Z Alpha Source: Th-230 @ 12.800 dpm (1/4/12)sn: 4098-03 y Gamma Source Cs-137 g 5.2 uCi (1/4/12) sn: 4097-03
[ Beta Source.  To-99 @ 17,700 dpm (1/4/12) sn: 4099-03 Other Source:

a . Calibration Date  /O-Ji-.W Calibraiior Due

Calibrated By:

—» D¢ JO/N/Zrxr T
Reviewed By:

rec <, ig% — te/n
conSirMSto  r<qux>r.<fu WV.1e/W
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Phase 1 Summary Report - Black Jack and Mac Mines Part 1. Radiological Characterization Surveys

EAG Certificate of Calibration Aﬁ%ﬁvﬁﬁ{? I i,

Calibration «n<I VVoltage Plateau uvu é??loflklt fom
Metei ~ Manufacturer Ludlum Model Number: 222ir Serial Number: IMGOfi
Detector: Mimutaciurei Ludlum Model Number M-10 Serial Number PR090262
0’ Mechanical Cheek THK:WIN Operation 1V Check (/= 2.5%): J "oov 1000V v 1500V
a? FS Response Clievt o Reset Check Cable | ength: JO-iach 'Y 72-inch __ Other
7 Geotrupiwn Y Audio Cheek . .
<7 Meter Zeroed v Battery Check (Min*4 VDC) Barometric Pressure 24 69 inches Hg
Source Distance "Contact / 6 inches 7 Other: Threshold: 10 mV Temperature: 76 *F
Source Geometry [—Side C Below | Other: Window: Relative Humidity: 20 %
Instrument found within tolerance: V Ves No
) Integrated
Range Multiplier Reference Setting "As Found Reading" Meter Reading [-Min. Count  1-09 Scale Count
x 1000 400 40(1 400 399609 400
x 1000 100 100 100 100
x 100 400 400 400 39962 400
x 100 too 100 100 100
X 10 400 400 400 3995 400
x 10 too 100 100 100
X! 400 400 400 400 400
X! 100 100 100 100
High Voltage Source Counts Background Voltage Plateau
1050 70926 40000
1100 73928 70000
1150 73946 11361 60000
1200 74343 50000
700 25330 iggg‘o’
900 63873 t0000
950 67039
/\ LA ]
1000 69580 < vdp
Comments: HV Plateau Scaler Count Time - I-min. Recommended HV - 1150
Reference Instruments and/or Sources:
Ludlum pulser serial number: — 07743~ 201932 Fluke multimeter serial number: 1 8749012
Z AlphaSource: Th-230 @ 12.800 dpm <1 «/| 2) sn' 4098-03 Y. Gamma Source Cs-137 @ 5.2 uCi (I'4'12) sn 4097-03
1 Beta Source:  Tc-<p # 17,700 dpm (1/4/12) sn: 4009-03 _ Other Source:
- . Callbranon Date: /O'XI>H Calibration Due /Q —
Calibrated By: SISt
Reviewed Bv:

ERC F-rm ITC. 181V
tocalibriiuott i'u>i,Vn} tv 145’ iIKV-tfiWit;-Wrfi;erUtV,-i/..Vulj«(.mllllii-u ot 4SSI O.tl - 16)
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