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Background

A site visit was conducted on December 9, 2004 to review current and ongoing
site characterization activities at the Yerington Mine site. The site visit was
conducted by Tom Olsen from the Bureau of Land Management (BLM) and Tom
Clawson and Doug Walker from Technical Resources Group, Inc. (TRG).
Historical operations at the Yerington Mine have been identified as having
contributed to elevated radiation levels measured in and around the process
areas. The measured increase in radiation levels resulted from natural
radioactivity found in native ore and soil becoming concentrated in the waste
streams during the copper recovery process. The elevated radiation levels have
been identified as a potential concern for exposure to workers performing site
characterization and remediation activities at the site.

To address radiological hazards during the site characterization phase, a
Radiological Control Technician (RCT) has been hired by Atlantic Richfield
Company (ARC). The RCT is responsible for performing radiation surveys and
environmental monitoring to identify and characterize the radiological hazards in
the process areas and to ensure that current activities are protective of workers
and visitors as set forth in the health and safety plans. At the time of the site
visit, the RCT had been located on the Yerington Mine Site for approximately one
week.

The site visit included a review of the Yerington Mine operations and an overview
of the RCT activities being conducted at the site for evaluating radiological
hazards. Additionally, representatives from TRG performed an initial site-scoping
survey for the BLM. This scoping survey consisted of performing a limited
number of radiological survey measurements to determine the presence of
elevated radiation and the collection of three grab samples of soil to be analyzed
for specific radioisotopes of the uranium and thorium decay series.

Site Review and Observations

Access to the Yerington Mine and process area is currently restricted by an
exterior fence and locked gate at the entrance. An administrative building,
located at the mine entrance, serves as a central point for controlling access to
the site. Brown and Caldwell, the primary contractor performing site
characterization for ARC, is responsible for implementing and maintaining
operations as outlined in the site health and safety plan. The Operations
Manager for Brown and Caldwell provided a safety briefing to the BLM and TRG
visitors.

Radiation survey measurements were performed around the surface area of Slot
Pond 2 and throughout the process area. These preliminary measurements
were performed using a calibrated Ludlum Model 2241-3 hand-held survey
instrument, coupled with a 1x1 inch Sodium lodide (Nal) scintillation detector, for
a total measurement of direct radiation (gamma radiation exposure rates
measured in units of microRoentgens (uR/h)). The Nal detector provided



increased sensitivity for scanning the general area to locate the presence of
elevated concentrations of natural radioactivity in isolated or “hot-spot” locations.
In areas where surface contamination surveys were performed, a calibrated
Ludlum Model 2241-3 hand-held survey instrument, coupled with a Model 44-9
(pancake GM) detector was used and results were measured in counts per
minute (cpm).

For general area surveys, radiation exposure rate measurements were recorded
at waist level (approximately 3.3 ft). When elevated levels were observed on the
instrument, an additional surface (on contact) level measurement was also
performed and recorded along with the waist level value. Radiation exposure
rates were recorded and logged with the corresponding measurement
identification number and GPS location. A total of 22 radiation survey
measurements were recorded and three “grab” soil samples were collected
during the site visit.

Slot Pond #2

The radiation measurement and soil sample locations, GPS coordinates, and
radiation survey results for Slot Pond 2 are presented in Table 1. As presented
in Table 1, surface measurements were only performed at waist level since
radiation levels appeared evenly distributed and no “hot spots” were identified in
this area. No attempt was made at this time to measure the heap piles located
behind the Slot Ponds. At the request of the BLM, a grab sample of soil was
collected from the basin of Slot Pond 2. Sample location 7 was located near the
basin pump where there appeared to be a build up of soil. No exposure rate
measurement was made in the general area of where the sample was collected.

Results for radiation survey measurements performed around the Slot Pond 2
area are shown in Figures 1-2. As shown, these measurements did not identify
radiation levels significantly above background levels for the area. The
measured exposure rates ranged from 19 uR/h to 24 uR/h at locations 1-6
around the edge of Slot Pond 2. These measured levels appear to be consistent
with measurements performed earlier by Foxfire Scientific, Inc. (Foxfire 2004).
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Table 1 Summary of Survey and Soil Sample Locations, GPS Coordinates, and Exposure Rate
Readings for Slot Pond 2.

Sample GPS Location Location Description Radiation Exposure Rate
Location  Latitude  Longitude 3.3 ft. Height ~ Surface®

ID (N) w) (UR/h) (UR/h)

1 38.99033 119.18650 Edge of Slot Pond 2 19

2 38.99031 119.18671 Edge of Slot Pond 2 21

3 38.99034 119.18718 Edge of Slot Pond 2 23

4 38.99058 119.18724 Edge of Slot Pond 2 24

5 39.99092 119.18717 Edge of Slot Pond 2 19

6 38.99111 119.18655 Edge of Slot Pond 2 19

7 38.99069 119.18659 Soil Sample at Basin of Pond 2 N/A

# Surface measurements were performed at the sample locations when waist level values were significantly
hlgher than background for the general area.

® A waist level measurement was not collected from the basin of Slot Pond 2. A surface radiation
measurement on the grab sample of soil showed no increase in radiation levels above background.

Locatlon #4
24 pR/hour

Locatlon #2 Slot Pond #2

thour
o e Locatlon #1
- | 19 pR/hour

Radiation levels around Slot Pond
#2 ranged from 19 pR/hour to 24
HUR/hour. All readings were taken
at waist level with no elevated soil
radiation levels noted.

Figure 1 Radiation Survey Measurements Results Performed Around Slot Pond #2.
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Location #6
19 pR/hour

Radiation levels around Slot
Pond #2 ranged from 19 pR/hour
4 to 24 pR/hour. All readings were

Figure 2 Survey Measurement Location 6 On North Side of Slot Pond #2.

As shown in Figure 3, an employee of Brown and Caldwell collected the soil
sample for the BLM while performing routine maintenance on a basin pump. The
soil texture of the sample appeared to be a mixture of sandy-like soil and fine
gravel. A radiation survey measurement performed on the soil sample did not
indicate levels above area background.

Location #7
Area where soil
grab sample was

Slot Pond #2

Figure 3 Location of Grab Sample of Soil Collected from Basin of Slot Pond #2.
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Mine Process Area

The remainder of time during the site visit focused on the process area of the
Yerington Site. As reported in previous assessments conducted for the BLM by
Walker and Associates, the process area was identified as having higher
concentrations of natural radioactivity in surface soils, and therefore an increased
potential for exposure risk to workers. As a result of the previous study, and
concerns about worker exposures, characterization activities currently conducted
in the process area by Brown and Caldwell employees are being supervised by
the RCT. When time permits, the RCT has been conducting radiation survey
measurements around the process area to establish radiological control
boundaries in accordance with the ARC health and safety plan.

Because the RCT has only been on site for approximately one week, a
comprehensive radiation survey of the area has not been completed. However,
during the BLM site visit, several radiation survey measurements were performed
by TRG to develop an understanding of the source and distribution of elevated
radiation levels in and around the process area.

Survey locations for radiation measurements conducted around the process area
during the BLM site visit are shown in Figure 4. The measurement locations,
GPS coordinates, and radiation survey results for the process area are presented
in Table 2. Surveys were performed around the iron launders, solution tanks,
and one location near the upper vat tanks. A more detailed description for each
of these areas is presented in Figures 5-12.

w3
Approximate Survey Locations
in Process Area

Figure 4 Radiation Survey Measurement Locations Around the Yerington Mine Process Area.
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Table 2 Summary of Survey and Soil Sample Locations, GPS Coordinates, and Exposure Rate
Measurements from Selected Locations Around the Process Area.

Sample GPS Location Location Description Radiation Exposure Rate
Location Latitude Longitude 3.3 ft. Height Surface®

1D (\N) W) (UR/h) (UR/h)

8 38.99762 11920335 | 'enchneariron launders. Sol 200 1,800
sample collected in this area

9 38.99749 119.20317 Su_rface soil near iron launders. 500 4,000
Soil sample collected near stake

10 38.99758 11920356 Surface reading with contamination 200.000 cpmb
probe '

11 38.99812 119.20399 Along iron launders between track 30
and concrete wall

12 38.99809 11920392 Along iron launders between track o5 130
and concrete wall

13 38.99807 11920385 Along iron launders between track 230
and concrete wall

14 38.99806 119 20385 Along iron launders between track 450
and concrete wall

15 38.09799  119.2038 Along iron launders between track 296
and concrete wall

16 38.99758 1192039 Along roadway near concrete o5
solution tanks

17 38.99749  119.2038 Edge of concrete solution tanks 30 66

18 38.99723 119.20378 Walkway between solution tanks 31

10 38.99714 11920378 oouthwestside of woodenwalkway g 1,000
between solution tanks

20 38.99711 119.20389 Debris pile southwest of solution 5,700
tank walkway

21 38.99692 119.20416 On roadway near upper vat tanks 20

29 38.99712  119.20409 Red colored soil above solution 9
tanks

23 38.99718  119.20383 General area exposure rate 40

between location 19 and 20

& Surface measurements were performed at the sample locations when the waist level values were
significantly higher than background for the general area.

A surface contamination survey was performed on the inside surface of the pipe, where there was build up
of scale. The survey results were therefore reported in unit of counts per minute (cpm).
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Radiation survey measurements conducted around the process area suggest
that soil contamination (natural radioactivity, concentrated above normal
background levels) has occurred over time from the copper extraction process.
Survey locations 8-10 represent elevated radiation levels measured between the
iron launders and solution tanks. As shown in Figure 5, there are several
discrete soil locations that were previously identified and marked by the RCT as
having elevated radiation levels.

Soil contamination in these areas also suggests that subsurface piping, trenches
and structures connecting the iron launders to the solution tanks may have
contained elevated concentrations of natural radioactivity and most likely
contributed to contamination observed in surrounding soils. Survey
measurements obtained from location 8 were from a trench containing piping,
which at one time may have been connected to the solution tanks.

As shown in Figure 6, radiation exposure rates ranged from 80 uR/h to 1,800-
uR/h (1.8 mR/h) on contact with the soil in the trench. The general area radiation
levels measured approximately 200 uR/h at waist level. Based on the elevated
radiation levels in the trench area, a grab sample of soil was collected from this
location. The soil was red in color, similar to the soil and sludge seen in the
solution tanks and the waste pond area.

This portion of the process area has
a trench/pipe chase that runs from
the iron launders up to the vat leach
tanks. Whatever ran through this
trench seems to be the source of
many of the elevated soil radiation
. levels seen in this area.

There are a number of locations in this area
with elevated soil radiation levels. These
elevated areas seem to be spotty and are
marked with painted stakes.

Figure 5 Locations Previously Identified in the Process Area as Containing Elevated Radiation
Levels.
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Location #8
1.8 mR/hour

%

- TRy
o

'xfﬁsr‘it
Radiation levels on soil inside the trench near the
iron lauders ranged from 80 pR/hour to 1.8 mR/
hour. Readings taken at waist level (as standing
in the trench) were as high as 200 pR/hour. The
photo detail above shows GPS location #8 where
a soil grab sample was taken. Soil where sample
was taken was red in color and read 1.8 mR/hour.

Figure 6 Service Trench Located Between the Iron Launders and the Solution Ponds.

A soil grab sample was taken
e here at GPS location #9. The
y trench where the other soil grab
L8] sample was taken can also be
 seen in this photo.

4 mR/hour
F?

Figure 7 Measurement of Surface Soil with Elevated Radiation Level Near the Iron Launders.
Shown in the picture are the site RCT (in back) and a representative from TRG, Inc.

Review of Yerington Mine Characterization Activities Page 8 of 15



Survey measurements recorded for locations 9 and 10 are also near the iron
launders. As shown in Figure 7, location 9 was previously flagged by the RCT
and the immediate area was marked with a control barrier. The radiation
exposure rates measured in this area were approximately 500 uR/h at waist
level, while reading 4,000 uR/h (4 mR/h) on contact with the surface soil. A grab
sample of surface soil was also collected from this location, near the post marker.
Soil collected at this location was representative of other surface soils around the
process area. There was no distinct discoloring to the soil like that collected in
the trench area at location 8. A radiation survey measurement performed on the
soil sample taken from this location yielded 2,000 uR/h (2 mR/h)

Surveys were performed on a small section of pipe located in the process area,
between the iron launder and the solution ponds. As shown in Figure 8,
elevated radiation levels were identified as pipe scale on the interior surface of
the piping. The pipe scale containing the concentrated radioactivity was
primarily fixed contamination (not readily removable from the surface). The
contamination count rate was recorded as 200,000 counts per minute (cpm) on
contact with the surface and recorded as location 10.

Radiation survey measurements from locations 8 through 10 suggest that
elevated concentrations of natural radioactivity are likely to be located in
subsurface trenches and structures, surface soil areas, and piping. Preliminary
surveys conducted during this site visit did not identify unacceptable radiation
levels to personnel performing characterization work in the general area.
However, there are discrete soil areas, and trenches in the process area that
should be characterized and posted to minimize direct and prolonged contact by
workers.

This small section of pipe is

located in the process area

approximately 60 feet from the

trench (location #9). The interior

of the pipe reads 400 pR/hour on

contact or 200,000 counts per
P#8 minute using a contamination
L= survey meter.

Figure 8 Survey Location 10, Small Section of Pipe Containing Fixed Contamination on the
Interior Surface.
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Survey locations 11-15 are located between the iron launders and rail track. The
radiation exposure rates recorded in this area ranged from 25 uR/h to 30 uR/h
level at waist level. The highest level recorded on contact with surface soil in this
area was 450 puR/h. Radiation levels measured around this area were more
uniform than previous measurements collected in the trench and surface soil
areas. However, as shown in Figure 9, there is a large amount of structural and
process debris that has weathered over time and now restricts access within this
area for completing a thorough radiation survey.

Soil radiation levels between
wall of iron launders and track
are elevated and were found to
be as high as 450 pR/hour. Soil
contamination seemed to be
uniform and not “spotty” as was
seen around the trench area.

up to 450 uR.‘hr on
contact w/soil
Location #12
25 pR/hr waist level
130 Rir contact w/soil &

7’ '-’,/ﬁr |

i
I
|
I
&

-ﬁ— -
30 pR/hr waist level P Tra‘;k N

Figure 9 Survey Locations 11-15 Adjacent to the Iron Launders and Rail Tracks.

A final set of surveys was performed around the solution tanks and middle
walkway, leading to the upper vat tank area. As shown in Figure 10, location 16
was a measurement taken on the roadway between the solution tanks and the
iron launders. The radiation exposure rate increased as the detector was moved
closer and then over the edge of the solution tanks.

Location 17 consisted of two measurements. The first measurement was taken
on the outside portion of the solution tank wall near the ground surface, while the
second measurement was taken on the inside portion of the wall, while extending
the instrument down in the tank as far as the surveyor could reach. As shown in
Figure 10, the residual sludge still remaining in the tank has a characteristic red
color as identified for other locations in the process area where elevated radiation
levels were observed.
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Location #17
30 pR/hour outside tank
66 pR/hour inside tank

= — P
T e - .
AN = Location #18 -
. 31 pR/hour on walkway

Limited access prevented
i radiation levels from being
| taken on sludge inside bottom
of tank. Radiation levels were
taken from the roadway and the
levels doubled as the detector
was moved from roadway
across the wall of the tank.

1

Figure 10 Survey Locations16-18 and Radiation Levels Recorded Around the Solution Tanks.

Measurement locations 19, 20, and 23 were located at the upper edge of the
walkway between the solution tanks, near the wooden bridge and stairs. As
shown in Figures 11 and 12, elevated radiation levels were identified in this
area. The measured radiation exposure rate ranged from 40 puR/h at waist level
for location 23 to the highest surface measurement of 5,700 uR/h (5.7 mR/h) on
contact with the surface at location 20.

The source of elevated radiation in location 20 consisted of heavy wood timber
that appeared to be contaminated with the red colored material. This red like soil
has the appearance of the sludge material in the bottom of the solution tanks and
some surface soil areas around the process area and waste ponds.

Measurement locations 21 and 22 were not shown in the figures of this report,
but the results are provided in Table 2. The measurement location 21 was
located on the roadway near the upper vat tanks. The exposure rate measured
20 uR/h at waist level in this area. Location 22 was an area of red colored soil
located just above the solution tanks. The exposure rate measured 90 uR/h on
contact with the surface soil.
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Location #18
31 pR/hour

N

Location#19

1.0 mR/hour contact w/soil
115 pR/hour at waist level

Figure 11 Measurement Locations 18 and 19 Located on Walkway Access Between the Solution
Tanks.

40 pyR/hour
waist level ¥

5.7 mR/hour
contact w/soil

Figure 12 Measurement Locations 20 and 23 Located on Upper End of the Walkway Access
Between the Solution Ponds. The Highest Measured Exposure Rate of 5,700 uR/h (5.7 mR/h)
was found on contact with debris and red-colored soil and is shown in the photo detail above.
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Summary and Recommendations

Operations at the Yerington Mine appear to be in the preliminary to early stages
of site characterization, particularly for evaluating the extent and magnitude of
radiological contamination. Preliminary survey results presented in this report did
not identify unacceptable, external radiation hazards for personnel working in the
general area. However as observed during the site visit, there are several
discrete soil areas, piping, trenches, and building debris where elevated
concentrations of natural radioactivity were identified. These areas may warrant
additional characterization to ensure that radiological controls are implemented to
reduce the exposure risk to workers from direct contact with the radioactive
materials located in these areas.

The characterization phase of the Yerington Mine process area should include a
methodology for conducting direct radiation survey measurements to identify and
assess the discrete locations of elevated radiation. These locations will not be
isolated to surface soils, but will also include structural debris, piping, subsurface
trenches, and tanks. As identified in this preliminary site visit and scoping survey,
the majority of radiological contamination was identified as being in discrete or
isolated locations in the process areas.

The subsurface structures, including the solution ponds, and many of the surface
structures within process area were not accessible during this site visit. These
areas warrant further investigation to determine not only the radiological
exposure hazards to the workers, but also the extent and magnitude of
contamination that may be located in these areas. Because the Yerington Mine
has not been in use for some time, there is significant structural damage and a
great deal of debris and rubble in the process area of the site. Most of the
subsurface structures are open areas and do not have support railing along the
surface to prevent someone from falling into one of the tanks or trenches. These
areas pose a significant, if not larger, risk to the workers than the radiological
hazards.

During the site visit, it was noted that overall radiological control aspects of the
health and safety plan have not been fully implemented at this point. Specifically,
a few concerns were identified to the primary contractor regarding proper use
and control of personnel dosimetry. Thermoluminescent dosimeters (TLDs) are
currently being stored without the proper control badges when not in use.
Furthermore, it was observed that workers at the site had left their individually-
assigned dosimeters on the safety vests that were provided to BLM visitors
during the site visit. Ideally, a badge board for the storage of TLDs should be
utilized. TLDs should be stored on the badge board when not in use and a
control badge should also be placed on the badge board. The badge board
should be located in a low radiation dose area away from areas where
radioactive materials are used, handled, or stored. This observation was
reported to the ARC site operations manager for corrective actions.
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Until such time that the processing area and waste streams have been fully
characterized and the appropriate radiological controls have been established,
the site contractor should be encouraged to establish a formal location within the
controlled area for conducting radiological contamination surveys of personnel
and equipment prior to allowing them to leave the controlled areas of the site.
The administrative building area would be an ideal location since it serves as a
central point for controlling access and egress to the site. Having a formal
survey station established is especially important since private contractors will
likely be moving personnel and equipment in and out of the process area of the
site where the majority of soil contamination has been identified. There should
also be an established area near the survey area where equipment and
personnel decontamination can take place. This area should have both hot and
cold running water since personnel decontamination is best accomplished using
mild soap and luke warm water. Of particular concern is the fact that there did
not appear to be running water at the administrative building. The lack of running
water will impact the ability to perform both personnel and equipment
decontamination.

A fair amount of radiation survey and soil sampling data has been collected by
multiple agencies. To date, it is not clear as to whether a reference background
location has been selected and sampled for comparing measurements and
samples collected at the Yerington Mine site. Because the contaminates
(radionuclides) are also found naturally in the environment, a background data
set should be established for comparison to results collected at the mine site.

During the site visit, several soil contamination areas were identified through
elevated radiation measurements. Soil samples were obtained from two
locations within the process area. These samples were submitted to a
radioanalytical laboratory for specific analysis of uranium, thorium, and radium
concentrations in contaminated soils. Combined with previous soil sampling
efforts at the site, the soil concentration data should provide useful information
about the relative radionuclide contributions associated with the elevated
radiation measurements. Also, the soil concentration data for individual
radionuclides can be utilized to further assess the potential exposure to workers
from inhalation hazards that may occur when contaminated soils are disturbed.
Result for the soil samples collected during the site visit should be available in
late January of 2005.
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Sample Collection

During the December 9, 2004, Yerington Mine site visit, three grab samples of surface soil were
collected for laboratory analysis. One sample was collected from the basin of Slot Pond 2 near
the pump station; two other samples were collected from the mine processing area. The
purpose for conducting laboratory analysis on the soil samples was to evaluate the isotopic
mixtures and concentrations of naturally occurring radionuclides associated with the elevated
radiation levels observed in and around the site.

As described in the main report, soil sample 7, collected from the Slot Pond 2 basin, consisted
primarily of sandy-like soil and fine gravel. The measured radiation levels around the surface
edge of the pond were consistent with background levels. A majority of the pond basin was
covered in ice as shown in Figure 7. Therefore, only one soil sample was initially collected from
the pond area.

While conducting general radiation surveys in the process area, several discrete locations were
determined to have elevated radiation levels. Based on the radiation measurements observed
and recorded in Table 2 of the main report, two soil samples were collected from the process
area. Soil sample 8 was collected from an access trench near the iron launders. Soil sample 9
was collected from surface soil located near the iron launders. These sample locations are
identified in Figure 4 of the main report. The sample locations and radiation measurements
data are shown in Table-1 of the main report.

Laboratory Analyses

Soil samples were collected as grab samples into freezer bags and then double bagged to
secure the samples during handling and transport. A copy of the sample analysis request form
and chain of custody are provided in Appendix A of this addendum. The samples were shipped
to Paragon Analytics in Fort Collins, Colorado, for radioanalytical analyses. The requested
analyses included isotopic and total uranium, isotopic thorium, and radium- 226 and radium-
228. The laboratory analyses and reference methods are shown in Table A-1.

As shown in Table A-1, the uranium and thorium analyses were performed using radiochemical
separation and then analyzed by alpha spectrometry. For uranium analyses, the total uranium
concentration was also requested to allow for comparison with previous sampling projects
conducted at the Yerington Mine.

The radium-226 and radium-228 (Ra-226 and Ra-228) analyses were performed using
traditional gamma spectrometry. An aliquot of 500 grams was removed from each sample and
sealed into individual containers and held for approximately 27 days prior to analysis. This
process allowed for equilibrium to be reached between the Ra-226 and the short-lived decay
daughters of radon-222 (Rn-222, including the in-growth of bismuth-214 (Bi-214) and lead-214
(Pb-214). The Ra-228 concentrations were determined based on the measured concentration
of actinium-228 (Ac-228). During gamma spectrometry analysis, other gamma-emitting
radionuclides present in the sample can be identified and reported by the laboratory.
Specifically, the concentrations of naturally occurring, radioactive potassium-40 (K-40) have
been reported with the Ra-226 and Ra-228 results.



Table A-1. Laboratory analyses and reference methods

Radiological Parameter Analysis Reference Method
Uranium - Isotopic Alpha Spectrometry ASTM D3972-90M
Thorium - Isotopic Alpha Spectrometry ASTM D3972-90M
Radium -226/228 (Bi/Pb-214 Gamma Spectrometry EPA 901.0M
ingrowth)

Sample Results

The individual analysis results are reported in Tables A-2 through A-4. The results are
reported in radioactivity concentration of picoCurie per gram (pCi g™) of dry soil, with the total
propagated uncertainty expressed as plus or minus 2-sigma (+2s). The reported 2-sigma
values represent the 95 percent confidence interval for the reported measurement value. For
example, if a measurement was reported as 10 pCi g™ + 0.1, there is 95 percent confidence that
the actual value is between 9.9 pCi g™ and 10.1 pCi g*. When reported with the measured
value, the 2-sigma uncertainty expresses the variability in an individual measurement that
occurs from radioactive decay, instrumentation, and chemical recovery of the sample material.

The minimum detectable concentration (MDC) is also reported for each sample analysis result
shown in the tables. The MDC is the minimum radioactivity concentration (pCi g*) that can be
identified with 95 percent confidence under the laboratory’s specified set of measurement
conditions. If the reported concentration is less than the MDC value, the nuclide may be
present in concentrations that are below the analytical capability to measure. When this occurs,
the laboratory will report a measured concentration value but also note that the value was less
than the MDC.

Table A-2 contains a summary of isotopic and total uranium concentration measured in the
samples. The total uranium concentrations are reported as the sum of the individual isotopes
(U-234, U-235 and U-238), combined with the 2-sigma uncertainty. Uranium which is found
naturally in all rocks and soil consists of the three isotopes, U-234, U-235, and U-238. Of these
isotopes, U-238 accounts for approximately 99.28 percent of the total mass of uranium, but is
usually observed in radioactive equilibrium or near equilibrium with U-234 which accounts for
only 0.0058 percent of the mass. U-235 accounts for about 0.71 percent of natural uranium.
For comparison, U-238 concentrations observed in common rock types can range from 0.5 to
4.7 ppmor 0.2to 1.6 pCi g*. For surface soils, the average U-238 concentration is
approximately 1.8 ppm or 0.6 pCi g™(Eisenbud and Gesell,1997).

The uranium concentrations reported for sample 7 appear to be characteristic of near
background or natural concentrations of uranium observed in surface soils. In comparison,
samples 8 and 9 collected from the process area of the mine appear to be higher in
concentrations of uranium. Although this sampling event included only three samples from the
entire site, these results suggest that the isotopic ratios of uranium are similar among the three
samples. In particular, U-234 and U-238 concentrations appear to be in radioactive equilibrium
for each of the samples collected.



Table A-2 Uranium concentrations in grab soil samples as measured by alpha spectroscopy

. Soil Concentration MDC
Sample ID # Nuclide 0Ci g+ 2s 0Ci g
U-234 1.21+0.23 0.03
. U-235 0.038 £ 0.027 0.022
Yerington 7
U-238 1.07+£0.21 0.02
U Tota 2.32+0.31 0.04
U-234 4.81+0.89 0.15
. U-235 0.36 +£0.16 0.12
Yerington 8
U-238 4.41 +0.83 0.10
U Total 9.6+1.2 0.2
U-234 3.46 £ 0.65 0.06
. U-235 0.180 + 0.097 0.033
Yerington 9
U-238 3.44 £ 0.65 0.08
U Total 7.08 £0.93 0.09

The isotopic thorium analyses results are reported in Table A-3. The naturally occurring
isotopes of thorium are found in the common rock types and soil. The primary thorium decay
series originates with thorium -232 (Th-232). Th-232 concentrations have been reported to
range from 1.6 to 20 ppm or 0.2 to 2 pCi g™ in common rock types. The average concentration
of Th-232 observed in soils is approximately 1 pCi g* (NCRP. 1987). Thorium-228 (Th-228)
occurs in nature as a decay nuclide in the Th-232 decay series (see Table A-5). Th-228 will
occur in radioactive equilibrium or near equilibrium with Th-232 from samples collected in rocks
and soil. Thorium-230 (Th-230) is located in the U-238 decay series as a decay daughter of U-
234 (see Table A-6). Th-230 will also occur in equilibrium with U-238 when sampled from
undisturbed rocks and soil.

As part of the thorium decay series, Th-228 concentrations did not appear to be in equilibrium
with Th-232 for samples 8 and 9. A possible explanation for this disequilibrium may be the
concentrations of Ra-228 observed in samples 8 and 9. As shown in Table A-5, the
concentrations of Ra-228 in samples 8 and 9 were higher than the reported Th-232
concentrations, but similar to the thorium-228 concentrations.

The concentration of Th-230 for sample 7 collected from the Slot Pond Basin appeared to be in
equilibrium with the parent nuclides U-234 and U-238. For samples 8 and 9 collected from the
process area, the concentrations of Th-230 are significantly higher than the reported
concentrations of U-234 and U-238. However as shown in Table A-4, Radium-226 (Ra-226) a
decay daughter of Th-230, had concentrations that were significantly higher than both the
parent nuclides of Th-230 and U-234 for samples 8 and 9.



Table A-3 Isotopic thorium concentrations in grab soil samples as measured by alpha spectroscopy

. Soil Concentration MDC
Sample ID # Nuclide pCi g+ 25 nCig™
Th-228 0.92 £0.22 0.10
Yerington 7
Th-230 1.70 £ 0.35 0.10
Th-232 0.75+0.18 0.04
Th-228 31.9+8.2 4.8
Yerington 8 Th-230 77+16 5
Th-232 17.1+5.1 1.7
Th-228 49 +11 6
Yerington 9 Th-230 127 + 24 5
Th-232 24.8+6.4 15

Ra-226 is typically found in approximate equilibrium with U-238. The typical concentrations
found in rocks and soils will be similar to those values reported earlier for U-238. As discussed
previously, the Ra-226 concentrations for samples 8 and 9 collected in the mine process area
are significantly higher than the parent nuclides, Th-230 and U-234. For undisturbed soils, the
concentrations of Ra-226 should be in approximate equilibrium with U-234 and U-238. The
remaining nuclides in the U-238 decay series including radon-222 (Rn-222) and its short-lived
daughter-products will be in equilibrium with Ra-226.

As presented, the data confirms that both Ra-226 and Th-230 are not in equilibrium with the
parent isotopes of U-234 and U-238. Based on the laboratory results provided, the elevated
radiation levels observed in samples 8 and 9 in the mine process area can be attributed to the
high concentrations of Ra-226 and Rn-222 decay daughters. The concentration of 9300 pCi g™
for Ra-226 in sample 9 is significantly higher than the parent nuclides, Th-230 and U-234. The
Th-230 concentration in sample 9 was 127 pCi g™, while the concentration of U-234 was 3.46

pCig™.

The Ra-228 concentrations reported in Table A-4 are based on the measured concentrations of
Actinium-228 (Ac-228). Where Ac-228 has a short half-life (6-hours), relative to the Ra-228
half-life (5-years), the radioactivity of Ac-228 will be equal to the parent radioactivity of Ra-228.
Potassium-40 (K-40) was detected in concentrations above the MDC in sample 7. However, the
reported concentrations of K-40 in samples 8 and 9 did not exceed the MDC identified in Table
A-4.



Table A-4 Ra-226, Ra-228 and K-40 concentrations in grab soils as measured by gamma
spectroscopy

: Soil Concentration MDC
Sample ID # Nuclide pCi gt + 25 pCig™
Ra-226 2.78+0.52 0.61
Yerington 7
Ra-228 0.82 +0.77% 1.19
K-40 208+5.1 3.6
Ra-226 4550 £ 530 10
Yerington 8 Ra-228 246+7.3 14.6
K-40 37+£29 46%
Ra-226 9300 + 1100 0
Yerington 9 Ra-228 56 £ 16 28
K-40 24 £ 50 83°
a Sample result was less than the MDC

Tables A-5 and A-6 were developed to demonstrate the correlation of the Th-232 and U-238
decay series nuclides in relationship to the nuclide concentrations measured in the three soll
samples. The first column contains the parent nuclide and the primary decay nuclides that have
a half-life greater than a few minutes, or that can be routinely measured in environmental
samples. The second column contains the radioactive half-live of the nuclide expressed in the
appropriate time units of years (y), hours (h), and minute (m). The remaining columns display
the nuclide concentrations measured in each soil sample.

When the parent half-life is relatively long in comparison to its decay daughter, the nuclides are
considered to be in secular equilibrium. In the case of Th-232 as shown in Table A-5, the
decay-series nuclides would typically be found in approximate equilibrium in rocks and soils
found in nature. The concentrations of U-238, Th-232, and associated decay nuclides
measured in sample 7 were similar to the equilibrium expected from natural rocks and soils. As
expected, copper extraction activities at the Yerington Mine have chemically separated and
therefore altered the equilibrium relationship of natural nuclides as shown by samples 8 and 9
collected from the mine process area.

In the case of the Th-232 decay series, the concentration of Ra-228 and the remaining decay
nuclides are expected and appeared to be in equilibrium for all three samples. However for
samples 8 and 9, the Ra-228 and remaining decay nuclides may not be in equilibrium with the



parent nuclide, Th-232. During active operations at the mine site, Ra-228 has most likely been
chemically separated from the Th-232. Since operations have discontinued at the site, the
abundance of Ra-228 above the measured concentrations of Th-232 is continually decreasing.
After approximately seven half-lives (35 years since operations ceased), the remaining Ra-228
will be in equilibrium with the remaining Th-232. This observation suggests that future sampling
for Th-232 concentrations can be accomplished by measuring the Ra-228 and associated
decay-daughter concentrations.

For the U-238 decay series shown in Table A-6, a similar correlation can be observed as the
Th-232 decay series. The Ra-226 concentrations are expected and appear to be in equilibrium
with the remaining decay daughters as shown for samples 7, 8, and 9. The Ra-226 half-life
(1600 years) is relatively long in comparison to the remaining decay nuclides. For sample 7, the
concentrations of U-238 and the remaining nuclides are essentially in equilibrium. In samples 8
and 9, the Ra-226 concentrations are significantly higher than the parent nuclides of Th-230, U-
234, and U-238. Additionally, the Th-230 concentrations are higher than the reported U-234
and U-238 concentrations.

As shown in Table A-6, the Ra-226 and Th-230 nuclides have been separated at some point
from the U-234 and U-238 parent nuclides and then concentrated in the waste processing.
Along with the elevated concentrations observed, the relatively long half-life of Ra-226 (1,600 y)
and Th-230 (7.7E + 04 y) may require that future sampling efforts include specific analysis for
these nuclides, with the U-238. Additionally, it may be helpful to review the historical sampling
data for consistency as this report only included the three samples.

One observation that may be unclear at this point in time is why the concentrations of U-238
and U-234 appear to be significantly less than the Th-230 and Ra-226 concentrations. Samples
8 and 9 were collected in the process area of the mine and most likely represent waste effluent
that was either spilled or leaked from associated piping and waste handling activities. A
guestion still remains as to why the uranium concentrations were so low in comparison to the
observed Ra-226 and Th-230 in the process area. Itis not clear at this time if the majority of
uranium remained suspended in the copper leached ore, or whether it remained in solution and
traveled to the evaporation ponds. As mentioned above, it may be useful to review the historical
sampling data and process information to prioritize future sampling efforts.

Recommendations

Sample results presented in this report provided preliminary data for evaluating nuclide mixture
and concentration of naturally occurring radioactivity. The majority of elevated radiation levels
observed in the waste processing area can be attributed to the high concentrations of Ra-226
and associated decay nuclides identified in the soil sample analyses.

As discussed in the main report, the elevated radiation levels were observed in discrete
locations around the processing area. Ra-226 and the short lived nuclides of Rn-222 appear to
be the main contributors to the external radiation levels measured in the process area. For
future characterization activities in the mine process area, it may be possible to develop a
correlation between a measurable radiation exposure rate to an expected concentration of Ra-
226 (including decay nuclides) in soil. This correlation could allow for screening surface soils
and building debris in the process area using survey instrumentation. Radiation surveys appear
to be a more appropriate method for identifying and evaluating the discrete soil contamination
areas and associated building debris within the process area.



As summarized in this sampling report, future soil sampling efforts should include specific
analyses for Ra-226, and Ra-228. Additionally, the Th-230 concentrations were observed in
higher concentrations than the U-234, but lower than Ra-226. It may be necessary to analyze
for Th-230 specifically or determine from previous sampling data if the concentrations of Ra-226
will always bound (be higher) than the observed Th-230 concentrations.

Also, it was suggested in this report that U-238 and U-234 were significantly lower in
concentration than expected. With a significantly higher concentration of Th-230 and Ra-226
measured in samples collected from mine process area, it was not clear as to whether a
majority of the uranium was not chemically separated from the ore, or whether it continued in
solution to the evaporation or waste ponds. This discrepancy should be evaluated in more
detail to identify future sampling objectives.

Table A-5 Th-232 decay series with the soil concentration for the major nuclides

_ _ Soil Co_nc_?ntrations
Sample 7 Sample 8 Sample 9
Th-232 1.40E+10y 0.75+0.18 17.1+£5.1 248+6.4
Ra-228 575y 0.82+0.77 24673 56 + 16
Ac-228 6.13 h 0.82+0.77 246+7.3 56 +16
Th-228 19y 0.92+0.22 31.9+8.2 49+ 11
Ra-224 3.66d
Pb-212 10.64 h 1.24+£0.35 349+6.0 35.6+9.6
Bi-212 60.55m 28+23 32+38 88 + 62
TI-208 3.07m 0.35+0.22 9.1+22 20.8+55
Pb-208 Stable




Table A-6. U-238 decay series with the soil concentration for the major nuclides

Soil Concentrations

Sample 7 Sample 8 Sample 9
U-238 447E+09y 1.07+0.21 4.41 +0.83 3.44 + 0.65
Th-234 24.1d
Pa-234m 1.17m
U-234 244500 y 1.21+£0.23 4.81 +0.89 3.46 £ 0.65
Th-230 7.70E+04 y 1.70+£0.35 77 +16 127+ 24
Ra-226 1600y 2.78 £ 0.52 4550 + 530 9300 + 1100
Rn-222 3.823d
Po-218 3.05m
Pb-214 26.8m 2.55+0.52 3570 + 420 7200 = 840
Bi-214 199 m 1.75+0.53 3420 + 400 6600 + 770
TI-210 1.3m
Pb-210 22.3y
Bi-210 5.01d
Po-210 138d
Pb-206 Stable
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Project No: YM-120904

TECHNICAL RESOURCES GROUP, INC. SOIL/WATER SAMPLE

. (9
Laboratory Destination: Paragon Analytics () !

Sample Collected By (signature): %0&,{.——

Sheet 1 of 1

CHAIN OF CUSTODY RECORD

zl‘KO

Fsi:;zpleltgg:::ory SS::‘:"I"%E:? Matrix / Volun 7 Analysis ﬁeq%qsted Preservation Remarks
Yerington #7 @ 129-04 /1135 = fjf';‘go%ég . §3§}'2§g’ : N/A
Yerington #8 @ 12-9-04 /1325 iglgl)r(j: I%)QQ ;ram; 3 ;—g(tiallleJS Igs;):r?ma spec. . 2
12-9-04 /1335 Soil (solid). g N/A

Yerington #9@

Approx 1300 grams

e,p226/228 gamma ggec.

A
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Condition of Samples Upon Receipt at
Custody Seals intact? Yes No =
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Signature: (Name, Date and Time)
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P ;{

1. Radiological Survey
- F
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Paragon Analytics
CONDITION OF SAMPLE UPON RECEIPT FORM

Client: 'kCé R:c fvoud Workorder No:  (y} [?_/8/0
: 1 f?’?‘-s

Project Manager: = Initials: é"ﬂﬁ"' Date: /> r200
1. Does this project require any special handling in addition to standard Paragon procedures? /‘ﬁi?] /é%r_;
2. Is pre-screening required per SOP 008? el "Féggj' NO
5. Are custody seals on shipping containers intact? (/N@ YES | NO
4, Are custody seals on sample containers intact? 5 TN/A '_NO_
5. Is there a COC (Chain-of-Custody) present or other representative documents? A . S NO
¢ Is the COC (if applicable) complete and legible? NA | (YES) NO
7. Are bottle IDs legible and in agreement with COC sample IDs? N/A (@“ NO
g. Isthe COC in agreement with samples reccived? (# of samples, # of containers, _nlatrix) N/A @ES )l NOo
9. Were airbills present and/or removable? N/A ;rES;) NO
10. Are all aqueous samples requiring preservation preserved correctly? (excluding volatile organics) /1 ﬁfﬁ)\ YES NO |
11, Are all aqueous non-preserved samples at the correct pH? (’@A YES NO
12. Is there sufficient sample for the requested analyses? @ NO
13. Were all samples placed in the proper containers for the requested analyses? @3’ NO
14. Are all samples within holding times for the requested analyses? @ NO
1s. Were all sample containers received intact? (not broken or leaking, etc.) . Q"E?: ) NO
16. Are all samples requiring no headspace (volatiles, reactive cyanide/sulfide, radon), '
A N/A YES NO

headspace free? Size of bubble: _ < green pea > green pea
17. Were samples checked for and free from the presence of residual chlorine? )

(Applicable when PM has indicated samples are from a chlorinated water source; note if field preservation with sodium )@ YES NO

thiosulfate was not observed.) — ]
15. Were the sample(s) shipped on ice? 1 W YES NO
19. Were cooler temperatures measured at 0.1-6.0°C? W) YES | NO |
" “IR pun used (circle one) : #2 - Oakton InfraPro 1, SN2922500201-0066;  #4 - Oakton InfraPro [T, SN23%2220101-0002

Cooler #'s
Temperature ‘o) .“m..!
No. of custody seals f

feor |

= External jR/br reading 36O

Acceplance

Information Background pR/hr reading [

Were external pR/hr readings < two times background and within DOT acceptance criteria? YES) NO (if no, see Form 008.)

“Additional Information: PROVIDE DETAILS BELOW FOR A NO RESPONSE TO ANY QUESVIONABOVE EXCEPT #1 AND #2.
\_:l_uw((r-m | Cusholy o b pu fotto jutee {
- M gar] o R

¢ = SOV / e
ER / MR [ r

If applicable, was the client contacted? YES/ NO / NA Contact Name: Date/Time:
Project Manager Signature/ Dﬂte:#‘}/‘é;, | A / 2o / i
- //, == y = {
Form 201r18.xls (6/26/04
( ) Page 1 of _L
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Client Name: Technical Resource Group

Laboratory Name: Paragon Analytics

Total Uranium by Alpha Spectroscopy Sample Results Summary

Page: 10f2

(o)
()

LIMS Version: 5.143A

Client Project Name: PAl Work Order: 0412180 Reported on: '{ztg;claay,"tnuary 27, 2005
Client Project Number: YM-120904 e
Lab Client Sample ID Sample Nuclide Result +- 2 s TPU | MDC Units Matrix Prep Batch Date Flags
Sample ID Type Analyzed
0412180-1 Yerington #7 Sample U-234 1.21 +/-0.23 0.03 pCilg SOIL AS050103-4 1/13/2005
0412180-1 Yerington #7 Sample U-235 0.038 +/- 0.027 0.022 pCi/g SOl AS050103-4 1/13/2005 LT
0412180-1 Yerington #7 Sample U-238 1.07 +/- 0.21 0.02 pCilg SOIL AS050103-4 1/13/2005
0412180-1 Yerington #7 Sample URANIUM, TOTAL 2.324/-0.31 0.04 pCilg SOIL AS050103-4 1/13/2005
0412180-2 Yerington #8 Sample U-234 4.81 +/- 0.89 0.15 pCilg SOIL AS050119-3 1/22/2005 M3
0412180-2 Yerington #8 Sample U-235 0.36 +/-0.16 0.12 pCilg SoIL AS050119-3 1/22/2005 M3
0412180-2 Yerington #8 Sample U-238 4.41 +/-0.83 0.10 pCilg SOIL AS050119-3 1/22/2005
0412180-2 Yerington #8 Sample URANIUM, TOTAL 9.6 +-1.2 0.2 pCilg SOiL AS050119-3 1/22/2005 M3
0412180-3 Yerington #9 Sample U-234 3.46 +/- 0.65 0.06 pCilg SOIL AS050125-9 1/26/2005
Comments:
Data Package ID: ut0412180-1
Qualifiers/Flags: . Abbreviations:
U -Resultis less than the sample specific MDC. TPU - Total Propagated Uncertainty (see PAI SOP 743)
LT - Result is less than Requested MDC, greater than sample specific MDC. MDC - Mini C ion (see PAI SOP 709)
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits. BDL - Below Detection Limit
M - The requested MDC was not met.
M3 ZTle requested MDC was not met, but the reported activity is greater than the reported MDC.
%Primed: Thursday, January 27, 2005 Paragon Analytics Page 1 of 2
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Total Uranium by Alpha Spectroscopy Sample Results Summary

Client Name: Technical Resource Group

Client Project Name:

Laboratory Name: Paragon Analytics

PAIl Work Order: 0412180

Page: 20of 2
Reported on: Thursday, January 27, 2005

12:05:48 PM
Client Project Number: YM-120904
Lab Client Sample ID Sample Nuclide Result +- 2 s TPU | MDC Units Matrix Prep Batch Date Flags
Sample ID Type Analyzed
0412180-3 Yerington #9 Sample U-235 0.180 +/- 0.097 0.033 pCifg SOIL AS050125-9 1/26/2005
0412180-3 Yerington #9 Sample U-238 3.44 +/- 0.65 0.08 pCilg SOIL AS050125-9 1/26/2005
0412180-3 Yerington #9 Sample URANIUM, TOTAL 7.08 +/-0.93 0.09 pCilg SOl AS050125-9 1/26/2005
Comments:
Data Package ID: ut0412180-1
Qualifiers/Flags: Abbreviations:
U - Resultis less than the sample specific MDC. TPU - Total Propagated Uncertainty (see PAI SOP 743)
LT - Result is less than Requested MDC, greater than sample specific MDC. MDC - Minimum Detectable Concentration (see PAl SOP 709)
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits. BDL - Below Detection Limit
M - The requested MDC was not met.
M3 & requested MDC was not met, but the reported activity is greater than the reported MDC.
% - .
DatePrinted: Thursday, January 27, 2005 Paragon Analytics Page 2 of 2
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Isotopic Thorium By Alpha Spectroscopy Sample Results Summary

Client Name: Technical Resource Group Laboratory Name: Paragon Analytics Page: 1of 1

Client Project Name: PAl Work Order: 0412180 Reported on: ;ﬂ;:cia:',A .:nuaw 17, 2005

Client Project Number: YM-120904 :54:

Lab Client Sample ID Sample Nuclide Result +/- 2 s TPU | MDC Units Matrix Prep Batch Date Flags
Sample ID Type Analyzed
0412180-1 Yerington #7 Sample Th-228 0.92 +/-0.22 0.10 pCilg SOIL AS050103-3 | 1/12/2005
0412180-1 Yerington #7 Sample Th-230 1.70 +/- 0.35 0.10 pCilg SOIL AS050103-3 1/12/2005
0412180-1 Yerington #7 Sample Th-232 0.75+/-0.18 - 0.04 pCi/g SOIL AS050103-3 | 1122005
0412180-2 Yerington #8 Sample Th-228 31.9+/-8.2 48 pCilg SOIL as050103-5 1/14/2005 M3
0412180-2 Yerington #8 Sample © Th-230 77 +1- 16 5 pCilg SOIL as050103-5 1/14/2005 M3
0412180-2 Yerington #8 Sample Th-232 17.1 +/-5.1 17 pCilg SOIL as050103-5 1/14/2005 M3
| 0412180-3 Yerington #9 | Sample Th-228 49 +/- 11 6 pCilg SoIL as050103-5 1/14/2005 M3

0412180-3 Yerington #9 Sample Th-230 127 +/- 24 5 pCilg SOIL as050103-5 1/14/2005 M3
0412180-3 Yerington #9 Sample Th-232 24,8 +/-6.4 15 pCilg SoiL 2s050103-5 1/14/2005 M3

Comments:

Data Package ID: th0412180-1

Qualifiers/Flags: Abbreviations:

U - Result is less than the sample specific MDC. TPU - Total Propagated Uncertainty (see PAI SOP743)

LT - Result is less than Requested MDC, greater than sample specific MDC. . MDC - Minimum Detectable Concentration (see PAl SOP 709)

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Y2 - Chemical Yield outside default limits. BDL - Below Detection Limit

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported activity is greater than the reported MDC.

%Prihted: Monday, January 17, 2005 Paragon Analytics Page 1 of 1

LIMS Version: 5.141A
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