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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.
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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:

• Characterization of terrestrial gamma radiation exposure rates across the Sites and adjacent 

areas to identify the horizontal (areal) extent of mine-related material.

• 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

1 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 I work was 
suspended pending resolution of this matter. The Respondent (HMC) was given permission to resume Phase I 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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Phase 1 Summary Report - Black Jack and Mac Mines Part 1: Radiological Characterization Surveys

• 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.

• Mitigation of imminent safety hazards associated with the mine Sites until permanent remedy of 

these hazards occurs in later phases of the work.
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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.

3.1 Gamma Radiation Surveys

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: j 2"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 v| 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 Bq/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 pCi/g 
Ra-226 above background (totaling about 2.24 pCi/g 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 Ion 

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 BA1 (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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3.2 Background Area Soil Sampling

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 (BA1) 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:

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.

3.3 Radon Monitoring

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 Background Investigation

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

• Selenium

• Ra-226

• Ac-228

• K-40

• Molybdenum

• Uranium

• Arsenic

• Vanadium
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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 BA1 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 

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)

A Quantiles A * Summary Statistics
1— LLf-11—1—1--------1

100% maximum 15.1 Mean 12.8
95% 13.7 StdDev 0.5
90% 13.5 Std Err Mean 0.0
85% 13.4 Upper 95% Mean 12.9
80% 132 Lower 95% Mean 12.8
75% quartile 13.1 N 1557

__ I----
70% 13.1

-----1-----'---- -----
11 12 1 3 ----r r ,14 15 16

65%
60%

13.0
12.9

55% 12.9
50% median 12.8

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 Bl). 

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

(cm)

Back]ground Area 1 Background Area 2

Mean S.D. Median Min Max Mean S.D. Median Min Max

Uranium
(mg/kg)

0-15 1.3 0.2 1.5 1.2 1.8 0.9 0.2 1.0 0.5 1.1
15-60 1.3 0.2 1.4 1.2 1.7 0.9 0.2 0.9 05 1.2

Uranium
(PCi/g)*

0-15 0.9 0.1 1.0 0.8 1.2 0.6 0.1 0.7 0.3 0.7
15-60 0.9 0.1 0.9 0.8 1.2 0.6 0.1 0.6 0.3 0.8

Ra 226
(PCi/g)

0-15 1.1 0.2 L3 0.9 15 0.9 0.2 1.0 0.7 1.2
15-60 1.1 0.3 1.1 0.8 1.8 0.8 0.2 0.9 0.6 1.2

Ac-228
(PCi/g)

0-15 1.8 0.8 2.1 0.6 3.0 1.3 0.6 1.4 0.0 2.2
15-60 1.9 0.6 1.9 1.5 2.9 1.3 0.9 15 0.0 25

K-40
(PCi/g)

0-15 19.5 3.4 22.6 13.9 24.9 13.7 2.6 15.5 10.7 18.6
15-60 18.1 2.3 20.2 16.0 23.7 14.8 1.8 16.7 13.1 19.6

Molybdenum
(mg/kg)

0-15 0.4 0.05 0.4 0.4 0.5 0.3 0.06 0.3 0.2 0.4
15-60 0.4 0.04 0.4 0.4 0.5 0.3 0.1 0.3 0.2 0.7

Vanadium
(mg/kg)

0-15 17.9 6.1 21.2 3.8 26.4 13.1 1.9 14.8 9.7 16.8
15-60 19.8 2.1 22.7 18.4 24.2 13.9 2.3 15.4 10.7 17.9

Selenium
(mg/kg)

0-15 0.6 0.1 0.7 0.6 0.7 0.3 0.1 0.4 0.3 0.4
15-60 0.7 0.1 0.7 0.6 0.8 0.4 0.1 0.4 0.3 0.8

Arsenic
(mg/kg)

0-15 5.9 0.7 6.5 5.2 7.7 2.9 0.4 3.3 2.3 4.0
15-60 6.0 0.4 6.6 6.0 7.1 3.3 0.7 3.7 2.2 4.8

Moisture
(%)

0-15 11.6 2.5 13.2 8.4 16.6 4.1 0.8 4.4 3.1 5.8
15-60 13.6 1.6 14.4 13.2 18.1 6.3 0.9 6.8 5.3 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 BA1 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 BA1 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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4.2 Gamma Radiation at Black Jack No. 1 Mine

Gamma radiation exposure rates in the vicinity of the Black Jack No. 1 Mine and adjacent Background 

Area (BA1) 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.

*.< Background 
Areal

— Blackjack 12
LM* No. 1

’k---

| Exposure Rate (uR/h) | 
| <12 D15 H >30 
|13 D17
114 H 20

w 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 16.5

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 02

Upper 95% Mean 31.7

Lower 95% Mean 31.0

N 39852

Figure 10: Gamma Exposure Rates at Black Jack 1 and BA1 (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 BA1 (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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4.3 Gamma Radiation at Black Jack No. 2 Mine

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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3 w Summary Statistics

Mean 25.0
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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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4.4 Gamma Radiation at Mac No. 1 Mine

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)

Iftrr
I1! 1!' || 111 M' I1 I'!'I' I1

35 45 55 65 75 85 95 105

^ Quantiles 4 Summary Statistics

100.0% maximum 1223 Mean 16.5
99.5% 64.8 StdDev 9.4
97.5% 45.0 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 12.7 N 22461
25.0% quartiie 11.6
10.0% 10.9
2.5% 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.

4.5 Gamma Radiation at Mac No. 2 Mine

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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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.
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4.6 Indoor Radon Levels in Mine Buildings

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 / 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.

5.1 Instrumentation Quality Control

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).

5.2 Sample Control and Documentation

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 

of the 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).

5.3 Soil Sampling Data Validation

Analytical laboratory results for soil samples from the Background Areas (BA1 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 (BA1 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 

BA1 (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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Attachment Al: Background Soil Sampling Data
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Laboratory Analysis Results for Background Area 1 Soil Samples

Sample 10 Location Depth (cm)

Ra-226 (pCi/g) Ac-228 (pCi/g) K-tO (pCi/gJ
Uranium

(mg/kg)

Molybdenum

(mg/kg)

Vanadium

(mg/kg)

Selenium

(mg/lcg)

Arsenic

(mg/kg)
Moistu re (%)

Final

Result
MDC

Precision

(i)

Final

Result
MDC

Precision

(i)

Final

Result
MDC

Precision

(±)

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

BA1-01-S-0015-04202015 BA1-01 015 1.5 0.5 04 2.6 1.2 1.3 23.5 1.8 4.0 1.2 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 1.1 0.5 0.4 1.6 1.4 0.5 160 42 4.2 1.3 0.1 04 0.1 195 1.0 0.7 01 64 1.0 13.2 0.1

BA1-02-S-0015-04202015 BA1-02 015 1.1 06 0.4 06 2.2 0.4 139 5.1 46 1.3 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-O2 15-60 18 07 05 29 1.3 08 189 2.3 40 13 0.1 04 01 23 1 10 0.7 01 65 1.0 17.6 0.1

BA1-03-S-0015-04202015 BA1-03 015 09 0.4 0.3 2.0 09 0.5 228 18 38 12 01 04 0.1 20.6 10 0.6 0.1 62 1.0 10.0 0.1

BA1-03-S-1560-04202015 BA1-03 15-60 1.0 0.6 04 2.5 13 0.7 19.6 2.0 3.8 1.3 0.1 0.4 0.1 184 10 07 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 1.8 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 BA 1-04 15-60 1.1 0.7 0.5 1.8 1.7 0.6 214 2.2 4.1 1.5 0.1 04 0.1 22.7 10 0.8 0.1 6.6 1.0 18.1 0.1

BA1-O5-S-O015-04202015 BA 1-05 015 12 06 0.4 13 19 0.5 22.3 2.1 4.1 1.5 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 BA 1-05 15-60 1.1 0.7 0.5 2 8 0.6 0.6 237 2.1 43 1.5 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 BA 1-06 015 1.4 05 0.4 30 0.6 08 23.5 2.1 4.2 1.5 0.1 0.4 0.1 22.6 10 07 0.1 70 10 15.1 0.1

BA1-06-S-1560-04202015 BA 1-06 15-60 1.1 0.7 0.5 19 19 06 220 2.3 4.3 1.7 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 1.4 0.4 22 2 2.1 4.1 1.8 0.1 0.4 0.1 22.0 1.0 0.6 0.1 66 1.0 13.8 01

BA107-S-156004202015 BA1-07 15-60 1.4 06 0.5 1.5 2.3 06 193 20 3.8 1.7 0.1 0.4 0.1 22.6 1.0 08 0.1 69 10 14.0 01

BA1-08-S-0015-04202015 BA1-08 015 1.2 0.7 05 29 09 1.2 249 2.0 43 1.5 0.1 05 01 21.8 1.0 0.7 0.1 65 1.0 146 01

BA1 OSS-1560-04202015 BA1-08 15-60 08 06 04 1.9 08 0.6 209 2.6 42 1.2 0.1 04 01 186 1.0 0.6 0.1 6.0 1.0 15.2 01

BA1-09-S-0015-04202015 BA 1-09 015 13 0.4 0.4 2.1 1.0 06 17.4 18 3.4 1.5 0.1 0.5 01 38 10 0.7 0.1 <1 1.0 12.2 01

BA1 -09-S-1560-04202015 BA 1-09 15-60 1.5 0.5 0.4 1.6 1.5 0.6 207 2 2 4.1 1.5 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 1.5 12 05 205 1.9 38 1.3 0.1 0.4 0.1 201 10 0.7 01 63 1.0 12.5 01

BA1-10-S-1560-04202015 BA1-10 15-60 12 06 0.4 28 0.6 06 16.7 3.2 4.1 1.3 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 5.5 13 0.1 0.4 01 21.1 10 06 01 64 1.0 11.2 01

Laboratory Analysis Results for Background Area 2 Soil Samples

Sample ID Location Depth (cm)

Ra-226 (pCi/g) Ac-228 (pCi/g) K-40 (pCI/g)
Uranium

(mg/kg)

Molybdenum

(mg/kg)

Vanadium

(mg/kgj

Selenium

(mg/kg)

Arsenic

(mg/kg)
Moisture(%)

Final

Result
MDC

Precision

(±i

Final

Result
MDC

Precision

(±i

Final

Result
MDC

Precision
t±)

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

Final

Result
PQL

8A2-01-5-0015-04212015 BA2-01 0-15 1 04 03 1.6 1.1 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 2.2 1.1 0.6 16.7 2.1 3 3 1.1 006 0.4 010 14.9 1 0.4 0.1 3.4 1 5.5 0.1

BA2-02-S-1560-04212015 BA2-02 15-60 1.2 03 0.2 2.2 0.3 0.3 16.5 1.1 2.3 1.1 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 1.1 006 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 1.3 1 0.4 18.6 1.7 3.4 0.9 006 03 010 14.3 1 0.3 0.1 2 7 1 58 01

BA2-O4-S-1560-O4212015 BA2-04 15-60 07 06 0.4 0 05 03 153 18 3.2 08 006 0.2 0 10 14.5 1 0.3 0.1 29 1 8.2 0.1

BA2-05-S-0015-04212015 BA2-05 0-15 08 06 04 1.3 1.1 0.6 10.7 3.8 3.9 1.1 006 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 1.5 1.4 05 13.1 42 42 0.9 006 03 010 14.4 1 0.4 01 3.2 1 6.7 0.1

BA2-06-S-0015-04212015 BA2-06 0-15 1.2 06 0.4 15 1.2 0.5 17.5 1.7 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 2.5 0.8 0.7 19.6 1.7 3.5 0.9 0.06 0.7 010 17.7 1 04 0.1 38 1 6.6 01

BA2-07-S-0015-04212015 BA2-07 0-15 08 06 04 1.4 1.3 06 17.2 1.6 3.2 1.1 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 1.2 006 04 010 17.3 1 04 0.1 48 1 6.6 0.1

BA2-08-S-0015-04212015 BA2-08 0-15 12 05 0.4 1.3 1.5 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 08 17.4 1.7 3.3 1.1 006 04 010 17.9 1 0.8 0.1 4.4 1 7.2 01

BA2-09-S-0015-04212015 BA2-09 0-15 1.1 04 0.3 1.4 05 04 159 1.7 3.2 1.1 006 03 010 168 1 0.3 0.1 4 1 46 0 1

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 08 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 1.2 05 0.3 144 1.1 2.2 05 006 0.2 010 107 1 03 01 2.2 1 5.3 01

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 0 1
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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 
NRPP 101193 AL 
NRS8 ARL0017

Laboratory Report for

EPA Method <K02-R-92-0CH 
Charcoal Cans*? 

NRPP Device Code 1017.1159 
NRS3 Device Code 10302.10320

ERG Environmental Restoration Group 

8809 Washington Street Northeast Suite 150 
Albuquerque NM 87113

Property Tested:

MAC I West Building

Not Indicated 564507 565508

Log Number 

2018630 

2018631

Device Number 

564507 

564508

Area Tested 

First Floor 

First Floor Duplicate

Result (pCi/L)

1.1

1.1

Average: 1.1 pCi/L

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:

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

Test Exposure Duration: 48.C Hours

12/12/2016

12/12/2016

Date Analyzed: 

Date Reported:

12/12/2016

12/12/2016

Report Approved By:.Report Reviewed By:.
Disclaimer: ^ Carolyn 0. *<*«. President. AccuSur Labs

The uncertainty o' ths radon measurement is ~*i-10 V 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 1
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Phase 1 Summary Report - Black Jack and Mac Mines Part 1: Radiological Characterization Surveys

AccuStar
»w. <VN

Radon in Air

NELAC NY 11768 
NRPP 101183 At 
NRS8 ARL0017

EPA Method «*02-R-82-004 
Charcoal Cansser 

NRPP Dev.ce Code 1017.1158 
NRSB Device Code 10302.10320

Laboratory Report for Property Tested:

ERG Environmental Restoration Group MAC I East Building
8809 Washington Street Northeast Suite 150 Not Indicated 564503 564504 
Albuquerque NM 87113

Log Number Device Number 

2018634 564503

2018635 564504

Area Tested 

First Floor 

First Floor Duplicate

Result (pCi/L)

0.9

0.7

Average: 0.8 pCi/L

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:

Test Ended: 12/07/2016 10:32 am Date Logged: 12/12/2016 Date Reported:

Test Exposure Duration: 48.0 Hours

12/12/2016

12/12/2016

Report Reviewed By: Report Approved By: iritis .

Disclaimer: Carolyn D/Koke President AccuStar Labs
The uncertainty of ths radon measurement is -*!■ 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 results may not be consfrued as either predceve or supportive of measurements conducted n any area of this structure at any 
othertme AocuStar Labs, its employees and aoents are not responsble for the consequences of any action taken or not taken based upon (he results reported 
or any verbal or wr#en interpretation of the results

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

Certificate of Calibration
Calibration and Voltage Platemi

Meter. Manufacturer ludlum Mixlel Number: 222lr

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

tmiiurenenul Rcvumion Gicup. Inc. 
ssoa WattraqfM SI NE. Sane l» 
Mbuijuanuc NMR711} 
isosi 290-UM
*>*\v ourn

Serial Number 

Serial Number

218J64

L»K:xx4hs

y Mechanical Check 
/ FS Response Clieck 
y Geotropism 
y Meier 7croed
Source Oistance: Contact V 6 inches
Source Geometry / Side Z Below

Inslrumcni found within tolerance: y Yes

y tl IRWIN Operation 
y Reset Check
y Audio Chn-k
y Baners Cheek (Mm 4.4 VDC) 

Other 
Other:

IIV Check ('-2.5%). 
Coble l-englh 39

Threshold: 10 mV

Window:

y 500 V y 1000 V y IS00V 

•inch y 72-inch . Other:

naromctric Pressure. 24.33 inches IIg 

Temperature 74 °F
Relative Humidity: 20 %

No

Range Multiplier Reference Setting "As Found Reading" Meter Reading
Integrated

1 -Min. Count Log 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 IOO too 100

x 10 400 400 400 3986 400

x 10 100 100 100 100

x 1 400 400 400 398 400

x 1 100 100 100 100

High Voltage Source Counts Background Voltage Plateau

700

800
900
950
1000
1050

1100
1150
1200

59599
694*6
71679
72244
72475
72877
73119
73031
73241

<M32

SOOOO
10000
*0000
<0000
40000
JOOOO
20000

IOOOO
0

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

Calibrated By: 

Rev iewed Bv:

Fluke multimeter serial number _ 8749012 
V Gamma Source Cs-I37« $.2 uCi (1/4/12) sn: 4097-03 

Z Other Source:

(W ^
Calibration Dale:

Dale: yj,}"

Calibration Due

1R(. lorn ll( 101.V
fltucoltbntKm*» *r Myinwrrwsum}jarpuKlt i«kW«<iiet -4 VS W.’.K -W
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€RG Certificate of Calibration
Calibration and Voltage Plateau

kovifowacnul ResPfatmn Group. UK 
*109 Si Vt. Sum I»

warm

nww.IXOotfWc

Meter Manufacturer; Ludlunt Vtodcl Number

Detector Mnimbcturer l.udium Model Number

y Mechanical Check 
✓ F'.'S Response Check 

7 Ucotmpism 

y Meter Zeroed
Source Distance: 1.Contact </ 6 inches Other:
Source Geometry y. Side Below Other

Instrument found within tolerance: y Yes No

g I HR/WIN Operation 

y Reset Check 
y Audio Check
y Batten, Check (Min 4.4 VOC)

222lr

44 10

Scnal Number: 

Serial Number:

2*2973

PR1IR9R6

I tv t heck (* /- 2.5S); y 500 V 2 looo v y 1500 V 

Cable Length: 39-inch 7 Wneh _ Other

Barometric Pressure 24.69 inches tig

Threshold; 10 mV Temperature: 77 »F

Window; Relative Humidity: 20 V.

Range'Mulliplicr Reference Setting ’As Found Reading" Meter Reading
Integrated 

l-Min. Count Log Scale Count

x 1000 400 400 400 399626 400

x 1000 too too 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

X 1 100 100 100 100

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
1200 747$3

d* y <«P ^

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

Reference Instruments and'or Sources:
Ludium pulser serial number:. — 9T743 ^ 201932
Z Alpha Source: Th-230 @ 12.800 dpm (1/4/12)sn: 4098-03 
□ Beta Source. To-99 @ 17,700 dpm (1/4/12) sn: 4099-03

Calibrated By: 

Reviewed By:

Fluke multimeter serial number. .1 $749012 
y Gamma Source Cs-137 g 5.2 uCi (1/4/12) sn: 4097-03 

Other Source:

a . Calibration Date

----» D«e /o/^/Zrf
/O-Ji-.W Calibraiior Due

mu. r«« rr<. iat.% t °/^
conSirMS to r<qwx>r.<fU W.V.1 • /W
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€AG Certificate of Calibration
Calibration «n<l Voltage Plateau

bnvnomwnut Kokxjtii-n Gr<ws>. tot 
XfEW U»v)un^t'o Si M Suite 150 
Atouqucrqntf. NM 871 *3 
l«0<> 598
uvu FKiofikit tom

Metei Manufacturer Ludlum Model Number: 2221 r Serial Number: IMGOfi

Detector: Mimutaciurei Ludlum Model Number M-10 Serial Number PR090262

o’ Mechanical Cheek 
a? FS Response Clievt o’
7 Geotrupiwn Y
<7 Meter Zeroed Y
Source Distance "Contact 

Source Geometry ✓ Side

THK:WIN Operation 
Reset Check 

Audio Cheek
Battery Check (Min *4 VDC) 

/ 6 inches 7 Other:
C Below I Other:

Instrument found within tolerance: V Ves No

11V Check (■/• 2.5%): J 'oov y. tOOOV v 1500V 

Cable l ength: JO-iach Y 72-inch _ Other

Barometric Pressure 24 69 inches Hg 

Threshold: 10 mV Temperature: 76 *F
Window: Relative Humidity: 20 %

Range Multiplier Reference Setting "As Found Reading" Meter Reading
Integrated 

l-Min. Count l.og 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 1 400 400 400 400 400

x 1 100 100 100 100

High Voltage Source Counts Background

1050 70926

1100 73928

1150 73946 11361

1200 74343

700 25330

$00 49292

900 63873

950 67039

1000 69580

Voltage Plateau

80000 
70000 
60000 
50000 
40000 
30000 

30000

toooo 
0
-,<? ^ J v4p s

Comments: HV Plateau Scaler Count Time - l-min. Recommended HV - 1150

Reference Instruments and/or Sources:
Ludlum pulser serial number: — 07743 ^ 201932
Z Alpha Source: Th-230 @ 12.800 dpm < I «/| 2) sn: 4098-03 
□ Beta Source: Tc-<p # 17,700 dpm (1/4/ 12) sn: 4009-03

Calibrated By: 

Reviewed Bv:

Fluke multimeter serial number: 1 8749012
Y. Gamma Source Cs-137 @ 5.2 uCi (I'4'I2) sn 4097-03

_ Other Source:

Calibration Date: /O'Xl ’>H 
UK ,o/nto

Calibration Due /Q —

ERC F-rm ITC. 1®I.V
tocalibriiUOtt i'u>i,Vn} tv 14s’ iKV-tfiWit;-Wrfi;erUtV,-i/..Vulj«(.mllllii-u ot 4SSI O.tl - 16)

Revision 1, August 22, 2017 33 €RG
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CftG Certificate of Calibration
Calibration and Voltage Plateau

fcn> iienmcmal Rcsioraticn Of cup. Inc 
«SW Si ML Suae 130

AlOuauergue. NM 871 IJ 
tSOSl 298-4221 

naCefT.ee «*»
Meter: Manufacturer t.udlum Model Number; 222lr Serial Number 2K290I

Detector Manufacturer l udlum Model Number 14-10 Serial Number l‘R 150786

n/ Mechanical Check 
V Response Check 
s/ Geulropism 
y Meier Zeroed

>f THR/WIN Operation 
✓ Kesri Clink 
■y Audio Clink
7 Buttery Check (Mm 4.4 VDC)

Source Distance: _ Contact y 6 inches Other
Source Geometry: V Side Below Other.

Instrument found within tolerance: d Ves 1_ No

IIV Check!' -2.3%): y 300 V ?! 1000 V 7 1300 V 
Cable length: _ 39-inch _ 72-tnch y Other Cu*ly

Baton min. Pressure: 24.80 inches Hg 
Threshold: 10 mV Temperature: 70 °F

Window: Relative Humidity: 20 %

Range: Multiplier Reference Setting "As found Reading" Meter Reading
Integrated 

l-Min. Count Log Scale C

x 1000 400 400 400 39*910 400

x 1000 too 100 too 100

x 100 400 400 400 39893 400

x 100 too 100 100 100

x 10 400 400 400 3988 400

x 10 100 too too 100

x 1 400 400 400 397 400

X 1 too too too too

High Voltage Source Counts Background Voltage Plateau

700 
800 
900 
950 
1000 

1050 
1100 
1150 
1200 

1250

31039
54820

65946
67927
70J37
71980
73095
73716
73648
74225

9770

eP jP ji 
tc O s'

J?

CommenLs: HV Plateau Scaler Count Time = l-min. Recommended HV =1100

Reference Instruments and'or Sources:
Ludlum pulser serial number 97743 * 201932 Fluke multimeter serial number ~87490128
_ Alpha Source: Th-230 i» 12.800 dpm (1/4/12) sn: 40984)3 * Gamma Source Cs-137 ® 5.2 uCi (L4.'l2)sn: 4097-03
_ Beta Source: Tc-99 % 17.700 dpm 11/4.12) sn: 4099413 Z Other Source.

Calibrated By: 

Reviewed By.

Calibration Date: 25" ^/o d> Calibration Due: 5" yt/o»-

Dl!f:

IRC torm ITt. liil.V
lh» cuZ/A/uri.vi u, riytftmtna cjtitrjuun of IW \ . /»*

Revision 1, August 22, 2017 34 €RG



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

€RG Certificate of Calibration
Calibration and Voltage Plateau

hnsirnuncMal Rcdormon(imp. Inc 
XXirt W'Axhtnglon Si M Suite 150 
Altvoustyuc. NM S7113 
(*oi)29*-42:4 
tin* pIKunkt'oei

Meter Munuftteluter I odium Modtfl Number 222 Jr Serial Number 138368

Dctectm. Manufacturer: 1 odium Model Number: 44-10 Serai Numbei PK1 Vtftl 5

* Mechanical Check * FHR'WIN Operation HV Cheek <• - 2.5%): ✓ 500 V s? 1000 V y iMiov

V MS Response Check V Kesel Check Cable Length: 39-inch y 72-mch Other
V Geoliopisui y Audio Check

V Meter Zeroed * Battery Check (Mm 4.4 VDC) Barometric Pressure: 24.78 inches 1 Ig
Source Distance Contact ✓ 6 inches Other threshold: 10 mV Temperature: 74 °F
Source Geometry: >/_ Side _ He loss Other Window; Relative Humidity: 20 %

Instrument found within tolerance: v Yes No

Range'Multiplier Reference Setting
Integrated

"As Found Reading" Meter Reading l-Min. Count l.og Scale Count

x 100(1 400 -100 400 398436 400

x 1000 100 100 100 100

x 100 400 400 400 3984$ 400

x 100 100 100 I0O 100

x 10 400 400 400 3984 400

x 10 too 100 100 100

x 1 400 400 400 399 400

x 1 100 100 100 100

High Voltage Source Counts Background

700 26998
800 51037
900 63340
950 65550
1000 67410
1050 70113
1100 72217
1150 72561 9216
1200 72337

Voltage Plateau

Comments: HV Plateau Scaler Count time l-min. Recommended HV 1150

Reference Instruments and/or Sources:
Ludlum pulser serial number: 97743 * 201932

Alpha Source: Th-230 ■& 12.800 dpm (1/4(12) sn: 4098-03

Beta Source

Calibrated By: 

Reviewed Bv:

:2 17.700 dpm (1/4/12) sn 4099 03

Fluke multimeter serial number: _87490128 

e Gamma Source Cs-137 «5 5.2 uCi (I -4/12) an: 4097-03 
Other Source:

C^CT

Calibration Date: -t'
Date: 7^6of/k

Calibration Due: *>*#'. '

I ttl. torn IH . 101.\
Tbts lultbfafxon iu t>u’ i/» „**/uarjmH* 1 (mhA/Mi •/:*' 4 V*/ \3'J 1 - /VV*
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€RG Certificate of Calibration
Calibration and Voltage Plateau

!;D%uxtimcniaJ RnlmlMi Ci«|v I*k 
mn Wathittflon St NE. Suite 150 
\lhuqjcii)uc NM Pill 
(SftSt 79K4234 
wwsi rtMkdllfC ‘itm

Meter: Manufacturer: I .udlum Model Number. 222 Ir Serial Number 218563

Detector Manufacturer: 1 udlum Model Nunthet 44-10 Serial Number PRIS085I

✓ Mechanical Check V THR U’ IN Operation HV Check (V • 2-5%* s/ 500 V V 1000 V ✓ 1500 V

✓ T S Response Cheek V Reset Cheek Cable Length: 39-inch ✓ 72-ineh Other.

✓ Gcotrupism V Audio Check
✓ Mets'r Zeroed yJ Ratter \ Check (Min i t VDC) Barometric Pressure 24.51 incites Hg

Source Distance: Contact ✓ 6 incites Ollier: Threshold: 10 mV Temperature: 74 ®F
Source Geometry ✓ Side Below Other: Window: Relative Humidity 20 %

Instrument found within tolerance: */ Yes No

Range Multiplier Reference Setting 'As found Reading" Meter Reading l-Min. Count 1 og Scale Count

a 1000 400 400 400 399802 400

x 1000 too 100 100 100

x 100 400 400 400 39987 400

x 100 100 100 100 10(1

x 10 400 400 400 3998 400

x 10 100 100 100 100

x 1 400 400 400 400 400

X 1 100 100 100 100

High Voltage Source Counts Background

700 11246
800 33904
900 53843
950 59637
1000 63641
1050 65147
1100 66831
1150 68228 9797
1200 70822

Voltage Plateau

^ f

Comments: HV Plateau Scaler Count Time I -min. Recommended HV 11 SO

Reference Instrument* and/or .Sources:

I udlum pulscr serial number: 07145 701452
Alpha Source: Th-230 sn 4008-0VtiI2.S00dpm 6.520 cpm (1/412)
Beta Source WTTiioo mi: 4099-03<r I7.700dpml I.IOOcpmi 14 12)

fluke multimeter serial number: 87490128
s' Gamma Source Cv-137 ta 5.2 uCi (I 4/12) sn: 4097-03 

Other Source:

Calibrated By 
Reviewed By

Calibration Dale: S'/'/ '*7 

Dale: S/V//*?-

Calibration Due: ^

».R«. lurm 11< 101. \

Thi\ caittvauiv!crtTiorm n t*h is t*r.{\Sf YSiSi • f**
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Reuter-Stokes

Calibration Certificate

Reutcr-Slokcs certifies that the Environmental Radiation Monitor, identified 

below, has been calibrated for output using the shadow shield technique*, and 

calibrated with radiation sources traceable to the National Institute of Standards 

and Technology.

Sensor Type: 100 R'l Ir 

Serial Number 07J00K.MI 

Calibration Date: 7/9/2014

Sensitivity: 10.05 mV/pR,h

•Calibration Procedure: RS-SOP 238.1
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$$
Reuter-Stokas

Calibration Daia

Sensor Type: 100 Mir Source (CS* 137): BB-400
Serial Number: 07J00K.M 1 Date of Ccrtitication: 12/1/1994
Calibration Date: 7/9/2014 Exposure Rate at I meter 4.226 mR'b

Customer Name: ENVIRONMENTAL RESTORATION GROUP

Sensitivity (Ra-226): 10.05 mV.'pRh

Distance

Feet cm

12 366

14 427

16 488

18 549

Exposure Rate P+S+A 

pR/h V

197.193 2.553
144.278 1.949

110,006 1.550

86.558 1.277

S+A P

V V

0.547 2.006
0.483 1.465

0.435 1.116

0.399 0.878

k(CS-137)

mV/pR/h

10.18
10.16

10.14

10.14

k(CS-137)- 10.16 mv/pR/h k - 10.16 mv/pR/h

kt Ra-226) = 0.9892 MCS-137)
a m .015 mv/pR/h

k( Ra-2261 = 10.05 mv/pRh V * 0.145%

r
By- /- _ < • Date:

) /r~/o
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Attachment A4: Function Check Forms and Field Logbook
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CRG Single-Channel Function Check Log V v» San-'m 
Mtihit

meter DM BCIOR (a—rat%:

Manufacturer u'-’Si.o/H Manufacturer L.U itLt ti6 ® rw>* ajaajsmh

Model rXU Model yy-to w<- 7lnAr* S •r'b

Serial No Tj6S(.Y Setaal So A4 28ewtS i-c/r

Cal Due Date •■f/'l/rfe Cal Due Date y/^Ai

Sam Cs'O?- Actisrt)
1 mtaMua Rale

yS' uCi Source Date
t»

i/tb/ Duunse to Woe 1/ . $“

Serai No */* c(ii'iniiiipn»

Date Tim Batten ll«h
Soli age

Sam ree
Coaatt

BKG
(•uat*

Net
C wah

1 No**

/I ;eo 6 1 /ooo jzeif ty 18
c>

77**! IOS

v/oAr / 7-s ;o 6 1 IOC.J rz" y bS9Y ys.trio c/ rr« /oV

u/i/ /. r 7-5S < ' to® > 5 >V8> c/ Pt* ' ------------------------------------
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u/’ifrs~ 2r b 1 too f ritT-y 4?©.>' vrm c> to£

phi-hs- Oor~ tiS M> T7tT> i>>fv

4/ijA r ft"oo £ . f IOC 8 S^t»o •m* Ybbf-b rnYvi /OB

h/*s/i£" AJoT .o<*o tr M-V
wAw / ir“ r- vr t ! 100 6 JY‘*8 </> AT*! v /o?-

w I'ltlnr or TC »-4y
■ / **■—

#2-

€RG Single-Channel Function Check Log ahMWwl*■ mm mi i
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Attachment A5: Data Validation Check Sheets
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ATTACHMENT J

Data Validation Worksheets
Validation for Remedial Verifications and Risk Assessments

______________ ____________Soil Data Validation ___________________

Site 7<iA /V«t Project r

tAt- »fLab Job No C/^°V o7t{Sample IDs a ai-»> j**-.. -/»

Sample Date y/««/ry r- v/w/rr_________________

Laboratory l+J*r*-L n.. • «^y_

Validation Pate __________________  Type _________

Method. * ?oo. t c«t«>.M>. ..u

Criteria OK FYI Action Comments
Holdino Times S
Cha n-of Custody ✓
Detection Limits ✓
Calibration Blanks s
initial Cabbralen ✓
Continuing
Calibration ✓
Blanks ✓
Lab Control Sam ole ✓
Lab Duplicate ✓
Matrix Spike ✓

Other Pertinent Criteria:
Criteria OK FYI Action Comments

Additional Comments
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Figure A6: Gamma Count Rates at Black Jack 1 and BA1 (left) and summary statistics for Black Jack 1 (right).
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APPENDIX B
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Attachment Bl: Level IV Data Reports for Background Soil Samples
(Provided on CD, Hardcopies Available on Request)
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1 BACKGROUND

This report documents the work conducted by Alan Kuhn Associates LLC (AKA) in support of 

Environmental Restoration Group (ERG) for the Scope of Work for Interim Removal Action AOC, Phase 1 

- Transect Gamma Scan, Geomorphologic Survey and Background Study, for the Black Jack No.l and 

No.2 and the Mac No.l and No. 2 mine sites required to be completed by Homestake Mining Company 

of California ("Respondent") pursuant to the Administrative Settlement Agreement and Order on 

Consent ("AOC"), CERCLA Docket No. 2014-06, entered into voluntarily with the United States 

Environmental Protection Agency ("EPA"). Specifically, this report addresses the Removal Site 

Evaluation Phase 1 Geomorphologic Survey, which the Scope of Work describes as follows:

"Respondent shall conduct a geomorphologic survey to characterize the existing terrain features 

and geomorphological stability of the Sites to evaluate active and potential erosion processes as 

well as existing and potential pathways for erosion of mine-related material to support closure 

options analysis in the future."

In the course of performing the geomorphological survey, AKA also assisted ERG in the location and 

identification of natural and mine-related hazards on each mine site. The inventory and assessment of 

mine features and hazards are included in Attachment A to this report, and photographs of selected 

features referenced in this report and in Attachment A are contained in Attachment B. Several mine 

features were identified as high priority for immediate mitigation of potential physical hazards, including 

the main mine shaft at Black Jack 2 (previous fence had deteriorated), and two open holes at Mac 1. 

Temporary fencing to restrict access to each of these mine hazards was completed on June 1, 2017.

Geomorphic characterization and assessment of the mine sites has involved two approaches, one 

focused on watershed characteristics using the methods of David Rosgen and the other on landform 

characterisitcs using the methods of the U.S. Forest Service. Combined, these two methods address the 

land features and processes needed to assess the geomorphic characteristics of the mine sites.

Data collection for these geomorphologic studies was conducted at intermittent intervals between April 

2014 and May 2017. These studies included review of geologic and topographic maps, aerial photos, 

and satellite imagery as well as field measurements and site feature identification.

2.1 WATERSHED CHARACTERIZATION AND ASSESSMENT

A simplified watershed characterization and assessment was performed generally in accordance with 

the WARSSS (Watershed Assessment of River Stability and Sediment Supply) procedures developed by 

Rosgen (2007). WARSSS is a three-level technical framework of methods for assessing suspended and 
bedload sediment in rivers and streams. The WARSSS is directed primarily at stability of landforms, 

especially watercourses, as they might affect site reclamation rather than sediment transport. 

Therefore, only relevant elements of WARSSS have been utilized. If necessary, a more detailed WARSSS

2 GEOMORPHIC CHARACTERIZATION AND ASSESSMENT APPROACHES
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assessment will be performed in later phases of the project. The watersheds of the four mine sites are 

shown on Figures BUK1-1, BUK2-1, MAC1-1 and MAC 2-1. The results of the WARSSS are documented in 

Table 1.

2.1.1 Reconnaissance Level Assessment

The initial WARSSS level is Reconnaissance Level Assessment (RLA). RLA was performed in September- 

October 2014 and April 2015 and was used to determine which areas with mine features or uranium- 

related contamination are exposed to potential disturbance or erosion by surface water runoff. The RLA 

steps are:

1. Identify obvious sediment sources generated by mining activities

2. Identify channel stability impacts from mining (such as erosion or sedimentation of mine wastes) 

and, conversely, exposure of mine features and wastes to natural changes in channel stability

3. Exclude non-impacted watersheds/areas/reaches from further assessment; and

4. Locate impacted or potentially impacted areas for the next higher level of assessment.

2.1.2 Rapid Resource Inventory for Sediment and Stability Consequence (RRISSC)

The Rapid Resource Inventory for Sediment and Stability Consequence (RRISSC) is the second or 

intermediate assessment level. The three objectives of this assessment level are to 1) exclude low-risk 

areas from further consideration; 2) provide management and/or mitigation recommendations for 
moderate-risk rating sites with monitoring; and 3) identify high-risk sites, sub-watersheds and/or river 

reaches that require more detailed assessment. Such high-risk sites advance to the Prediction Level 

Assessment, or PLA. In this site characterization phase of the Black Jack Mac project, only objectives 1 

and 3 are relevant and have been addressed.

PLA requires extensive field data and a level of analysis that exceeds the scope of site characterization 
phase. If necessary, the relevant elements of PLA will be undertaken in the later phase of the Black Jack 

Mac project. The results of the RLA and RRISSC assessments are documented in Table 2.

The effects of water and wind are treated together because one makes sediment available for the other 

to move. The effects of wind on each of the mine sites are evident in accumulations of sand and silt on 

the leeward side of some structures, brush and clumps of grass. However, dunes and deflation basins 

are not present on the sites. Wind direction is predominantly from the southwest but varies both 

seasonally and diurnally and is also affected by topography. Prevailing wind direction can be inferred 

from regional climate data and distributions of radiological contamination at each site. Soil-size ore and 

mine waste can be eroded, transported and deposited by wind, water, or both; both mechanisms 

operate and combine at all four sites to re-distribute those materials from their original locations on the 

mine sites. Average wind velocity in the Black Jack Mac area is 29 miles per hour at 80m above ground 

(NREL 2010), so wind has the capacity to move sand and silt size particles.
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2.2 LANDFORM CHARACTERIZATION AND ASSESSMENT

Landform characterization and assessment is based on the U.S. Forest Service methodology (Haskins et 

al, 1998) and the output of the WARSSS. The objective is to assess the stability, both erosional and 

structural, of landforms on the mine sites and of landforms close enough to the mine sites to impact 

their long-term stability and land use.

The U.S. Forest Service methodology and nomenclature of Haskins et al, 1998 are documented on Table 

3. This method has four components:

• Geomorphic Process

• Landform

• Morphometry

• Geomorphic Generation

2.2.1 Geomorphic Processes

The geomorphic processes that shaped the mine sites are tectonism, mass wasting, and fluvial and 

eolian erosion and deposition. Tectonism caused the uplift of the Zuni Mountains to the south, which 

caused the tilting of the Chaco Slope where the mines are located. Mass wasting has caused landslides 

and rockfalls in the general area, although these features are not present on the Black Jack and Mac 

mine sites. The present dominant process is fluvial erosion and deposition with contribution from and 

interaction with eolian erosion and deposition.

2.2.2 Landforms

The primary landforms are controlled by the underlying geologic strata and structures. The mine sites 

are underlain by sedimentary rock of Cretaceous age consisting of shale and sandstone units of the 

Mancos and Dakota formations. Two relic geologic structures, the Mariano Lake anticline and the Smith 

Lake syncline with axes running east-west and approximately one-half mile apart, control the terrain and 

drainage and thus the geomorphology of the mine sites.

The high ground is formed by mesas and cuestas capped by erosion-resistant sandstone. Low ground 

consists of dipslopes of sandstone or valleys with shallow alluvial soil over bedrock. Except for the north 

vent at Black Jack 2, the mine sites are located on low ground. Runoff as sheet flow and stream flow 

from high ground crosses all four mine sites, but watercourses are ephemeral, flowing only after large 

storms. Wind causes some erosion and deposition of sediment, but the dominant active processes 

affecting landforms are fluvial, either as sheet flow down slopes or stream flow, which is the more 

dynamic process in erosion.

2.2.3 Morphometry

At this level of site characterization, morphometry (landform measurement) consisted of selective 

surveying of channel depth and width at locations close to or immediately downstream of mine features 

that could be impacted by channel erosion. At a larger scale, measurements were taken from
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topographic maps and from aerial and satellite imagery. More details measurements were made of the 

mine features that were man-made landforms such as waste rock piles and ore pads. Morphometry 

generally followed the WARSSS methodology of Rosgen and, therefore, is documented in Table 1.

2.2.4 Geomorphic Generation

Geomorphic generation is a part of the landform classification that allows for the recognition of more 

than one geomorphic process type or landform at any given location due to process overprinting. Three 

categories are generally recognized - active, dormant or relict - but only relic and active classifications 

apply to the mine sites. Geologic processes like folding and faulting are considered to be relic because 

there is no evidence of them being active in the mines area in Holocene time. Active applies to wind- 

and water-driven processes.

3 MINE SITE GEOMORPHIC CHARACTERIZATION AND ASSESSMENT

All four mine sites are located on the Chaco Slope of the San Juan Basin and have similar geomorphic 

features:

• Ephemeral, single thread watercourses

• Low to moderate channel sinuosity

• Slope grades on the mine sites less than 7%

• Sedimentary terrain with bedrock dipping ENE at 4 degrees or less, the result of the anticline- 

syncline folds

All the mine sites are tectonically stable with only relic features. Within the watersheds of Black Jack 1 

and Black Jack 2, mass wasting is occurring in the upper reaches, well upslope of the mine sites. There 

are no landforms within any of the four mine sites that are subject to mass wasting or to substantial 

impact from eolian processes. Therefore, only fluvial processes (erosion or deposition) of overland and 

stream flow have impacted landforms within the mine sites.

None of the mine sites has permanent water impoundments or riparian habitat. Although there is some 

visible evidence of past crop cultivation at Mac 1, the historic land use is apparently grazing at all mine 

sites. Nothing in the natural geomorphology would limit grazing or other historic land use in the future.

3.1 MINE SITE GEOMORPHIC CHARACTERISTICS

For the purposes of this geomorphic characterization, except for Black Jack 1 the watershed of each 

mine is limited to the terrain upslope from the mine surface that contributes to runoff or erosion across 

the mine surface. Black Jack 1 watershed includes areas downstream of the mine site because arroyos 

there are advancing up gradient to the waste pile area.
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All of the watersheds have only ephemeral watercourses that are influent when they convey runoff. 

Black Jack 2 has a relatively large watershed that extends far beyond the limits of the mine site; the 

other three mine sites have limited watersheds.

The geomorphic classifications of valleys and watersheds of the four mine sites, following the Rosgen 

WARSSS system (NRCS, 2007) are listed in Table 1.

3.1.1 Black Jack 1

Black Jack 1 is located on the north flank of the Mariano Lake Anticline, part of the Chaco Slope of the 

San Juan Basin. Black Jack 1 surficial soils are Holocene and Pleistocene colluvial and alluvial fan 

sediments (sand, silt, and gravel), derived from the Gallup Sandstone mesa to the west. Surficial soils 

overlie Mancos Formation consisting mostly of shale with sandstone and limestone interbeds, exposed 

in the low ridge north of the mine. Bedrock dips NNE, 2-3 degrees or 4-5%.

Black Jack 1 watershed (Figure BUK1-1) is limited to 218.1 acres by several closely spaced drainages 

from the east side of Hosta Butte mesa, leaving only one narrow watershed above the mine site. This 

watershed extends approximately 5800 feet from the highest point in the watershed, at 8100 feet 

elevation, southeast to the confluence of the main and tributary arroyos crossing the site at 7390 feet 

elevation, with 4200 feet of that length up-gradient of the mine site. The westernmost 1300-1400 feet 

of the watershed is a very steep (30-50% grade) Type I valley with Rosgen Type Ala+ steam channels, 

below which both surface grades and watercourse grades flatten to as low as 2% away from the mesa in 

a Type III valley with predominantly Rosgen Type Al, Bl, and G1 stream channels across the mine site. 

Hydrologic base level is controlled by Smith Lake 2.3 miles southeast of the mine site.

The watershed has one main arroyo (entrenched watercourse) that begins on the mesa slope and runs 

east, then southeast from the north side to the east side of the mine site. Two tributary arroyos (north 

arroyo and south arroyo) extend westward from the main arroyo near the downstream end of the 

watershed, each dividing into two branches, north branch and south branch (Figure BUK1-2). The main 

arroyo and the tributaries are entrenched through 2-8 feet of alluvium into Mancos Formation shale.

The north arroyo is larger and more active than the south arroyo. Both branches of the north arroyo are 

entrenched, with steep sides and narrow channel beds, and are naturally actively headcutting. (Photo 

BJ1-8). The south branch of the north arroyo is headcutting toward the waste rock pile (Figure BUK 1-2).

However, ground has been modified along the north branch of the north arroyo near the remnants of 

the mine surface facilities (Figure BUK1-3, Photo BJ1-10) between the northeast edge of the waste pile 

and the main arroyo, apparently during mine operations, by filling in approximately 300 feet of the 

north branch, effectively damming the upstream portion of the branch and leaving a nick point (step) 

armored with metal, tires and other mine debris at the fence along the east-west half section line of 

Section 12 (Photo BJ1-9). The south branch is actively headcutting westward toward the south toe of 

the waste rock pile. The nick point on the south branch is 65 feet east of the north-south fence and 

approximately 150 feet from the toe of the waste pile (Photo BJ1-8).
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The south arroyo is smaller and less entrenched than the north arroyo. The north branch of the south 

arroyo and the south branch of the north arroyo are advancing west-northwest along parallel paths 

approximately 100 feet apart. However, the latter has a steeper gradient and can be expected to 

capture more of the runoff from the former over time.

3.1.2 Black Jack 2

Black Jack 2 is located on the west arm of a structurally controlled valley over the south limb and axis of 

the Smith Lake Syncline. The surface has a thin cover (less than 10 feet) of eolian sand and alluvial sand, 

silt, and gravel as valley fill on the eroded surface of the Twowells Tongue of the Dakota sandstone or 

the Whitewater Arroyo Tongue of the Mancos Formation (Green and Jackson, 1975; Robertson, 1990). 

The mesa to the northwest, where the vent shaft is located, is capped by the Twowells Tongue of the 

Dakota sandstone overlying the Whitewater Arroyo Tongue of the Mancos Formation. Bedrock units dip 

NNE at approximately 2 degrees, and ground surface generally slopes NE at 2-2.5%. Base level is 

controlled by the earthen dam in Section 7, approximately one mile north.

The Black Jack 2 watershed, illustrated on Figure BUK2-1, is relatively large, 4616 acres, extending from 

the top (southern) edge of the mesas north of highway 1-40 approximately 4.3 miles NNE to the Black 

Jack 2 site, descending from 8351 feet to 7435 feet elevation at an average slope of 4%. The watershed 

has two distinct valley types, Type I in the mesas (upper 4 miles of the watershed) and Type III in the 

valley where the mine site is located.

Most of the watershed consists of the slopes of north-tilted mesas (cuestas) that are drained by three 

deeply incised and degrading canyon tributaries (Type I valleys with Rosgen Type A1 streams) that 

separate these cuestas and merge to the north to form the primary watercourse at 1.2 miles and 1.6 
miles from the mine site. The primary watercourse is a Type IV valley with a Rosgen Type G4c/G5c 

stream that descends at an average grade of 2.8% through the canyon to the stock pond at Wolf Canyon 

Road, where the canyon ends 0.3 miles upstream (south) of the mine site. At that point the slope 

gradient flattens to 1.5-2.0%, the channel definition becomes less distinct, and aggradation (sediment 

deposition) is dominant.

The stock pond is formed by a cross-valley berm. It has no constructed spillway, but the overflow is 

evidently from the northwest corner along a chute, eroded to rock, that ends at the road, where 

overflow spills over the road. North of the road the watercourse is in a Type III valley and Rosgen Type 

C6/F6 natural channel for 0.25 miles, at which point it has been diverted to a more northeasterly course 
from the natural northwesterly course that passes the old mine hoist house 0.33 miles from Wolf 

Canyon Road. From that point north, the original channel is difficult to discern and appears to become 

braided and mostly filled with eolian or alluvial sediment before ending in the alluvial fill basin 0.75 

miles north of Wolf Canyon Road. The diversion channel extends 0.25 miles around the east side of the 

mine site and rejoins the original stream course approximately 0.2 miles upstream of the alluvial basin.

A broad and shallow swale occupies approximately 113 acres that includes the west half of the mine site 

(Figure BUK2-2). It drains the mesa slope west of the primary watercourse canyon and a smaller canyon 

within that mesa. There is no discernible watercourse in the valley beyond the mouth of the canyon,

Rev. 1 Page 6



Phase 1 Summary Report - Blackjack & Mac Mines Part 2: Geomorphic Characterization & Assessment

and the runoff from the canyon appears to disperse across the broad swale that follows the toe of the 

mesa west of the mine site.

The earthen dam is Section 7 has created a hydrologic base level for runoff from both Black Jack 2 and 

Mac 2 mine sites, causing development of a flood plain playa (the alluvial fill basin) in the Type VIII valley 

upstream of the dam. By trapping sediment from a large watershed, the playa has expanded over parts 

of section 7,17, and 18.

3.1.3 Mac 1

The watershed is small with a total area of 173.7 acres, extending 1.1 miles SSW from the mine and only 

1000-1600 feet wide with a nearly uniform grade of 2.9% and also extending NNE from the mine site at 

a steeper grade of 5.8% for 0.27 miles and less than 1000 feet wide. Base level is controlled by Mariano 

Lake, approximately 5 miles west.

The mine site is located between the SSW and NNE slopes in a topographic saddle aligned along the 

synclinal axis at elevation of approximately 7450, with higher ground up to elevation 7514 to the NNE 

and elevation 7605 to the SSW (Figure MC1-1). Surface water runs down these slopes toward the mine, 
then either WNW along a Type IV shallow valley with Rosgen C6c/E6 watercourse to a north-draining 

canyon 2000 feet west of the mine site or ESE through a steep draw with Type VI valley and Type G1/G4 

watercourse that heads on the east side of the mine site and discharges to another north-draining 

canyon east of the mine. Man-made diversion ditches were excavated north and west of the mine 

surface facilities, apparently by the mine operator, to intercept runoff from the north slope and direct it 

to natural arroyos west of the mine site. These diversion ditches are not included in this geomorphic 

assessment because they are not natural watercourses and can be easily removed without impacting 

the watershed.

The Mac 1 mine (Figure MC1-2) is located along the axis of the Smith Lake syncline, which controls the 

topography of the site and causes the rock units exposed at mine ground surface to be essentially 

horizontal. The Twowells Tongue of the Dakota sandstone is exposed where the thin overlying alluvium 

is missing or has been removed. The site has been extensively cleared, leaving only sparse tree cover 

around the edges.

3.1.4 Mac 2

The Mac 2 watershed of 30.2 acres (Figure MC2-1) extends south to and slightly beyond Wolf Canyon 

Road and north to the fence at the north boundary of the mine. The high point is elevation 7605 at the 

southeast corner of the watershed, and the low point is elevation 7417 in the watercourse at the north 

fence. Runoff from the upper portion of the watershed is sheet flow for up to 600 feet before reaching 

a watercourse. Several small Type Clb/E5b watercourses begin in the upper part of the Type VI valley 

watershed and gradually converge northward and then merge at the north edge of the mine site.

The Mac 2 mine claim area and facilities (Figure MC2-2) occupy 6.85 acres located on the south limb of 

the Smith Lake Syncline. Surface soils are a thin overlay of Holocene and Pleistocene colluvium 

consisting of silt, sand and gravel resting on Whitewater Arroyo Tongue of the Mancos (shale with
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laminated sandstone and siltstone) grading upward into the Twowells Tongue of the Dakota sandstone. 

Channel depth, and therefore entrenchment, is limited to the depth of soil, generally less than two feet, 

that overlies erosion-resistant sandstone. Bedrock dips NNE at approximately 4 degrees or 7% grade. 

Ground surface is slightly flatter at 3.5-4% grade. Base level is controlled by the earthen dam in Section 

7, approximately one mile north, which has caused the channel gradients to flatten downstream of the 

Mac 2 site, creating more aggrading conditions.

3.2 MINE SITE GEOMORPHIC ASSESSMENTS

3.2.1 Black Jack 1

Black Jack 1 mine site is illustrated in figures BUK1-1, BUK1-2 and BUK1-3. The only geomorphic 

process of importance with respect to reclamation and future land use is fluvial erosion. The south 

branch of the north arroyo and the north branch of the south arroyo are actively headcutting westward 

toward the waste rock pile (Photo BJ1-8). The waste rock pile is releasing sediment currently with sheet 

and rill flow, but the rate of erosion will increase as the nick point (step in the channel thalweg) 

advances closer to the pile. No data are available to support a calculation of erosion rates in either 

arroyo branch.

The arroyo banks are steep and even undercut in many locations, but lateral migration is not likely to 

pose a risk to the mine surface footprint because the watershed is small, and the sinuosity is only 

moderate, especially in the arroyo channels downgradient from the mine. This assessment is supported 

by the watercourse management score of very low to low for the Streambank Erosion Potential (Table 

4). Other watercourse management scores (for Sensitivity to Disturbance, Recovery Potential, Sediment 

Supply, Vegetation Controlling Influence) are all favorable or neutral for maintaining or improving 
stream channel stability. However, as noted on the table, headcutting of the north branch of the south 

arroyo and the south branch of the north arroyo as well as the stability of the nick point on the north 

branch of the north arroyo are flagged for action in Table 4.

3.2.2 Black Jack 2

Black Jack 2 mine site is illustrated in BUK2-1 and BUK2-2. The mine site is flat and virtually devoid of 

landforms that extend above the general ground surface. However, the watershed above this mine site 
is relatively large with deep canyons, and runoff is concentrated in the main canyon (primary 

watercourse) that discharges to the stock tank at Wolf Canyon Road and then across the mine site. 

Although the watercourse gradients are not high for terrain with steep canyon walls, the short time of 

concentration of runoff from the canyon walls to a channel with constrained width makes flash flooding 

likely in the watershed down to Wolf Canyon Road. Once the road is overtopped, a flash flood would 

quickly fill the shallower, flatter channel through the mine site and would probably inundate the mine 

site and overflow to the swale along the toe of the mesa. The watercourse management scores (Table 

4) emphasize the vulnerability of Black Jack 2 to flash flood impacts, with high Sensitivity to Disturbance, 

Sediment Supply, and Streambank Erosion Potential.
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3.2.3 Mac 1

Mac 1 mine site is illustrated in figures MC1-1 and MC1-2. The mine site is located on a topographic 

saddle with upslope gradients limited by the synclinal limbs that afford substantial protection against 

both mass wasting and fluvial process hazards. Shallow sandstone provides protection from 

advancement of the east side draw, which receives a minor amount of the runoff from the watershed; 

most of that runoff flows westward off of the mine site. The watercourse management scores for the 

east draw rapidly deteriorate east of the mine site, but on the mine site the sandstone bedrock supports 

the desirable end of the score range listed on Table 4.

The valley to the west from the mine site drains the majority of runoff from the watershed. Except for 

some man-made diversion ditches, the runoff path to the west follows the valley axis without 

entrenchment until it is beyond the mine site boundary. The soil is erodible but is protected by a low 

surface gradient and good vegetative cover. Thus, the west valley has good watercourse management 

scores.

3.2.4 Mac 2

Mac 2 mine site is illustrated in figures MC2-1 and MC2-2. The site contains no mass wasting landforms. 

Eolian erosion and deposition occurs on a small scale, resulting in minor deposition of windblown 

sediment on the leeward side of shrubs. The limited watershed area and shallow soils above bedrock on 

the uniform cuesta dipslope create conditions for brief, rapid runoff after intense storms with 

consequent high potential for surface disturbance (in the form of lateral migration of watercourses) but 

with relatively low net soil erosion. Mine waste piles form the only features that rise above the dipslope 

and, therefore, are particularly vulnerable to erosion from lateral migration of the shallow, slightly 

entrenched watercourses. The pinnate dendritic to subparallel channel pattern makes channel merging 

and splitting relatively easy, so present locations of watercourses offer no assurance that waste piles are 
safe from stream erosion processes in the future. The watercourse management scores (Table 4) are 

mixed - shallow soil and lack of entrenchment make Mac 2 watercourses very sensitive to disturbance 

and prone to streambank erosion, but good vegetative cover and low-moderate sediment generation 

provide good recovery potential.
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Phase 1 Summary Report - Black Jack & Mac Mines Part 2: Geomorphic Characterization & Assessment

Table 1: Watershed Assessment of River Stability and Sediment Supply (WARSSS) Classifications
Watershed

Rosgen
Stream

Type

Channel
Channel Entrenchment

Site Length,
mi.

Ave.
Gradient

Valley
Type

Pattern
(sinuosity)

Width/
Depth
Ratio

Ratio (valley 
width/bank 

width)

Comments

Black Jack 1 (overall) 0.8 0.098 III sinuous entire watershed

Main arroyo 1.08 0.5 to 0.02 top of mesa to junction with south arroyo

mesa slope 0.2 0.5 1 Ala+ i.i 0.5 1

above nick point to mesa 0.66 0.02 III B6 >1.2 >12 1.4 -2.2

below nick point 0.53 0.025 III G1 >1.2 <12 <1.4

North arroyo main stem 0.06 0.03 III G1 ~1.2 ~1 ~1 from nick point east from fence

North branch 0.09
0.04 to
0.025

III A1 <1.2 <12 <1.4 blocked by makeshift dam at nick point at fence

above nick point 0.18 0.037 III B1 <1.2 >12 ~1.4 north branch of north arroyo partly backfilled

South branch 0.15 0.063 III A1 <1.2 <12 <1.4 advancing toward south edge of waste pile

South arroyo main stem 0.1 0.044 III A1 <1.2 <12 ~1.4 toe of mesa to nick point at sec. 12 east fence

North branch 0.3 0.033 III B1 <1.2 >12 1.4 -2.2 advancing toward south edge of waste pile

South branch 0.06 0.044 III Bla <1.2 >12 -1.4

Blackjack 2 4.3 0.038 entire watershed

Primary watercourse 4 0.028 1 <1.2 entire watercourse

top to mile 1.15 1.15 0.038 1 A1 <1.2 <12 ~1 steep canyon walls with narrow bottom

mile 1.15 to mile 2.3 1.16 0.039 1 A1 <1.2 <12 ~1 steep canyon walls with narrow bottom

mile 2.3 to mile 3.73 1.43 0.015 IV G4c/G5c 1.0 to 1.1 <12 >1.4 to <1.4 steps separated by non-entrenched sections

Wolf Canyon Rd to mine 0.37 0.015 III C6/F6 <1.2 >12 > 1.4 original channel

Swale at toe of mesa 1.05 0.019 III na na >40 na no discernible channel, slopes to valley basin

Mac 1 no entrenched watercourses on the mine site

South slope 1.1 0.027 no watercourses

North slope 0.27 0.045 no watercourses

West valley 0.31 0.007 IV C6c/E6 <1.2 >12 >1.4
no natural watercourse west from center of mine site to 
fence line; north slope man-made diversions

East side draw 0.33 0.037 VI G1/G4 <1.2 >12 > 1.4
channel starts east of mine boundary (fence line), where 
gradient and entrenchment increase to east

Mac 2 0.4 0.037 VI Clb/E5b 1.35 <12 >2.2
several small watercourses slightly entrenched, merge 
into one channel at north fence line
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Table 2: Simplified Watershed Assessment Per WARSSS

Reconnaissance Level Assessment 
(RLA)

Blackjack 1 Blackjack 2 Mac 1 Mac 2

RLA1
Sediment sources generated by 
mining activities

Waste pile, ore pad, deteriorated 
concrete

Remnant ore and waste rock, 
shaft muck piles near north vent 
shaft, drill cuttings

Remnant ore and waste rock, 
drill cuttings

Waste pile, ore pad, deteriorated 
concrete, trash piles

RLA2
Channel stability impacts from 
mining

Debris dam and partial backfilling of 
north branch of north arroyo

0.25 diversion channel, 
sedimentation in channel 
downstream of mine site

Redirection of flow and sediment 
released from north slope 
diversion ditches

Some possible lateral constraint 
of easternmost watercourse 
adjacent to the large waste rock 
pile.

RLA3
Exposure of mine features, 
wastes to natural changes in 
channel stability

Waste pile and ore pad in path of 
natural headcutting of arroyos

Entire mine site vulnerable to 
inundation if Wolf Canyon stock 
tank is breached.

Potential but minimal risk of 
headcutting of east draw into 
waste rock pile area.

Waste piles and shaft vulnerable 
to erosion due to lateral 
migration of channels.

RLA4
Non-impacted watersheds, 
areas, reaches excluded from 
further assessment

Watercourses west of mine.

Primary watercourse upstream of 
stock tank at Wolf Canyon Road, 
swale at toe of mesa west of 
mine.

South slope south of waste pile/ 
ore pad areas, north slope above 
diversion ditches.

Watercourses upstream from 
southernmost trash pile and 
concrete foundation.

Rapid Resource Inventory for
Sediment and Stability Consequence 
(RRISSC) *

Blackjack 1 Blackjack 2 Mac 1 Mac 2

RRISSC
1

Low-risk areas excluded

from further consideration

Areas west of access road, north 

of main arroyo, and south of 

north branch of south arroyo

Primary watercourse upstream 
of stock tank at Wolf Canyon 

Road, swale at toe of mesa 
west of mine.

RLA4 list

Watercourses upstream from 

southernmost trash pile and 

concrete foundation.

RRISSC
3

High-risk sites, sub­
watersheds and/or river 

reaches requiring more 
detailed assessment.

RLA5 list plus waste pile, ore pad
Ore pad and waste pile areas, 

primary watercourse north of 
Wolf Canyon Road,

none RLA 5 list, shaft.

*RRISSC 2 was not evaluated in this phase.
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Table 3: Landform Classification

Site
Process

Landform Geomorphic
Generation Comments

Primary Subprocess
Black

Jack 1

Tectonic Folding Anticline - north limb Relic Tectonically stable

Mass Wasting Fall Talus on mesa slope Active Not impacting mine site

Eolian Deposition Sand sheet Active Thin, discontinuous across site

Fluvial Fluvial Slope Mesa- eroding slope Active West of mine site

Fluvial Fluvial Slope Alluvial fan Active Thins to ESE across the mine site

Fluvial Fluvial Slope Erosion fan remnant Active
Arroyos entrenching through 
alluvium into underlying shale

Fluvial Stream Channel, thalweg Active
Shallow arroyos in alluvium to nick 
points (steps), entrenchment into 
bedrock

Black

Jack 2

Tectonic Folding Syncline - south limb Relic Tectonically stable

Mass Wasting Fall Talus on mesa slope Active Not impacting mine site

Mass Wasting Slide Rotational slide Active
In canyons south of Wolf Canyon
Road

Eolian Deposition Sand sheet Active Thin, discontinuous across mine site

Fluvial Fluvial Slope Eroding slope Active
West of mine site; near north vent 
shaft

Fluvial Fluvial Slope Cuestas - dipslopes Active
Top of watershed to Wolf Canyon
Road, south of mine site

Fluvial Stream Floodplain, channel, thalweg Active
Shallow arroyos and diversions in 
alluvium downstream of Wolf Canyon 
Road

Fluvial Stream Channel, thalweg Active Canyons south of Wolf Canyon Road”

Mad Tectonic Folding Syncline axis Relic Tectonically stable

Eolian Deposition Sand sheet Active Thin, discontinuous across mine site

Fluvial Fluvial Slope Surface eroding slope Active
Minor rilling associated with dipslope 
runoff, especially north slope

Fluvial Stream Channel, thalweg Active
Active westward headcutting of east 
arroyo, limited by Dakota Sandstone

Mac 2 Tectonic Folding Syncline - south limb Relic Tectonically stable

Eolian Deposition Sand sheet Active
Thin, discontinuous, concentrated on 
leeward side of vegetation.

Fluvial Fluvial Slope Cuestas - dipslope Active
Near downslope end of bedrock- 
control slope, which limits 
entrenchment

Fluvial Fluvial Slope Surface eroding slope Active
Minor rilling between watercourses 
associated with dipslope runoff

Fluvial Stream Channel, thalweg Active
Pinnate dendritic to subparallel 
channels

Landform Classification per U.S. Forest Service Methods (Haskins et al, 1998) 

See WARSSS classifications for morphometries.
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Table 4: Watercourse Management

9 Site Rosgen
Stream

Type

Sensitivity to 
Disturbance

Recovery
Potential

Sediment
Supply

Streambank
Erosion

Potential

Vegetation
Controlling
Influence

Comments

Blackjack 1 (overall)
Main Arroyo

mesa slope Ala+ very low excellent very low very low negligible no action required

toe of mesa to nick point B6 moderate excellent moderate low moderate no action required

below nick point G1 low good low low low no action required

North arroyo main stem G1 low good low low low no action required

north branch A1 very low excellent very low very low negligible no action required

above nick point B1 very low excellent very low very low negligible
nick point is man-made, 
may be unstable

south branch A1 very low excellent very low very low negligible active headcutting

South arroyo main stem A1 very low excellent very low very low negligible no action required

north branch B1 very low excellent very low very low negligible active headcutting

south branch Bla very low excellent very low very low negligible no action required

Blackjack 2

Primary watercourse

top to mile 1.15 A1 very low excellent very low very low negligible no action required

mile 1.15 to mile 2.3 A1 very low excellent very low very low negligible no action required

^^ile 2.3 to mile 3.73 G4c/ G5c extreme very poor very high very high high
mine site flooding 
possible if stock tank is 
overtopped

Wolf Canyon Rd to mine C6/ F6 very high
good to 

fair
high

high to very 
high

very high to 
moderate

radiological materials 
susceptible to erosion

Mad

West valley C6c/ E6 very high good low to high
moderate to 

high
very high

man-made diversion 
ditches on north slope

East side draw G1/G4 low to extreme
good to 

very poor

low to very 
high

low to very 
high

low to high
headcutting limited by 
sandstone.

Mac 2 Clb/E5b very high
good to 

very good
very low to 
moderate

low to high
moderate to 

very high
Channel beds vary from 
soil to rock

Watercourse Management by Rosgen Stream Type per Table 3, Rosgen and Silvey, 1996
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ATTACHMENT A
INVENTORY AND NON-RADIOLOGICAL HAZARD ASSESSMENT OF MINE SITE FEATURES

Black Jack and Mac Mines

Page 1 of 2

Mine Point Code Feature

Location Coordinates 
NAD 83 NM West Type of 

Hazard
Hazard Description

Photo in
Attachment B

Northing Easting

Black
Jack 1

WP Waste rock pile 1653924 2623802 Safety
steep slopes - trip and fall risk; step or fall on metal 
debris

BJ1-1

WP Waste rock pile 1653924 2623802 Environmental blowing dust, fluvial erosion BJ1-1

OP Ore pad area 1653960 2623475 Environmental blowing dust, fluvial erosion

Ml Main shaft 1654060 2623453 Environmental soil erosion and transport BJ1-2

NV North vent shaft 1654142 2624652 Safety incomplete backfill - fall risk BJ1-3,-4

FI Concrete foundations 1654253 2623804 Safety and trip, fall risk; loss of habitat
BJ1-5

F2 Concrete foundations 1654266 2623805 Environmental BJ1-5

VR1 Utility/vent raises 1654222 2623484
Environmental contaminant pathway to ground water

VR2 Utility/vent raises 1654260 2623798 BJ1-6

SV South vent shaft 1652815 2624519 Safety forced entry through cap plate - fall risk BJ1-7

SV South vent shaft 1652815 2624519 Environmental contaminant pathway to ground water BJ1-7

HL Open hole near south vent shaft 1653171 2624614 Environmental contaminant pathway to ground water

N1 Nick Point Main Arroyo 1654623 2623712
N2 Nick Point North Branch North Arroyo 1654039 2624072

Safety and 
EnvironmentalN3 Nick Point South Branch North Arroyo 1653748 2624017 fall risk and fluvial erosion BJ1-8

N4 Nick Point South Branch South Arroyo 1653473 2624297
N5 Nick Point South Arroyo 1653399 2624686

near N2 Debris dam on north branch north arroyo 1654015 2624060 Safety unstable, fall and laceration risk BJ1-9

near N2 Debris dam on north branch north arroyo 1654015 2624060 Environmental vermin habitat, alteration of surface water flow BJ1-9

A1 North branch north arroyo backfdl 1654208 2623817 Environmental backfill blocking arroyo - surface water impedance BJ 1-10

Black B1 NW Comer Hoist House 1649559 2597938 Safety superstructure deteriorated - risk of collapse BJ2-1

Jack 2 Ml Mine Shaft 1649435 2597919 Safety incomplete backfill - fall risk BJ2-2 -3,-4,-5

near U1 and U2 Waste pile and ore pad area 1649400 2597800 Environmental blowing dust, fluvial erosion BJ2-6

VI South Vent Shaft 1649704 2597703 Environmental contaminant pathway to ground water BJ2-7

VI South Vent Shaft 1649704 2597703 Safety open hole - fall risk for child, small animals BJ2-7

U1 Utility Raise 1649498 2597800
U2 Utility Raise 1649508 2597733

Environmental contaminant pathway to ground water BJ2-8, -9
U3 Utility Raise 1650678 2597442
U4 Utility Raise 1650835 2597411
SI Concrete Slab (NW Comer) 1649533 2598019 Environmental minor loss of habitat
V2 North Vent Shaft 1650853 2597441 Environmental contaminant pathway to ground water

near V2 and U4 North vent shaft muck pile 1650835 2597441 Environmental soil erosion and transport

B2 Powder Magazine 1650390 2598204 Safety superstructure deteriorated - risk of collapse



ATTACHMENT A (continued) Page 2 of 2

Mine Point Code Feature

Location Coordinates
NAD 83 NM West Type of 

Hazard
Hazard Description

Photo in
Attachment B

Northing Easting

B2 Hoist House, Change House (NW Corner) 1653360 2594437 Safety condition unknown; some deformation visible Macl-1
MS Main Mine Shaft (Center of Shaft) 1653248 2594448 Safety incomplete backfill - fall risk Mac 1-2,-3,-4

north of MS Mine shaft tunnel (collapsed) 1653300 2594448 Safety incomplete backfill - fall risk Mac 1-5
SI Concrete Slab (NW Corner) 1653357 2594498 Environmental minor loss of habitat Mac 1-6
WP Center of Waste Rock Pile 1653057 2594452 Environmental blowing dust, fluvial erosion
OP Center of Ore Pile 1653115 2594122 Environmental blowing dust, fluvial erosion Mac 1-7
ww Water Well 1653425 2594535 Environmental contaminant pathway to ground water Mac 1-8
VR1 Utlity Raise 1653429 2594536 Environmental,

Safety
contaminant pathway to ground water Mac 1-9,-10

VR2 Vent Raise (approx) 1653338 2594372 open hole - fall risk for child, small animals Mac 1-9,-10
N1 Start of Arroyo 1633104 2594751 Environmental fluvial erosion
N2 Arroyo Dropoff 1653048 2594712 Environmental fluvial erosion

none Diversion ditches N and NW of B1 and B2 Environmental soil erosion and transport

Mac 2 W1 Waste Rock Pile 1647424 2600154 Safety steep slopes - trip and fall risk Mac2-1
W1 Waste Rock Pile 1647424 2600154 Environmental fluvial erosion, blowing dust Mac2-1
W2 Mine Waste Pile 1647551 2600083 Environmental fluvial erosion, blowing dust Mac2-3
W2 Mine Waste Pile 1647551 2600083 Safety steep slopes - trip and fall risk Mac2-3
W3 Mine Waste Pile- trash 1647445 2599933 Safety unstable scrap metal; fall and laceration risk Mac2-2
W4 Mine Waste Pile 1647181 2599801 Environmental fluvial erosion, blowing dust Mac 2-4
W4 Mine Waste Pile 1647181 2599801 Safety steep slopes - trip and fall risk Mac 2-4
W5 Mine Waste Pile 1647276 2600055 Environmental fluvial erosion, blowing dust
SI Concrete Slab (NW Corner) 1647261 2600146

Environmental minor loss of habitat
S2 Concrete Slab (NW Comer) 1647232 2600178 Mac2-5
S3 Concrete Slab (NW Comer) 1647183 2600092
S4 Concrete Slab (NW Corner) 1647209 2600160
Ml Main Mine Shaft (Center of Shaft) 1647552 2600124 Environmental backfill settled, depression for water infiltration
VI Vent Shaft 1647216 2600226 Environmental contaminant pathway to ground water Mac2-6
VI Vent Shaft 1647216 2600226 Safety open hole - fall risk for child, small animals Mac2-6
N1 Start of West Channel 1639406 2616803 Environmental fluvial erosion
N2 Start of West branch Center channel 1639410 2616840 Environmental fluvial erosion
N3 Start of East branch Center channel 1639367 2616911 Environmental fluvial erosion
N4 Start of East Channel 1639358 2616957 Environmental fluvial erosion
N5 Channel Leaving the Site 1639822 2616889 Environmental fluvial erosion

none Roads NA NA Environmental soil erosion and transport
NOTE: Coordinates were determined using hand-held GPS instrument, with commensurate accuracies.
Italic numbers are estimated values



ATTACHMENT B

PHOTOGRAPHICS OF BLACK JACK AND MAC MINE SITES

BLACK .TACK 1

BJ1-1 Waste rock pile, looking north

BJ1-2 Main shaft backfill (mound in foreground) looking WNW



BJ1-3 North vent shaft

BJ1-4 Close-up view of north vent shaft



BJ1-5 Concrete foundations near main shaft

BJ1-6 Utility raise near south vent shaft



BJ1 -8 Arroyo nick point (step)



BJ1-9 Mine debris dam blocking north branch of north arroyo

BJ1-10 Partial backfill in north branch of north arroyo



BLACK .TACK 2

BJ2-1 Mine building

BJ2-2 Mine shaft



BJ2-3 Fencing around mine shaft improved in 2017, looking northwest

BJ2-4 Fencing around mine shaft improved in 2017, looking northeast



BJ2-5 Close-up of mine shaft collar

BJ2-6 Ore pad and waste pile area



BJ2-7 Open south vent pipe west of main shaft

BJ2-8 Well casing or utility pipe, with backfill



MAC 1

Macl-1 Mine office building (left) and hoist/ change house (right)



Mac 1-2 Mine shaft collar

Mac 1-3 Mine shaft collar with fencing installed in 2017



Mac 1-4 Close-up of mine shaft collar with fencing installed in 2017

Mac 1-5 Collapsed shaft tunnel (foreground, with timbers)



Mac 1-6 Concrete slab north of hoist house

Mac 1-7 Ore pad area, view to SW



Mac 1-8 Well and 10m tower (on its side), north of hoist house

Mac 1-9 Uncovered vent raise south of office building with fencing installed in 2017



Mac 1-10 Uncovered vent raise south of office building, looking east

MAC 2

Mac2-1 Large waste rock pile south of shaft



Mac2-2 Trash and waste pile west of large waste rock pile

Mac2-3 Small waste pile NW of large pile



Mac2-4 Small waste pile SW of large pile

Mac2-5 Concrete slabs south of larger waste rock pile




