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6 ENVIRONMENTAL MEASUREMENTS AND MONITORING
PROGRAMS

6.1 RADIOLOGICAL MONITORING

6.1.1 Introduction

Radiological baseline studies and monitoring results for the proposed Ludeman Project
(proposed project) area in Converse County, Wyoming are provided in this Section. The
baseline studies were conducted by Tetra Tech. Various radiological parameters in
different environmental media have been surveyed according to applicable regulatory
guidance. The site is situated on approximately 20,000 acres of private lands (Figure 6-1).
Because the deposits are distributed across considerable distances within the proposed
project area boundaries, three Satellite recovery facility locations are proposed and
baseline radiological surveys were designed accordingly.

Figure 6-1: Location of the Proposed Ludeman Project Area and vicinity locations.

Basic guidance for radiological surveys at uranium recovery sites can be found in the
U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 4.14 (NRC, 1980).
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Although Regulatory Guide 4.14 does not address special considerations associated with
ISR uranium recovery sites, the NRC and the Wyoming Department of Environmental
Quality / Land Quality Division (WDEQ/LQD), both currently recommend following
Regulatory Guide 4.14 for conducting radiological baseline surveys of ISR sites (NRC,
1982; WDEQ/LQD, 2007).

Radiological baseline surveys of the proposed project site were initiated by Uranium One
and Tetra Tech in 2008. Relevant planning was developed under the assumption that all
phases of the uranium extraction and processing cycle could potentially be performed at
any of the three recovery facility sites.

Topography at the site is comprised primarily of low rolling hills, relatively flat areas,
and small ephemeral drainages (Figure 6-2). Vegetation includes a mixture of short grass
prairie varieties including occasional copse of sagebrush. The predominant land uses are
livestock grazing and wildlife habitat. There is currently one residential ranch site within
the project area and a number of residential dwellings near the northern boundaries of the
site along Highway 95.

Figure 6-2: Select photos of portions of the Proposed Ludeman Project Area.

Although these radiological baseline surveys were conducted primarily based on
Regulatory Guide 4.14 protocols (NRC, 1980), some aspects of survey approaches were
enhanced or modified to address site- and project-specific issues along with more recent
ISR specific regulatory guidance as referenced in the applicable sections of this report.
Data from these baseline studies are presented in this report for consideration by the U.S.
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Nuclear Regulatory Commission (NRC) and the Wyoming Department of Environmental
Quality / Land Quality Division (WDEQ/LQD) with respect to licensing/permitting
applications. The following sections describe methods, activities, and results to date of
radiological baseline surveys for the proposed project area.

6.1.2 Gamma Survey

A survey of baseline gamma exposure rates and respectively estimated soil radionuclide
concentrations at the proposed project area was conducted by Tetra Tech (Fort Collins,
Colorado) on September 16 through 22, 2008 on behalf of Uranium One (Casper,
Wyoming). The purpose of the survey was to establish baseline levels and spatial
distributions of these radiological parameters prior to proposed in-situ recovery (ISR)
operations at the site. This information is an important component of overall radiological
baseline characterizations as required for licensing/permitting applications by the NRC
and WDEQ/LQD.

NRC Regulatory Guide 4.14 calls for a pre-operational gamma survey with up to 80
individual radial grid-based gamma exposure rate measurements for each processing
facility location (NRC, 1980). Consistent with ISR license application guidelines
described in Regulatory Guide 3.46 (NRC, 1982) and NUREG-1569 (NRC, 2003), as
well as with radiological survey guidelines outlined in MARSSIM, the Multi-Agency
Radiation Survey and Site Investigation Manual (NRC, 2000), Tetra Tech used modem
GPS-based scanning system technologies for this project.

Unlike discrete grid-based measurements as recommended in NRC Regulatory Guide
4.14, these scanning systems are able to quickly and efficiently provide a more thorough
characterization of the spatial distribution of gamma exposure rates across very large
areas (Whicker et al., 2008). The basic gamma scanning system developed by Tetra Tech
can be mounted in various configurations including backpacks, off-highway vehicles
(OHVs), or trucks, and has been used for remedial support at a number of uranium mill
site decommissioning projects, as well as for numerous radiological baseline surveys of
proposed uranium recovery sites (Whicker et al., 2008 & 2006; Johnson et al., 2006).

Tetra Tech has used OHV-mounted versions of this scanning system for previous ISR
baseline surveys at many sites in Wyoming, with results from several of these studies
presented in licensing/permitting applications to the NRC and the WDEQ/LQD (Uranium
One, 2008; EMC, 2007; Lost Creek ISR, LLC, 2007). The method should meet or exceed
minimum guidelines outlined in NRC Regulatory Guide 4.14 and other applicable
regulatory guidance documents. This system is considered current state-of-the-art
technology for conducting gamma surveys. Associated analysis methods, including
gamma-based estimation of certain soil radionuclide concentrations, have been further
developed in recent years (Whicker et al., 2008).
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The objectives of this survey were to characterize the spatial distribution of gamma
exposure rates across areas scanned (corrected for the energy dependence of sodium
iodide (Nal) gamma detectors) and if possible, to estimate approximate Ra-226 and
natural uranium (U-nat) concentrations in surface soils using statistical correlations
between Nal-based gamma readings and concentrations of these radionuclides in surface
soils. Data and analyses from this study are presented in this report for consideration by
the NRC and WDEQ/LQD with respect to licensing/permitting applications.

6.1.2.1 Methods

6.1.2.1.1 Gamma Scanning

This survey consisted of gamma scans of select areas of the site along with targeted
composite sampling of surface soils and static exposure rate measurements using a high-
pressure ionization chamber (HPIC). The site layout and general survey areas are shown
in Figure 6-3. The planned survey areas, comprising about 11,000 acres, were selected to
establish baseline conditions in probable ISR wellfield areas, and to provide about 1.5
kilometers of survey coverage in any direction from proposed facility locations. Portions
of Sections 35/36, T34N R73W were later determined to be wellfield areas and will be
surveyed prior to development.

December 2011 6-4
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Figure 6-3: Site layout and gamma survey areas

For the proposed project survey, the most recently developed Yamaha Rhino-mounted
scanning system configuration was used (Figure 6-4). Given the large size of the site,
along with occasional rugged terrain and sagebrush vegetation, these two-seater Rhino
OHVs with roll bar cages and conventional driver control systems (steering wheel, foot-
controlled gas and brake pedals) were well suited for the project. Equipped with special
extra-wide tires, these vehicles are well suited to safely negotiating sites like Ludeman
while minimizing environmental impact.
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Figure 6-4: 3-detector GPS-based scanning systems mounted on Rhino OHVs
v

OFF"

In addition to addressing safety considerations, roll bar cages on Rhino OHVs provide a
support system for adjustable outriggers designed to mount three Ludlum 44-10 Nal
gamma detectors and paired GPS receivers. The detectors are coupled to Ludlum 2350
rate meters housed in a cooler carried in the OHV cargo bed. Simultaneous GPS and
gamma exposure rate data are recorded every 1 to 2 seconds using an onboard PC with
data acquisition software developed by Tetra Tech (Tetra Tech, 2007).

System configuration involves about 8-foot spacing between detectors (measured
perpendicular to direction of travel), with each detector positioned at 4.5 feet above the
ground surface. A 3-foot detector height is generally accepted, but not mandated, by the
NRC. This height was impractical at the site given the relatively frequent tall brush,
ravines, or fence gate crossings. A detector height of 4.5 feet was the lowest practical
height for the system given site conditions. Experimental measurements were later
performed to determine statistically equivalent readings as measured by a high-pressure
ionization chamber (HPIC) at 3 feet above the ground surface (discussion to follow).

Based on previous observations and experience in the field under similar scanning
geometries, lateral Nal detector response to significantly elevated planar (non-point)
gamma sources at the ground surface is estimated to be about 5 feet, giving each detector
an estimated "field of view" of about 10 feet in diameter at the ground surface. This does
not imply a system detector can pick up gamma readings from a small point source 5 feet
away, but does suggest that scattered photons from larger elevated source areas (e.g. 100
in2 ) are likely to be detected at that distance. Within this conceptual framework, the
scanning track width for each vehicle's scanning system is estimated to be about 25 feet
across, perpendicular to the direction of travel. Vehicle scanning speeds ranged between
2 and 15 mph depending on the roughness of the terrain, with an estimated average speed
of 8-10 mph.

In most portions of the proposed license area, 10-15 percent was the targeted scan
coverage though practical considerations such as safety, terrain, and natural obstructions
and other factors often dictated actual distances maintained between vehicles. For most
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areas of the site, a target distance of 300 feet between vehicles was a conservative goal
employed during scanning, as this separation between vehicles is estimated to provide
ground coverage of about 15 percent. In terrain deemed unsafe for OHV scanning, efforts
were made to scan as closely as possible along the perimeters of such terrain.

Data was downloaded daily into a project database and plotted with special field mapping
software (Tetra Tech Inc., 2006). Daily quality control (QC) measurements were
performed to evaluate instrument performance and insure data quality (discussed later).
Daily scan results were evaluated in terms of general agreement between onboard
detectors and QC measurements to help identify any problems that may have occurred
during data acquisition throughout the day. Gamma Viewer field maps also helped to
assess adequacy of scan coverage on a daily basis.

6.1.2.1.2 Cross-calibration of Nal Detectors against a High-Pressure Ionization Chamber

Gamma exposure rates measured by Nal detectors represent only relative measurements
as response characteristics of Nal detectors are energy dependent. True gamma exposure
rates are best measured with a less energy dependent system such as a HPIC. Depending
on the radiological characteristics of a given site, NaI detectors can have measurement
values significantly different from corresponding HPIC measurement values.

Nal systems are useful for ISR recovery sites because they can quickly and effectively
demonstrate relative differences between pre- and post operational gamma exposure rate
conditions. Unless the same equipment and scanning geometry is used for both surveys, it
is necessary to normalize the data to a common basis of comparison. This is the purpose
of performing NaI/HPIC cross-calibration measurements. Cross calibration insures that
the results of future gamma scans, which are likely to use different detectors (and perhaps
different detector heights, detector models, or measurement technologies), can be
meaningfully compared against the results of pre-ISR gamma surveys.

To perform NaI/HPIC cross-calibrations, static measurements were taken at various
discrete locations covering a range of exposure rates representative of the site. These
locations were identical to those used for gamma/Ra-226 correlation plot measurements
(discussed in the next section). At each cross-calibration measurement location, 10
individual HPIC readings were recorded and averaged. The center of the sensitive
volume for the HPIC is about 3 feet above the ground surface. The ground directly below
the HPIC was marked to identify the exact measurement location for subsequent Nal
measurements. Up to three of the same Nal detectors used for scanning the Ludeman site
were located directly above this same location when taking measurements. For each Nal
detector, 10 to 20 individual Nal readings at a 4.5-foot detector height were collected and
averaged. Overall mean Nal values from each location were recorded to pair with

December 2011 6-7
December 2011 6-7



,,y.rarnumone
URANIUM ONE AMERICAS

NRC License SUA-1341 Amendment Application
Ludeman Project Environmental Report

corresponding mean HPIC readings for regression analysis and determination of a cross-
calibration equation.

Pictures of the cross-calibration measurement process being conducted at other ISR sites
in Wyoming are shown in Figure 6-5. The validity of applying a single cross-calibration
equation to all data, based on measurements involving only a subset of the NaI detectors
used for scanning the site can be linked to data quality control measurements showing
acceptable consistency in readings between all detectors used for the gamma survey
(discussed later).

Figure 6-5: Photos of Nal/HPIC cross-calibration measurements being performed at
other ISR sites in Wvomine

6.1.2.1.3 Gamma / Soil Radionuclide Correlations

NRC Regulatory Guide 4.14 recommends that 40 baseline surface soil samples should be
collected at 5-cm depths, extending in a radial grid pattern up to 1.5 kilometers away
from the center of the "milling" area, with additional samples collected at air monitoring
stations. NUREG-1569 suggests that 15-cm depths should also be sampled for
consistency with decommissioning criteria. This guidance, combined with the large size
of the proposed project area and previous success with correlation techniques, prompted a
number of gamma/soil radionuclide correlation plots to be sampled. Depending on the
statistical strength of the relationship between gamma readings and radionuclide
concentrations in surface soils, such correlations can be used to estimate approximate soil
concentrations (to a 15-cm depth) across the entire site based on gamma survey results.
As specified in the regulatory guidance, uranium and associated decay series products are
important with respect to baseline radiological soil characterizations.
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Figure 6-6: Diagram of soil sampling and gamma measurement design for
correlation plots
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Correlation soil sampling was conducted as composite sampling over 10x 10 meter plots
(Figure 6-6). Within each plot, 10 soil sub-samples were collected to a depth of 15 cm
then composited into a single sample. GPS coordinates were taken at the center of each
sampling plot and recorded. Samples were sent to Energy Laboratories Incorporated
(ELI) in Casper, Wyoming for analysis of Ra-226 and natural uranium (U-nat)
concentrations. Samples were dried, crushed, and thoroughly homogenized prior to
analysis to insure a representative average radionuclide concentration over each 100 m2

plot. Samples were then canned, sealed, and held 21 days prior to counting. This allows
for sufficient ingrowth of radon and short-lived progeny before Ra-226 analyses were
performed using high-purity germanium (HPGe) gamma spectroscopy (method E901.1).
Separate aliquots were analyzed for U-nat by ICP-MS (method SW6020).

Following methods described in Johnson et al. (2006), each 100 m2 soil sampling plot
was also scanned using the same OHV systems used to scan the entire site. One
difference from the methods described in Johnson et al. (2006), was that the NaI detectors
used for the survey were not shielded (collimated). The average NaI gamma reading over
each plot was calculated and recorded to pair with the corresponding average Ra-226 or
U-nat concentration. The general sampling/scanning design for correlation plot
measurements is depicted in Figure 6-6.

6.1.2.1.4 Data Quality Assurance / Quality Control

Data quality assurance and quality control issues for gamma surveys of the Ludeman
Project area are addressed in various ways. In general, quality assurance (QA) includes
qualitative factors that provide confidence in the results, while quality control (QC)
includes quantitative evidence that enables estimation of data uncertainty (e.g. accuracy
and precision).
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Quality control documentation for this project includes the following:

9 Just prior to the survey, instrument QC measurements were performed at a designated
indoor location (in Fort Collins, Colorado) for each NaI detector used to survey the
site. This was done to quantify the consistency of readings between detectors under
controlled measurement conditions prior to the survey. The mean of 20 individual QC
measurements of ambient background, as well as from a Cs-137 check-source, were
determined indoors under identical counting geometries. Under these conditions, all
data from any given set of properly calibrated and correctly functioning Nal scanning
detectors should approximate a normal (Gaussian) distribution (Fig. 6-7);

Figure 6-7: Example frequency histograms for two series of QC measurements from
different NaI detector sets used for two separate gamma survey projects. Each series was
taken indoors under controlled measurement geometries. The red lines represent
theoretical normal distributions
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For normally distributed data, over 99 percent of measurements are expected to fall
within ± 3 standard deviations from the mean. Any instrument with a QC
measurement result falling outside + 3 standard deviations from the mean of all QC
measurements on the applicable control chart warrants investigation. If a detector
exceeds control limits on both background and check-source control charts, it is
replaced with a factory-calibrated spare detector and sent back to the manufacturer for
repair and recalibration. Prior to the survey, this set of detectors performed well
within all applicable QC limits under these criteria (Figure 6-8);
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Figure 6-9: Pre-survey instrument control charts
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Immediately after the survey, instrument QC measurements of background and a Cs-
137 source were again performed under a controlled geometry (at the same
designated indoor location as pre-survey QC measurements) for each Nal detector in
use at the end of project survey activities. This was done to again quantify the
consistency of readings between detectors under identical measurement geometries,
and to also compare against pre-survey instrument control charts. This detector set
also performed within acceptable QC limits (Figure 6-9), and results were similar to
pre-survey QC measurements (Figure 6-8);

Figure 6-8: Post-survey instrument control charts
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During the survey, the actual performance of each scanning system was tested in the
field each day by scanning along a designated strip near the vehicle staging area.
These "field strip" scans were conducted before and after each day's scanning. There
were two field strips for the project: one for the west scan parcel, one for the east scan
parcel. The day that operations were moved from the west parcel to the east parcel
(Sept. 18, 2008), field strip measurements were conducted at each of the two different
locations with the same scanning detectors. This ties the two field strips together in
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terms of verification of system performance at the two different locations. Under
actual field conditions, scanning systems performed within acceptable QC limits
throughout the project (Figure 6-10). In cases where a detector developed suspect
performance during the day's scanning (i.e. following morning QC measurements),
the subject data files were eliminated from the project data base and the detector in
question was replaced with a factory calibrated spare, itself then subject to routine
field strip QC measurements to show consistency with the other detectors in use. In
all such cases, replacement detectors demonstrated acceptable performance relative to
all other properly functioning detectors in field strip QC tests;

Figure 6-10: Field strip control charts for west scan parcel (top) and east
scan parcel (bottom)
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* Re-scanning is an important tool for verification and demonstrating reproducibility of
measurements in the field. Part of re-scan verification involved comparing data from
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various discrete, stationary measurements across the site (collected as part of HPIC
cross-calibration and gamma/Ra-226 correlation activities) with original scan data. In
general, these stationary measurement data showed good agreement with original
continuous scan data; and

* With respect to confirmatory soil sample analysis results from Energy Laboratories
Inc. (Casper, WY), no flags or analytical problems were noted with respect to quality
control assessments (e.g. duplicate sample analyses, laboratory control samples, etc.).
Copies of these reports are available upon request.

Data quality assurance factors for this project include the following:

" All detectors used for gamma scanning at the proposed project site, along with the
HPIC, were calibrated by the manufacturer within one year prior to the date of use on
this project;

" A field log book of daily measurements, activities and problems was maintained;
" Chain-of-custody protocols were followed for soil sampling and contract laboratory

analyses;

" Tetra Tech's Radiological Health Group staff has extensive qualifications and over
100 years worth of combined experience in performing radiological measurements
and related site assessments (CV's provided on request);

" Scanning system methodologies and technology are published in peer-reviewed
radiation protection and measurement research publications (Johnson et al., 2006;
Meyer et al. 2005a; Meyer et al. 2005b; Whicker et al., 2008; Whicker et al., 2006);
and

" Daily scan results for each vehicle were reviewed for consistency along track paths
for all onboard detectors. Obvious inconsistencies prompted further investigation. In
cases where technical problems were discovered or where the data were otherwise
clearly incorrect, the affected data were eliminated from the project database.

6.1.2.2 Gamma Survey Results

6.1.2.2.1 Baseline Gamma Survey Results

Descriptive statistics for raw gamma survey data from the proposed project site are
shown in Figure 6-11. After thorough QC assessment of the scan data, nearly 350,000
individual gamma and paired GPS readings were included in the official final database of
raw Nal measurements. The frequency histogram shows a highly right skewed
distribution due to a few relatively small areas with pronounced sources of terrestrial
radiation. Raw gamma survey data are mapped in Figure 6-12.
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Figure 6-11: Frequency histogram and descriptive statistics for raw Nal-based
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Figure 6-12: Raw, Nal-based gamma survey results for the Proposed Ludeman
Project area
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The vast majority of gamma readings in scanned areas were below 20 jWR/hr. Data trends
in a number of areas show several distinct regions with slightly higher gamma readings,
indicative of higher levels of naturally occurring terrestrial radionuclides at or near the
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ground surface. Regions of significantly elevated gamma readings are very limited, and
represent less than 1 percent of the survey area that possess gamma readings in excess of
25 liR/hr. In some cases, areas with higher readings have certain geomorphologic
features that appear to be associated with higher gamma exposure rates (e.g. hill tops,
eroded areas, outcrops of exposed rocks or unusually colored soils). In other cases, there
are no obvious features associated with the higher observed readings.

6.1.2.2.2 HPIC / NaI Cross-calibration Results

Due to complications from the weather, only 6 of the planned 10 correlation plot/cross-
calibration locations at the proposed project site were successfully measured and sampled
during the scheduled field work. However, immediately following this work, 4 additional
pairs of cross-calibration measurements were collected (using the same detectors) in
conjunction with a separate project that was being conducted at a similar site in
Wyoming. Linear regressions for data from the proposed project and the alternate site in
Wyoming were plotted on the same graph for qualitative comparison, and the two curves
appear nearly identical to one another in terms of slope and intercept (Figure 6-13).

Figure 6-13: Linear regression results for cross-calibration measurements collected
at the Ludeman (pink) and an alternate ISR site in Wyoming (blue)

Nal/HPIC Cross-calibration Data by Site

35-

j 30

c 25 y = 0.60x + 4.38 y - 55x + 5.55
R2 =0.91 R =0.98

20 -

15
Q • Ludeman Site Data

C 10* O(th~erW Site Data

0

0 10 20 30 40 50 60

Mean Nal Reading (uR/hr)

To statistically test for coincidence of the two regression lines in Figure 6-13, a multiple
regression analysis was performed using a basic method as described in Dawson & Trapp
(2004). The full regression model for this test is as follows:

Y = a + PIX + 12Z + fP3XZ
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Where:

Y = girem-meter reading (the dependent variable)
X = NaI reading (an independent variable)
Z = Location (an independent dummy variable where 1=Ludeman, O=other
WY site)
XZ = independent variable to test for interactio'i between X and Z
a = regression intercept coefficient
131,2,3 = regression slope coefficients for each independent variable in the
model

The two regression lines in Figure 6-13 would have equal slopes and be parallel if 133 = 0
(no interaction between NaI reading and location). If 132 = P13 =0, then the two lines are
statistically coincident. This latter equality serves as. the relevant null hypothesis to be
evaluated with t-tests in the multiple regression analysis. The key results from this
analysis are the p-values for the regression coefficients as !shown in Figure 6-14. Based
on these p-values, the null hypothesis cannot be rejected-.Iat the 95 percent confidence
level and the two lines are considered coincident. A similar analysis was conducted to
specifically test for any confounding effects of location ( 'without an interaction term in
the full model, and using a null hypothesis of 132 = 0). The results showed no statistical
evidence of confounding effects from location when both N4a1 reading and location were
included in the regression model.

Figure 6-14: Multiple regression analysis results to test for coincidence of cross-
calibration curves from Ludeman and the alternate site'

Multiple Regression Analysis Results

Number of Points - 10
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Regression Statistics

R-Squared = 0.99213441
Adjusted R-Squared = 0.98820161

Standard error of estimation - 0.79499764
Durbin-Watson statistics - 2.44273006

Mean absolute error - 0.50221231
Sum of squared error = 3.79212753

Mean squared error - 0.63202126

Estimate Standard Errors t-Value P-Value
-------------------+---------------+-------+-------- L---------

5.4943 2.6220 2.0955 0.0810
0. 5527 0.0642 8.6164 0.0001

-1.1506 3.0369 -0.3789 0.7178
0.0514 0.1070 0.4809 0.6476

--------------------+--------------+-------------- ------
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Figure 6-15: Cross-calibration curve for the HPIC versus NaI detectors
positioned at a 4.5 foot detector height
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This statistical analysis indicates that the relationships between HPIC and NaI readings at
the proposed project and at the alternate measurement site in Wyoming are essentially
identical. This provides scientific justification for combining the two data sets to
determine a single cross-calibration curve that spans most of the range of gamma data
collected at the proposed project site. Results of this overall cross-calibration between the
HPIC (at 3 feet above the ground surface) and NaI detectors (at 4.5 feet above the ground
surface) are shown in Figure 6-15. Regression coefficients from the combined data set are
consistent with those measured by Tetra Tech at other uranium recovery sites, including a
number of sites in nearby regions of Wyoming. As is normal, the ratio of HPIC to Nal
readings was inversely proportional to the magnitude of measured exposure rates.
HPIC/Nal ratios ranged from 0.66 to 0.97, corresponding to locations with the highest
and lowest measured readings.

Cross-calibration measurement locations with the lowest measured Nal readings (near 13
pR/hr) demonstrated only a slight difference between mean HPIC and Nal measurement
values. As can be observed in Figure 6-11, about 10 percent of the survey data fell below
this level. Scan data exceeding the upper range of cross-calibration measurements was
well under 1 percent. Although extrapolation of the cross-calibration curve was necessary
for conversion of all NaI data to approximate HPIC equivalents, the strength of the
relationship (R2 value of nearly 1) is highly significant. Tetra Tech has found Nal/HPIC
cross-calibration relationships (from both direct measurements in the field as well as in
the literature) to demonstrate linear characteristics (e.g. Whicker et al., 2008, Schiager,
1974). The slope and intercept can vary somewhat by site and by instrument, but across
all ranges of observed values, a highly linear relationship between Nal and HPIC
readings appears to be characteristic of such measurements. Extrapolation for the
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relatively small fraction of data outside the range of measured cross calibration values is
thus unlikely to introduce significant error into the converted data set.

As with many sites, this regression model predicts a cross-over point in the statistical
relationship where NaI and HPIC readings are essentially, identical (in this case, at about
11.5 jiR/hr). Below this value HPIC readings are slightly higher than Nal readings. This
kind of relationship has been confirmed by direct field measurements at a number of
project sites and is believed to be related to the ratio of cosmic to terrestrial sources of
gamma radiation combined with the energy response characteristics of NaI detectors.

Ludlum Model 44-10 Nal detectors are calibrated against a Cs-137 source (Ludlum,
2006). At photon energies close to that of Cs-137 (662 keV), detector response will be
close to 100 percent (Figure 6-16). In the case of Ra-226, the associated decay series
product Bi-214 has similar photon emission energy (609 keV) while photon emission
energies for Pb-214 are significantly lower (295 and 352 keV respectively). More
importantly, the majority of all terrestrial gamma radiation that interacts with the NaI
detector, including that from other gamma emitters such as K-40, involves scattered
secondary photons of energies well below 662 keV. Thus, in areas where photons from
terrestrial sources exceed a certain minimum percentage of the total ambient gamma
field, detector response relative to Cs-137 will be greater than 100 percent and the
detectors will over-predict true exposure rates. In areas where terrestrial radionuclide
concentrations are very low, higher energy cosmic sources can dominate detector
response and result in a slight under-prediction of true exposure rates.

Figure 6-16: Energy response characteristics of the Ludlum Model 44-10 Nal
detector (Ludlum, 2006)
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6.1.2.2.3 Final Gamma Exposure Rate Mapping

Using regression equation shown in Figure 6-15, all baseline gamma scan data collected
with NaI detectors at the proposed project site werejlipormalized to 3-foot HPIC
equivalent measurements to produce the best possible estjlate of true gamma exposure
rate for each individual Nal reading. This converted data&et, along with a special data
kriging program in ArcGIS (ESRI, 2008), was used to develop continuous estimates of
true gamma exposure rates at 3 feet above the ground surface (3-foot HPIC equivalent
values) across all scanned areas.

Kriging is a geostatistical interpolation procedure that fits a mathematical function to a
specified number of nearest points within a defined radius to determine an output value
for each location. A given "location" is represented by a cell of specified areal
dimensions that may or may not include any measured data points. Values closer to the
cell are given more weight than values further away and dE91drnces, directions, and overall
variability in the data set are all considered in the predictive semivariogram model.
Approximate input parameters used for this application were as follows:

Cell size: 10 feet x-10 feet
Max search radius: 400 feet
Semivariogram model: Exponential
Number of nearest data points: 10

A map of estimated 3-foot HPIC equivalent gamma exp sure rates across the survey
areas is shown in Figure 6-17.

4,',
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Figure 6-17: Continuous, kriged estimates of 3-foot HPIC equivalent gamma
exnosure rates at the Provosed Ludeman Proiect site.
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Note that the gamma scale legend increments differ between the raw Nal-based gamma
scan track map shown in Figure 6-12, and the final official map of gamma survey results
provided in Figure 6-17. This is because the data in the final map of official gamma
survey results have been converted to 3-foot HPIC equivalent values and the range of
values differs slightly.

6.1.2.2.4 NaI/Ra-226 Correlation Results

Overlays of correlation plot sampling locations, color-coded and annotated to show soil
Ra-226 results on corresponding portions of the raw Nal gamma scan map, are shown in
Figure 6-18. Soil sampling results represent average Ra-226 concentrations over 100 m2

sampling plots to a depth of 15 cm.
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Figure 6-18: Correlation plot measurement locations and annotated soil Ra-226
concentration results (pCi/g, in parentheses) overlain on the NaI scan track map.
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The data in Figure 6-18 indicate a clear spatial association between the levels of
measured soil Ra-226 concentrations and gamma scan readings in corresponding
locations. Statistical regression analysis of the correlation plot data revealed a highly
significant linear relationship between mean Ra-226 soil concentration and mean NaI
gamma reading (Figure 6-19). Although only 6 correlation plots were sampled for
reasons previously indicated, the variability about the regression line is very small, the R
value is nearly one, and the range of gamma values measured at these plots is evenly
distributed across a range of values that includes nearly 90 percent of the scan data
collected at the site. Assuming normal distributional characteristics and
representativeness of correlation plot locations, the limits of the 20 (95 percent)
prediction band shown indicate that 95 percent of the time, local average Ra-226 in
surface soils should be within about + 1 pCi/g of a value predicted based on gamma
readings and use of this correlation. The gamma/Ra-226 relationship observed at the
Moore Ranch ISR site (EMC, 2007), located about 45 miles NNW of the proposed
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project, is remarkably similar (Figure 6-20), suggesting that this basic relationship is
consistent across this region of Wyoming.

Figure 6-19: Linear correlation between Ra-226 soil concentration and NaT-based
gamma exposure rate reading. Prediction band limits [1a (68%) and 2a (95%)] are
shown
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Figure 6-20: Comparison of gamma/Ra-226 correlations developed at Ludeman and

Moore Ranch (about 45 miles NNW of Ludeman)
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To test for any statistical differences between correlation curves for the two sites as
shown in Figure 6-20, multiple regression analyses were performed using the same
statistical methods presented in Section 6.2.2.2. The results indicated that these two
regression lines are statistically indistinguishable from one another (i.e. coincident) at the
95 percent confidence level, and revealed no statistical evidence of a confounding effect
of location due to data collected at the two different sites. These results provide
reasonable scientific justification for combining the two data sets in order to achieve a
more robust estimate of an average relationship between gamma readings and Ra-226
concentrations in surface soils at the proposed project site.

Although a linear regression of the combined Ludeman/Moore Ranch correlation data set
is highly significant (p-value < 0.001, R2 = 0.98), the data falling below about 16 ptR~hr,
suggest a slight non-linearity relative to the data above this range. This feature, though
somewhat subtle, is apparent in the data shown in Figure 6-20, and is consistent with
similar observations at a number of other sites in Wyoming (EMC, 2007; Uranium One,
2008; Whicker et al., 2008). This phenomenon is believed to be related to use of gross
gamma measurements, the relative influences of cosmic and terrestrial sources of gamma
radiation, and the energy dependence of NaI detectors (Whicker et al., 2008).

When soil Ra-226 concentrations are very low, cosmic radiation, direct and scattered
photons from all terrestrial sources, will dominate detector response. In a context of
gamma/Ra-226 correlation measurements, this is analogous to instrument background
"noise". As soil Ra-226 concentrations increase, the signal to noise ratio gradually
increases at an increasing rate (i.e. in a non-linear fashion), until a certain threshold is
reached and a more significant (and generally linear) correlative impact on gross gamma
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readings becomes apparent. The level at which this "threshold" occurs at a given site may
be related to the energy dependence of Nal detectors and the ratio of cosmic to terrestrial
sources at the site.

Other soil radionuclides including Th-232 and its decay products, including K-40, may
have an impact on such a threshold as well; or even on the effectiveness of the correlation
itself, if levels relative to Ra-226 are high and/or are highly variable. At other Wyoming
ISR sites sampled by Tetra Tech, soil radionuclides other than those radiologically linked
to Ra-226, have been moderately variable, with average concentrations in the range of 1-
2 pCi/g for Th-232, and 15-25 pCi/g for K-40. To date, such levels and associated
variability have not previously demonstrated a significant confounding effect on the
general reliability of gammaiRa-226 correlations.
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Figure 6-21: Partitioned correlation model for predicting Ra-226 concentrations in
surface soils based on gamma readings at the Proposed Ludeman site.
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When gamma/Ra-226 correlation data have non-linear properties, non-linear correlation
models have generally demonstrated slightly better accuracy for predicting soil Ra-226,
particularly in the low to mid ranges of gamma readings found at the site (EMC, 2007;
Uranium One, 2008; Whicker et al., 2008). The combined data set was carefully
evaluated and ultimately partitioned into several data categories for modeling, resulting in
a partitioned overall model for predicting Ra-226 concentrations in surface soils based on
gamma readings (Figure 6-21).

A gamma reading of 16 JtR/hr was selected as a reasonable partition boundary line
between use of a non-liner model for lower values, and a linear model for higher values.
Above 26 gtR/hr, estimates of soil Ra-226 based on the gamma survey data were
artificially truncated at soil Ra-226 value of 9.3 pCi/g, to avoid model extrapolation on
the highest end of the scale. On the lowest end of the scale, truncation was not considered
necessary in terms of its potential to significantly impact kriging results. Issues and
rationale for truncation are further discussed in Section 6.2.2.5.

In addition to Ra-226, correlation plot soil samples from the proposed project site were
also analyzed for natural uranium (U-nat) by acid leaching followed by metals analysis
via inductively coupled plasma mass spectrometry (ICP-MS). The mean ratio of
U-nat/Ra-226 (+ o) for reported activity concentrations was 1.1 ± 0.7. Based on natural
isotopic abundances and relative half lives, U-238 is responsible for about 49 percent of
total radioactivity contained in U-nat, U-234 contributes about 49 percent, and U-235
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contributes about 2 percent (NCRP, 1987). The mean U-238/Ra-226 activity ratio of for
the correlation soil samples thus appears to be about 0.5 ± 0.3.

Despite considerable variability in U-nat/Ra-226 ratios for these samples, a linear
correlation between U-nat and Ra-226 was statistically significant (Figure 6-22), and the
regression should provide a reasonable estimate of an average relationship between the
two parameters at the soil surface. Baseline estimates of Ra-226 at the soil surface could
be converted into rough estimates of U-nat using this relationship, though such
predictions are specific to the analytical methods used to measure each parameter in the
correlation samples. Natural uranium itself does not have a significant gamma signature,
but because of the radiological association with Ra-226 it can sometimes be significantly
correlated with gamma exposure rates. The gamma/U-nat relationship for correlation plot
data from the proposed project is shown in Figure 6-23.

Figure 6-22: Statistical relationship between mean U-nat and Ra-226 soil
concentrations at correlation plot locations.
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Figure 6-23: Statistical relationship between gamma readings and U-nat soil
concentrations at correlation plot locations.
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Under natural undisturbed soil conditions, U-238 and Ra-226 are often found in
approximate secular equilibrium with one another; though some depletion of U-238, due
to higher uranium mobility, can sometimes be indicated by the data. It is not uncommon
to see considerable variability in U-238/Ra226 ratios, though apparent disequilibrium can
result from analytical error and differing analytical methods (e.g. radiochemical
separation versus gamma spectroscopy), particularly at low concentrations. For this
reason, it would be questionable to conclude from this data that significant disequilibrium
between U-238 and its decay series products occurs in soils at this site.

6.1.2.2.5 Soil Radionuclide Concentration Mapping

The partitioned gamma/Ra-226 correlation model shown in Figure 6-21, was used to
convert raw Nal gamma scan readings from the site into estimates of Ra-226
concentrations in surface soils. Once converted, the resulting data set was kriged to
provide continuous estimates of Ra-226 in surface soils (Figure 6-24).
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Figure 6-24: Continuous, kriged estimates of Ra-226 concentrations in surface soils
(0-15 cm depth) based on gamma survey results.
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As previously indicated, conversion of scan data beyond the upper limit of gamma
correlation plot data (26 itR/hr) involved artificial truncation at a fixed value (9.3 pCi/g),
to avoid extrapolation of the predictive model. Above this range, the relationship is
uncertain and model extrapolation has the potential to introduce localized spatial
inaccuracies into respective kriging results. Though specific quantitative predictions
regarding soil Ra-226 concentrations at gamma readings greater than 26 .tR/hr are
unjustified, this is unlikely to be problematic in a context of assessing impacts from site
operations. While radiologically elevated, these locations are well delineated in terms of
spatial extent and they represent only a tiny fraction of the overall survey area (Figure 6-
24). Below the range of correlation plot data, truncation was not deemed necessary as the
model decreases only slightly with decreasing readings and low-end extrapolation was
not expected to significantly influence the spatial reliability of kriging results. Using
similar data conversion protocols as described for estimation of soil Ra-226, the
gamma/U-nat correlation equation (Figure 6-23) was used to convert raw NaI gamma
scan readings into estimates of U-nat concentrations in surface soils. Converted data were
then kriged to provide continuous estimates of U-nat in surface soils (Figure 6-25).
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Figure 6-25: Continuous, kriged estimates of U-nat concentrations in surface soils
(0-15 cm depth) based on gamma survey results.

P -ýNq

As expected, the general spatial distribution of gamma-based estimates of soil U-nat
concentrations across the surveyed areas is very similar to that of soil Ra-226.

6.1.2.3 Data Utility

The estimates of baseline gamma exposure rates provided in Figure 6-17 can be used to
help assess respective changes due to operational activities at the site. If the same or
similar models of NaI scintillation detectors are used for future gamma survey activities
(e.g. factory calibrated Ludlum 44-10 detectors), the HPIC cross calibration regression
model shown in Figure 6-15 can be used to convert field gamma readings to estimates of
true exposure rate for direct comparison with the baseline estimates in corresponding
areas as shown in Figure 6-17. If different types of gamma detectors are used, the HPIC
cross calibration model provided in this report may not apply, as instrument energy
dependence characteristics can differ.

The gamma-based estimates of baseline Ra-226 concentrations in surface soils provided
in Figure 6-24, can be used to help assess potential changes in Ra-226 soil concentrations
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due to operational activities at the site. An important caveat is that future laboratory
analysis of soil samples used for such comparisons should employ the same analytical
method used to develop this baseline information (HPGe-based gamma spectroscopy by a
qualified laboratory). Sodium iodide (Nal) based gamma scintillation detectors can be
used as a field screening tool to help define the extent of potential contamination relative
to the baseline estimates in corresponding areas as shown in Figure 6-24. If different
types of gamma detectors are used, or if the suspected magnitude of potential
contamination being surveyed is well above baseline conditions, the correlation model
presented in this report may not apply as instrument energy dependence characteristics
can differ. Another caveat is that a number of baseline soil samples from areas possessing
higher gamma readings, had Ra-226 results that were significantly lower than indicated
by gamma readings in the field, and a relatively small overall bias exists between the two
estimation methods. These issues are discussed in more detail in Section 6.2.4.2.

Potential impacts from future site operations on soil U-nat concentrations can be assessed
by comparison of soil sampling results against gamma-based estimates of baseline U-nat
concentrations (Figure 6-25) in corresponding areas. However, the same analytical
method employed for measuring U-nat in correlation plot samples (ICP-MS) should be
used. Once ISR operations have commenced, gamma measurements are unlikely to be a
reliable tool for evaluating uranium contamination in soil, since the correlation used for
baseline estimation only applies to baseline soil conditions. Uranium itself has no
significant gamma signature, and operational releases may involve different
physical/chemical properties and different relative amounts of Ra-226 and U-nat.

All of the above options for assessment of potential radiological impacts from future site
operations relative to the baseline radiological information generated by the proposed
project gamma survey must consider data uncertainty in both the estimated baseline
values and any future analytical information used for such comparisons. In all cases,
analytical methods and instruments should be comparable to those used in this study. Use
of several available assessment options should reduce overall potential for
misidentification or erroneous quantification of possible future contamination.

6.1.2.4 Data Uncertainty

For comparison of operational/post-operational survey measurements against baseline
survey data, it is necessary to take into account the degree of uncertainty in survey
measurements. Sources of measurement uncertainty include (but may not be limited to):

* Instrument variability within and between gamma detectors;

* Variations in count data associated with the random nature of radioactive decay;

* Small-scale spatial variability in gamma exposure rates (differences in readings
due to small differences in measurement geometry or location);
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Temporal variability in gamma exposure rates associated with:
o Changes in natural shielding factors for terrestrial or cosmic sources such

as changes in soil moisture or barometric pressure
o Diurnal fluctuations in ambient radon concentrations in air

* Small inaccuracies in GPS readings; and

* Errors associated with soil sampling and laboratory analyses

Each radiological baseline parameter characterized in association with the gamma survey
is evaluated in a context of total estimation uncertainty in the following sections.

6.1.2.4.1 Gamma Exposure Rates

In general, scanning system measurements along QC field strips at the site provide an
indication of total gamma measurement uncertainty including most of the above sources
of variability in gamma exposure rate readings. Based on the data shown in Figure 6-10,
the total range of potential uncertainty in Nal scanning measurements at field strip
locations was about ± 2 gtR/hr. Approximately the same amount of uncertainty should be
applicable to 3-foot HPIC equivalent data at these locations. The field strips were located
in areas having ambient gamma exposure rate readings in the range of 15-18 gR/hr (close
to the average of all readings found at the site). In areas of significantly higher gamma
exposure rates (e.g. above 25 i.tR/hr), the degree of uncertainty in measurements is likely
to be somewhat higher; but again, these areas represent a very small fraction of the total
area surveyed.

Given the general density of scan coverage attained at the proposed project site (on the
order of 10-15 percent), larger-scale distributional characteristics are more likely to be
accurately characterized as smaller-scale spatial variability in exposure rates between
scan tracks from each survey vehicle is not measured. The kriging process for continuous
estimation of overall baseline conditions is believed to "smooth" some variability
associated with certain sources of data uncertainty in areas along individual gamma scan
tracks (e.g. variability in response characteristics of different detectors, small
inaccuracies in GPS readings). Although this smoothing effect is believed to improve
estimation precision (reproducibility) along scan tracks, the accuracy of interpolated
values between scan tracks is dependent on the degree of spatial uniformity in soil
radionuclide concentrations.

6.1.2.4.2 Gamma-Based Soil Ra-226 Estimates

Gamma-based estimates of soil Ra-226 (Figure 6-24) were compared with independent
soil sampling results at corresponding locations to help assess data uncertainty. Past
results for estimating Ra-226 concentrations using these same characterization techniques
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have generally demonstrated differences between estimated and measured values in the
range of± 2 pCi/g (EMC, 2007; Uranium One, 2009; Whicker et al., 2008).

Figure 6-26: Frequency histogram of numerical differences between gamma-based estimates
of Ra-226 in surface soils (correlation value) minus radial grid soil sampling results (sample
value) at corresponding locations.
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One hundred eighteen surface soil samples at the proposed project were collected along
radial sampling grids among the three proposed Satellite facility locations according to
Regulatory Guide 4.14 protocols. Radium-226 results for these samples were
superimposed on the kriged map of gamma-based Ra-226 concentration estimates for
surface soils and corresponding values were numerically compared. The vast majority of
gamma-based estimates (correlation values) were within + 2 pCi/g of corresponding soil
sampling results (Figure 6-26). Considerably larger differences are apparent in a few
locations where higher gamma readings are present, and on average, an overall bias of
about ± 1 pCi/g is evident between the two characterization parameters.

To evaluate apparent discrepancies and potential bias in either the gamma-based
estimates or the soil sampling results, frequency histograms of analytical results for Ra-
226, Ra-228, and K-40 in surface soils from the radial grid samples were generated
(Figure 6-27). These histograms provide an indication of relative levels and variability
for naturally occurring sources of terrestrial gamma radiation (U-238/Th-232 decay series
and K-40). Because the gamma/Ra-226 correlation for Ludeman was essentially identical
to that of Moore Ranch, corresponding frequency distributions for surface soil samples
from the nearby Moore Ranch site are also shown for comparison.
Assuming approximate equilibrium conditions for decay series products associated with
Ra-226 and Ra-228 (the U-238 and Th-232 decay series respectively), average levels and
variability for naturally occurring gamma emitting radionuclides (including K-40) are
very similar at both sites. At Moore Ranch, soil sample results for Ra-226 were generally
within ± 1 pCi/g of corresponding gamma-based estimates (EMC, 2007) despite this
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amount of variability in Ra-228 and K-40 values. As previously indicated, differences at
most Wyoming sites have been within ± 2 pCi/g under similar conditions.

Figure 6-27: Frequency histograms of Ra-226, K-40 and Ra-228 results for surface soil
samples from Ludeman (top) and Moore Ranch (bottom). Values for both radial grid
samDles and correlation nlot samules are included.
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Gamma measurements and composite soil sampling at each correlation plot are designed
to be spatially precise and highly representative of average conditions for each parameter.
The correlation between field gamma readings and Ra-226 concentrations in surface soils
at the proposed project demonstrated a very strong statistical relationship. Figure 6-18
clearly shows the spatial associations between these two parameters. The r-squared of
0.99 for the gammalRa-226 regression (Figure 6-19) suggests only a 1 percent probability
that the observed statistical correlation was a result of random chance or a coincidental
artifact of sampling/analytical error. The prediction limits on this regression indicate that
95 percent of the total estimation uncertainty associated with the correlation data is
equivalent to about -1 pCi/g. This level of uncertainty and the regression coefficients are
both nearly identical to corresponding parameters observed in the gamma/Ra-226
correlation for the nearby Moore Ranch site (Figure 6-20).

On the other hand, analytical laboratory results for soil Ra-226 concentrations in radial
grid samples from the proposed project were generally low relative to Moore Ranch and
other sites in Wyoming and showed little variation in association with the spatial
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distributions of measured gamma exposure rates. The average Ra-226 concentration
among radial grid samples (0.9 pCi/g) was low relative to the average value across the
site as predicted by field gamma measurements (1.9 pCi/g), and is also low relative to the
average value for directly measured soil samples from Moore Ranch (1.5 pCi/g). It is also
slightly low relative to national averages reported in the literature (1-2 pCi/g as cited in
Myrick et al., 1983 and NCRP, 1987).

These soil sampling results prompted calculation of a theoretical gamma exposure rate at
each radial grid location based on expected contributions to the total gamma radiation
field from both cosmic and terrestrial sources. The cosmic component was modeled
based on elevation (Stone et al. 1999). Terrestrial components were calculated based on
measured radionuclides in the Ludeman radial grid soil samples and use of conversion
factors given in NCRP Report 94 (NCRP, 1987). Results for Ra-226 and Ra-228 (analogs
for the U-238 and Th-232 decay series, assuming equilibrium) along with K-40 were
used for these calculations under an assumption that these soil parameters (and associated
decay series products) are the primary terrestrial sources at Ludeman and that each
discrete sampling result reflects uniform soil radionuclide concentrations in the area.
Calculated total theoretical gamma exposure rates at radial grid soil sampling locations
were then plotted on the kriged, HPIC-equivalent gamma exposure rate map for
comparison (Figure 6-28).
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Figure 6-28: Calculated theoretical gamma exposure rate based on elevation and soil
radionuclide concentrations at each radial grid sampling location, superimposed on the
HPIC equivalent gamma survey map. Legend increments and color coding apply to both
calculated theoretical values and kriged values based on the gamma survey.
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In general, there is reasonably good spatial/quantitative agreement in many areas between
theoretical gamma exposure rates at radial grid sampling locations and kriged, HPIC-
equivalent estimates based on gamma survey measurements. However, there is an
apparent trend of low theoretical values relative to kriged values at a significant number
of locations, particularly in areas of consistently higher measured gamma readings. This
suggests that soil radionuclide results for discrete soil samples collected in these areas
may commonly under-represent average local concentrations. For example, if the average
soil Ra-226 concentration in the vicinity of a given radial grid sampling location were
underestimated by 1 pCi/g based on the point sample result, the calculated theoretical
exposure rate could underpredict the actual exposure rate by as much as 1.8 ItR/hr (due to
this single source of terrestrial gamma radiation).

Radionuclide histograms for radial grid soil samples indicate that both Ra-228 and K-40
have roughly normal distributional characteristics, similar to those shown in Figure 6-27.
Neither distribution is right-skewed (i.e. lognormal and there was essentially no
statistical correlation between the two radionuclides (R < 0.1), thus neither source (alone
or combined) is likely to be consistently responsible for higher gamma exposure rates in
certain areas as identified and delineated by the gamma survey. This suggests that Ra-226
must be primarily responsible and should thus have at least a somewhat right skewed
histogram, similar in nature to that shown in Figure 6-27 for all samples collected at the
site (including the correlation plot samples).
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Figure 6-29: Frequency histogram of analytical results for Ra-226 at radial grid soil
sampling locations.
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However, the histogram of Ra-226 values for radial grid samples is not right skewed.
Instead, this distribution is unusual with an increasing frequency of occurrences building
towards a value of 1.1 pCi/g, followed by an abrupt truncation above this value and only
a few instances of slightly higher concentrations represented (Figure 6-29). This result is
believed to be at least partly responsible for the low theoretical exposure rate values in
areas of consistently higher measured gamma readings, and can thus potentially be linked
to a low bias in soil sampling results versus gamma-based soil Ra-226 estimates.

Based on all available quantitative and qualitative evidence, the most likely explanations
for apparent discrepancies and bias between gamma-based estimates of soil Ra-226
concentrations and directly measured Ra-226 concentrations in discrete radial grid soil
samples include:

" Spatial heterogeneity in actual soil radionuclide concentrations relative to
smoothly interpolated estimates between gamma survey tracks.

* Errors related to discrete point sampling versus composite sampling across more
spatially representative areas (also a heterogeneity issue).

* Error in mapping the precise location where each radial grid sample was collected
(GPS readings were recorded only at radial grid centers).

" Potential low bias in analytical laboratory results.

In general, the evidence tends to support an estimate of uncertainty in gamma based
predictions of Ra-226 in surface soils that is consistent with values from other study sites
in Wyoming (on the order of ± 2 pCi/g). Areas with the highest gamma readings at the
site could have uncertainties that exceed this range, but such areas represent only small
portions of the site and these areas are still well defined as being naturally elevated with
respect to terrestrial sources of gamma radiation. In all cases, is important to recognize
that kriged, gamma-based estimates of radionuclide concentrations in surface soils are
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based on the preponderance of gamma readings in any given area, and are thus most
likely to reflect average soil concentrations across larger source areas.

6.1.2.4.3 Gamma-Based Soil U-nat Estimates

Regarding uncertainty in gamma-based estimates of soil U-nat concentrations (Figure
6-25), direct comparison between estimated and measured values demonstrate results that
are consistent with the correlation results as well as with past results for this
characterization technique. U-nat results for all soil and sediment samples (provided later
in this report) are reasonably consistent with corresponding results from the nearby
Moore Ranch site (EMC, 2008).

Figure 6-30 Histogram of differences between measured U-nat in soil samples and
estimated U-nat values based on gamma readings in corresponding locations.
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Comparisons of U-nat results from direct soil sampling against gamma-based estimates in
corresponding locations suggests about ± 3.5 pCi/g of total estimation uncertainty (Figure
6-30). This amount of uncertainty is higher than indicated by the prediction limits on the
gamma/U-nat correlation (Figure 6-23), likely due to variability in U-nat/Ra-226 ratios
and the fact that the krig map involves interpolation between scan tracks where no actual
measurements were collected.

Although a slight relative bias is apparent between estimated and measured U-nat values
(about ± 0.5 pCi/g from an ideal mean difference of zero), the average difference is
reasonably close to zero and the majority of individual differences are within ± 1 pCi/g of
the mean. It is not clear whether the apparent bias is slightly high for estimated values, or
slightly low for measured values.
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6.1.2.5 Data Uncertainty Implications

Although the estimated total data uncertainty for gamma-based estimates of Ra-226 and
U-nat in surface soils (± 2 pCi/g and 3.5 pCi/g respectively) appears high relative to the
range of concentrations present, correlations generate the most probable statistical
estimate of an equivalent measured concentration value at a given gamma reading based
on average relationships from the correlation plot data. Assuming consistency in the
analytical method used for soil sample analyses, the majority of measured concentration
values should thus be closer to the estimated values versus respective bounds on
estimated data uncertainty. This theoretical expectation is supported by the frequency
histograms shown in Figures 6-26 and 6-30.

Because uncertainty is inherent in any type of survey data, statistical methods must be
used to help account for such uncertainty when evaluating whether operational/post
operational survey data are different from estimated baseline values at a given level of
confidence, or whether they exceed applicable regulatory criteria relative to estimated
baseline values. In addition to use of the kriged soil radionuclide concentration maps to
help ascertain respective changes in radiological conditions (operationally or post
operationally), the final kriged map of estimated baseline gamma exposure rates (Figure
6-17) should also be used. Gamma exposure rate results (cross-calibrated against the
HPIC) are believed to be reliable and reproducible within a slightly smaller relative range
of total data uncertainty.

When both spatial and quantitative aspects are considered, gamma based estimates of soil
radionuclide concentrations across the site should result in considerably less overall
uncertainty relative to direct soil sampling alone. This gamma survey methodology
produces a spatial density of information on terrestrial sources of gamma radiation that is
orders of magnitude greater than can be achieved by grid-based sampling or measurement
approaches. Grid-based approaches rely more heavily on an assumption of spatial
uniformity in soil concentrations. Survey data for this site, as well as for many other
uranium recovery sites, demonstrate that baseline soil radionuclide concentrations can
vary significantly across small areas. Grid-based survey approaches have a higher
probability of missing or mischaracterizing the spatial distribution and extent of such
features.

Direct, grid-based soil sampling data, however, are a necessary and important component
of this overall characterization approach. Grid-based soil sampling is indicated in
applicable regulatory guidance documents and also enables evaluation of the degree of
uncertainty in gamma-based estimates (assuming consistency in analytical laboratory
methods) as well as factors that may influence such uncertainty (e.g. heterogeneity,
representativeness, etc.). The combination of both forms of radiological survey
information is significantly more effective than either form alone.
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6.1.2.6 Conclusions

The 2008 baseline gamma survey of the proposed project site in Converse County,
Wyoming provides a detailed characterization of natural background gamma exposure
rates and associated radionuclide soil concentrations at the site. The survey included high
density gamma scanning using six independent (factory-calibrated) detectors, robust daily
quality control measurements, NaI/HPIC cross calibrations, gamma/soil radionuclide
correlations, in-depth statistical assessments, and geostatistical spatial analysis techniques
in an effort to provide the most thorough characterization possible for a number of
important baseline radiological parameters.

Gamma exposure rates and gamma-based estimates of soil radionuclide concentrations
are similar to those observed at the nearby Moore Ranch site (EMC, 2007). Baseline
gamma exposure rate characterization results along with gamma-based estimates of Ra-
226 and U-nat concentrations in surface soils should meet regulatory standards for
baseline characterizations. This information will help facilitate effective identification
and assessment of any potential radiological contamination that could result from ISR
activities. Future measurements of these parameters should use analytical methods
consistent with the methods used in this survey. The technology and approaches used for
this gamma survey have resulted in a level of understanding of radiological baseline
characteristics at the proposed project site that is likely to benefit all stakeholders.

6.1.3 Soil Sampling

Soil sampling was conducted at the proposed project site in the fall of 2008 in accordance
to NRC Regulatory Guide 4.14 protocols. Data from NRC Regulatory Guide 4.14, soil
sampling represents discrete, systematic locations involving 5-cm sampling depths for
surface soils, and incremental soil profile sampling to a depth of 1 meter for subsurface
soils (NRC, 1980). Because gamma-based estimates of soil radionuclides were based on
15-cm surface soil depths, baseline soil radionuclide concentration data for both 5-cm
and 15-cm soil depths are represented in this report in accordance with NRC Regulatory
Guide 4.14 protocols and NUREG-1569 application review recommendations (NRC,
2003).

6.1.3.1 Methods

6.1.3.1.1 Surface Soil Sampling

The surface soil sampling design indicated in NRC Regulatory Guide 4.14 involves a
radial grid pattern with the center of the grid located at the proposed processing facility.
In this case, there are three proposed Satellite facility sites within the project area
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boundaries, each of which is separated by considerable distances (Figure 6-3). Discrete
soil samples were collected along transects radiating in 8 compass directions from each
of these facility locations at 300 meter intervals as is illustrated in Figure 6-31 for Facility
Site 1 (the "Leuenberger" Facility Site).

Each radial grid sampling transect was about 1,500 meters long, resulting in the
collection of 5 samples per transect for a total of 41 radial grid samples per Satellite
facility. In a few cases, there were necessary omissions or spatial modifications to the
radial sampling grid as planned locations were located off-site on private property, or in
areas disturbed by pipeline installations. Soil samples were sent to ELI (Casper,
Wyoming) for analysis of all analytes as specified in NRC Regulatory Guide 4.14.

Analytes included Ra-226 for all samples, with about 11 percent of the samples being
further analyzed for natural uranium (U-nat), Th-230, and Pb-210. Additional surface soil
samples were collected at each air particulate monitoring station and were analyzed per
NRC Regulatory Guide 4.14 specifications. All radial grid and air station surface soil
samples were collected with a shovel or hand trowel to a depth of 5 cm, double bagged,
and labeled. Sampling tools were cleaned before each subsequent collection. A
systematic location ID number (Facility Site name, transect compass heading, and
transect sample number) for each sampling location, along with the collection date, were
recorded in the field log book. GPS coordinates were taken at the center of each sampling
grid. Sampling locations along each radial grid transect were determined in the field at
approximate 300-meter intervals. Individual GPS coordinates or gamma readings were
not taken at each location. Samples were sent to ELI in Casper, Wyoming along with
chain of custody / analysis request forms. After receipt by ELI, samples were dried,
crushed, ground, and thoroughly homogenized prior to analysis.
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Figure 6-31 NRC Regulatory Guide 4.14 radial grid surface soil sampling locations (black
dots) with annotated sample ID scheme for Satellite Plan Site 1 (the "Leuenberger" Facility
Site). Gamma-based estimates of soil Ra 226 concentrations are also shown to illustrate the
spatial distribution of local sources of terrestrial gamma radiation relative to grid locations.
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6.1.3.1.2 Subsurface Soil Sampling

Five subsurface depth profile sampling locations in the vicinity of each Satellite facility
were also selected based on NRC Regulatory Guide 4.14 recommendations. One location
was at the approximate center of each planned Satellite facility location, with the other
four samples collected along the same radial transects used for surface soil sampling, at
750 meters from the facility and in the four primary compass headings (N, E, S, and W).

Subsurface soil samples were collected with a 2-man gas powered auger with a 4-inch
diameter bit with a 3-foot extension. At each location, three depth-integrated samples
were successively collected at 33-cm increments, the final sample culminating at a total
depth of 1 meter. After a sample was taken, the hole was cleaned out before going to the
next required depth. Sample collection, lab delivery, chain of custody, sample
preparation, and analysis protocols were the same as those described in the preceding
section for surface soil samples. All soil depth profile samples were analyzed for Ra-226
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by gamma spectroscopy (Method 901.1). At each of the three Satellite Site radial depth
sampling grids, all samples from one location were further analyzed for natural U-nat,
Th-230, and Pb-210 by wet radiochemical methods.

6.1.3.2 Soil Sampling Results

Annotated maps of Ra-226 concentration results from all radial grid surface soil samples
collected at the site have been superimposed on the kriged gamma-based estimates of soil
Ra-226 and are provided in this Section. Tabular summary statistics for all surface soil
sampling results are also provided. The subsequent section provides tabular summary
statistics for subsurface soil samples. Results for all radionuclides are reasonably
consistent with results from Moore Ranch (EMC, 2008) though Ra-226 results for radial
grid samples were generally low as discussed in Section 6.2.4.2.

6.1.3.2.1 Surface Soil Sampling Results

Color-coded, annotated soil Ra-226 results for all surface soil samples (0-5 cm depths)
are provided for each radial sampling grid illustrated in Figures 6-32 through 6-34.
Summary statistics for all radiological surface soil parameters as recommended in NRC
Regulatory Guide 4.14 are shown in Table 6-1.
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Figure 6-32: Facility Site 1 (Leuenberger) radial grid surface soil sampling results:
annotated Ra-226 concentrations (pCi/g) for discrete samples collected at a 5-cm soil depth,
suDerimuosed on the gamma-based Ra-226 estimation man.

I

Figure 6-33: Facility Site 2 (North Platte) radial grid surface soil sampling results:
annotated Ra-226 concentrations (pCi/g) for discrete samples collected at a 5-cm soil
denth. suDerimuosed on the gamma-based Ra-226 estimation mar.
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Figure 6-34: Facility Site 3 (Peterson) radial grid surface soil sampling results: annotated
Ra-226 concentrations (pCi/g) for discrete samples collected at a 5-cm soil depth,
sunerimDosed on the gamma-based Ra 226 estimation maD.
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Table 6-1: Summary statistics for surface soil samples collected along the radial grids and at
air particulate monitoring stations (discrete samples collected at 5-cm sampling depths).

Surface Soil Sample Series Mean Std. Dev. Median Max M i

Ra-226 (pCi/g)_
Plant 1 (Leuenberger) Radial Samples 0.9 0.2 0.9 1.6 0.6 37
Plant 2 (North Platte) Radial Samples 0.9 0.3 0.9 1.4 0.4 41

Plant 3 (Peterson) Radial Samples 0.9 0.2 0.9 1.4 0.6 41
Air Particulate Station Samples 0.8 0.1 0.8 0.9 0.7 5

All Samples 0.9 0.2 0.9 1.6 0.4 124
:.U-nat (pCilg) ____ .____

Plant 1 (Leuenberger) Radial Samples 0.9 0.2 0.9 1.0 0.7 3
Plant 2 (North Platte) Radial Samples 0.8 0.3 0.7 1.2 0.5 4

Plant 3 (Peterson) Radial Samples 0.6 0.1 0.6 0.8 0.5 4
Air Particulate Station Samples 0.8 0.2 0.7 1.1 0.7 5

All Samples, 0.8 0.2 0.7 1.2 0.5 16
•'" •~~~~Th-230 (pCi/g) .... ...

Plant 1 (Leuenberger) Radial Samples 0.3 0.1 0.3 0.4 0.2 4
Plant 2 (North Platte) Radial Samples 0.2 0.1 0.2 0.4 0.1 4

Plant 3 (Peterson) Radial Samples 0.4 0.1 0.4 0.5 0.3 4
Air Particulate Station Samples 0.3 0.1 0 3 04 0.1 5

All Samples 0.3 0.1 0.3 0.5 0.1 17
___________- ___....._______ _ :Pb-210 (pCilg) .... . .. .. ......

Plant 1 (Leuenberger) Radial Samples 0.8 0.8 0.6 1.7 0.2 3
Plant 2 (North Platte) Radial Samples 1.6 0.6 1,5 2.3 1.0 4

Plant 3 (Peterson) Radial Samples[ 0.6 0.5 0,6 1.2 0.1 4
Air Particulate Station Samples 0.5 0.9 0,9 1.2 -0.9 5

All Samples, 0.5 0,8 1.0 2.3 -0.9 16

Apparent discrepancies between soil sampling results for Ra-226 and gamma-based
estimates in corresponding locations are discussed at length in Section 6.2.4.2. The
evidence suggests that considerable heterogeneity in soil radionuclide concentrations may
be responsible for such discrepancies. Given that gamma survey measurements define
averages from terrestrial sources across larger source areas (e.g. 100 m2), while discrete
soil samples give only a point estimate. There is also evidence of a potentially low bias in
soil sampling results for Ra-226, given the measured levels of other radionuclides such as
Ra-228 and K-40 relative to the total gamma field at these locations. Gamma-based soil
Ra-226 estimates are believed to provide a reliable characterization of average surface
concentrations in the general vicinity of any given location.

6.1.3.2.2 Subsurface Soil Sampling Results

Summary statistics for subsurface samples by radionuclide and sampling depth increment
across all subsurface sampling locations are shown in Table 6-2. There was no indication
of any trends in soil concentration with depth at any of the radial sampling grids. This
result suggests that soil concentration is generally independent of depth over the top I
meter of the soil profile in most locations, and that surface soil sampling results and0
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gamma-based estimates of soil radionuclides provide a reasonable indication of expected
concentrations over this depth in the soil profile.

Table 6- 2: Summary statistics for all subsurface (depth profile) soil samples collected along
NRC Regulatory Guide 4.14 radial grids (includes grids for all three Satellite facility
locations).

Soil Sampling Depth (cm) Mean Std. Dev. Median Max Min n
Ra-226 (pCi/g)

0-33 1.0 0.2 0.9 1.2 0.7 15
33-66 0.9 1 0.2 1.0 1.3 0.5 15

66-100 1.0 0.3 0.9 1.7 0.6 15
0-330.72U-nat (PC0I.7) 09 0
0-33 0.7 0.2 0.7 0.9 0.5 3

33-66 10.7 1 0.2 0.7 10.9 10.5 3
66-100 0.9 0.2 0.9 1.0 0.6 3

__ _ _ _ _ _ _ _ _ _ _ _ _ _Th-230 (pCi/g) _ ....
0-33 0.4 0.2 0.5 0.5 0.2 3
33-66 0.0 0.3 -0.2 0.4 -0.2 3

66-100 0.1 0.4 0.1 0.4 -0.3 3
Pb-210 (pCilg)

0-33 0.1 0.7 0.4 0.5 -0.7 3
33-66 0.1 1.1 -0.3 1.3 -0.8 3

66-100 -0.3 0.9 -0.7 0.7 -1.0 3

6.1.3.3 Conclusions

Baseline radiological soil sampling data for the proposed project site were collected in
accordance with NRC Regulatory Guide 4.14 protocols. These data sets, combined with
correlated soil sampling results and continuous kriged estimates of Ra-226 and U-nat soil
concentrations based on gamma survey data (Section 6.2.2.5) provide a comprehensive
characterization of existing soil radionuclide concentrations across the site. This
information should meet respective baseline characterization requirements as indicated
by the U.S. Nuclear Regulatory Commission and the Wyoming Department of
Environmental Quality / Land Quality Division for ISR licensing/permitting applications.

6.1.4 Sediment Sampling

In August of 2008, baseline sediment sampling was conducted at the proposed project
site in general accordance with NRC Regulatory Guide 4.14 protocols (NRC, 1980).
Although this guidance calls for two separate sampling events (spring and fall) for stream
sediments, respective sediment sampling at other ISR sites in the region show that
measured differences in sediment radionuclide concentrations between runoff season
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(spring) and low-flow (fall) hydrologic conditions are very similar, generally falling
within the range of normal sampling and analytical variability (EMC, 2008; Uranium
One, 2009).

Figure 6-35: Example of an ephemeral stream drainage channel at the Ludeman Project.

Selected sediment sampling locations were the same as those used for surface water
sampling locations (Figure 6-35). This included stock ponds, small natural impoundments
and ephemeral stream drainage channels. These locations are widely distributed across
the site, including locations generally upstream and downstream from proposed Satellite
facility locations (Figure 6-36).
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Figure 6-36: Surface water / sediment sampling locations.

6.1.4.1 Methods

At each sediment sampling location, a soil sample was collected with a hand trowel to a
depth of 5 cm. Location ID numbers, date, and GPS coordinates for each sampling
location were recorded in the field log book. Samples were sent to Energy Laboratories,
Inc. in Casper, Wyoming along with chain of custody / analysis request forms. Samples
were dried, crushed, ground, and thoroughly homogenized prior to analysis. Sediment
samples were analyzed for Ra-226 content by gamma spectroscopy (Method 901.1).
Other analytes were measured by standard wet radiochemical methods.

6.1.4.2 Sediment Sampling Results

Individual sampling locations and respective Ra-226 results are shown in Figure 6-37.
Individual results for all radionuclides by location are shown in Figure 6-38. Descriptive
summary statistics of all sediment data are provided in Table 6-3. On average, baseline
sediment radionuclide results are slightly higher compared to surface soil data (Section
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6.3.2.1), and considerably higher for Pb-210. One unusually high U-nat value was
reported.

Figure 6-37: Sediment sampling locations (same as surface water sampling locations) and
annotated sediment Ra-226 concentration results.
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Figure 6- 38: Individual sediment sampling results by radionuclide and location.
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Table 6-3: Desci tive Statistics for Stream Sediment

U-at
LTh-20

P21 0

1.1 0.2 1.2 U.bI -
1.6 1.3 1.2 7.4 0.4

I I * I I
0.8 0.3 0.9 1.6 0.2
3.0 1.5 3.1 6.3 0.8

The high uranium concentration detected in sediment at location 1 (LUD SW-1), appears
to be a legitimate analytical result, as surface water samples collected at this same
location at different times also yielder higher uranium concentrations (see Section 6.9).

6.1.4.3 Conclusions

Baseline sediment radionuclide data for the proposed project site were collected and
analyzed according to NRC Regulatory Guide 4.14 protocols. This information should be
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sufficient to meet respective baseline survey requirements as indicated by the U.S.
Nuclear Regulatory Commission and the Wyoming Department of Environmental
Quality / Land Quality Division with respect to ISR licensing/permitting applications.

6.1.5 Ambient Gamma Dose Rate and Radon Monitoring

Continuous passive monitoring of ambient gamma dose rates and radon concentrations
within the project area was initiated in March 2008. NRC Regulatory Guide 4.14 calls for
12 consecutive months of respective monitoring data as part of the overall radiological
characterization of the site (NRC, 1980). This data was collected and reported on a
quarterly basis.

Passive devices for monitoring average ambient gamma dose rates and radon levels are
housed within each monitoring station. Station locations were selected based on NRC
Regulatory Guide 4.14, including locations of Satellite facilities, prevailing wind
directions, corresponding locations with air particulate monitoring stations, adjacent
residences, practical access, and consideration for continued monitoring during
operational phases of the project. In all, 6 of these stations were installed, one at each
particulate air sampling (PAS) location. Locations of passive gamma/radon and PAS
monitoring stations are shown in Figure 6-39.
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Figure 6-39: Approximate station locations for combined monitoring of ambient baseline
gamma dose rate. radon, and air particulates (Gamma/Radon/PAS stations

mP

6.1.5.1 Methods

6.1.5.1.1 Ambient Gamma Dose Rate Monitoring

Passive monitoring of gamma dose rates at the site is being conducted with optically
stimulated luminescent dosimeters (OSLs) supplied by Landauer, Incorporated. The
OSLs are attached to air particulate monitoring stations (Figure 6-40).

Each batch of OSLs contains a "transit" and "deploy" control OSL badge to account for
background doses received by field badges when not actually deployed at the site. Both
control badges were stored at Uranium One's office in Casper, Wyoming (away from any
radioactive sources), except while in transit to and from Landauer; and as applicable, to
and from the site during quarterly field badge change outs. One of the control badges is
taken into the field during quarterly field dosimeter change-outs to account for any
additional dose exposure to field badges during this period. However in this case, the
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distance and time required for this to occur was negligible, relative to the overall
monitoring period; and thus, slight differences between transit and deploy control badge
dose results are not considered a reliable measure of this dose, particularly in a context of
potential uncertainties in such measurements.

Figure 6-40: Passive gamma/radon monitoring station equipment attached to air particulate
sampling station.

Landauer reports a "net" dose result, calculated by subtracting the deploy control badge
result from each field badge result. This gives a net above background dose, which is
useful for occupational dose assessments relative to regulatory dose limits, but is not
applicable for environmental monitoring where the total dose received at the site during
the monitoring period is of interest. For this, a different calculation is required, one that
subtracts only the fraction of control badge dose representing the amount of time the field
badges are not actually deployed at the site. For this project, the calculations used to
obtain this gamma dose value are outlined as follows:

1. Determine the average daily dose rate for the transit control badge:

- Assuming the control badge receives background doses at a relatively
constant rate, this is calculated as the gross reported dose (mrem), divided
by the total number of days from OSL issuance to OSL analysis by the
dosimetry vendor.

2. Determine the total dose to the field dosimeter while not deployed at the site:

- Assume the field badge receives the same average daily dose rate as the
transit control badge for all periods while stored or transported together
with the transit control badge.
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- Calculate the total dose to the field dosimeter while not deployed at the
site as: (Result from step 1 above) x (number of days from OSL issuance
to OSL analysis, minus the number of days the field badge was actually
deployed at the site)

3. Calculate the total dose received by the field OSL while deployed at the site:

- Assume additional background dose received by the field badge during
deployment to and from the site is negligible relative to the overall
monitoring period.

- Subtract the result in step 2 above from the gross result for the field OSL
as reported by the vendor.

6.1.5.1.2 Ambient Radon-222 Monitoring

Passive monitoring of average Rn-222 air concentrations at the site is being conducted
with Radtrak® alpha-track radon gas detectors supplied by Landauer. These radon
detectors, also attached to air particulate stations, are housed in special plastic containers
from the OSL dosimetry provider (Figure 6-40). The radon detectors are supplied by the
vendor in special sealed packages designed to prevent detector radon exposures prior to
the beginning of the monitoring period. Upon completion of the site monitoring period,
film-foil sealing stickers supplied by the vendor are applied to detector openings to
prevent further radon exposure until the device is analyzed by the vendor for average Rn-
222 concentration (in pCi/L).

6.1.5.2 Ambient Gamma Dose Rate and Radon Results

6.1.5.2.1 Ambient Gamma Dose Rate Results

Passive gamma dose monitoring results are presented graphically in Figure 6-41 and in
tabular format in Table 6-4. In general, measured dose rates ranged between 0.009 and
0.015 mrem/hr. Assuming a radiation weighting factor of 1 for photons, these dose rates
are generally consistent with the gamma survey results, which averaged 13.7 ýR/hr
(HPIC-normalized) across the areas surveyed.
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Figure 6-41: Mean gamma dose rate results by quarter for each monitoring station

The OSL data suggest that quarterly differences in average gamma dose rates at a given
location can vary significantly (over ± 0.004 mrem/hr in one case). In addition to actual
temporal variability in background sources of gamma radiation, measurement error may
have contributed to this apparent degree of temporal variation.
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Table 6-4: Average ambient gamma dose rate monitoring results by quarter.
Passive Landauer Estimated Field Estimated Estimated

Monitoring OSL Field Monitoring GROSS Dose During Daily Field Dose
Station Issue Installation End Result Monitoring Period Field Dose Rate

ID Date Date Date (mrems) (mrem) (mrem) (mremlhr)
; _________ QUARTER1(2008) _ ,, _ • __________ ______.. ..

LUD-1 1/1/2008 3/4/2008 4/14/2008 30.1 8.5 0.208 0.009
LUD-2 1/1/2008 3/4/2008 4/14/2008 34.9 13.3 0.325 0.014
LUD-3 1/1/2008 3/4/2008 4/14/2008 32.2 10.6 0.259 0.011
LUD-4 1/1/2008 3/4/2008 4/14/2008 33.5 11.9 0.291 0.012

LUD-5* 1/1/2008 - - 34.8 - - -

LUD-6* 1/1/2008 - 34.1 -

Transit control 1/1/2008 4/14/2008 34.6 -

Deploy control 1/1/2008 4/14/2008 34.6 -

S______ QUARTER 2 (2008)
LUD-1 4/1/2008 4/14/2008 7/1/2008 35.1 28.3 0.295 0.012
LUD-2 4/1/2008 4/14/2008 7/1/2008 39.0 32.2 0.335 0.014
LUD-3 4/1/2008 4/14/2008 7/1/2008 34.9 28.1 0.293 0.012
LUD-4 4/1/2008 4/14/2008 7/1/2008 37.6 30.8 0.321 0.013
LUD-5* 4/1/2008 - - 39.5 - - -

LUD-6* 4/1/2008 - 39.9
Transit control 4/1/2008 7/1/2008 36.3
Deploy control 4/1/2008 7/1/2008 36.9 -

L- 7/0 7/0QUARTER 3 (2008)
LUD-1 7/1/2008 7/1/2008 10/2/2008 35.4 33.4 0.341 0.014
LUD-2 7/1/2008 7/1/2008 10/2/2008 37.1 35.1 0.359 0.015
LUD-3 7/1/2008 7/1/2008 10/2/2008 35.4 33.4 0.341 0.014
LUD-4 7/1/2008 7/1/2008 10/2/2008 37.7 35.7 0.365 0.015
LUD-5 7/1/2008 7/1/2008 10/2/2008 32.1 30.1 0.308 0.013
LUD-6 7/1/2008 7/1/2008 10/2/2008 35.4 33.4 0.341 0.014

Transit control 7/1/2008 10/2/2008 38.3 - -

Deploy control 7/1/2008 10/2/2008 37.0 -

QUARTER 4 (2008)
LUD-1 10/1/2008 10/2/2008 1/9/2009 34.0 31.7 0.302 0.013
LUD-2 10/1/2008 10/2/2008 1/9/2009 37.1 34.8 0.331 0.014
LUD-3 10/1/2008 1012/2008 1/9/2009 38.8 36.5 0.347 0.014
LUD-4 10/1/2008 10/2/2008 1/9/2009 38.1 35.8 0.341 0.014
LUD-5 10/1/2008 10/2/2008 1/9/2009 31.1 28.8 0.274 0.011
LUD-6 10/1/2008 10/2/2008 1/9/2009 32.3 30.0 0.286 0.012

Transit control 10/1/2008 1/9/2009 40.6 - -

Deploy control 10/1/2008 1/9/2009 37.7 1
*Station not installed until quarter 3, 2008

6.1.5.2.2 Ambient Rn-222 Monitoring Results

A summary of average baseline Rn-222 results by quarter is shown in Figure 6-42.
Tabular data for individual stations are presented in Table 6-5. Ambient baseline radon
concentrations were generally slightly higher than an estimated national average value
(about 0.4 pCi/L as reported by Foster, 1993), but apparent differences may be within the
range of normal measurement uncertainty. Given analytical uncertainties, the reported
values are reasonably consistent with findings at the nearby Moore Ranch ISR site in
Wyoming (Figure 6-42, right). The measured annual average baseline Rn-222
concentration at Ludeman was 0.8 ± 0.3 pCi/L.
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Figure 6-42: Average ambient baseline Rn-222 results across all stations by quarter for
Ludeman (left), and for the Moore Ranch ISR site (right; EMC, 2008) which is located
aDDroximatelv 45 miles NNW of Ludeman.
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Passive Field Quarterly
Monitoring Installation Quarter End Result Quarterly ResultsStation Instalatin (seal) Date (pCi-days/I) (pC/I)
Station ID I Date II(~-

...._ QUARTER 1 (2008)

LUD-1 3/4/2008 4/14/2008 30 0.7
LUD-2 3/4/2008 4/14/2008 30 0.7
LUD-3 3/4/2008 4/14/2008 41 1
LUD-4 3/4/2008 4/14/2008 47 1.1
LUD-5 Not Sampled - -

LUD-6 Not Sampled

...... _......_ QUARTER 2 (2008)

LUD-1 4/14/2008 7/1/2008 30 0.4
LUD-2 4/14/2008 7/1/2008 30 0.4
LUD-3 4/14/2008 7/1/2008 30 0.4
LUD-4 4/14/2008 7/1/2008 30 0.4
LUD-5 Not Sampled - - -

LUD-6 Not Sampled

LUD-_ 7 2008 102200QUARTER 3 (2008)
LUD-1 7/1/2008 10/2/2008 31.7 0.3
LUD-2 7/1/2008 10/2/2008 70.4 0.8
LUD-3 7/1/2008 10/2/2008 130.7 1.4
LUD-4 7/1/2008 10/2/2008 84.7 0.9
LUD-5 8/4/2008 10/2/2008 35.7 0.6
LUD-6 8/4/2008 10/2/2008 83.7 1.4
________ ______ QUARTE 4 (2008) ______

LUD-1 10/2/2008 1/9/2009 55.1 0.6
LUD-2 10/2/2008 1/9/2009 70.7 0.7
LUD-3 10/2/2008 1/9/2009 128.3 1.3
LUD-4 10/2/2008 1/9/2009 126.2 1.3
LUD-5 10/2/2008 1/9/2009 65.5 0.7
LUD-6 10/2/2008 1/9/2009 1 107.4 1.1

LQUARU IE / 4 30 0.4)
LUD-1 1/9/2009 4/1/2009 30 0.4
LUD-2 1/9/2009 4/1/2009 30 0.4
LUD-3 1/9/2009 4/1/2009 117.4 1.4

LUD-4 1/9/2009 4/1/2009 62.5 0.8
LUD-5 1/9/2009 4/1/2009 156.8 1.9
LUD-6 1/9/2009 4/1/2009 47.5 0.6

_QUARTER 2 (2009)

LUD-1 4/1/2009 7/14/2009 42.4 0.4
LUD-2 4/1/2009 7/2/2009 74.9 0.7
LUD-3 4/1/2009 7/14/2009 122.3 1.2
LUD-4 4/1/2009 7/14/2009 162.9 1.8
LUD-5 4/1/2009 7/14/2009 55.2 0.5
LUD-6 4/1/2009 7/14/2009 71.9 0.7

.... _____ , QUARTER 3 (2009)

LUD-1 7/14/2009 9/1/2009 30.9 0.6
LUD-2 7/14/2009 9/1/2009 30.9 0.6
LUD-3 7/14/2009 9/1/2009 66.5 1.4
LUD-4 7/2/2009 9/1/2009 102.3 1.7
LUD-5 7/14/2009 9/22/2009 514.9 7.4
LUD-6 7/14/2009 9/1/2009 1 75.7 1.5
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6.1.5.3 Conclusions

Baseline ambient gamma dose rate and radon-222 air concentration data for the proposed
project was collected and analyzed according to NRC Regulatory Guide 4.14 protocols.
Gamma dose rate results are consistent with gamma exposure rate survey data. In a
context of possible sampling and measurement uncertainties, ambient radon
concentration results were consistent with the reported national average as well as with
results from the nearby Moore Ranch ISR site.

6.1.6 Air Particulate Monitoring

Continuous monitoring of baseline air particulate radionuclide concentrations was
initiated in late April 2008. NRC Regulatory Guide 4.14 calls for 12 consecutive months
of respective monitoring data as part of the overall radiological characterization of the
site (NRC, 1980). This data was collected and reported on a quarterly basis.

Low-volume air particulate sampling station locations were selected based on NRC
Regulatory Guide 4.14, including consideration for the locations of Satellite facilities,
prevailing wind directions, adjacent residences, hard line power availability, and practical
access for both baseline and future operational monitoring programs. An off-site location
is also part of the air particulate monitoring program. In cases where existing power
supply was unavailable, stations were set up using solar/wind generation equipment to
supply electrical power to the air samplers. Locations of air particulate monitoring
stations at each site are shown in Figure 6-39 of the previous section of this report.

6.1.6.1 Methods

The air particulate monitoring program is being conducted with the Model DF-40L-8
electric powered air sampler from F&J Specialty Products, Inc. (Figure 6-43). These
samplers are calibrated by the manufacturer and programmed to draw approximately 30
liters of air intake per minute through a 47 mm glass fiber air sampling filter. The air
samplers are housed in protective coolers mounted on elevated steel platforms, so that the
intake and sample filter holder assembly is positioned at about 5 feet above the ground
surface (Figure 6-44). This is intended to approximate an average breathing zone height.
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Figure 6-43: F&J air particulate sampler.

Figure 6-44: Air sampling station equipment and solar/wind powered system setup.

Filters are collected weekly to help prevent dust loading and are composited on an
approximate quarterly basis to provide respective estimates of average radionuclide
concentrations as specified in NRC Regulatory Guide 4.14. Each quarterly batch of air
filters from the four monitoring stations is submitted to ELI in Casper, Wyoming for
analysis of Ra-226, U-nat, Th-230, and Pb-210.

6.1.6.2 Air Particulate Sampling Results

A graphical summary of baseline air particulate sampling results by quarter for the
Ludeman site is shown in Figure 6-45. Historical mean values at other uranium recovery
sites in this region of Wyoming are shown in Figure 6-46. In general, baseline air
particulate radionuclide concentrations at the Ludeman site appear consistent with
baseline values measured at other sites in the region.
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Figure 6-45: Mean baseline radionuclide levels (error bars represent + 10 from the mean) in
air particulate samples from the Ludeman Project. Negative values were excluded for this
gzraDhical data summarv, and for results below detection limits, the detection limit

LUDEMAN: Mean Air
Particulate Results
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Figure 6-46: Average air particulate results for nearby uranium recovery sites in the region
(adapted from EMC, 2007).
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All individual air particulate monitoring station results to date for the proposed project
site are provided in Table 6-6. Baseline monitoring continues, and remaining data will be
provided to regulatory agencies when available. In most cases, analytical results are
above the lower limits of detection (LLD). The LLD values listed in Table 6-6 are those
specified in NRC Regulatory Guide 4.14. The effluent concentration values are provided
by ELI as a relevant part of reporting for these data because they represent regulatory
limits for each listed radionuclide in terms of doses to the public. This gives an indication
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of baseline conditions; and in this context, will help with evaluations of above
background internal dose assessments via inhalation and ingestion pathways for data
collected during ISR recovery operations.
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Table 6-6: Air particulate radionuclide data for the Ludeman Project
oError Effluent

Air Station Qtr - Collection Air Volume Error
Date Sampled 'Radionuclide Concentration Estimate LLD Conc: , % Effluent

ID (mL) .... .jl..m) (pCi/mL)• (p.sCl/mL) (l±Ci/mL) Concentration

LUD-1 Qtr2 - 2008 2.35E+09 U-nat 1.OOE-16 N/A 1.00E-16 9.00E-14 1.11E-01
Th-230 1.00E-16 N/A 1.OOE-16 3.00E-14 3.33E-01
Ra-226 1.00E-16 N/A 1.00E-16 9.00E-13 1.11E-02
pb-2_______-• 8.N b1E-15 2.00E-15 6.00E-13 1.85E+00

Qtr3 - 2008 1.94E+09 U-nat 1.55E-16 N/A 1.OOE-16 9.OOE-14 1.72E-01
Th-230 2.47E-16 9.79E-17 1.OOE-16 3.OOE-14 8.23E-01
Ra-226 6.70E-16 6.70E-16 1.00E-16 9.00E-13 7.44E-02
Pb-210 1.60E-14 1.08E-14 2.OOE-15 6.00E-13 2.67E+00

Qtr4 - 2008 2.54E+09 U-nat 1.18E-16 N/A 1.00E-16 9.00E-14 1.31E-01
Th-230 3.03E-16 3.46E-16 1.00E-16 3.00E-14 1.01E+00
Ra-226 1.OOE-16 N/A 1.00E-16 9.00E-13 1.11E-02
Pb-210 1.22E-14 9.45E-15 2.00E-15 6.00E-13 2.03E+00

Qtrl - 2009 2.28E+09 U-nat 2.84E-16 N/A 1.00E-16 9.00E-14 3.16E-01
Th-230 -4.08E-16 2.44E-16 1.00E-16 3.00E-14 -1.36E+00
Ra-226 1.04E-17 3.60E-16 1.00E-16 9.00E-13 1.15E-03
Pb-210 1.71E-14 7.54E-15 2.00E-15 6.00E-13 2.85E+00

Qtr2 - 2009 2.30E+09 U-nat 1.12E-16 N/A 1.OOE-16 9.00E-14 1.24E-01
Th-230 2.15E-16 1.26E-16 1.00E-16 3.00E-14 7.17E-01
Ra-226 -1.10E-16 2.86E-17 1.OOE-16 9.OOE-13 -1.22E-02
Pb-210 1.06E-14 5.91E-15 2.00E-15 6.OOE-13 1.77E+00

Qtr3 - 2009 1.57E+09 U-nat 1.01E-16 N/A 1.00E-16 9.OOE-14 1.12E-01
Th-230 -3.19E-16 1.68E-16 1.OOE-16 3.OOE-14 -1.06E+00
Ra-226 6.36E-17 1.54E-16 1.00E-16 9.OOE-13 7.07E-03
Pb-210 2.22E-14 7.75E-15 2.OOE-15 6.OOE-13 3.70E+00

LUD-2 Qtr2 - 2008 1.66E+09 U-nat 1.00E-16 N/A 1.00E-16 9.002-14 1.11E-01
Th-230 3.42E-16 3.43E-16 1.00E-16 3.OOE-14 1.14E+00
Ra-226 1.00E-16 N/A 1.OOE-16 9.00E-13 1.11E-02
Pb-210 2.OOE-15 N/A 2.OOE-15 6.OOE-13 3.33E-01

Qtr3 - 2008 4.44E+09 U-nat 1.OOE-16 N/A 1.OOE-16 9.OOE-14 1.112-01
Th-230 1.00E-16 N/A 1.00E-16 3.OOE-14 3.33E-01
Ra-226 1.35E-16 2.93E-16 1.OOE-16 9.00E-13 1.50E-02
Pb-210 3.83E-15 4.73E-15 2.00E-15 6.00E-13 6.38E-01

Qtr4 - 2008 2.77E+09 U-nat 2.89E-16 N/A 1.00E-16 9.00E-14 3.21E-01
Th-230 1.00E-16 N/A 1.OOE-16 3.OOE-14 3.33E-01
Ra-226 1.OOE-16 N/A 1.OOE-16 9.00E-13 1.11E-02
Pb-210 1.70E-14 9.03E-15 2.OOE-15 6.00E-13 2.83E+00

Qtrl - 2009 2.56E+09 U-nat 1.49E-16 N/A 1.00E-16 9.00E-14 1.66E-01
Th-230 2.37E-16 2.73E-16 1.00E-16 3.OOE-14 7.89E-01
Ra-226 -2.27E-17 2.89E-16 1.00E-16 9.OOE-13 -2.52E-03
Pb-210 1.99E-14 6.75E-15 2.00E-15 6,00E-13 3.32E+00

Qtr2 - 2009 2.36E+09 U-nat 8.30E-17 N/A 1.OOE-16 9.00E-14 9.22E-02
Th-230 -1.89E-16 8.86E-17 1.00E-16 3.00E-14 -6.29E-01
Ra-226 4.63E-18 3.92E-17 1.00E-16 9.00E-13 5.14E-04
Pb-210 5.51E-15 1.17E-15 2.00E-15 6.00E-13 9.19E-01

Qtr3 - 2009 1.30E+09 U-nat 1.80E-16 N/A 1.00E-16 9.00E-14 2.00E-01
Th-230 -5.12E-17 2.19E-16 1.00E-16 3.00E-14 -1.71E-01
Ra-226 7.80E-17 1.88E-16 1.00E-16 9.00E-13 8.67E-03
Pb-210 1.91'-14 3.80E-15 2.00E-15 6.00E-13 3.18E+00

LUD-4 Qtr2 - 2008 9.25E+08 U-nat 1.00E-16 N/A 1.002-16 9.00E-14 1.11E-01
Th-230 1.08E-16 2.05E-16 1.00E-16 3.00E-14 3.60E-01
Ra-226 1.00E-16 N/A 1.00E-16 9.00E-13 1.11E-02
Pb-210 2.002-15 N/A 2.00E-15 6.00E-13 3.33E-01

Qtr3 - 2008 2.46E+09 U-nat 2.03E-16 N/A 1.00E-16 9.00E-14 2.26E-01
Th-230 2.32E-16 1.18E-16 1.00E-16 3.00E-14 7.73E-01
Ra-226 6.91E-16 5.69E-16 1.00E-16 9.00E-13 7.68E-02
Pb-210 1.83E-14 8.54E-15 2.00E-15 6.00E-13 3.05E+00

Qtr4 - 2008 2.40E+09 U-nat 2.50E-16 N/A 1.00E-16 9.00E-14 2.78E-01
Th-230 1.00E-16 N/A 1.00E-16 3.00E-14 3.33E-01
Ra-226 1.00E-16 N/A 1.00E-16 9.00E-13 1.11E-02
Pb-210 2.587E-4 1.04E-14 2.002-151 6.00E-13 4.30E+00

Qtrl - 2009 2.26E+09 U-nat 2.84E-16 N/A 1.002-16 9.00E-14 3.16E-01
Th-230 3.68E-16 4.05E-16 1.00E-16 3.00E-14 1.23E+00
Ra-226 3.86E-16 4.22E-16 1.00E-16 9.00E-13 4.28E-02
Pb-210 2.79E-14 7.69E-15 2.00E-15 6.00E-13 4.64E+00

Qtr2 - 2009 2.27E+09 U-nat 9.11E-17 N/A 1.00E-16 9.00E-14 1.01E-01
Th-230 1.02E-16 1.19E-16 1.00E-16 3.00E-14 3.39E-01
Ra-226 -2.12E-17 4.09E-17 1.00E-16 9.00E-13 -2.26E-03
Pb-210 1.41E-14 5.98E-15 2.00E-15 6.00E-13 2.36E+00

Qtr3 - 2009 1.26E+09 U-nat 1.60E-15 N/A 1.00E-16 9.00E-14 1.78E+00
Th-230 1.91E-15 6.14E-16 1.00E-16 3.00E-14 6.37E+00
Ra-226 9.48E-17 2.29E-16 1.00E-16 9.00E-13 1.05E-02
Pb-210 1.60E-14 9.50E-15 2.00E-15 6.00E-13 2.67E+00
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Table 6-7: Air particulate radionuclide data for the Ludeman Project (Cont.)

Air Station Qtr- Collection Air Volume Error Effluent

ID Date Sampled Radionuclide Concentration Estimate LLD Conc. % Effluent
(ml) (liCi/mL) (iCCil/mL) (ipCi/mL) (Cij/mL) Concentration

LUD-5 Qtr3 - 2008 1.41E+09 U-nat 2.13E-16 N/A 1.00E-16 9.OOE-14 2.37E-01
Th-230 1.00E-16 N/A 1.00E-16 3.OOE-14 3.33E-01
Ra-226 2.13E-16 7.80E-16 1.OOE-16 9.OOE-13 2.37E-02
Pb-210 2.06E-14 1.49E-14 2.00E-15 6.00E-13 3.43E+00

Qtr4 - 2008 2.57E+09 U-nat 4.28E-16 N/A 1.OOE-16 9.00E-14 4.76E-01
Th-230 1.OOE-16 N/A 1.OOE-16 3.OOE-14 3.33E-01
Ra-226 3.50E-16 5.06E-16 1.OOE-16 9.OOE-13 3.89E-02
Pb-210 2.49E-14 9.73E-15 2.OOE-15 6.OOE-13 4.15E+00

Qtr$ - 2009 2.34E+09 U-nat 1.90E-16 N/A 1.OOE-16 9.OOE-14 2.11E-01
Th-230 -7.14E-17 4.35E-16 1.OOE-16 3.OOE-14 -2.38E-01
Ra-226 -1.41E-16 3.18E-16 1.OOE-16 9.OOE-13 -1.57E-02
Pb-210 2.02E-14 7.39E-15 2.OOE-15 6.OOE-13 3.36E+00

Qtr2 - 2009 2.09E+09 U-nat 8.21E-17 N/A 1.00E-16 9.00E-14 9.12E-02
Th-230 -1.09E-16 9.76E-17 1.00E-16 3.OOE-14 -3.64E-01
Ra-226 -4.94E-17 3.61E-17 1.00E-16 9.00E-13 -5.49E-03
Pb-210 7.27E-15 1.32E-15 2.OOE-15 6.00E-13 1.21E+00

Qtr3 - 2009 1.48E+09 U-nat 8.48E-17 N/A 1.OOE-16 9.OOE-14 9.42E-02
Th-230 -3.21E-17 1.16E-16 1.OOE-16 3.OOE-14 -1.07E-01
Ra-226 5.78E-16 2.85E-16 1.OOE-16 9.OOE-13 6.42E-02
Pb-210 1.67E-14 3.27E-15 2.OOE-15 6.OOE-13 2.78E+00

LUD-6 Qtr3 - 2008 1.75E+09 U-nat 1.71E-16 N/A 1.00E-16 9.OOE-14 1.90E-01
Th-230 1.OOE-16 N/A 1.00E-16 3.OOE-14 3.33E-01
Ra-226 5.14E-15 7.43E-16 1.00E-16 9.OOE-13 5.71E-01
Pb-210 1.83E-14 1.20E-15 2.OOE-15 6.OOE-13 3.05E+00

Qtr4 - 2008 2.41E+09 U-nat 3.32E-16 N/A 1.OOE-16 9.OOE-14 3.69E-01
Th-230 1.00E-16 N/A 1.OOE-16 3.00E-14 3.33E-01
Ra-226 1.OOE-16 N/A 1.OOE-16 9.OOE-13 1.11E-02
Pb-210 2.99E-14 1.04E-14 2.OOE-15 6.00E-13 4.98E+00

Qtrl - 2009 2.41E+09 U-nat 2.12E-16 N/A 1.00E-16 9.OOE-14 2.36E-01
Th-230 9.27E-17 3.21E-16 1.OOE-16 3.OOE-14 3.09E-01
Ra-226 -3.78E-16 2.35E-16 1.OOE-16 9.OOE-13 -4.19E-02
Pb-210 1.19E-14 7.06E-15 2.OOE-15 6.OOE-13 1.98E+00

Qtr2 - 2009 1.61E+09 U-nat 1.96E-16 N/A 1.00E-16 9.OOE-14 2.18E-01
Th-230 -1.35E-16 2.23E-16 1.00E-16 3.OOE-14 -4.50E-01
Ra-226 5.69E-16 9.89E-17 1.00E-16 9.OOE-13 6.32E-02
Pb-210 8.08E-15 1.71E-15 2.OOE-15 6.OOE-13 1.35E+00

Qtr3 - 2009 9.85E+08 U-nat 1.03E-16 N/A 1.00E-16 9.O0E-14 1.14E-01
Th-230 -1.91E-16 3.47E-16 1.00E-16 3.OOE-14 -6.37E-01
Ra-226 1.84E-16 3.26E-16 1.OOE-16 9.OOE-13 2.04E-02
Pb-210 2.52E-14 5.02E-15 2.OOE-15 6.OOE-13 4.20E+00

6.1.6.3 Conclusions

Baseline air particulate concentration data for the proposed project site were collected
and analyzed based on NRC Regulatory Guide 4.14 recommendations, along with other
considerations in a context of both pre-operational and operational phases of the project.
This information should be sufficient for review by the NRC and WDEQ/LQD.

6.1.7 Radon Flux Measurements

NRC Regulatory Guide 4.14 indicates that radon flux measurements should be conducted
at eight locations within 1.5 km of the mill, during three separate months between spring
and fall when the ground is thawed (NRC, 1980). Since there will be no tailings
impoundments at this ISR site, radon flux is not an applicable radiological parameter for
baseline characterization.
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6.1.8 Groundwater Sampling

Baseline groundwater sampling was conducted at the proposed project area in accordance
with NRC Regulatory Guide 4.14 protocols (NRC, 1980). In this case, however, there are
no tailings impoundments and respective guidance has been interpreted accordingly. A
map of approximate groundwater monitoring well locations is shown in Figure 6-47. The
nomenclature and meaning of well ID numbers is as follows:

0

0

0

0

M = Monitoring well for Production Zone
LPW = Ludeman pump test well for Production Zone
LMU = Ludeman monitoring well underlying Production Zone
LMO = Ludeman monitoring well overlying Production Zone
OW = Other well, previously existing (e.g. from historical pump testing)

Figure 6-47: Groundwater monitoring well locations.

Comprehensive information on well locations, depths, all groundwater quality parameters
and respective detection limits is provided in various sections of this ISR licensing
application that are related specifically to groundwater (Section 2.7). Sampling of
existing wells used for livestock watering or other purposes has been initiated, though
this sampling was delayed because these wells are turned off on a seasonal basis. Results
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from this additional groundwater sampling effort will be submitted to the NRC and
WDEQ/LQD upon receipt of analytical data from the laboratory.

6.1.8.1 Methods

Prior to sampling a groundwater well, static water levels are monitored using an electrical
measuring line (an "e-line"). All readings are reported to within at least one tenth of a
foot and preferably to within a hundredth of a foot. After the static water level is
measured, wells are purged at a sufficient volume to induce the flow of formation water
through the well screen. Wells with a high enough yield are purged for a minimum of
three well volumes, and also until one or more indicator parameters are stable.
Parameters monitored for stabilization include pH, temperature, and conductivity. For
low yielding wells, the wells are pumped dry then allowed to recover. Samples are taken
after sufficient well recovery. Accurate records of well purging are maintained to
document the number of casing volumes purged from the well before sampling.

Groundwater field measurements and samples are taken as soon as the well is adequately
purged. Sampling container(s) are completely filled, so all air is excluded from the
container. Field measurements including pH, conductivity, and temperature are taken and
recorded. Meters used to take field measurements are calibrated daily.

6.1.8.2 Groundwater Sampling Results

Summary statistics for dissolved radionuclides in groundwater across all individual
quarterly samples collected to date are provided in Table 6-7. Average quarterly results
(- 1 a) to date by well location for dissolved radiological groundwater parameters are
shown graphically in Figures 6-48 through 6-53. The error bars on the graphical data
provide an indication of quarterly variability in analytical results for each parameter and
well location. In some cases, log scales are also presented to better illustrate the range of
mean values on the lowest end of the scale. Parameters in suspended form were also
evaluated - results were generally similar and are not presented here (those data,
reporting limits, and other details can be found in Section 2.7.2 of the application
pertaining specifically to groundwater).
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Table 6-8: Summary statistics for dissolved radionuclide's in groundwater across all
individual quarterly samples collected to date within the Ludeman Project area.

Analyte Mean St~d.Dev. Median j Max, Min- n
U-nat (pg/L) 25 42 10.2 267 0.3 79

Th-230 (pCi/L) 0.04 0.10 0.0 0.60 -0.1 79
Ra-226 (pCi/L) 133 305 14.5 1490 0.3 73
Pb-210 (pCi/L) 14.3 31.3 2.8 213 -10.9 79
Po-210 (pCi/L) 1.1 1.9 0.5 12.4 -0.4 79
Ra-228 (pCi/L) 1.2 1.6 0.9 9.7 -2.0 79
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Figure 6-48: Mean quarterly uranium results (± 1a) by groundwater monitoring well
location (top) and same results on a log scale (bottom).

Uranium In Groundwater: Mean Quarterly Monitoring Results
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Figure 6-49: Mean quarterly Ra-226 results (± la) by groundwater monitoring well location
(top) and same results on a log scale (bottom)
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1600
.J

1400
C.
c 1200

i1000

* 800
0" 600

C 400
cc

S200

0
* - - - - - - - -- C? C! C!' !jj6, 6c :T3

Monitor Well ID -J -J -

Ra-226 In Groundwater: Mean Quarterly Monitoring Results (log scale)

1004

(0

C4

C?
Nl

at'

10

0

J. 2 -J 2 -J -J -J a-J
Monitor Well ID -J -J -J

Figure 6- 50: Mean quarterly Th-230 results (± l0) by groundwater monitoring well location.
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Th-230 In Groundwater: Mean Quarterly Monitoring Results
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Figure 6-51: Mean
location.

quarterly Pb-210 results ( la) by groundwater monitoring well

Pb-210 In Groundwater: Mean Quarterly Monitoring Results
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Figure 6-52: Mean quarterly Po-210 results (± 1a) by groundwater monitoring well location.

Po-210 In Groundwater: Mean Quarterly Monitoring Results
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Figure 6-53: Mean quarterly Ra-228 results (: la) by groundwater monitoring well location.

Ra-228 in Groundwater: Mean Quarterly Monitoring Results
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A number of wells had pre-operational baseline groundwater concentrations of uranium
and/or combined Ra-226/Ra-228 that exceeded respective maximum contaminant levels
(MCLs) listed by the U.S. Environmental Protection Agency (EPA) for drinking water
(30 ug/L for uranium, 5 pCi/L for combined Ra-226/Ra-228; EPA, 2000). These include
the following wells:

* Monitor wells, Production Zone (M): 4, 6, 8, 9, 11, 12, 13, 14, 15, 17, 18, 19, 20,
and 24;

* Pump test wells, Production Zone (LPW): 1, 3A, and 4;

* Other wells, Production Zone (OW): 1

Wells M-6, M-13, M-18, and LPW-4 had results that exceeded MCLs for both uranium
and combined Ra-226/Ra-228. All results in excess of MCLs for uranium and/or
combined Ra-226/Ra-228 represent natural, pre-existing conditions in the proposed
Production Zone. This is not unexpected given the known natural mineralization of
uranium and associated radionuclides within this zone. Baseline groundwater conditions
in the proposed Production Zone at this site are not suitable for domestic uses.

None of the monitoring wells underlying or overlying the Production Zone had baseline
groundwater results in excess of MCLs for uranium or combined Ra-226/Ra-228.
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However, this doesn't necessarily mean that baseline groundwater conditions in aquifers
above or below the Production Zone are below MCLs in all locations at the site. The
gamma survey shows evidence of elevated uranium and Ra-226 at the ground surface in
certain areas, and surface water results for one pond show significantly elevated levels
(see Section 6.9). It is possible that pockets of naturally elevated concentrations of
radionuclides outside the proposed Production Zone could influence localized baseline
groundwater quality conditions in underlying or overlying aquifers.

6.1.8.3 Conclusions

Radiological baseline groundwater data for the proposed project area presented in this
section provide a characterization of baseline radionuclide concentrations in groundwater
for review by the NRC and WDEQ/LQD with respect to licensing/permitting
applications. Baseline groundwater conditions within the proposed Production Zone show
elevated levels of uranium and/or Ra-226 and other radionuclides in many locations.

6.1.9 Surface Water Sampling

Baseline surface water sampling at the proposed project site is being conducted on a
quarterly basis. Surface water sampling locations are shown in Figure 6-54. This
sampling includes stock ponds, small natural impoundments and ephemeral stream
drainage channels where surface waters are present at least part of the year. These
locations are widely distributed across the site, including locations generally upstream
and downstream from proposed processing Satellite facility locations. Data to date for
radiological parameters are presented in this section. Data for all surface water quality
parameters are provided in this ISR licensing application related specifically to surface
water (Section 2.7.1).
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Figure 6-54: Surface water sam un locations.

6.1.9.1 Methods

Surface water samples were collected in the appropriate containers provided by the
contract laboratory. Field meters were used to measure pH, specific conductance, and
temperature of water samples and calibrated before each day's use as directed by the
Owner's Manual. The bottle is then filled directly from the stream or pond in a manner to
prevent collecting unwanted debris, or filled by using an alternate clean container. All
samples analyzed by a contract laboratory are accompanied by a chain of custody to
ensure that the sample is properly tracked and relinquished in the appropriate manner.

6.1.9.2 Surface Water Sampling Results

Summary statistics for dissolved radionuclide's in surface water across all individual
quarterly samples collected to date are provided in Table 6-8. Average quarterly results
(± 10) by sample location to date for dissolved radiological surface water parameters are
presented graphically in Figures 6-55 through 6-60. The error bars in the graphs provide
an indication of quarterly variability in analytical results for each parameter and sampling
location. In some cases, log scales are also presented to better illustrate the range of mean
values on the lowest end of the scale. Parameters in suspended form were also evaluated
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- results are generally similar and are not presented here (those data, reporting limits, and
other details can be found in Section 2.7.1 of the application pertaining specifically to
surface water).

Table 6- 9: Summary statistics for dissolved radionuclides in surface water across all

individual quarterly samples collected to date within the Ludeman Project area.

U-nat (pg/L) 11 25 1.1 123 0.3 73
Th-230 (pCi/L) 0.1 0.2 0.1 1.0 -0.6 73
Ra-226 (pCi/L 0.9 1.1 0.5 5.0 -0.3 73
Pb-210 (pCi/L) 0.5 4.4 0.0 13 -9.9 73
Po-210 (pCi/L) 0.3 0.5 0.3 2.9 -0.4 73
Ra-228 (pCi/LN 0.6 0.8 0.5 2.9 -1.0 73

Figure 6-55: Mean quarterly Ra-226 results (± la) by surface water sampling location.

Ra-226 in Surface Water: Mean Quarterly Monitoring Results
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Figure 6-56: Mean quarterly uranium results (± la) by surface water sampling
location (top) and same results on a log scale (bottom).

Uranium In Surface Water: Mean Quarterly Monitoring Results
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Figure 6-57: Mean quarterly Th-230 results (± la) by surface water sampling
location.

Th-230 in Surface Water: Mean Quarterly Monitoring Results
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Figure 6-58: Mean quarterly Pb-210 results (± lW) by surface water sampling location.

Pb-210 In Surface Water: Mean Quarterly Monitoring Results
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Figure 6- 59: Mean quarterly Po-210 results (+ lo) by surface water sampling location.

Po-210 in Surface Water: Mean Quarterly Monitoring Results
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Figure 6-60: Mean quarterly Ra-228 results (d to) by surface water sampling location.

Ra-228 in Surface Water: Mean Quarterly Monitoring Results

C.,

0.
W0

2A4

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Location ID

December 2011 6-80
December 2011 6-80



TM URANIUM ONE AMERICAS
p.Uraniumone NRC License SUA-1341 Amendment Applicationinvesting in our energy Ludeman Project Environmental Report

A number of locations had baseline surface water samples with uranium and/or combined
Ra-226/Ra-228 concentrations that exceeded respective MCLs listed by the EPA for
drinking water (30 ug/L for uranium, 5 pCi/L for combined Ra-226/Ra-228; EPA, 2000).
These include the following locations:

0 SW-1, SW-4, SW-12, SW-16, and SW-23

The most notable case of elevated radionuclide concentrations in pre-operational baseline
surface waters was observed at location SW-1, where elevated U-nat concentrations were
also observed in sediment (see Section 6.4). Given the localized pockets of elevated
uranium and Ra-226 in surface soils identified by the gamma survey, it is possible that
accumulations of radionuclide-bearing sediments could occur in certain surface water
impoundments. Source areas for such accumulations could potentially originate from
outside the proposed project area boundaries; and thus would not be identified by the
radiological baseline characterizations provided in this Section of the Technical Report.
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6.1.9.3 Conclusions

Radiological surface water data collected as part of baseline characterizations for the
Ludeman ISR site are being collected on a quarterly basis. The data obtained to date
should provide an adequate characterization of baseline radionuclide concentrations in
surface waters for review by the NRC and WDEQ/LQD with respect to
licensing/permitting applications.

6.1.10 Vegetation Sampling

NRC Regulatory Guide 4.14 calls for several vegetation sampling events during the
growing season (NRC, 1980). Vegetation samples were collected in early July, August,
and September of 2008. Data from these sampling events are presented in this section to
complete a baseline radiological characterization of vegetation. Vegetation sampling
locations (Figure 6-61) were selected based on proximity to potential wellfield areas and
processing facilities, along with consideration for prevailing wind directions and
convenient access.
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6.1.10.1 Methods

Vegetation samples were collected using ordinary gardening tools (pruning shears, etc.)
as mixed, above-ground growth across several hundred square meter areas at each
sampling location. An estimated 3-5 kilograms of total vegetation biomass per sample
was collected. Samples were collected in large plastic bags and were sent to ELI in
Casper, Wyoming along with chain of custody forms. Analytes requested included all
radiological parameters as recommended in NRC Regulatory Guide 4.14.

6.1.10.2 Vegetation Sampling Results

Summary statistics for baseline vegetation sampling results to date are presented in Table
6-9 and illustrated in Figure 6-62. There is an apparent trend for lower radionuclide
concentrations in vegetation during the August 2008 sampling event (Figure 6-62),
though such differences may be within a normal range of sampling and measurement
variability. Similarly, some differences in mean radionuclide concentrations by sampling
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location may be attributed to sampling and measurement variability, as consistent trends
are not apparent.

Table 6- 10: Summary statistics for radionuclide's in vegetation for all sampling dates and
locations.
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Across all vegetation samples, lead-210 has the greatest activity levels of the five
radionuclide's analyzed, which is likely due to a higher relative abundance of Pb-210 in
air particulates from radon decay products. This latter observation is supported by the air
particulate data presented in Section 6.6.

6.1.10.3 Conclusions

Baseline vegetation sampling data for the proposed project site was collected and
analyzed according to NRC Regulatory Guide 4.14 protocols. The results presented in
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this Section should complete relevant baseline characterization requirements for
licensing/permitting evaluations by the NRC and WDEQ/LQD.

6.1.11 Food Sampling

Sampling of food items from the site such as meat from local grazing livestock is not
planned at this time. All radiological baseline parameters relevant to food chain dose
pathways (e.g. soil, sediment, air particulate samples, water, and vegetation) are
comprehensively characterized in this section. Changes in these parameters due to site
operations could be used to model corresponding radiological changes in food items such
as meat or milk from agricultural livestock. Respective radionuclide transfer factors can
be found in the literature (e.g. IAEA, 1994; Yu, 2001). Larger game animals such as deer
or pronghorn have extensive ranges, and the potential for bioaccumulation of
radionuclide's in these animals due to site operations is unlikely to be significant, as they
would likely derive only a small fraction of their total sustenance needs from the site.

6.1.12 Summary and Overall Conclusions

Comprehensive baseline radiological surveys of the proposed project area in Converse
County, Wyoming, have been conducted in a manner consistent with NRC Regulatory
Guide 4.14 recommendations (NRC, 1980) and other applicable regulatory guidance
documents as part of licensing/permitting application submittals to the U.S. Nuclear
Regulatory Commission and Wyoming Department of Environmental Quality / Land
Quality Division. The data provided in this Section of the Technical Report is considered
sufficient for complete review by applicable regulatory agencies.

The gamma exposure rate survey data, collected with the latest GPS-based scanning
system technologies, represents increased survey coverage than was practical or possible
at the time NRC Regulatory Guide 4.14 was published. This data, combined with
established analysis techniques and state-of-the-art mapping approaches, provides a
detailed characterization of the magnitude and spatial variability in background gamma
exposure rates and associated soil radionuclide concentrations across the site. The
approach of high-density gamma scanning, gamma/soil radionuclide correlations, HPIC
cross-calibrations, and integrated use of GIS for spatial analyses and data presentation,
should meet or exceed current regulatory guidelines for baseline characterizations.
Respective results as presented in this Report are expected to benefit all stakeholders.
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6.2 PHYSIOCHEMICAL GROUNDWATER MONITORING

6.2.1 Program Description

During operations at the proposed project, a detailed water sampling program will be
conducted to identify any potential impacts to water resources of the area. Uranium One's
operational water monitoring program will include the evaluation of groundwater and
surface water within the proposed project area. This section describes well development
and sampling methods and proposed groundwater and surface water monitoring
programs.

6.2.2 Groundwater Monitoring

The groundwater monitoring program is designed to detect excursions of lixiviant outside
of the wellfield under production and into the overlying and/or underlying water bearing
strata.

6.2.2.1 Wellfield Baseline Sampling

Production Zone wells (injection and production pattern area) will be sampled four times
with a minimum of 2 weeks between samplings during baseline characterization. Wells
will be selected based on a density of one well per three acres of wellfield. The first and
second sample events will include analyses for all WDEQ LQD Guideline 8, Appendix 1,
parts III and IV parameters as shown in Table 6-10. The third and fourth sampling events
will be analyzed for a reduced list of parameters as defined by the results of the previous
sample events. If certain elements are not detected during the first and second sampling
events, then those elements will not be analyzed during the third and fourth sample
events.

Data for each parameter are averaged. If the data collected for the entire wellfield
indicate that waters of different underground water classes (WDEQ-WQD Rules and
Regulations, Chapter VIII) exist together, the data are not averaged together, but treated
as sub-zones. Data within specific sub-zones are averaged. Boundaries of sub-zones,
where required, are delineated at half-way between the sets of sampled wells which
define the sub-zones. The Restoration Target Values (RTV's) are determined from the
baseline water quality data and are used to assess the effectiveness of ground water
restoration activities. The average and range of baseline values determined for the wells
completed in the Production Zone within the wellfield area constitute the RTV's.
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Table 6-10: Baseline Water Quality Parameters (WDEQ LQD Guideline 8)

Constituents
(reported in mg/1 unless noted)

Ammonia Nitrogen as N EPA 350.1
Nitrate + Nitrite as N EPA 353.2
Bicarbonate EPA 310.1/310.2
Boron EPA 212.3/200.7
Carbonate EPA 310.1/310.2
Fluoride EPA 340.1/340.2/340.3
Sulfate EPA 3 75.1/3 75.2
Total Dissolved Solids (TDS) @ 180'F EPA 160.1/SM2540C
Dissolved Arsenic EPA 206. 3/200.99/200.8
Dissolved Cadmium EPA 200.9/200.7/200.8
Dissolved Calcium EPA 200.7/215.1/215.2
Dissolved Chloride EPA 300.0
Dissolved Chromium EPA 200.9/200.7/200.8
Total and Dissolved Iron EPA 236.1/200.9/200.7/200.8
Dissolved Magnesium EPA 200.7/242.1
Total Manganese EPA 200.9/200.7/200.8/243.1/243.2
Dissolved Molybdenum EPA 200.7/200.8
Dissolved Potassium EPA 200.7/258.1
Dissolved Selenium EPA 270.3/200.9/200.8
Dissolved Sodium EPA 200. 7/273.1
Dissolved Zinc EPA 200.9/200.7/200.8
Radium-226 (pCi/1) DOE RP450/EPA 903.1/SM 7500-R-AD
Radium-228 (pCi/1) SM 7500-R-AD
Gross Alpha (pCi/1) DOE RP710/CHEMTA-GP B1/EPA 900
Gross Beta (pCi/1) DOE RP710/CHEMTA-GP B1/EPA 900
Uranium DOE MM 800/EPA 200.8
Vanadium EPA 286.1/286.2/200.7/200.8
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6.2.2.2 Monitor Well Baseline Water Quality

Monitor well ring wells are installed within the Production Zone, outside the mineralized
portion of the Production Zone and production pattern area in a "ring" around the
production area. These wells are used to obtain baseline water quality data and
characterize the area outside the production pattern area. Upper Control Limits (UCLs)
are determined for these wells from the baseline water quality data for use during
operational excursion monitoring. As described in Section 3, the distance between these
monitor wells will be no more than 500 feet and the distance between these monitor wells
and the production patterns will be approximately 500 feet.

Monitor wells will be installed within the overlying aquifer and underlying aquifer at a
density of one well per every four acres of pattern area. These wells will be used to obtain
baseline water quality data to be used in the development of UCLs for these zones.

After completion, wells will be developed (by air flushing or pumping) until water
quality in terms of pH and specific conductivity appears to be stable and consistent with
the anticipated water quality of the area. After development, wells will be sampled to
obtain baseline water quality. Wells will be purged before sample collection to ensure
that representative water is obtained. All monitor wells including ore zone and overlying
and underlying monitor wells will be sampled four times at least two weeks apart. The
first sample will be analyzed for the parameters shown in Table 6-10. Subsequent
samples will be analyzed for the UCL parameters only (i.e., chloride, conductivity, and
total alkalinity). Results from the samples will be averaged arithmetically to obtain a
baseline mean value determination of upper control limits for excursion detection. If the
data collected for the monitor well ring unit indicate that waters of different underground
water classes (WDEQ-WQD Rules and Regulations, Chapter VIII) exist together, the
data are not averaged together, but treated as sub-zones. Data within specific sub-zones
are averaged. Boundaries of sub-zones, where required, are delineated at half-way
between the sets of sampled wells which define the sub-zones.

6.2.2.3 Wellfield Hydrologic Data Package
Following completion of the field data collection, the Wellfield Hydrologic Data Package
is assembled and submitted to the WDEQ for review. In accordance with NRC
Performance-Based Licensing requirements, the Wellfield Hydrologic Data Package is
reviewed by a SERP to ensure that the results of the hydrologic testing and the planned
mining activities are consistent with technical requirements and do not conflict with any
requirement stated in NRC regulations or in the NRC license. A written SERP evaluation
will evaluate safety and environmental concerns and demonstrate compliance with
applicable NRC license requirements as previously discussed in Section 5.2.4 of the
Technical Report. The written SERP evaluation will be maintained at the site.

December 2011 6-88



TM URANIUM ONE AMERICAS
.. ra ni u mon e NRC License SUA- 1341 Amendment Application

investing in our energy Ludeman Project Environmental Report

The Wellfield Hydrologic Data Package contains the following:

1. A description of the proposed wellfield (location, extent, etc.);

2. A map(s) showing the proposed production patterns and locations of all monitor
wells;

3. Geologic cross-sections and cross-section location maps;
4. Isopach maps of the Production Zone sand, overlying confining unit and

underlying confining unit;
5. Discussion of how the hydrologic test was performed, including well completion

reports;
6. Discussion of the results and conclusions of the hydrologic test including pump

test raw data, drawdown match curves, potentiometric surface maps, water level
graphs, drawdown maps and when appropriate, directional transmissivity data and
graphs;

7. Sufficient information to show that wells in the monitor well ring are in adequate
communication with the production patterns;

8. Baseline water quality information including proposed Upper Control Limits
(UCLs) for monitor wells and average production zone/restoration target values;
and

9. Any other information pertinent to the area tested will be included and discussed.

6.2.2.4 Operational Upper Control Limits and Excursion Monitoring

After baseline water quality is established for the monitor wells for a particular wellfield,
UCLs are set for chemical constituents that would be indicative of a migration of lixiviant
from the well field. The constituents chosen for indicators of lixiviant migration for the
proposed project and for which UCLs will be set are chloride, conductivity, and total
alkalinity. Chloride was chosen due to its low natural levels in the native groundwater
and because chloride is introduced into the lixiviant from the IX process (uranium is
exchanged for chloride on the ion exchange resin). Chloride is also a very mobile
constituent in the groundwater and will show up very quickly in the case of a lixiviant
migration to a monitor well. Conductivity was chosen because it is an excellent general
indicator of overall groundwater quality. Total alkalinity concentrations could be affected
during an excursion because bicarbonate is the major constituent added to the lixiviant
during mining. Although, groundwater levels are obtained and recorded prior to each well
sampling, they are not used as an excursion indicator. UCLs will be set at the baseline
mean concentration plus five standard deviations for each excursion indicator. For
chloride with a low baseline mean and little noted variation during baseline sampling, the
UCL may be determined by adding 15 mg/1 to the baseline mean if that value is greater
than the baseline mean plus five standard deviations.
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Operational monitoring consists of sampling the monitor wells at least twice monthly, at
least ten days apart, and analyzing the samples for the excursion indicators chloride,
conductivity and total alkalinity. Uranium One requests that in the event of certain
situations such as inclement weather, mechanical failure, or other factors that may result
in placing an employee at risk or potentially damaging the surrounding environment,
NRC allow a delay in sampling of no more than five days. In these situations, Uranium
One will document the cause and the duration of any delays.

Water level and analytical monitoring data for the UCL parameters are reported to the
WDEQ-LQD on a quarterly basis. This data is retained on site for review by the NRC.

6.2.2.5 Excursion Verification and Corrective Action

During routine sampling, if two of the three UCL values are exceeded in a monitor well,
the well is re-sampled within 24 hours and analyzed for the excursion indicators. A
verification sample is split and analyzed in duplicate to assess analytical error. If results
of the confirmatory sampling are not complete within 24 hours of the initial sampling
event, then the excursion will be considered confirmed for the purpose of meeting the
reporting requirements described below. If the second sample does not exceed the UCLs,
a third sample is taken within 48 hours. If neither the second or third sample results
exceeded the UCLs, the first sample is considered in error.

If the second or third sample verifies an exceedance, the well in question is placed on
excursion status. Upon verification of the excursion, the USNRC Project Manager and
the WDEQ-LQD will be notified by telephone or email within 24 hours and notified in
writing within thirty (30) days. A written report describing the excursion event, corrective
actions, and corrective action results will be submitted to the NRC within 60 days of the
excursion confirmation.

If an excursion is verified, the following methods of corrective action will be instituted
(not necessarily in the order given) dependent upon the circumstances:

* A preliminary investigation will be completed to determine the probable cause;
* Production and/or injection rates in the vicinity of the monitor well will be

adjusted as necessary to increase the net bleed, thus forming a hydraulic gradient
toward the production zone;

* Individual wells will be pumped to enhance recovery of mining solutions; and

* Injection into the well field area adjacent to the monitor well may be suspended.
Recovery operations continue, increasing the overall bleed rate and the recovery
of wellfield solutions.
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In addition to the corrective actions identified above, sampling frequency of the monitor
well on excursion status will be increased to once every seven days. If an excursion is not
controlled within 30 days following confirmation of the excursion, the WDEQ requires
that a sample must be collected from each of the affected monitoring wells and analyzed
for the following parameters: ammonia, antimony, arsenic, barium, beryllium,
bicarbonate, boron, cadmium, calcium, carbonate, chloride, chromium, conductivity,
copper, fluoride, gross alpha, gross beta, iron, lead, magnesium, manganese, mercury,
molybdenum, nitrate + nitrite, pH, potassium, selenium, sodium, sulfate, radium-226 and
228, thallium, TDS, uranium, vanadium, and zinc.

If the concentration of the UCL parameters detected in the monitor well(s) does not begin
to decline within 60 days after the excursion is verified, injection into the production
zone adjacent to the excursion will be suspended to further increase the net water
withdrawals. Injection will be suspended until a declining trend in the concentration of
the UCL parameters is established. Additional measures will be implemented if a
declining trend does not occur in a reasonable time period. After a significant declining
trend is established, normal operations will be resumed with the injection and/or
production rates regulated such that net withdrawals from the area will continue. The
declining trend will be maintained until the concentrations of excursion parameters in the
monitor well(s) have returned to concentrations less than respective UCLs.

If an excursion is controlled, but the fluid which moved out of the production zone during
the excursion has not been recovered within 60 days following confirmation of the
excursion, Uranium One will submit to the WDEQ-LQD and the NRC within 90 days
following confirmation of the excursion a plan and compliance schedule meeting the
requirements of WDEQ-LQD Rules and Regulations, Chapter 13, Section 13(b).

A monthly report on the status of an excursion will be submitted to the WDEQ-LQD
administrator beginning the first month the excursion is confirmed and continuing until
the excursion is over. The monthly report will contain the requirements described in LQD
Rules and Regulations, Chapter 12, Section 12(e).

An excursion will be considered concluded when the concentrations of excursion
indicators do not exceed the criteria defining an excursion.

6.3 ECOLOGICAL MONITORING

6.3.1 Wildlife

Annual wildlife monitoring surveys for the proposed project will be performed and will
follow the same regimen as other ISR operations in the region to maximize comparisons
among survey results and impact assessments. At a minimum, those surveys typically
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will include the following, as modified for site-specific habitats (e.g., no trees, so no bald
eagle winter roost surveys):

1. Early spring surveys for new and/or occupied raptor territories and/or nests,
monitoring of new sage-grouse leks within one mile of the proposed project area
and T&E species on and within the proposed project area; and

2. Other surveys as required by regulating agencies.

Based on results from previous surveys, the WGFD recommended in late 1999 that big
game monitoring be discontinued on all existing surface mine sites in Wyoming.
Similarly, results from a three-year big game monitoring program conducted at the
nearby Smith Ranch and Highland Uranium Projects during their respective permitting
processes documented that those operations were having no significant negative impact
on pronghom or mule deer.

6.4 QUALITY ASSURANCE PROGRAM

A Quality Assurance (QA) program will be implemented at the proposed project for all
relevant operational monitoring and analytical procedures. The objective of the program
will be to identify any deficiencies in the sampling techniques and measurement
processes so that corrective action can be taken and to obtain a level of confidence in the
results of the monitoring programs. The QA program will provide assurance to the
regulatory agencies and the public that the monitoring results are valid. The Uranium One
QA Plan for Wyoming ISR Operations is provided in Addendum 6-A.

The QA program addresses the following:

" Formal delineation of organizational structure and management responsibilities.
Responsibility for both review/approval of written procedures and monitoring
data/reports will be provided;

" Minimum qualifications and training programs for individuals performing
radiological monitoring and those individuals associated with the QA program;

* Written procedures for QA activities. These procedures will include activities
involving sample analysis, calibration of instrumentation, calculation techniques,
data evaluation, and data reporting;

* Laboratory QC. Procedures will cover statistical data evaluation, instrument
calibration, duplicate sample programs and spike sample programs. Outside
laboratory QA/QC programs are included; and

" Provisions for periodic management audits to verify that the QA program is
effectively implemented, to verify compliance with applicable rules, regulations
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and license requirements, and to protect employees by maintaining effluent
releases and exposures ALARA.

QA procedures will include:

1. Environmental monitoring procedures;

2. Testing procedures;

3. Exposure procedures;

4. Equipment operation and maintenance procedures;

5. Employee health and safety procedures; and

6. Incident response procedures.
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ADDENDUM 6-A

WYOMING ISR OPERATIONS QUALITY ASSURANCE PLAN
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1 INTRODUCTION

This Quality Assurance Plan is applicable to the environmental monitoring program
implemented by Uranium One at Wyoming ISR sites. The plan provides the quality
requirements for field collection of samples and the subsequent analysis of those samples
at a laboratory.

2 QUALITY PLAN REVIEW, REVISION AND DISTRIBUTION

This Quality Assurance Plan will be reviewed by affected project managers in accordance
with the company policy for controlled documents. Revisions will be made at the
direction of the Manager of Environmental and Regulatory Affairs, Wyoming to reflect
changes in work scope, organizational interfaces or new regulatory requirements. This
plan will be reviewed annually to ensure the content is valid and applicable to monitoring
activities. Revisions to this plan will require approvals at the same level as the original
document. At a minimum, copies of this QA Plan shall be available to all affected
employees and support organizations.

3 REGULATORY REQUIREMENTS

This Quality Assurance Plan is designed to incorporate quality assurance/quality control
requirements and guidance the following regulatory references:

- USNRC Regulatory Guide 4.14, Radiological Effluent and Environmental Monitoring
at Uranium Mills, Revision 1, April 1980.

- USNRC Regulatory Guide 4.15, Quality Assurance for Radiological Monitoring
Programs (Normal Operations) - Effluent Steams and the Environment, Revision 1,
February 1979.

4 ORGANIZATION

Administration of the environmental monitoring programs in Wyoming is assigned to the
Manager of Environmental and Regulatory Affairs, Wyoming. The Manager may
delegate the day-to-day implementation of the environmental monitoring program to
other Uranium One employees or to outside contractors, but he may not delegate the
ultimate responsibility. Such assignment shall be in writing.

Key positions within the Uranium One management system include:
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Senior Vice President, ISR Operations - The Senior Vice President, ISR Operations has
responsibility for overall management of Wyoming operations for Uranium One. The
Senior Vice President, ISR Operations reports to the Executive Vice President, Uranium
One.

General Manager, Wyoming Operations - The General Manager, Wyoming Operations is
responsible for all uranium production activity at the project site. All site operations,
maintenance, construction, environmental health and safety, and support groups report
directly to the General Manager, Wyoming Operations. In addition to production
activities, the General Manager, Wyoming Operations is also responsible for
implementing any industrial and radiation safety and environmental protection programs
associated with operations.

Manager of Environmental and Regulatory Affairs, Wyoming - The Manager of
Environmental and Regulatory Affairs, Wyoming has responsibility for the overall
management of the environmental monitoring programs for Uranium One. The Manager
of Environmental and Regulatory Affairs, Wyoming reports to the Senior Vice President,
ISR Operations.

Radiation Safety Officer - The Radiation Safety Officer has responsibility for the overall
management of the radiation safety program and the environmental monitoring programs
for Uranium One including implementation of QA Program requirements related to
radiation safety and environmental programs. The Radiation Safety Officer reports to the
General Manager, Wyoming Operations and will coordinate with the Manager of
Environmental and Regulatory Affairs, Wyoming.

5 QUALITY OBJECTIVES

Environmental data for the Wyoming ISR sites, derived through long-term monitoring
and data interpretation, will be of sufficient quantitative and qualitative value to
determine whether performance criteria are being met. The type and quality of data
provided to the appropriate regulatory agencies will be used to document the performance
of the uranium recovery operation and later attainment of reclamation and restoration
goals.

Monitoring strategy for sampling and analytical QA objectives for data include:

* Data will be of sufficient quality to withstand scientific and legal scrutiny;

* Data will be acquired in accordance with procedures appropriate for their
intended use;

* Data will be of known accuracy and precision; and
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* Data will be complete, representative, and comparable.

5.1 FIELD QUALITY OBJECTIVES

The field and analytical methods chosen for use in completing the work are industry
standards and are consistent with accepted standards for conducting environmental
investigations.

5.2 LABORATORY QUALITY OBJECTIVES

The quality of data generated by the analytical laboratory is dependent on method
precision, accuracy, and sensitivity and the basic nature of the analysis and type of
equipment used to perform an analysis. Precision is a measure of the reproducibility of an
analytical measurement, and accuracy is the difference between a measured value and a
true or known value. These considerations are dependent upon the sample matrix and
performance criteria, and method sensitivity may not be achieved in all sample matrices.

5.2.1 Precision

Precision is the agreement between a set of replicate measurements without assumption
about or knowledge of the true value. Precision is assessed on the basis of repetitive
measurements. Replicate field measurements of ground water are not needed because
they are sequentially recorded during well purging. Evaluations will be performed to
judge the precision of both field and laboratory measurement processes.

Duplicate sample analyses are used to monitor the overall precision that can be expected
for a particular environmental medium within an analytical sample batch. Requirements
for the collection frequency of QA samples will be specified in the site-specific
environmental planning document sample events.

In the laboratory, precision is a measure of reproducibility and may be determined by
repeated analysis of laboratory control samples (LCSs) or reference standards or by
duplicate analysis. The laboratory will demonstrate precision through analysis of
replicate standards and performance samples prior to analysis of investigative samples as
required by the particular analytical method.
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5.2.2 Bias

Bias is the systematic or persistent distortion of a measurement process that causes errors
in one direction. The analytical laboratory will analyze reference materials to verify that
the analytical results are not biased. Calibration and operational checks of field
instruments will verify that no bias is present in field measurements.

5.2.3 Accuracy

Accuracy is the nearness of a measurement or the mean of a set of measurements, to the
true value and is usually expressed as the difference between the two values or the
difference as a percentage of true value.

It is not possible to directly assess accuracy of field measurements and water levels
because true values for these measurements are not known. To ensure accuracy of the
field data, instruments and equipment used in surveying, sampling, or obtaining the
measurements will be maintained and calibrated. Accuracy of surface water and ground
water field measurements is addressed indirectly through instrument checks and
calibrations, which will be documented in field logbooks or on field data sheets, as
appropriate.

Accuracy will be assessed for analytical data by examining the results obtained from
laboratory Quality Control (QC) samples. The primary means of determining the
accuracy of an analytical method is to compare the results of repeated measurements of
laboratory control samples and reference material with published known values. The
secondary method of accessing accuracy is to analyze matrix spike samples. Accuracy
requirements of routine analytical services are specified in the analytical methods.
Accuracy for each analysis will be stated as a percent recovery in laboratory analytical
reports.

5.2.4 Representativeness

Representativeness is generally ensured through the use of standard sampling protocols.
Representativeness will be accomplished:

" Through extensive sampling that includes implementation of field QA/QC
procedures;

" By careful and informed selection of sampling sites, sampling depths, and
analytical parameters;
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" Through the proper collection and handling of samples to avoid interferences and
to minimize constituent loss;

" By monitoring field activities to ensure procedure compliance and adherence to
sampling protocols; and

" By meeting sample care and custody requirements

5.2.5 Comparability

Comparability is the confidence with which one data set can be compared to another.
Comparability is ensured by employing approved sampling plans, standardized field
procedures, and experienced personnel using properly maintained and calibrated
instruments. In the laboratory, sample handling and preparation procedures, analytical
procedures, holding times, and QA protocols will be adhered to. All data in a particular
data set will be obtained by the same methods and will use consistent units for reportable
data. Prescribed QC procedures will be used to provide results of known quality. Data
will be grouped and evaluated according to similar sampling methods, sampling media,
and laboratory analytical methods.

5.2.6 Sensitivity

Sensitivity is the capability of a method or instrument to discriminate between
measurement responses representing different levels of the analyte of interest. An
evaluation of sensitivity is included in the analytical methods that are .used to analyze
samples.

6 PERSONNEL AND TRAINING

6.1 PERSONNEL REQUIREMENTS

6.1.1 Training

Personnel will be qualified to perform their assigned job through meeting basic job
description requirements, education standards, experience, and ongoing performance
reviews. Training will be provided when needed to maintain proficiency; to adapt to new
technologies, equipment, or instruments; and to perform new assigned responsibilities.

The RSO is responsible for determining site-required training and communicating the
requirements to appropriate managers. Managers are responsible for determining training
needs of their staff. Personnel assigned to environmental monitoring activities are
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responsible for ensuring that their required training are documented and are maintained in
a current status for their assignments. At a minimum, individual training requirements
will be reviewed annually and updated as needed.

The RSO is responsible for ensuring that personnel assigned to environmental monitoring
tasks are sufficiently familiar with the implementing documents (e.g., plans, procedures,
and drawings) and the requirements established for environmental monitoring, sample
collection, analysis, documenting and reporting activities, and demonstrating proficiency.

The RSO will ensure that personnel assigned to field sampling activities can demonstrate
proficiency when performing the work or that they are properly supervised by a person
who is proficient.

6.1.2 Certifications

QA staff that performs independent assessments of environmental monitoring activities
or management systems will be qualified as lead assessors.

Laboratories used for analysis of samples collected for characterization, compliance, or
other purposes will be required to pass an audit or be certified by the National
Environmental Laboratory Accreditation Conference (NELAC).

7 DATA GENERATION AND ACQUISITION

This section addresses aspects of the measurement system design and implementation to
ensure that appropriate methods for sampling, analysis, data handling, and QC are
employed and will be thoroughly documented.

7.1 SAMPLING PROCESS DESIGN

The data obtained through monitoring site conditions will be of sufficient quantity and
quality to achieve environmental monitoring objectives.

Monitoring procedures for the Wyoming ISR sites have been established. These
monitoring programs are designed to ensure that monitoring data would satisfy applicable
regulations and would ensure that there were no unacceptable risks to human health or
the environment. The site-specific environmental monitoring plan defines the sample
locations and sampling frequency and determines the types of analyses that will be
conducted on the samples collected from these locations. The plans are reviewed every 5
years. Any updates to the monitoring plan that would eliminate or modify monitoring
parameters, locations, or frequencies specified in the License Application will be made
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by license amendment. The RSO can initiate changes to environmental monitoring plans
that do not require a license amendment. These changes will be managed as required by
the Performance Based License Condition.

7.2 SAMPLING METHODS

Field measurements and sample collection will follow procedures attached to nationally
recognized consensus standards such as EPA methods, American Society for Testing and
Materials standards, or instrument manufacturer recommended procedures. Deviation
from approved procedures requires approval by the RSO before the start of work.

7.2.1 Sample Collection Procedures

Sampling procedures used at Wyoming ISR sites will be managed as controlled
documents and will be amended according to the requirements of this plan.

Procedures must be followed for documenting field activities and delivering the samples
to the laboratory. Procedures will identify the methods employed to obtain representative
field measurements and samples of specified media. The procedures will identify the
equipment, instruments, and sampling tools that are needed and, where appropriate,
performance criteria (e.g., special handling, operational checks, field calibrations) to
ensure the quality of the field data.

The RSO is responsible for ensuring that inspections, operations and maintenance
activities, field measurements, and specified samples are properly documented, occur at
the prescribed frequency and locations, and are obtained in compliance with procedures
and requirements specified in the project documents. Daily QC checks and data reviews
will ensure that requirements have been met. If field conditions prevent inspections,
required field measurements, and/or specified sample collection, the conditions will be
fully documented in the field book as a field variance.

7.2.2 Field Measurements and Sampling Methods

Field measurements and sampling schedules are summarized in the environmental
monitoring procedures. The data obtained through these activities will be used to monitor
compliance with performance requirements. Field procedures used in well inspections,
field measurements, sample collection methods, field data, equipment and supplies
applicable to the field activities, sample preservation requirements, and QC sample
requirements are described in the environmental monitoring procedures.
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7.3 PREPARATION AND DECONTAMINATION REQUIREMENTS FOR
SAMPLING EQUIPMENT

7.3.1 Requirements for Sample Containers, Preservation, and Holding Times

Non-dedicated equipment used in obtaining samples will be visually inspected and
cleaned before use at each sample location. Measures will be taken (e.g., storage in trays,
plastic bags, or boxes) to protect clean or decontaminated equipment while it is not being
used. Sample containers will be inspected for integrity and cleanliness before being used.
Suspect containers will be discarded in a manner that will preclude their inadvertent use,
or they will be tagged and segregated for return to the supplier.

7.3.2 Container Requirements

Sample containers will be will be provided by the analytical laboratory or purchased.
Containers will be of an adequate size to contain the required sample volume and of an
approved material (e.g., amber/clear glass or HDPE) that does not promote sample
degradation. As appropriate, supplier provided certificates of cleanliness will be retained
with the project documentation.

7.3.3 Preservation and Holding Times

Efforts to preserve the integrity of the samples through prescribed chemical additives
and/or temperature-controlled storage will be maintained as appropriate from the time the
containers are received, throughout the sample collection and shipping process, and will
continue until all analyses are performed. Procedures that will be employed to collect and
preserve the integrity of the samples are described in the procedures. Holding times begin
at the time the sample is collected, not when the sample is received by the laboratory.

7.3.4 Decontamination Procedures and Materials

Where practical, dedicated pumps will be installed in monitor wells and disposable
materials will be used to minimize the decontamination requirements. The final rinse
following equipment decontamination will be collected as an equipment blank QC
sample.
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7.4 SAMPLE HANDLING AND CUSTODY REQUIREMENTS

Sample handling, custody, and shipping procedures are addressed in the environmental
monitoring procedures. A minimum number of individuals should be involved in sample
collection and handling to ensure integrity of the sample and compliance with custody
procedures. To maintain evidence of authenticity, the samples collected must be properly
identified and easily discernable from like samples. To maintain the integrity of the
sample, proper preservation, storage, and shipping methods will be used.

Unused sampling equipment, sample containers, and coolers that have been shipped or
transported to a sampling location will be kept in a clean, temperature-controlled, and
secure location to minimize damage, tampering, degradation, and possible cross-
contamination.

7.4.1 Identification, Handling, Packaging, and Storage

7.4.1.1 Sample Identification

Environmental samples and associated QC samples will be assigned a unique
identification number. In addition to the unique number, QC samples will be assigned a
fictitious location identifier that is consistent with the sample location identification
scheme.

Samples will be identified by a label or tag attached to the sample container that
specifies, as appropriate, the project, sample location, unique identification number,
preservatives added, date and time collected, and the sampler's name. Sample labels,
tags, and/or container markings should be completed with indelible (waterproof) ink.
Clear tape may be placed over each sample label for added protection, if needed.

7.4.1.2 Sample Handling and Storage

During field collection, sample containers may be stored in boxes, trays, or coolers, as
dictated by protection and preservation needs. Samples that require refrigeration will be
stored in coolers with sufficient ice to maintain the required temperature controls during
field collection, packaging, and shipping. Samples that are not transported to the
laboratory the day of collection must be stored in containers that will prevent damage or
degradation of the sample. In addition, samples must be stored in locked containers or
buildings when they are out of the direct control of the responsible custodian. Samples
stored overnight or at locations where access is not solely controlled by the custodian will
have custody seals placed on the outside of the container (cooler or box) as a measure of
security.
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7.4.1.3 Sample Custody

To ensure the integrity of the sample, the field custodian is responsible for the care,
packaging, and custody of the samples until they are transferred to the laboratory.

Chain of Custody forms will be used to list all samples and transfers of sample
possession to provide documentation that the samples were in constant custody between
collection and analysis. The filled-in Chain of Sample Custody form, a copy of which is
retained by the originator, will accompany samples that are sent or transported to the
analytical laboratory.

7.4.1.4 Sample Packaging and Shipping

All samples will be handled, packaged, and transported or shipped in accordance with
applicable U.S. Department of Transportation requirements. Sample storage containers
(e.g., boxes or coolers) and sample containers will be securely packaged to protect the
contents from damage, spilling, leaking, or breaking. Void space in shipping containers
should be filled with an inert material or additional ice, if appropriate, to further protect
and secure the contents.

Custody seals are not required for containers or samples that are transported directly to
the analytical laboratory for analysis or interim storage. Custody seals are required for
shipping containers (e.g., coolers or boxes) that are sent by common carrier. Clear tape
should be placed over the seals as protection against tearing during shipment.

Mailed sample packages will be registered with return receipt requested. If packages are
sent by common carrier, receipts are retained as part of the chain of custody
documentation. Other commercial carrier documents shall be maintained with the chain
of custody records.

7.4.2 Laboratory Requirements

7.4.2.1 Laboratory Sample Receipt

The subcontract analytical laboratory personnel are responsible for the care and custody
of samples from the time they are received until the time the sample is analyzed and
archive portions are discarded. On arrival at the laboratory, laboratory personnel must
examine the container and document the receiving condition, including the integrity of
custody seals, when applicable. When opening the shipping container, laboratory
personnel will examine the contents and record the condition of the individual sample
containers (e.g., bottles broken or leaking), the temperature (when applicable), method of

December 2011 6-A-10



7URANIUM ONE AMERICAS
d uraniumoneM NRC License SUA-1341 Amendment Applicationinvesting In our energy Ludeman Project Environmental Report

shipment, carrier name(s), and other information relevant to sample receipt and log-in.
Laboratory personnel verify that the information on the sample containers matches the
information on the Chain of Sample Custody form.

7.4.2.2 Discrepancies Identified During Sample Receipt

If discrepancies are identified during the sample receiving process, laboratory personnel
will attempt to resolve the problem by checking all available information (e.g., other
markings on sample containers and type of sample), recording appropriate notes on the
Chain of Sample Custody form, and contacting the RSO to resolve any questions.

If the laboratory judges the sample integrity to be questionable (e.g., samples arrive
damaged or leaking, or the temperature range is exceeded), the RSO will be contacted
and will bring in appropriate technical staff to make a decision regarding rejecting or
flagging the data and/or re-sampling the location. Damaged samples will be rescheduled
for collection and analysis, if necessary.

Discrepancies noted during sample receiving at a subcontracted laboratory or testing
facility will be resolved in accordance with the procurement documents. In general, the
RSO will be contacted to facilitate resolution of a problem.

7.4.2.3 Sample Disposition

When sample analyses and necessary QA/QC checks have been completed in the
laboratory, the residual sample material and wastes generated as a result of the analytical
process will be treated, shipped, and disposed of in accordance with all applicable
federal, state, and local transportation and waste management requirements. When
samples are stored, they will be protected to prevent damage or degradation. At a
minimum, samples shall not be removed from the laboratory sooner than 60 days after
the delivery of laboratory data reports.

7.4.3 Analytical Methods

Laboratories involved in the analysis of samples will have a written QA/QC program that
provides rules and guidelines to ensure reliability and validity of the work conducted at
the laboratory.
The analytical procedures to be used by subcontracted laboratory services will be
specified in the procurement documents. These procedures typically consist of EPA
methods. The use of these methods will ensure that required method detection limits and
project reporting limits are achieved for each of the requested analytes.
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Required analytical methods will be documented in appropriate site-specific documents.

7.4.3.1 Subcontracted Laboratory Requirements

The subcontracted laboratory will have a documented QA program in place, the
implementation of which may be independently verified through proposal reviews, prior
history, and/or pre-award survey. As appropriate, subcontracted laboratories will use
EPA or EPA-approved methods or other methods specified and approved within the
provisions of the procurement documents. Subcontracted laboratories are required to pass
an audit or be certified by NELAC. Internal method requirements for analysis of spikes,
duplicates, or replicates will be followed and may be used as performance indicators for
these services.

Data turnaround times, sample disposition, and other requirements of the analytical
laboratory are identified in procurement documents. The laboratory must obtain
authorization from the RSO for changes to the procurement documents.

Work submitted to the laboratory may not be subcontracted by the laboratory without the
prior consent of Uranium One.

7.4.4 Quality Assurance/Quality Control

7.4.4.1 Field QA/QC

A variety of instruments, equipment, sampling tools, and supplies will be used to collect
samples and to monitor site conditions. Proper inspection, calibration, maintenance, and
use of the instruments and equipment are required to ensure field data quality. In
addition, field QA will be implemented through the use of approved procedures, proper
cleaning and decontamination, protective storage of equipment and supplies, and timely
data reviews during field activities. The QC objective of these data collection activities is
to obtain reproducible and comparable measurements to a degree of accuracy consistent
with the intended use of the data.

QC samples will consist of field duplicates, equipment rinsate blanks, and trip blanks, as
appropriate, for the matrix and analytes involved. An additional volume of ground water
* for selected analyses will be collected for matrix spike/matrix spike duplicate (MS/MSD)
use, as requested by the laboratory. Field QC samples will be used to quantitatively and
qualitatively evaluate the analytical performance of the laboratory and to assess external
and internal effects on the accuracy and comparability of the reported results. Field QC
samples will be uniquely identified.
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Where applicable, field measurement data will be compared to previous measurements
obtained at the same location. Large variations (greater than 30 percent) in field
measurement data at a location will be examined to evaluate whether general trends are
developing. Variations in data that cannot be explained will be assigned a lower level of
confidence through assignment of qualifiers or will be flagged for additional sampling or
evaluation.

7.4.4.2 Laboratory QA/QC

Laboratory QC checks are internal system checks and control samples introduced by the
laboratory into the sample analysis stream. These checks are used to validate data and
calculate the accuracy and precision of the data. The objectives of the laboratory QA/QC
program should be to:

* Ensure that procedures and any revisions are documented

• Ensure that analytical procedures are conducted according to sound scientific
principals and have been validated

* Monitor the performance of the laboratory by a systematic inspection program
and provide for corrective measures, as necessary.

• Collaborate with other laboratories in establishing quality levels, as appropriate

* Ensure that data are properly recorded and archived

Internal QA procedures for analytical services will be implemented by the laboratory in
accordance with the laboratory's standard operating procedures. Data sheets, which also
report the blank and spiked sample checks that have been performed, will be provided
and will indicate when a QC check was performed. Analytical data that do not meet
acceptance criteria will be qualified and flagged in accordance with standard operating
procedures.

Laboratory quality control procedures are defined within the particular analytical method
or are defined in procurement documents.

7.4.5 Instrument/Equipment Testing, Inspection, Calibration, and Maintenance

A variety of equipment, instruments, and sampling tools will be used to collect data and
samples for the Wyoming ISR sites. Proper maintenance, calibration, and use of
equipment and instruments are imperative to ensure the quality of all the data that are
collected.
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Field and laboratory equipment, instruments, tools, gauges, and other items used in
performing work tasks that require preventive maintenance will be serviced in
accordance with manufacturers' recommendations and instructions. When applicable,
technical procedures will identify the manufacturers' instructions and recommended
frequency for servicing the equipment. Preventive maintenance for calibrated measuring
and test equipment will be performed either by field or laboratory personnel who are
knowledgeable of the equipment, or by manufacturer's authorized service center as part
of routine calibration tasks. Records of equipment calibration, repair, or replacement of
controlled instruments will be filed and maintained in accordance with the applicable
records management requirements.

Instruments that are not calibrated to the manufacturers' specifications will display a
warning tag to alert the sampler and analyst that the instrument has only limited
calibration.

7.4.5.1 Field Equipment and Instruments

Field equipment, instruments, and associated supplies used to obtain field measurements
and collect samples are specified in sampling procedures.

Field personnel will conduct visual inspections and operational checks of field equipment
and instruments before they are shipped or carried to the field and before using the
equipment or instruments in field data collection activities. Whenever any equipment,
instrument, or tool is found to be defective or fails to meet project requirements, it will
not be used, and as appropriate, it will be tagged defective and segregated to prevent
inadvertent use. Backup equipment, instruments, and tools should be available on site or
within 1-day shipment to avoid delays in the field schedule.

The RSO or designee is responsible for the overall maintenance, operation, calibration,
and repairs made to field equipment, instruments, and tools. The RSO or designee is also
responsible for ensuring that the field book has adequate documentation that describes
any maintenance, repairs, and calibrations performed in the field.

Equipment and instruments used to obtain data will be maintained and calibrated with
sufficient frequency and in such a manner that accuracy and reproducibility of results are
consistent with the manufacturers' specifications. Calibration of equipment and
instruments will be performed at approved intervals, as specified by the manufacturer, or
more frequently as conditions dictate. Calibration standards used as reference standards
will be traceable to the National Institute of Standards and Technology or other
recognized standards when available. Instruments found to be out of tolerance will be
tagged defective and segregated to prevent inadvertent use.
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In some instances, calibration periods will be based on usage rather than periodic
calibration. Equipment will be calibrated or checked as a part of its operational use.
Records of field calibration will be documented on forms provided for technical
procedures or recorded in the field logbook. Calibration checks will be performed in
accordance with procedures.

Procedures recommended by the manufacturer will be used for equipment preventive
maintenance. Backup equipment, supplies, and critical spare parts (e.g., tape, bottles,
filters, pH paper, tubing, probes, electrodes, and batteries) will be kept on site to
minimize downtime. The RSO or designee is responsible for ensuring that routine
maintenance is performed and that tools and spare parts used to conduct routine
maintenance are available.

7.4.5.2 Laboratory Equipment and Instruments

As part of the QA/QC program for the analytical laboratory, routine preventive
maintenance is conducted to minimize the occurrence of instrument failure and other
system malfunctions. The laboratory will maintain a schedule for servicing critical items
and will perform routine maintenance, scheduled maintenance and repair, or coordinate
with a vendor to arrange for maintenance and repair service, as required. All laboratory
instruments will be maintained in accordance with the manufacturers' specifications and
the requirements of the specific method employed. Equipment will be tested during
routine calibration, and deficiencies will be corrected as specified in procedures.

The concentration of standards and frequency of initial and continuing calibration of
analytical instruments will be as specified in the laboratory procedures. Calibration data
will be provided with the analytical data package. Calibration records pertaining to
subcontracted laboratory services will be filed and maintained by the laboratory in
accordance with internal procedures.

7.4.6 Instrument/Equipment Calibration and Frequency

Calibration of analytical laboratory equipment will be based on approved written
procedures. The concentration of standards and frequency of initial and continuing
calibration of analytical instruments will be as specified in the laboratory SOPs. The
analytical laboratory will maintain calibration records. Calibration data will be provided
with the analytical data package, as specified in the procurement documents.
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7.4.7 Inspection/Acceptance of Supplies and Consumables

7.4.7.1 Sample Containers

Sample containers for water, soil, sediment, and other media will be provided by the
subcontracted laboratory and will be new or pre-cleaned. As appropriate, supplier-
provided certificates of cleanliness will be retained with field documentation.

Containers will be visually inspected for integrity and cleanliness before being used.
Suspect containers will not be used and will be discarded in a controlled manner to
prevent inadvertent future use. If sufficient quantities of containers are suspect, the
laboratory will immediately be notified of the condition and requested to provide a
sufficient quantity of replacement containers. Suspect containers will be collected,
segregated, and tagged for return to the analytical laboratory. The RSO or designee will
describe the situation in the field book as a field variance.

7.4.7.2 Supplies and Consumables

The RSO or designee is responsible for ensuring that supplies, materials, and consumable
items used during field activities are properly inspected for integrity, cleanliness, and
compliance with specified tolerances and that they are appropriate to the activity. Items
with a specified shelf life or expiration date will be labeled. Expired materials will not be
used and will be properly disposed of or returned to the laboratory for disposal, as
appropriate. Supplies, materials, and equipment will be inventoried at the conclusion of
the sampling event in preparation for the next scheduled event.

7.4.8 Data Management

Project data are generated mainly from routine sampling of monitor wells, routine
operations system sampling, and occasional soil sampling events. The RSO or designee is
responsible for managing project data in compliance with Uranium One requirements.
Field data books are assembled for most sampling events. These books contain
information such as sample location identification (ID), date, QA sample ID, well purge
method, sampling method, and field measurements. These are completed at the time of
sample collection.

Data from samples submitted to an analytical laboratory are received as both hard copy
and as electronic data. The hard copy analytical reports are archived in the project records
along with the original field data forms and other relevant hard copy forms or documents
containing project data. The hard copy forms are categorized in the project records
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according to the project filing procedures. Electronic data are also archived in the project
records according to the project filing procedures.

7.5 DATA VALIDATION AND USABILITY

Technical data, including field data and results of laboratory analyses, will be routinely
verified and validated to ensure that the data are of sufficient quality and quantity to meet
the project's intended data needs. Results of data validation efforts will be documented
and summarized in the site-specific validation reports. The person doing work is
responsible for initiating the review, verification, validation, and screening associated
with field and/or laboratory data.

7.5.1 Field Measurement Data

The objective of field data verification is to ensure that data are collected in a consistent
manner and in accordance with procedures and schedules established in the Wyoming
ISR environmental planning documents. Field data validation procedures include a
review of raw data and supporting documentation generated from field investigations.
The data are reviewed for completeness, transcription errors, compliance with
procedures, and accuracy of calculations.

The person doing the validation (in consultation with the RSO or designee, if required)
may correct problems that are found or noted in field documentation. Corrections to data
forms will be made by lining through the incorrect entry, correcting the information, then
initialing and dating the corrected information. The person validating the document, with
the consent of the RSO or designee, may also determine that incorrect data should not be
entered into a database or that the data should have an additional qualifier.

7.5.2 Laboratory Data

The laboratory performing the analyses will document the analytical data in accordance
with standard procedures inherent in the analytical methods and as approved by the RSO
or designee, if required.

Once the data package is received from the analytical laboratory, laboratory records and
data package requirements will be checked to assess the completeness of the data
package, and the data will be validated by personnel qualified and experienced in
laboratory data validation.

The QC data provided by the laboratory (method blanks, matrix spikes, etc.) will be
evaluated to see if they are within the acceptance range. If they are not, the data set
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affected by the QC samples will be evaluated to determine if corrective action is
necessary.

7.5.2.1 Quality Control Samples

QC samples consisting of trip blanks, equipment rinsate blanks, field duplicate samples
(replicated or co-located samples), laboratory spikes, laboratory blanks, laboratory
duplicates, and laboratory control samples (including thermoluminescent dosimeters) are
evaluated in the data validation process.

7.5.3 Qualification of Data and Corrective Actions

Qualification criteria are defined in the Uranium One procedures. In addition to the
process of qualifying the data, other corrective actions may be used. These may include
reanalysis of the data by the laboratory or re-sampling of the affected locations. Other
corrective actions to prevent contamination of future samples may also be proposed.

7.5.4 Determination of Anomalous Data

The final aspect of data validation involves the screening of both field and laboratory
analytical data for potentially anomalous data points.

7.5.4.1 Data Screening

The initial step in determining potentially anomalous data points consists of screening all
data from a sampling event for values that fall outside a designated historical data range.
The historical data range used for comparison will be from previous sampling events.

7.5.4.2 Technical Review

The next step involves a review of the screened data by a qualified individual
experienced in data review. Each data point will be evaluated to determine if the data
point is acceptable or if follow-up action is required. This evaluation will consider factors
such as number of historical data points, analyte concentration, magnitude of the
deviation from the historical data range, number of historical non-detects, variability of
the historical data, location of the sample point relative to other potential interfering
activities, and correlation with other analytes.
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7.5.4.3 Follow-up Actions

Follow-up actions can include one or more of the following:

* Requesting a laboratory check of calculations and dilutions

* Sample reanalysis

• Re-sampling

* Comparison to results from the next sampling event

* Data qualification

Based on the results of the follow-up action, the RSO will make a final determination of
validity of the data point. The data point will be considered acceptable or it will be
qualified, and a record of the action will be made. A summary of any anomalous data will
be included in the site-specific data validation report.

7.5.4.4 Data Qualification

After the RSO has determined that a data point is anomalous, the data point will be
qualified as unusable in the database. Qualification of data will be noted with a brief
justification for the qualification.

7.6 DOCUMENTATION AND RECORDS

The requirements for documentation and records management apply to the preparation,
review, approval, issue, use, and revision of documents or forms that prescribe processes,
specify requirements, or establish design. Records must be specified, prepared, reviewed,
approved, and maintained as directed by Uranium One policy.

Field and laboratory data will be sufficiently documented to provide a scientifically
defensible record of the activities and analyses performed. Records of field variance
reports, internal reviews, field and laboratory records of tests and analyses, field logs,
Chain of Custody forms, and project reports will be used in interpreting and assessing the
usability of the data. Standardized forms and computer files, codes, programs, and
printouts will be designed to eliminate errors made during data entry and reduction.
Calculation steps are described in the technical and analytical procedures and software
lists. Routine data-transfer and data-entry verification checks are performed.
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7.6.1 Records Management Plan

A site-specific records management plan shall be prepared to identify the records to be
generated, file locations, and retention schedule for the Wyoming ISR site. The records
management plan establishes the requirements for preparing, preserving, and storing
records. Project personnel will work with the RSO, or his designee, to ensure that
environmental monitoring records are correctly identified and maintained in accordance
with the plan. Modifications to the plan shall be submitted to the RSO and are subject to
the RSO's review and approval. At a minimum the site record management plan will
include the following requirements:

Records not utilized to determine occupational dose that require a 3 year retention period
as specified in 10 CFR §20.2103:

* Area beta-gamma measurements and associated instrument calibrations not
utilized to determine employee dose;

• Equipment release records and associated instrument calibrations

* Instrument daily function check records;

* Alpha contamination surveys eating areas; and

* Personnel contamination surveys frisking stations

Instructions for the proper maintenance, control, and retention of records will be
developed and will be consistent with the requirements of 10 CFR 20 Subpart L and 10
CFR §40.61 (d) and (e). The following specific records will be permanently maintained
and retained until license termination:

" Records of disposal of byproduct material on site through deep disposal wells as
required in 10 CFR §20.2002 and transfers or disposal off site of source or
byproduct material;

" Records of surveys, calibrations, personnel monitoring, and bioassays as required
in 10 CFR §20.2103;

" Records containing information pertinent to decommissioning and reclamation
such as descriptions of spills, excursions, contamination events etc. including the
dates, locations, areas, or facilities affected, assessments of hazards, corrective
and cleanup actions taken, and potential locations of inaccessible contamination;

* Records of information related to site and aquifer characterization and
background radiation levels;

" As-build drawings and photographs of structures, equipment, restricted areas, well
fields, areas where radioactive materials are stored, and any modifications
showing the locations of these structures and systems; and
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e Records of the radiation protection program including program revisions, standard
operating procedures, radiation work permits, training and qualification records,
SERP proceedings and audits.

The RSO will be responsible for ensuring that the required records are maintained and
controlled. Hard copies of all records will be maintained on site in a controlled
environment to protect them- from damage deterioration and will be available for
inspection by regulatory agencies. Electronic copies may be maintained in addition to
hard copies with backup protection. Duplicates of all records will be maintained in the
Casper office or other offsite location(s).

7.6.2 Document Control and Changes

Uranium One policy and procedures will be followed to ensure that the preparation,
issuance, and revisions to project documents and forms will be controlled so that current
and correct information is available at the work location. These project documents (e.g.,
plans, procedures, drawings, and forms) and subsequent revisions will be reviewed for
adequacy and approved before being issued for use. Written records and photo
documentation will be handled in a manner that ensures association to the activity, the
samples, and their locations. The RSO can authorize minor changes to project documents
without requiring a formal review process.

At a minimum, personnel responsible for environmental monitoring activities at the
Wyoming ISR site will have access to the applicable documents and will be
knowledgeable of the contents before the associated work assignment.

Nonroutine sampling and field investigations will be documented in the file. The RSO
will be briefed on and will approve all nonroutine field investigations before the work
begins.

7.6.3 Corrections to Documents

When practical, correction of errors should be made by the individual who made the
entry. The method used to make a correction is to draw a line through the error, enter the
correct information, then initial and date the entry. The erroneous material must not be
obscured.

When a document requires replacement due to illegibility or inaccuracies, the document
will be voided, and a replacement document will be prepared. A notation will be made on
the voided document that a replacement document was completed. The voided document
will be retained with the field documentation.
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7.6.4 Project Documents

Project documents are written materials that provide a background or history of the work,
establish the basis for the work, give guidance to the work, and provide a summary of the
work. They may be documents such as technical reports, technical and administrative
plans, inspection or test documents, and design or as-built drawings. Documents prepared
for the Wyoming ISR site that establishes instructions or procedures will be developed in
accordance with the applicable requirements. Documents that are subject to revision will
be managed and issued as controlled documents. These include, but are not limited to, the
following documents:

* Quality Assurance Plans and Procedures

* Site-Specific Environmental Monitoring and Sampling Plans

7.6.5 Procedure Requirements

Uranium One personnel will comply with the requirements of all approved written
procedures or other instructions. Any deviation from approved field procedures must be
authorized by the RSO. Field changes to project plans or deviation from procedures will
be documented in the field book as a field variance and communicated to the RSO as
soon as possible.

The RSO will be notified of any changes to subcontract laboratory procedures. The RSO
will be informed of and review changes to laboratory procedures. Impacts will be
identified to the RSO. As appropriate, procedure changes that affect laboratory data will
be identified and documented during the data review, verification, and validation
activities. As appropriate, the RSO will inform Uranium One management of technical or
other substantive changes to laboratory procedures that may affect reporting limits or
analytical sensitivity.

7.6.6 Field Documentation

Field documentation requirements are specified in the sampling procedures. All entries in
field documents will be made with indelible (waterproof) ink and will be legible,
reproducible, accurate, complete, and traceable to the sample measurements and/or site
location. These documents will be retained as project records. Field documents are
intended to provide sufficient data and observations to enable participants to reconstruct
events that occurred during the field sampling activities. Field logbooks and forms (e.g.,
sample collection data sheets, field measurement data forms, Chain of Custody forms,
and shipping forms) will be stored in a manner that protects them from loss or damage.
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The sampler will adequately document and identify field measurements and each sample
collected. Field records will be completed at the time the observation or measurement is
made and when the sample is collected. Project documents and written procedures will be
available at the work site. The RSO or designee will ensure that specified requirements
are followed so that an accurate record of sample collection and transfer activities is
maintained.

As appropriate, sample disposition will be specified to the subcontract laboratory in the
appropriate procurement documents.

7.6.6.1 Field Variance and Nonconformance Documentation

Changes from specified field protocols established in planning documents or standard
operating procedures must be authorized by the RSO and fully documented by the person
doing the sampling. Field variances will be reported in a timely manner to evaluate the
impact the variance has on the data or system operations. Field variance reporting applies
to deviations from (1) prescribed field sampling and measurement requirements; (2)
specified shipping, handling, or storage requirements; and (3) decontamination
procedures.
A variance must be documented whenever an activity is performed or sample is obtained
where:

" The activity performed or sample collection technique does not fall within the
methods or protocols specified;

" The monitoring or measurement instrument that was used was out of calibration
or had failed an operational check;

" Insufficient documentation results in the inability to trace the activity,
measurement, or sample to the prescribed or selected location; and

" There is a loss of or damage to records that cannot be duplicated.

The variance should be fully described, and corrective action, if applicable, should be
taken immediately. Comments describing the variance will be used during data
evaluation to assess the use of associated results and validity of the data. Field variances
should be noted in the field data sheet, on a general log sheet, or in the activity logbook.
As appropriate, field variances will be summarized in the report at the conclusion of the
activity.

December 2011 6-A-23



7URANIUM ONE AMERICAS
.urani'umoneTM NRC License SUA-1341 Amendment Application

Investing in our energy Ludeman Project Environmental Report

7.6.6.2 Chain of Sample Custody

The custody of individual samples will be documented by recording each sample's
identification, number of containers, and matrix on a standardized Chain of Custody
form. This form will be used to list all transfers of sample possession.

7.6.7 Laboratory Documentation

The format and content of laboratory reports depend on contract requirements, regulatory
reporting formats, and whether explanatory text is required. At a minimum, the
laboratory data report will include the following items:

* Analytical method used;

* Date and time of analysis;

* The Chain of Custody form;

* Sample receiving documentation;

* QC data results and report;

* Sample data results by analysis, including method detection limits, reporting
limits, and dilution factors;

* Summary of results (e.g., case narrative); and

* Certification by the laboratory that the analytical data meet applicable data quality
requirements

Analytical data that do not meet specified criteria will be qualified and flagged to allow
data evaluation before use. Any nonconformances or difficulties encountered during
analyses will be documented with each data package.

7.6.8 Reports Received from Subcontractors

7.6.8.1 Laboratory or Other Data Reports

Reporting requirements and formats will be defined in procurement documents issued for
subcontracted services. The RSO will be consulted regarding difficulties or
nonconformance associated with subcontracted analytical services and will resolve
disputes that could affect data quality.
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7.6.8.2 Plans and Technical Reports

The criteria for technical reports received from subcontracted services may include a
deliverable schedule for draft and final documents, required reviews, format, software
type and version requirements, and contents of the document, including any supporting
documents, data, and references.

7.7 QUALITY IMPROVEMENT, ASSESSMENT, AND OVERSIGHT

All personnel must continually seek to improve the quality of their work. This section
addresses the activities for assessing the effectiveness of the implementation of the
project and associated QA/QC requirements.

7.7.1 Quality Improvement

Management encourages innovation and continuous improvement in the work
environment by fostering a "no fault" attitude to encourage the identification of problems
and to create an atmosphere of openness to suggestions for improvement. All personnelp are encouraged to identify and suggest improvements.

Personnel have the freedom and authority to stop work until effective corrective action
has been taken. Work that is performed by subcontractors will be subject to oversight.
The work may be suspended immediately for imminent threats to health, safety,
environmental release, or significant adverse quality issues. Re-start of such work
stoppages will be at the direction of the General Manager, Wyoming Operations.

7.7.1.1 Corrective Actions

Corrective actions are the process of identifying, recommending, approving and
implementing measures to improve unacceptable procedures, and sampling practices that
may affect data quality. All proposed and implemented corrective actions will be
documented through the site SERP process. Items requiring immediate corrective actions
will be implemented with the approval of the Radiation Safety Office and modifications
documented through the SERP process.

If corrective actions are insufficient, the appropriate personnel may issue suspension of
work until the problem can be resolved.

During any field sampling activity, the field personnel will be responsible for
documenting and reporting all QA nonconformance's and suspected deficiencies

hassociated with the sampling being conducted. All nonconformance's and or deficiencies
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will be documented in the field log book or sheets and reported to the RSO. If the
problem is associated with field measurement sampling equipment, the field personnel
will take the appropriate corrective actions. If the field corrective actions are not
sufficient to correct the deficiency, personnel may suspend field activities until the
problem can be resolved. Any time field activities have been suspended due to QA
deficiencies the RSO shall be notified.

Field corrective actions could include:

* Repeating the measurement to check for errors;

* Checking, recharging or replacing batteries in sampling equipment;

* Re-calibration or function check of instrument or equipment to ensure proper
operations; and

* Replacing meter or instruments not functions properly

Field corrective actions will be documented.

7.7.2 Assessment and Response Actions

Assessments of project activities will be planned and scheduled with the appropriate
levels of management. The Manager of Environmental and Regulatory Affairs -
Wyoming is responsible for scheduling and administering the internal assessment plan.
When the assessment is conducted, results will be evaluated to measure the effectiveness
of the implemented quality system. Assessment activities may include management
assessments and independent assessments.

Assessment activities will be documented. Reports resulting from management
assessments will be issued to the responsible manager and distributed internally to project
management. Assessment activities involving subcontracted services will be coordinated
with the appropriate levels of project management and will be documented.

The RSO will promptly define corrective actions and correct deficiencies identified
through assessments. Corrective actions will be independently verified by staff not
organizationally reporting to the RSO. Verification will be documented and retained in
the assessment file.

7.7.2.1 Management Assessments

Included in the management assessments are human resource issues, operations issues,
resource allocation, financial performance, financial controls, and quality control. The
Senior Vice President, ISR Operations is responsible for ensuring that project staff
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supports these activities as delegated, that they observe firsthand the work in progress,
communicate with those performing the work, identify potential or current problems, and
identify good practices.

The Senior Vice President, ISR Operations shall determine the scope, schedule, and
responsibilities for site-specific management assessment. All levels of management are
responsible for responding to assessment findings and completing agreed-upon corrective
actions.

7.7.2.2 Independent Assessments

Independent assessments (e.g., audits and surveillances) will be planned, performed, and
documented in accordance with written instructions, procedures, or checklists.

Personnel who lead independent assessments (audits or surveillances) must be qualified,
have reporting independence, and have access to the areas of inquiry. The Senior Vice
President, ISR Operations or designee will track, report on the status, and verify closure
of independent assessments and external assessment findings.

The Senior Vice President, ISR Operations is responsible for responding to assessment
findings and ensuring that agreed-upon corrective actions are completed in a timely
manner.

7.7.3 Reviews

Reviews are an integral component to the success of project activities. Reviews are
conducted during planning and throughout the project to ensure that project objectives
will be met. Reviews conducted at the project level may consist of:

" Management reviews-to ensure the adequacy of planning and availability of
resources;

* Administrative and technical reviews-typically include reviews of project
documents to ensure that project objectives are clearly described and sufficiently
planned, scheduled, and managed in accordance with project management
strategies;

" Procurement Reviews-typically Uranium One policies and procedures that apply
to purchasing goods and services. Subcontracted analytical laboratories are
required to have a documented QA program. Laboratory capability may be
evaluated through review of the QA program description or through pre-award
survey or vendor audit activities. The results of the survey are documented and
provided to the laboratory;

December 2011 6-A-27



TM URANIUM ONE AMERICAS
puraniumone NRC License SUA-1341 Amendment Application

investing in our energy Ludeman Project Environmental Report

" Independent Peer Reviews-May be conducted to solicit input for the planned
technical approach and data quality objectives of the project or task; and

" Data Review-to ensure that the data collected and used for each activity of the
project are of sufficient quality. The RSO will conduct data reviews as a quality
measure to ensure the adequacy and completeness of field activities. In addition,
data review, verification, and validation will be conducted after a sampling event.
Analytical data will be reviewed and summarized in the laboratory report. The
results will include an explanation of any laboratory problems and their possible
effects on data quality.

7.7.4 Reports to Management

Management assessments, internal assessments, and external appraisal report findings are
documented. The QA organization maintains the schedule and file for these reports that
are typically issued to the responsible manager.

Quality improvement actions (e.g., planning,. lessons learned, nonconformance reporting,
tracking and follow-up, and reviews) will be documented and reported to management.
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7 BENEFIT-COST ANALYSIS

7.1 BENEFIT-COST ANALYSIS GENERAL BACKGROUND

Demand for uranium to fuel nuclear power facilities is set to grow rapidly as the nuclear
industry expands. The world's appetite for energy is expanding at a fast pace, driven
largely by modernization of the developing nations. At the same time as total energy
demand is growing, there is a growing impetus to reduce the burning of carbon-based
fuels. Currently, nuclear energy provides 6 percent of the world's total energy supply,
including 15 percent of the world's electricity. Some countries rely heavily on the nuclear
industry. In the United States nearly 20 percent of the electricity is produced from nuclear
power compared to France where it is 78 percent (U.S. Energy Information
Administration 201 Oa).

The general need for production of uranium is assumed in the operation of nuclear power
reactors. In reactor licensing evaluations, the benefits of the energy produced are weighed
against environmental costs, including a prorated share of the environmental costs of the
uranium fuel cycle. This section summarizes costs and benefits of the proposed
development of the proposed project. The Benefit-Cost Analysis (BCA) discussed in this
section has established that the proposed development of a new uranium ISR facility at
the proposed project is potentially a cost-effective effort to undertake and will provide a
net economic benefit to the State of Wyoming.

The analysis described in this section has been tailored to meet the requirements
established by the NRC NUREG-1569 (Section 9). It includes a description of economic
costs and benefits resulting from construction, operation, restoration, reclamation, and
decommissioning of the proposed facility and a discussion of temporary and long-term
external costs. Where possible, benefit and cost estimates are monetized; however,
reliable monetary estimates for some potential impacts are not readily available so the
narrative examines several factors in non-monetary or qualitative terms.

The following analyses use IMPLAN (IMpact Analysis for PLANning), a standard
industry software package that models the economic impacts of capital intensive projects,
to calculate the potential economic impacts to the county. Results derived from IMPLAN
software have been approved in applications for Uranium One's Moore Ranch facility
(Uranium One USA, Inc. SUA-1596). IMPLAN was originally developed by the United
States Department of Agriculture (USDA) in cooperation with the Federal Emergency
Management Agency (FEMA) and the United States Department of the Interior (USDI)
Bureau of Land Management (BLM) for land and resource management planning
(IMPLAN 2004). Currently, it is being managed by the Minnesota IMPLAN Group, Inc.
(MIG).
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7.2 ALTERNATIVES AND ASSUMPTIONS

BCA is a widely used analytical tool to help decision makers determine whether the cost
of a project today will result in sufficient benefits to justify expenditure on a capital
intensive project (Brown 2003; Zerbe and Bellas 2006). To provide value and to assist in
the decision process, the BCA needs to be clear about the alternatives being considered
and the underlying assumptions including quantities of goods, labor costs, market
conditions and discount rates used to compute net present value. The following
discussion briefly identifies alternatives and key assumptions used throughout the
analysis.

7.2.1 Development Alternatives

This BCA evaluates the benefits and costs of building the proposed project and all the
costs and benefits resulting from its ongoing operation in Converse County, Wyoming.
The BCA tradeoff under consideration involves comparing a future assuming the
proposed project to a future that assumes the No Action Alternative.

7.2.1.1 No Action Alternative

Under the No Action Alternative, there would be no change in current land cover or land
and water uses at the site; therefore, there would be no change in the existing underlying
socioeconomic and demographic trends.

7.2.1.2 Proposed Action

The Proposed Action involves the construction and operation of a uranium ISR facility.
The ISR technology involves leaving the ore where it is below the ground surface and
pumping native ground water fortified with oxygen and carbon dioxide to recover the
minerals from the ore. Consequently, the Proposed Action involves limited surface
disturbance, no open mine pits, and no tailings or waste rock would be generated.

7.2.2 Key Assumptions and Limitations

Key assumptions about the costs and benefits associated with the proposed project
involve: (1) The Operating Life of the project; (2) the Discount Rate used; (3) the
potential Scope of the Monetary Impacts; and (4) Potential Non-monetary Impacts. Each
of these is described in more detail below.
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7.2.2.1 Operating Life of Project

For purposes of cost-benefit analysis, the proposed project includes wellfields, Satellite
facilites, and outlying related structures. The total effective life of the project, based on
initial calculations, is 13 years. This includes construction of Satellite facilities and
wellfield infrastructure, operations, wellfield restoration, and Satellite plant
decommissioning. The first year includes only construction costs, since operations will
be limited to preparation work only during that first year. Decommissioning the last
Satellite plant in the 13 th year is the final phase. No operations staff or other operations
costs were included in the analysis for that year. Those operations costs are, however,
assumed to be minor compared to other years of construction and operation.

A total of seven wellfields and three Satellite facilities are projected over the life of the
project. Figure 7-1 shows the projected schedule of construction, operations, and
decommissioning for wellfields and Satellite facilities. Wellfield decommissioning is
included in the Satellite plant decommissioning phase. As Figure 7-1 shows, in a single
year there may be multiple construction, operation, and decommissioning activities.

It is possible that the proposed project life-span could be shorter than or exceed the
projected 13 year period. This will depend on the amount of ore, recoverability of the ore,
and market demand, among other factors.

7.2.2.2 Discount Rate

Computing the net present value (NPV) of the proposed project requires that future
benefits and costs be discounted. This discounting reflects assumption that the time value
of money reflected in benefits and costs is worth more if expected sooner. Following
guidelines established by circular A-94 from the United States Office of Management and
Budget (OMB), net present value estimates of benefits and costs are reported using a real
discount rate of seven percent (OMB 2011). Circular A-94 was revised in 2011 based on
extensive review and public comment and currently reflects the best available guidance
on standardized measures of costs and benefits. This rate approximates the marginal
pretax rate of return on an average investment in the private sector in recent years.

7.2.2.3 Scope of Impact

A critical step in any BCA is establishing a viable scope of potential impacts and thus
establishing who or what will be affected by the proposed project (Zerbe and Bellas
2006). As a practical matter the proposed project will be limited to the potential impacts
it may have on Converse and Natrona County.
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7.2.2.4 Potential Non-monetary Impacts and Benefit-Cost Ratio

Conventional BCA uses monetary values to compare goods and services derived from a
project or program. The values of goods and services represent their relative importance
so that if the total value of the benefits is greater than the total value of the costs, the
proposed project is desirable. The standard result is a quantified benefit-cost ratio (BCR),
equal to a project's total net benefits divided by its total cost. BCR's above one have
positive net economic impacts. While many inputs in the proposed project BCR are
goods and services (skilled labor, construction material) that are regularly traded in
markets at well known and predictable prices, others (changes to land or water, aesthetic
impacts) are not directly traded and are more difficult to value. Where reliable monetary
values are not available a qualitative approach based on the best available information is
required.

7.3 ECONOMIC BENEFITS OF PROJECT CONSTRUCTION AND
OPERATION

This section considers the potential economic impacts resulting from construction and
operation-related activities over the life of the proposed project. For this analysis,
economic impacts are measured by number of jobs and state and local tax revenues
generated from the project.

The economic analyses were derived using IMPLAN (IMpact Analysis for PLANning)
software and databases. IMPLAN was originally developed by the USDA Forest Service
in cooperation with the Federal Emergency Management Agency and the USDI Bureau
of Land Management to assist the Forest Service in land and resource management
planning. The IMPLAN system has been in use since 1979. In 1993, Minnesota IMPLAN
Group, Inc was formed to privatize the data and software.

IMPLAN allows the user to build an input-output model tailored to predict the potential
impact of a proposed project on a specific community or region. The IMPLAN system is
flexible and contains a database of over 500 economic sectors linked to the North
American Industrial Classification System (NAICS). The NAICS is the standard used by
Federal statistical agencies in classifying business establishments for the purpose of
collecting, analyzing, and publishing statistical data related to the U.S. business economy.
Using inputs such as labor, costs, or value of product for a particular IMPLAN sector, a
user can project outputs of direct, indirect, and induced employment, generated tax
revenues, and value.

The outputs are general estimates, based on a variety of parameters and multipliers built
into the IMPLAN software and data. Actual economic effects may vary for a variety of
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reasons. The following analysis is intended to provide only a general estimate for
purposes of comparing the No Action Alternative with the Proposed Action Alternative.

7.3.1 IMPLAN Input Data

Wyoming was selected as the study area for IMPLAN impact analysis for a number of
reasons. Although the project is located in Converse County, using only the county as the
economic study area would result in an understatement of the overall economic impact of
the project. This is because Converse County, with an estimated population of slightly
less than 13,000 is too small for economic impact analysis purposes. The proposed
project operator will necessarily look outside of the county for some of the goods and
services needed to construct and operate the facility. Using the state of Wyoming (with
an estimated population of 523,000 and with several larger retail/business communities
such as Casper, Gillette, and Cheyenne) provides a greater likelihood that more of the
goods and services needed for the project will come from the economic study area.

For economic analysis purposes, the proposed project is considered as two distinct
components: 1) operations, and 2) construction and decommissioning. Operations include
operation of the Satellite facilities and wellfields and wellfield restoration. It was
assumed that decommissioning would involve similar parameters to construction.

IMPLAN calculations were based on costs and numbers of employees directly employed
by the proposed project. The schedule, cost estimates, and direct employment and payroll
information prepared by Uranium One were used as the economic analysis inputs. (Refer
to Figures 7-1 through 7-4.)

Economic effects of operations were calculated using IMPLAN sector 24 (gold, silver or
other metal ore mining). There is no separate IMPLAN sector for uranium facilities. The
NAICS code for uranium-related industries (2212291) is included in IMPLAN Sector 24.
The IMPLAN data for Wyoming for Sector 24 was modified for the proposed project
analysis to better correspond to the project parameters as follows. The Wyoming state
data included proprietary income as part of "Per Worker Earnings" for Sector 24. Since
proprietor income inflated per worker earnings in Sector 24 compared to payroll cost
projections prepared by Uranium One, it was zeroed from the equation. This adjustment
then brought the per worker earnings into better alignment with the proposed project
payroll cost estimates. Once this adjustment was made, the number of direct employees
(for operations only) was used as the input to the IMPLAN model to predict the
economic outputs of operating wellfields and Satellite facilities and restoring wellfields.

Economic effects of construction and decommissioning were calculated using two
IMPLAN sectors: Sector 36 (construct other non-residential structures) and Sector 205
(construction machinery manufacturing). These sectors were arrived at by examining
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U.S. Bureau of Economic Analysis Capital Flow data. The Capital Flow data indicate that
approximately 44 percent of metal mining commodity expenditures are spent on
construction activities, 30 percent on equipment and machinery, and 15 percent on
transportation equipment (e.g., vehicles). The remaining 11 percent is spread among a
number of categories in small amounts. IMPLAN's Regional Purchase Coefficient (RPC)
for sector 36 in Wyoming is 100 percent. RPC represents the proportion of goods and
services purchased from local producers. IMPLAN's RPC for sector 205 (construction
machinery manufacturing) was 2.6 percent, meaning that although a high percentage of
machinery and equipment may be purchased in Wyoming, only 2.6 percent of the total
amount would be spent on construction machinery and equipment produced in Wyoming
and the other 97.3 percent of expenditures would go to equipment and machinery
manufacturing firms outside of Wyoming. There was no comparable category for
transportation equipment in the IMPLAN sectors for Wyoming-vehicle manufacturing
occurs in other states.

To arrive at estimated impacts, 44 percent of the total costs of construction (payroll and
non-payroll costs) was applied to sector 36 (construction) and 30 percent of the total was
applied to sector 205 (construction machinery) using the RPC of 2.6 percent. Much of the
balance of 26 percent is assumed to be "leakage" from the state of Wyoming-costs
going to goods produced elsewhere, such as vehicles. Still, the overall economic impacts
of construction for this project are likely to be a conservative estimate, since some of the
other goods and services that will be needed may be produced in Wyoming.

7.3.2 Employment Benefits

Using the above inputs and assumption, Table 7-1 summarizes the potential employment-
related effects that could be generated by the proposed project. Table 7-1 shows the
potential direct, indirect, and induced effects on state-wide employment. Employment is
expressed as numbers of jobs. IMPLAN, like the Regional Economic Information System
(REIS) of the US Bureau of Economic Analysis (BEA), measures an industry's
employment as the average annual full and part-time number of employees. These
numbers are estimates only. Actual numbers may vary based on a number of factors.

The direct employment effects refer to the employment directly generated by the project.
These jobs would primarily be on the project site in Converse County. Estimated direct
jobs per year peak in the fifth year of the project (in Year 2017) with approximately 96
jobs. Direct jobs include payroll positions with proposed project as well as persons
employed through contract on construction and decommissioning.

Indirect employment includes jobs resulting from increased demand for products or
goods related to the direct effects of construction, operations, and decommissioning.
Indirect employment would include jobs such as those needed to support the direct
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activities on site such as vehicle repair. Estimated indirect jobs peak at approximately 37
in the seventh year of the project (in 2019).

Induced employment is the result of expenditures caused by new household income
generated by the direct and indirect effects. Food and beverage establishments, medical
facilities, and retail businesses might likely require more employees to serve new
residents or households with expanded incomes resulting from the increases in direct and
indirect employment. Estimated induced jobs peak at approximately 36 in the seventh
year of the project (in 2019).

Total potential direct, indirect, and induced employment figures fluctuates from year to
year because each year there is a different combination of construction, operations, and
decommission activities. At peak total employment in 2017, the project will provide
approximately 164 total direct, indirect, and induced jobs..
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Table 7-1 Employment Effects of the Proposed Project
. Directi Indirect Induced Total

Year 2013 - Construction 65.4 16.2 17.3 98.9
Year 2013 - Operations 0.0 0.0 0.0 0
Subtotal 65.4 16.2 17.3 98.9
Year 2014 - Construction 37.9 9.4 10.0 57.3
Year 2014 - Operations 14.0 7.8 7.4 29.2
Subtotal 51.9 17.2 17.4 86.5
Year 2015 - Construction 65.4 16.2 17.3 98.9
Year 20l5 - Operations 17.0 9.5 9.0 35.5
Subtotal 82.4 25.7 26.3 134.4
Year 2016 - Construction 37.9 9.4 10.0 57.3
Year 2016 - Operations 27.0 15.0 14.3 56.3
Subtotal 64.9 24.4 24.3 113.6
Year 2017 - Construction 65.4 16.2 17.3 98.9
Year 2017 - Operations 31.0 17.3 16.5 64.8
Subtotal 96.4 33.5 33.8 163.7
Year 2018 - Construction 37.9 9.4 10.0 57.3
Year 2018 - Operations 44.0 24.5 23.4 91.9
Subtotal 81.9 33.9 33.4 149.2
Year 2019 - Construction 40.4 10.0 10.7 61.1
Year 2019 - Operations 48.0 26.7 25.5 100.2
Subtotal 88.4 36.7 36.2 161.3
Year 2020 - Construction 0.0 0.0 0.0 0.0
Year 2020 - Operations 48.0 26.7 25.5 100.2
Subtotal 48.0 26.7 25.5 100.2
Year 2021 - Construction 0.0 0.0 0.0 0.0
Year 2021 - Operations 35.0 19.5 18.6 73.1
Subtotal 35.0 19.5 18.6 73.1
Year 2022 - Construction/Decommission 24.7 6.1 6.5 37.3
Year 2022 - Operations 34.0 18.9 18.0 70.9
Subtotal 58.7 25.0 24.5 108.2
Year 2023 - Construction/Decommission 0.0 0.0 0.0 0.0
Year 2023 - Operations 18.0 10.0 9.6 37.6
Subtotal 18.0 10.0 9.6 37.6
Year 2024 - Construction/Decommission 24.7 6.1 6.5 37.3
Year 2024 - Operations 17.0 9.5 9.0 35.5
Subtotal 41.7 15.6 15.5 72.8
Year 2025 - Construction/Decommission 0 0 0 0.0
Year 2025 - Operations 1 0.6 0.5 2.1
Subtotal 1.0 0.6 0.5 2.1
Year 2026 - Construction/Decommission 24.7 6.1 6.5 37.3
Year 2026- Operations 0 0 0 0.0
Subtotal 24.7 6.1 6.5 37.3
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7.3.3 State and Local Tax Revenue Benefits

In addition to employment effects, IMPLAN models can provide general estimates of
expected tax revenues. In order to remain consistent with the scope of impact, federal
taxes are not included in this analysis. Tax revenue projections are estimates only. Actual
numbers may vary based on a number of factors.

Potential state and local tax revenues associated with the proposed project are presented
in Table 7-2. While IMPLAN models produce information on expected tax revenues
from employee compensation (e.g., social insurance tax) and induced household
expenditures (e.g., personal income tax, personal property tax and personal motor vehicle
license tax), these tax revenues are not reported here because they represent a transfer of
wealth rather than a net economic gain. Conversely, corporate dividend taxes and taxes
included in the indirect business tax category are paid by businesses. Indirect business
taxes consist of excise taxes, property taxes, fees, licenses, and sales taxes paid by
businesses, but do not include taxes on profit or income. The indirect business taxes in
Table 7-2 include all the direct, indirect, and induced effects.

Because all monetary inputs into the IMPLAN model were in constant 2009 dollars
(regardless of the year in the overall project schedule) adjusted by the IMPLAN software
program to constant 2007 dollars, no discount rate was applied to the results, which are
also expressed in 2007 dollars.

Table 7-2 State and Local Tax Revenue (IMPLAN Projections expressed in 2007
dollar equivalents

Enterprise Tax Ind irectBu~siness Tax k ~ i
Construction- ~Construction-

jYpDar Decommissioning • KOperations Decoissioning Operations TOTAL
2013 16,384 0 234,978 0 251,362
2014 9,486 102,706 136,023 638,543 886,758
2015 16,384 124,715 234,948 775,373 1,151,420
2016 9,486 198,076 136,023 1,231,475 1,575,060
2017 16,384 227,421 234,948 1,413,916 1,892,669
2018 9,486 322,791 136,023 2,006,848 2,475,148
2019 10,126 352,135 145,209 2,189,289 2,696,759
2020 0 352,135 0 2,189,289 2,541,424
2021 0 352,135 0 2,189,289 2,541,424
2022 6,193 249,429 88,814 1,550,746 1,895,182
2023 0 132,051 0 820,983 953,034
2024 6,193 124,715 88,814 775,373 995,095
2025 0 7,336 0 45,610 52,946
2026 6,193 0 88,814 0 95,007

Totals 106,315 2,545,645 1,524,594 15,826,734 20,003,288
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During the estimated 13 years of the proposed project, annual state and local tax revenues
are estimated to range from $53,000 to $2.7 million. Over the estimated 13-year project,
total taxes are estimated at $20 million.

7.4 EXTERNAL COSTS OF PROJECT CONSTRUCTION AND OPERATION

In this section of the analysis, external costs of the proposed project are identified and
compared to the no action alternative. Both short-term and long-term external costs that
may affect the interest of people other than the owners and operators of the proposed
project are also identified and described.

7.4.1 Short Term External Costs

7.4.1.1 Housing Shortages

At its peak levels of employment, the proposed project is estimated to produce
approximately 164 total jobs in Wyoming. This includes jobs created directly or
indirectly by the project or induced by related household expenditures. Many of the jobs
will be ongoing over the life of the project (such as the number of persons directly
employed by the operator or its contractors for ongoing operations and wellfield and
Satellite construction). Others will be tied to specific phases, such as construction or
decommissioning, and will be shorter-term rather than on-going. As a result, the total
number of jobs is estimated to fluctuate from year to year.

Compared to the rest of the nation, unemployment rates are low in Converse and Natrona
Counties, the area most likely to be affected by the increased number of jobs and
associated housing demand. These counties are however beginning to feel the effects of
the national recession. In June 2009, the unemployment rate in Converse County was 5.2
percent (compared to 2.8 percent in June 2008) and 6.1 percent in Natrona County
(compared to 3.0 percent in June 2008). In June 2009, the national unemployment rate
was 9.5 percent. The average unemployment rate between July 2008 and June 2009 was
7.6 percent in the nation, but it remained below 4 percent in Converse and Natrona
Counties. It is anticipated that Converse and Natrona Counties will continue to have
lower unemployment rates than the state and the nation. In part, due to the relatively
lower unemployment in the local area and the small population base, it is assumed that
the supply of available workers is limited locally and that many (and possibly most) of
the employees needed to fill the projected new local jobs will come from outside
Converse and Natrona Counties.

At the peak of direct employment numbers (in 2017), the proposed project would account
for approximately 96 new jobs. Assuming each new job resulted in a separate demand for
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housing, 96 housing units would be needed. Homeowner vacancy rates were 2.3 percent
in Converse County and 1.5 percent in Natrona County; according to the 2000 Census
(the most recent for which such census data are available at the county level). In a
multiple listing service (MLS) internet web search on March 26, 2009, there were 420
listings for houses priced at $300,000 or less in Glenrock (27), Douglas (36), and Casper
(357). In July 2007, Converse County had an estimated two vacant units out of 424 total
rental units (.47 percent rental vacancy rate) and Natrona County had 44 vacant rental
units (1.07 percent rental vacancy rate). The lack of available rental units in Converse
County was reported in the Douglas Budget on November 26, 2008. Many people who
desire rental units have been staying in hotels/motels for weeks and months at a time.

Based on these data, there would be adequate supply of houses available for sale for
needs associated with direct employment from the proposed project and a very limited
supply of rental units. It is assumed that the supply of houses for sale that are in good
"move-in" condition and in desirable areas may be less than the total number of houses
for sale, but with more than 400 available (as of March 2009), there would be sufficient
numbers for the estimated 96 new homes needed for direct employment numbers. Some
of the employees will likely be hired from the existing local labor pool and therefore 96
homes may overestimate housing demand from direct employment. Based on current
trends, it is anticipated that at least some workers will continue to have a residence
outside of Converse and Natrona Counties and will be commuting long distance for shift
work. While on site, many of these workers would likely be staying in rentals or
hotels/motels, based on historical trends. Unless additional rental units are created, this
will exacerbate the existing tight rental market.

The total of all new direct, indirect, and induced jobs estimated by the IMPLAN analysis
are for the state of Wyoming, not just Converse and Natrona Counties. If all 164 new
direct, indirect, and induced jobs (at the peak of total employment in 2017) were in
Converse and Natrona Counties, there would be adequate housing stock to purchase
(based on the March 2009 homes for sale), but rental housing would be inadequate and
put additional strains on hotels and motels.

7.4.1.2 Impacts on Schools and Other Public Services

The estimated total of 164 new direct, indirect, and induced jobs of the peak employment
year for the proposed project would result in a total population increase of 397 persons,
based on average household size in Wyoming of 2.42 in 2006 (per U.S. census estimates)
and assuming that all of the jobs are filled with persons not already living in Wyoming.

Although the IMPLAN analysis study area was for the entire state of Wyoming, for
purposes of analyzing the impacts to schools and other public services, all 164 jobs were
projected to result in population increases to Converse and Natrona Counties. This
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overestimates the likely potential for impacts to these two counties because some of the
indirect and induced jobs will be located outside of these two counties and some of the
jobs in Converse and Natrona Counties will be filled with local residents. The addition of
397 persons would be an increase of less than half of one percent to the total combined
2007 estimated population of 84,618 for Converse and Natrona Counties.

Children between the ages of five and 19 constituted approximately 20 percent of total
estimated population in Converse and Natrona Counties in 2007. Using 20 percent as the
ratio for school age children, there would be approximately 79 school age children
anticipated from the projected increase in total direct, indirect, and induced employment.

Converse School District No.1 in Douglas was adding new facilities in 2008 and 2009
and was anticipating it could handle 350 additional students in grades K-5 and 250
additional students in Middle and High School. Converse School District No. 2 in
Glenrock was under capacity in 2008 and would be able to increase enrollment by
another 200 students without additional expansion (other than what has already been
planned or recently completed). The Natrona County School District (primarily in the
Casper area) has approximately 11,500 students.

A total increase of less than half of one percent to the total population of Converse and
Natrona County is not likely to create a significant impact on other public services such
as fire, police, water, and utilities.

7.4.1.3 Impacts on Noise and Congestion

The existing ambient noise in the vicinity of the proposed project area is dominated by
the traffic noise from State Highways 95 and 93.There are a total of 67 residential sites
within the 2.0- mile buffer area. There a small cluster of occupied housing units and one
operating ranch in the vicinity of the proposed project. The nearest resident is
approximately 0.5 miles to the north. The Leuenberger Ranch lies within the proposed
project area. The proposed Leuenberger Satellite facility is approximately 2,000 feet from
the property boundary of a small rural residential subdivision. Assuming that the noise
level produced by unshielded machinery at the plant site is 85dB at 50 feet, the sound
pressure level attained at the property boundary will be well below the level identified by
the USEPA as suitable for outdoor areas where human activity takes place
(approximately 55 dB). After appropriate engineered controls (i.e. the protective
enclosure for the equipment) are installed, noise levels will not impact the residences, and
are unlikely to approach the levels attained by State Highway 95.

As a result of the remote location of the proposed project area and the low population
density of the surrounding area, impact to noise or congestion above ambient background
noise within the project area or in the surrounding 2.0-mile area are not anticipated.
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Additionally, given the maximum increase in population due to migrant workers is
insignificant, noise and congestion impacts are not anticipated in Glenrock, Douglas,
Casper, or other neighboring counties.

There will be an increase in traffic from workers to/from the site and also equipment and
machinery, and truck traffic in transporting resin to and from the offsite Central
Processing Plant. Traffic congestion is not anticipated to be a significant issue, because
existing traffic is low (Average Daily Traffic on Highway 95 near Rolling Hills was 1810
in 2006, and Average Daily Traffic on Highway 93 near Orpha was 340 in 2006) and site
activities will not increase that traffic volume significantly.

There may also be an insignificant increase in noise levels from associated traffic.

7.4.2 Long Term External Costs

7.4.2.1 Impairment of Recreational and Aesthetic Values

While opportunities for developed and dispersed recreation exist in the 50-mile area
surrounding the proposed project, the closest public recreation site is the Bixby Access
site (Wyoming Fish and Game) on the North Platte River. The next closest is the Fort
Fetterman Historical site, approximately four miles from the proposed project.

7.4.2.2 Land Disturbance

The proposed project area has been used for grazing and some oil and gas development.
As the proposed project would use ISR methods, there would be limited land surface
disturbance compared to conventional surface mining techniques. Land surface
disturbance associated with wellfield development would also be short term as interim
stabilization with native vegetation species is implemented as soon as construction
activities are complete and maintained through the life of the wellfields. No tailings or
waste rock would be generated. Satellite facilities and private access roads would be
confined to delineated areas.

7.4.2.3 Habitat Disturbance

Currently, there is no federally or state designated wildlife habitat identified within the
proposed project area. As the proposed project area has been historically used extensively
for livestock grazing, there are no anticipated long-term losses to wildlife or wildlife
habitat relative to the existing conditions resulting from the construction and operation of
the proposed project.
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7.4.3 Groundwater Impacts

It is unlikely that any future irrigation development would occur within the proposed
Project area due to limited water supplies, topography, soils, and climate. Irrigation
within the two-mile review area is anticipated to be consistent with the past. Based on
population projections, future water use within the two-mile review area would likely be
a continuation of present use. Since ISR production is a theoretically closed hydraulic
system, except for the one percent bleed, and considering that local water sources are
derived from aquifers located above the Production Zone (see Section 7.2.5.2) the
surrounding groundwater should not be affected. Therefore, it is anticipated that there
would be no significant changes from the existing conditions for public water supply in
the project area and within the two mile buffer zone surrounding the proposed project
area.

Minimal effects to the existing aquifer as a result of drawdown are anticipated. Following
standard mining practice, any contaminated water drawn from the aquifer on site would
either be treated before re-injection or disposed through deep well injection. Upon
decommissioning, the affected groundwater would be restored and all wells would be
plugged and abandoned. The primary goal of the groundwater restoration program would
be to return groundwater affected by mining operations to baseline values on a mine unit
average. The secondary goal would be to return the groundwater to a quality consistent
with pre-mining use. Prior to mining in each mining unit, baseline groundwater quality
would be determined. This data would be established for each mine unit at the minimum
density of one production or injection well per four acres. Upon completion of
restoration, a groundwater stabilization monitoring program would begin in which the
restoration wells and any monitor wells on excursion status during mining operations
would be sampled and analyzed for the restoration parameters.

Given the historically limited irrigation, the limited domestic groundwater use, and the
groundwater restoration program associated with the proposed project, there would be no
permanent commitment of water resources required and any potential long-term changes
from the No Action groundwater conditions would be limited to those identified and
addressed in the groundwater restoration program.

7.4.4 Radiological Impacts

As the proposed project would be using ISR techniques, most of the identified
radioactivity in the ore body would remain permanently underground. Following standard
ISR procedures, routine operational monitoring of air, surface water and groundwater,
and soil would be undertaken by Uranium One as discussed in Section 5. Prior to process
plant decommissioning, a preliminary radiological survey would be conducted to identify
any potential radiological hazards. The survey will also support the development of
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procedures for dealing with such hazards prior to commencement of decommissioning
activities.

Decommissioning of process facilities would start only after NRC approval of a
Decommissioning Plan in accordance with the most current applicable NRC rules and
regulations, permit and license stipulations and amendments in effect at the time of the
decommissioning activity.

All process or potentially contaminated equipment and materials at the facility including;
tanks, filters, pumps, piping, etc., would be designated for one of the following removal
alternatives:

* Removal to a new location within the proposed project area for further use or
storage;

* Removal to another NRC licensed facility for either use or permanent disposal; or

• Decontamination to meet unrestricted use criteria for release.

It is likely that process buildings would be dismantled and moved to another location or
to a permanent licensed disposal facility. Cement foundation pads and footings would be
broken up and trucked to a disposal site or to a licensed facility if contaminated. The
landowners may request that a building or other structures be left on site for future use. In
that case, the building would be decontaminated to meet unrestricted use criteria.

Under the proposed operating and decommissioning conditions, the potential long-term
radiological impacts at the project are anticipated to be negligible compared to the
existing background no action conditions.

7.5 BENEFIT-COST SUMMARY

A primary economic benefit of the project is the creation of 164 new permanent and part
time jobs at peak employment within the county and surrounding areas, including the
direct, indirect and induced employment effects over the construction and operating life
of the project (Table 7-3). Additionally, the project may generate up to $20 million in
total state and local business tax revenues over the life of the project, which is a
significant economic gain compared to the no action alternative.

Table 7-3 further shows that the short-terms effects on housing, schools and public
facilities and the increased potential for noise and congestion in the county involve little
or no change compared to the current conditions. Based on the historical land uses,
physical remoteness and proposed reclamation practices, no potential quantifiable long-
term impairments appear to significantly offset the benefits of the proposed project.
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The proposed project is likely to place negligible short-term or long-term cost burdens on
the Converse and Natrona Counties, while providing increased revenue and employment
opportunities; therefore, the development and operation of the proposed project would
provide a net economic benefit to Converse and Natrona Counties when compared to the
no action alternative.

Table 7-3 Summary of Benefits and Costs for the Proposed Project

Benefits Costs

" Tax revenue
1 $20. million

" Temporary and permanent jobs
2 164 jobs at peak employment

3

* Housing impacts
Little or no change

* Schools and Public Facilities
Negligible

" Noise and Congestion
None

" Impairment of recreational and
Aesthetic values
Negligible

" Land Disturbance
Minor

* Groundwater impacts
Controlled through mitigation

" Radiological Impacts
Controlled through mitigation
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Figure 7-1: Proposed Project Schedule for Construction, Operations, and Decommissioning.
REVISION NoWwber4,2011 YearI Year2 Yea'3 Year4 Year5 Year6 Year7 Year8 Year9 Year 10 Year 11 Year 12 Year 13

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Construct Leuenberger Satellite Plant
Constc Weilfield 1
Operate Leuenberger Satellite Plant
Operate Weilield 1
Restore Welield 1
Weflield 1 Regulatory Rerew Period
Construct Wellield 2
Operate Weltlield 2
Restore Welfield 2
Welfield 2 Regulatory Reiew Period
Construct Wellfeld 3
Operate Wellfield 3
Restore Welfield 3
Decommission Leuenberger Satellite Plant
Construct North Platte Satellite Plant
Operate North Platte Satellite Plant
Construct Weileld 4
Operate Welield 4
Restore Well~eld 4
Welleld 4 Regulatory Revew Period
Construct Wellield 5
Operate Wetllield 5
Restore Welliield 5
Decommission North Platte Satellite Plant
Construct Peterson Satellite Plant
Operate Peterson Satellite Plant
Construct Wellield 6
Operate Wellield 6
Restore WelMeld 6
Construct Weltleld 7
Operate Wel~feld 7
Restore Wellield 7
Decommission Peterson Satellite Plant

-Regulatory Revew Period
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Figure 7-2: Estimated Non-Payroll Costs of Construction, Operations, and Decommissioning by Year (in constant 2009 $)
REVISION Noermber 4, 2011 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Construct Leuenberger Satellite Plant
Construct Wellfield 1
Operate Leuenberger Satellite Plant
Operate Weltfield 1
Restore Welllield 1
Welltield 1 Regulatory Rejew Period
Construct Welfield 2
Operate Wellfield 2
Restore Wellfleld 2
Weitfield 2 Regulatory Rexiew Period
Construct Wetlleld 3
Operate Wellfield 3
Restore Welllield 3
Decommission Leuenberger Satellite Plant
Construct North Platte Satellite Plant
Operate North Platte Satellite Plant
Construct WellIeld 4
Operate Welflield 4
Restore Wellield 4
Wellfield 4 Regulatory Reiew Penod
Construct Welilield 5
Operate Wellfield 5
Restore Wellield 5
Decommission North Platte Satellite Plant
Construct Peterson Satellite Plant
Operate Peterson Satellite Plant

Construct Wellfield 6
Operate Wedlfield 6
Restore Wellield 6
Construct Wellfield 7
Operate Wellfteld 7
Restore Wellileld 7
Decommission Peterson Satellite Plant

Subtotal - Construction-Non Payroll
Subtotal - Oprerations-Non Payroll
Total - Non Payroll

1,240,039 1,240,039 1O~3 1,400 1,240,039 1 1,240,039 1,240.039 1,240,03 1,240,03

6, ~__ _ _ 9 K 71 ,4 , ) 1 2 0 M ,24O0,W9 1 ,240 ,M39 1 ,240,M 9 1 240 ,039 1,240,03924tO

417,2V j 417232 417,M 'I

ý 1 , 4 17,ý3J 417=:-l

17,482,104 9,783,336 27,265,440 11,749,929 16,767,207 10,498,233 0 0 0 6,308,491 6,308,491 0
1,657,271 2,074,503 3,731,774 3,731,774 4,554,581 4,554,581 4,554,581 3,720,117 2,480,078 1,240,039 1,240,039

17,482,104 11,440,607 29,339,943 15,481,703 20,498,981 15,052,814 4,554,581 4,554,581 3,720,117 8,788,569 7,548,530 1,240,039

6,308,491
0

6,308,491

-Regulatory Review Perod

December 2011 
7-18

December 2011 7-18



d-uraniumone
URANIUM ONE AMERICAS

NRC License SUA-1341 Amendment Application
Ludeman Project Environmental Report

Figure 7-3: Estimated Payroll Costs of Construction and Decommissioning by Year (Direct
Project in Constant 2009 $)

REVISION November 4,2011 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Payroll of Proposed

Year 10 Year 11 Year 12 Year 13
2023 2024 2025 2026

Construct Leuenberger Satellite Plant
Construct Wellield 1
Operate Leuenberger Satellite Plant
Operate Wellfleld 1
Restore Wellield I
Wellield I Regulatory Review Period
Construct Wellield 2
Operate Wellfield 2
Restore Wellfield 2
Wellield 2 Regulatory Review Period
Construct Wellfield 3
Operate Weltlfeld 3
Restore Wellield 3
Decommission Leuenberger Satellite Plant
Construct North Platte Satellite Plant
Operate North Platte Satellite Plant
Construct Wellfield 4
Operate Wellield 4
Restore Wellfield 4
Wellfield 4 Regulatory Review Period
Construct Wellield 5
Operate Welfiteld 5
Restore Wellfield 5
Decommission North Platte Satellite Plant
Construct Peterson Satellite Plant
Operate Peterson Satellite Plant
Construct Wellield 6
Operate Welffield 6
Restore Welitield 6
Construct Wellfield 7
Operate Wellield 7
Restore Wellaield 7
Decommission Peterson Satellite Plant

Subtotal - Construction-Non Payroll
Subtotal - Oprerations-Non Payroll
Total -Non Payroll

ýk - - '' -- .,

802,575 802,575
0

802,575 802,575

1,605,150
0

1,605,150

802,575
0

802,575

802,575
0

802,575

802,575
0

802,575

0
0
0

0
0
0

0
0
0

603,450
0

603,450

603,450
0

603,450

0
0
0

603,450
0

603,450
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Figure 7-4 Estimated Number of Payroll Positions for Construction, Operations, and Decommission (Direct payroll of
the Proposed Project)

REVISION November 4, 2011

Construct Leuenberger Satellite Plant
Construct Wellfield I
Operate Leuenberger Satellite Plant
Operate WellIleld 1
Restore Welfleld 1
Welflield 1 Regulatory Renew Period
Construct Wellield 2
Operate Wellfield 2
Restore Welitleld 2
Wellfield 2 Regulatory Rekew Period
Construct Wellfield 3
Operate Wellfield 3
Restore WellUeld 3
Decommission Leuenberger Satellite Plant
Construct North Platte Satellite Plant
Operate North Platte Satellite Plant
Construct Wellfield 4
Operate Welflield 4
Restore Wellfield 4
Welltield 4 Regulatory Rexiew Period
Construct Weltlield 5
Operate Wetllaid 5
Restore Welaheld 5
Decommission North Platte Satellite Plant
Construct Paterson Satellite Plant
Operate Peterson Satellite Plant
Construct Welffield 6
Operate Welffield 6
Restore Welfield 6
Construct Welliteld 7
Operate Welftield 7
Restore Welflield 7
Decommission Peterson Satellite Plant

Subtotal - Construction-Non Payroll
Suibtotal - Oprerations-Non Payroll
Total - Non Payroll

Year I Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

0 0 0

. a 3 1 3.5

ýk '.
'7w, 1

. 1 3 1 3.a 1

10 ~10 lO{ iI loji ji

3,5 3. 3.5a

35 as j & 1a

10 10 10 10 10 j 10 1

ýw I ;ýu I a;'ý I
3.s s I 3,5

s5 a3.s as 1

7.0
0.0
7.0

7.0
13.5
20.5

14.0
17.0
31.0

17.5
30.5
48.0

7.0
34.0
41.0

7.0
47.5
54.5

0.0
51.0
51.0

0.0
47.5
47.5

0.0
31.5
31.5

10.0
7.0
17.0

10.0
17.0
27.0

0.0
1.0
1.0

10.0
0.0
10.0

-Regulatory Remew Period
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8 SUMMARY OF ENVIRONMENTAL CONSEQUENCES

This Environmental Report began with Section 1 outlining the purpose and need for the
proposed Ludeman Project (proposed project). The alternatives considered by Uranium
One are described in Section 2 including the alternative considered in the formulation of
the Proposed Action and Reasonable Alternatives Considered but Rejected. Uranium One
has characterized the existing baseline environment of the proposed project and the
surrounding area in Section 3. The potential environmental impacts (adverse and
positive) of the proposed action are discussed in detail in Section 4. In this impact
analysis, Uranium One identifies potential unavoidable impacts of the proposed action.
Alternatives for mitigation for these impacts are discussed in Section 5. Environmental
measurements and monitoring are detailed in Section 6 of this ER. An analysis of the
Benefits-Costs of the proposed project is included in Section 7 of this ER.

Table 8-1 summarizes the few potential environmental impacts which likely cannot be
avoided. Where available, means of mitigation are also summarized. The potential
unavoidable environmental impacts of the proposed construction, operation, and
decommissioning of the proposed project all are included. Each impact is quantified
(where possible). Due to the benign nature of ISR uranium recovery the potential
environmental impacts are minor. Because of the relatively short duration of the proposed
project (approximately 13 years from construction to decommissioning) all
environmental impacts are short-term. The predicted impacts will exist during the
construction, operation, and decommissioning of the proposed project. No significant
long-term impacts extending beyond the duration of the project have been identified. For
each potential impact, mitigative measures are summarized.

Only a few resources are deemed irretrievable during project construction and operation,
aquifer restoration and decommissioning. Those include chemicals used during the ISR
process, power consumed during the ISR process, fuel consumed during employee
transport to and from the project area, plus the fuel consumed for equipment operation.
At the conclusion of the proposed project, the project area will be fully restored to its pre-
construction conditions and released for unrestricted use.
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Table 8-1: Unavoidable Environmental Impacts

Impact Estimated Impact Mitigation Measures

Production

Production of U308 (lbs.) 6,300,000 pounds None

Use of Natural Resources

Minimal temporary impacts in wellfield Sediment and topsoil management during

areas: 763 Acres; Significant surface and construction and operation; Surface
Temporary Land Surface Impacts (acres) subsurface disturbance confined to plant reclamation following operational activities

sitesu=apprfadistunely 1acnnes. tto return surface to pre-operational
sites = approximately 15 acres, condition.

Restriction of agricultural production Surface reclamation following operational

Temporary Land Use Impacts (livestock grazing) in the impacted area activities to retum surface to pre-
(estimated 815 acres) for duration of operational use.
project.

Groundwater consumption (net gpm) Estimated net consumptive use of 100-300 Nonegpm for 12 year mining and restoration life.

Temporary impacts to groundwater quality Proven groundwater restoration following
Groundwater quality impacts in the mining zone, mining to return groundwater quality to

baseline or pre-operational water uses.

Use of harmonizing colors; use of existing
Moderate impact; noticeable minor vegetation and topography; avoidance of

Visual and scenic impacts industrial component straight line site roads to follow

topography; removal of construction debris.
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Table 8-1: Unavoidable Environmental Impacts

Impact Estimated Impact Mitigation Measures

Emissions

Dust control measures implemented where
Dust emissions (tons/yr.) 15.5 appropriate.

Radon emissions (Curies/yr.) 1,655 None

Radiological Impacts

Additional maximum predicted dose (mrem/yr.) 1.56 None

Fractional increase to background continental dose Very low and not measurable None
(percent)

Socioeconomic Impacts

Direct Employment

" Full time employment 44 to 48 None

" Contractor employment 10 to 20 None

" Part time and contractor employment during 50 None
construction

Construction Capital Expenditures $92,000,000 None

Non-payroll workers (Construction, 2008-2009) 164 None

Non-payroll workers (Full operations, 2010-2019) 147 None

Non-payroll workers (Restoration, Satellite 53 None
operations, 2020-34)
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Table 8-1: Unavoidable Environmental Impacts

Impact Estimated Impact Mitigation Measures
Total Enterprise and Business Tax revenues $20,000,000 None

Waste Management Impacts

81 gpm during normal operations and Permanent disposal in Class I UIC disposal
Wastewater (gpm) approximately 315 gpm during restoration well(s)

Solid waste produced (yd3/yr.) 2,000 Permanent disposal at license landfill

3250 Waste minimization; decontamination;
1 le.(2) byproduct waste produced (yd 3/yr.) permanent disposal at a licensed disposal

facility.
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http://wogcc.state.wy.us. Accessed August 2008.

Wyoming State Parks. 2008. [Web Page] http://wyoparks.state.wy.us. Accessed October
2008.
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Table 3.1-3 Source: NASS 2008

Table 3.1-6 Source: U.S. NRC 2008

Figure 3.1-1 Notes and Sources:
Figure 3.1-1 (Land Use Within Two-Mile Ludeman Survey Area) was prepared using a

variety of sources. The primary data source was the agricultural land use map
from the Wyoming Geographic Information Science Center at the University of
Wyoming. This source has five land use categories: 'ir' for irrigated cropland, 'ni'
for non-irrigated cropland, 'ur' for urban or built up, 'na' for non-agricultural land,
and 'gc' for golf courses. There were no 'ur' or 'gc' polygons in the area analyzed
for the Two-Mile Ludeman Survey Area Land Use map. Non-agricultural land
includes all lands that are not cropland, urban or build up, or golf courses. Site
visits confirmed that in the survey area the use of non-cropland is predominately
for rangeland forage.

Recreational sites were identified by using Wyoming Game and Fish Department maps.
The North Platte River-Bixby Fishing Access site was the only site found to be
inside the two-mile survey area boundary. The U.S. Department of the Interior,
Bureau of Land Management, Wyoming Historic Trails was the source for
location of the Bozeman Trail.

Surface water was identified by overlaying the "Hydrography for Wyoming" dataset with
the agricultural land use dataset and assigning a land use category of 'sw' for
surface water to Hydrography polygons with a Minorl code of '412' for wide
river and '421' for lake or pond within the two-mile survey area boundary.

Residence sites within the two-mile survey area boundary were located using ©2008
Google Earth imagery, cross-checked against surface ownership polygons, and
compared to general site reconnaissance. Due to limitations with resolution, it was
not possible to always distinguish differences between houses and outbuildings.
Where buildings were grouped together and isolated from other residence sites, it
was assumed that these building groups were farm/ranch residence(s) and
outbuildings (and identified as a single residential site for mapping purposes).

Figure 3.1-1 Sources: ©2008 Google

Analysis, Wyoming Gap, 1996, 1:100,000-scale Hydrography for Wyoming (enhanced
DLGs): Spatial Data and Visualization Center, Laramie, Wyoming.
http://www.sdvc.uwyo.edu/24k/hydro100.html

Bureau of Land Management, Unknown, Wyoming Historical Trails: Bureau of Land
Management, Cheyenne, WY.
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http ://www.blm.gov/wy/st/en/resources/publicroom/gis/datagis/state/historictrail.
html

Wyoming Game and Fish Department. Public Access Areas, North Platte River-Bixby
Public Access Area 2008.
http://gf.state.wy.us/accessto/Accessibixby.asp

Wyoming State Geological Survey (Abby L. Kirkaldie, Phyllis Ranz, Fred Porter, Joseph
Huss), Sept. 23, 2002, WY.Pipelines: Wyoming State Geological Survey,
Laramie, Wyoming.
http://partners.wygisc.uwyo.edu/website/dataserver/viewer.htm

Wyoming Water Resources Center, 199809, Agricultural Land Use of Wyoming:
University of Wyoming Spatial Data and Visualization Center, Laramie,
Wyoming.
http://www.wygisc.uwyo.edu/clearinghouse/agland.html

9.3.2 Transportation

(Wyoming Department of Transportation, Casper office, telephone conversation, October
23, 2008) Wendy Stansbury of TREC Inc. spoke with a representative of
WYDOT regarding traffic counts on State and County roads in the vicinity of the
Ludeman License Area.

9.3.3 Geology and Soils

Algermissen, S.T., Perkins, D.M., Thenhaus, P.C., Hanson, S.L., and Bender, B.L., 1982,
Probabilistic Estimates of Maximum Acceleration and Velocity in Rock in the
Contiguous United States: U.S. Geological Survey Open File Report 82-1033,
99p, scale 1:7,500,000.

Galloway, W.E. and Walton, A.W., 1974. Stratigraphy of the Upper Fort Union Fluvial
System, Southern Powder River Basin Relationships to Uranium Mineralization.
Technical Service Report No. 1201-6-1-74. Conoco Inc., November 1974.

Geomatrix Consultants, Inc., 1988, Seismotectonic evaluation of the Wyoming Basin
geomorphic province: Report prepared for the U.S. Bureau of Reclamation,
Contract No. 6-CS-81-07310, 167 p.

Lemmers, Jim and Smith, Dave, 1981. Idaho Claims Geologic Evaluation, Powder River
Basin, Converse County, Wyoming. UNC Teton Exploration Drilling, Inc.,
February 20, 1981.
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Sharp, W.M., McKay, J.E., McKeown, F.A., and White, A.M., 1964. Geology and
Uranium Deposits of the Pumpkin Buttes Area of the Powder River Basin,
Wyoming. USGS Bulletin 1107H, pp. 541-638.

Testing License, Peterson In Situ Uranium Extraction Project, Converse County,
Wyoming. Wyoming Department of Environmental Quality Application Arizona
Public Service Company (APS) 1980. Application for In Situ Research and
Development for In Situ Research and Development Testing License. Prepared by
Arizona Public Service Company.

USGS, website. United Sates Geological Survey Earthquake Hazards Program
http://neic.usgs.gov/neis/epic/epic.html Accessed December 2, 2008.

USGS, Website. Groundwater Effects from Earthquakes.
http://earthquakes.usgs.gov/leaming/topics/groundwater.php. Accesses August 5,
2009.

WSGS, 2002. Basic Seismological Characterization for Converse County, Wyoming by
James C. Case, Robert Kirkwood, and Rachel N. Toner. Wyoming State
Geological Survey. September 2002.

9.3.4 Water Resources

Collentine, M. et. al. 1981. Occurrence and characteristics of ground water in the Great
Divide and Washakie Basins, Wyoming: Water Research Institute, University of
Wyoming, report for the U.S. Environmental Protection Agency, report code G-
008269-79.

Fisk, E.P. 1967. Groundwater geology and hydrology of the Great Divide and Washakie
basins, south central Wyoming: M.S. Thesis, University of Southern California.

Hershfield, D. M., 1961. Rainfall Frequency Atlas of The United States, Techincal Paper
No. 40.

McCuen, R. H., 2004. Hydrologic Analysis and Design. Upper Saddle River, New
Jersey: Prentice Hall

Miller, K. A., 2003. PEAK-FLOW CHARACTERISTICS OF WYOMING STREAMS,
US Geological Survey, Water-Resources Investigations Report 03-4107

Natural Resources Conservation Service (formerly Soil Conservation Service), 1986.
Urban Hydrology for Small Watersheds, Technical Release 55
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Teton-Nedco Joint Venture., 1980. In-Situ Mining Permit Application, Leuenberger Site,
Converse County, Wyoming.

Uranium Resources Inc., 1981. North Platte Project Application and Technical Report.

USGS. 2008. National Water Information System (NWIS) for USGS stream gages in
Wyoming: 06652000, 06647000, 06646780, 06650000. [Web page]
http://waterdata.usgs.gov/wy/nwis/sw. Accessed August 12, 2008.

USGS Bullten 17B, 1982. Guidelines For Determining Flood Flow Frequency.

Welder, G.E. and L.J. McGreevy. 1966. Ground-water reconnaissance of the Great
Divide and Washakie Basins and some adjacent areas, southwestern Wyoming:
U.S. Geological Survey Hydrologic Investigations Atlas HA-219.

WRCC. Western Regional Climate Center. Glenrock 5 ESE, Wyoming 1941 - 2006.
http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?wy3950. Accessed August 2008.

Wyoming Department of Environmental Quality (WY DEQ). 2001. Wyoming Surface
Water Classification List. Water Quality Division, Surface Water Standards. 21
June 2001. 484 p. [Web page]
http://deq.state.wy.us/wqd/watershed/surfacestandards/Downloads/Standards/2-
3648-doc.pdf. Accessed Dec 10, 2008.

Wyoming Department of Environmental Quality (WY DEQ). 2008. Wyoming's 2008
305(b) integrated State Water Quality Assessment Report and 2008 303(d) List of
Waters Requiring TMDLs. [Web Page]
http://deq.state.wy.us/wqd/watershed/Downloads/305b/2008/2008
percent20Integrated percent20Report.pdf. Accessed Dec 10, 2008

9.3.5 Ecological Resources

9.3.5.1 Regional Setting

Trihydro Corporation. 2006. Platte River Basin Water Plan Final Report. Prepared for:
Wyoming Water Development Commission, Basin Planning Program. [Web
Page] http ://waterplan.state.wy.us/plan/platte/finalrept/finalrept.html
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9.3.5.2 Climate

Curtis, J. and K. Grimes, 2007: Wyoming Climate Atlas. Available:
http://www.wrds.uwyo.edu/wrds/wsc/climateatlas/ [2007,May 2].

Martner, B.E.,1986: Wyoming Climate Atlas. University of Nebraska Press, Lincoln, NE.

National Climatic Data Center (NCDC), 2007: Surface Data, Monthly Extremes.
Available: http://gis.ncdc.noaa.gov/website/ims-cdo/extmo/viewer.htm?Box=-
110.307738654357:41.4493000825986:-102.349767058746:45.2536595444503
[2006, July 13].

Western Region Climate Center (WRCC), 2007: Local Climate Data Summaries.
Available: http://www.wrcc.dri.edu/summary/lcd.html [2006, Jan 28].

9.3.5.3 Vegetation

Dom, R.D. 2001. Vascular Plants of Wyoming, 3rd ed. Mountain West Publishing,
Cheyenne, Wyoming. 412 pp.

Wyoming Department of Environmental Quality, Land Quality Division. 1997
(November Revised). Guideline 2.

Wyoming Department of Environmental Quality, Land Quality Division. 2007 Declared
Weed and Pest List. Wyoming Weed and Pest Council. July 11, 2007.
http://www.wyoweed.org/.

Wyoming Department of Environmental Quality, Land Quality Division. 2006 Federal
and State Protected Plants in Wyoming. United States Fish & Wildlife Service.
October 9, 2006. http://plants.usda.gov.

9.3.5.4 Wetlands

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of wetlands
and deepwater habitats of the United States. FWS/OBS-79/31. U.S.D.I. Fish and
Wildlife Services. Washington, D.C.

USACE. 2008. Interim Regional Supplement to the Corps of Engineers Wetland
Delinaeation Manual: Great Plains Region, March 2008. U.S. Army Corps of
Engineers Engineer Research and Development Center.
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USDI Fish & Wildlife Service. 1988. National Wetland Inventory, National List of Plant
Species that Occur in Wetlands: Northwest (Region 4). Biol. Rpt. 88 (26.9). 89p.

USDI Fish & Wildlife Service. 1994. National Wetland Inventory, 1993 Supplement to
National List of Plant Species that Occur in Wetlands: Northwest (Region 4).
Supp. Biol. Rpt. 88. 8p.

9.3.5.5 Wildlife

Baxter, G. T. and M. D. Stone. 1985. Amphibians and Reptiles of Wyoming. Wyoming
Game and Fish Dept. Second Edition. 137 pp.

Bureau of Land Management. Buffalo Field Office. February 2005. Wildlife Survey
Protocol for Coal Bed Natural Gas Development. Buffalo, WY. 42 pp.

Bureau of Land Management. 2002. BLM Wyoming Sensitive Species Policy and List
September 20, 2002, available on the Internet as of July 2008:
http://www.blm.gov/pgdata/etc/medialib/blm/wy/wildlife.Par.9226.File.dat/O2spe
cies.pdf

Canadian Wildlife Service and U.S. Fish and Wildlife Service. 2007. International
recovery plan for the whooping crane. Ottawa: Recovery of Nationally
Endangered Wildlife (RENEW), and U.S. Fish and Wildlife Service,
Albuquerque, New Mexico. 162 pp.

Cerovski, A.O., M. Grenier, B. Oakleaf, L. Van Fleet, and S Patla. 2004. Atlas of birds,
mammals, amphibians, and reptiles in Wyoming. Wyoming Game and Fish
Department, Nongame Program, Lander, Wyoming. 206 pp.

Cerovski, A., M. Gorges, T. Byer, K. Duffy, and D. Felley, editors. 2001. Wyoming Bird
Conservation Plan, Version 1.0. Wyoming Partners in Flight. Wyoming Game
and Fish Department, Lander, Wyoming.

Clark, T. W. and M. R. Stromberg. 1987. Mammals in Wyoming. Univ. of Kansas,
Museum of Natural History, Lawrence, Kansas. 214 pp.

Environmental Protection Agency. 1993. Ecoregions of the United States. Derived from
J. W. Omernik; Ecoregions of the coterminous United States; Scale 1:7,500,000;
Annals of the Association of American Geographers 77:118-125.
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Federal Register. July 9, 2007. Endangered and Threatened Wildlife and Plants;
Removing the Bald Eagle in the Lower 48 states From the List of Endangered and
Threatened Wildlife. Final Rule: Volume 72, No. 130, Pages 37345-37372:
www.gpoacrescess.gov/fr/.

Forrest, S. C., T. W. Clark, L. Richardson, and T. M. Campbell III. 1985. Black-footed
ferret habitat: some management and reintroduction considerations. Wyoming
BLM Wildlife Technical Bulletin No. 2. U. S. Bureau of Land Management,
Cheyenne, Wyoming. 49 pp.

Grenier, Martin. 2003. An Evaluation of Black-footed Ferret Block Clearances in
Wyoming: Completion Report. Wyoming Game and Fish Department. Lander,
Wyoming. 16 pp.

Grier, J. W. and R. W. Fyfe. 1987. Preventing research and management disturbance.
Pages 173-182 in B. A. Pendleton, B. A. Millsap, K. W. Cline, and D. M. Bird,
eds. Raptor management techniques manual. National Wildlife Federation,
Washington, D.C.

Jones, J. K., Jr., D. M. Armstrong, R. S. Hoffmann, and C. Jones. 1983. Mammals of the
Northern Great Plains. University of Nebraska Press, Lincoln, Nebraska.

Peterson, R. T. 1990. A field guide to western birds. Houghton Mifflin Company, Boston,
Massachusetts. 309 pp.

Stebbins, R. C. 1966. A field guide to western reptiles and amphibians. Houghton Mifflin
Company, Boston. 279 pp.

Stokes, D.W., and Stokes, L.Q. 1996. Field guide to birds: western region. Little, Brown
and Co., New York, New York. 519 pp.

U.S. Fish and Wildlife Service. May 2, 2002. Migratory bird species of management
concern in Wyoming - noncoal list. Wyoming Field Office of the U.S. Fish and
Wildlife Service, Cheyenne, Wyoming.

U.S. Fish and Wildlife Service. 2004. Letter to Interested Parties Regarding Black-footed
Ferret Surveys in Wyoming. File ES-6141 1/BFF/WY7746, dated February 2,
2004. Cheyenne, Wyoming.

U.S. Fish and Wildlife Service. 2008. List of Threatened and Endangered Species:
Converse County, Wyoming. Office of Migratory Bird Management, USFWS,
Cheyenne, Wyoming.

December 2011 9-10
December 2011 9-10



TM URANIUM ONE AMERICAS
.. uraniumone NRC License SUA-1341 Amendment Application,investing in our energy Ludeman Project Environmental Report

U.S. Fish and Wildlife Service Web Links:
http://www.fws.gov/southwest/es/oklahoma/lestern.htm (interior least tern)
http://ecos.fws.gov/docs/recoveryplan/880512.pdf (piping plover)
http://ecos.fws.gov/docs/recoveryplan/070604 v4.pdf (whooping crane)
http://ecos.fws.gov/docs/recoveryplan/931107.pdf (pallid sturgeon)

U.S. Fish and Wildlife Service. 1988. Great Lakes and Northern Great Plains piping
plover recovery plan. USFWS, Twin Cities, Minnesota. 160 pp.

U.S. Fish and Wildlife Service. 1993. Pallid Sturgeon Recovery Plan. USFWS, Bismark,
North Dakota. 55 pp.

U.S. Forest Service. 2002. Updated Land and Resource Management Plan for the
Thunder Basin National Grassland, Medicine Bow-Routt National Forest, Rocky
Mountain Region. USDA Forest Service, Medicine Bow-Routt National Forest,
Rocky Mountain Regional Office, Denver, Colorado.

Vickery, P.D. 1996. Grasshopper sparrow (Ammodramus savannarum). In The Birds of
North America, No. 239 (A. Poole and F. Gill, Eds.), The Academy of Natural
Sciences, Philadelphia, PA, and The American Ornithologists' Union,
Washington, D.C.

Wyoming Game and Fish Department. 2008. 2007 Annual Big Game Herd Unit Job
Completion Reports. Wyoming Game and Fish Department, Wildlife Division,
Biological Services Section, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division Web Links:
http://deq.state.wy.us/lqd
http://deq.state.wy.us/lqd/guidelines.asp

Wyoming Department of Environmental Quality-Land Quality Division. Date unknown.
Chapter 2 Noncoal Mine. WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. Date unknown.
Chapter 11 Noncoal Mine: In Situ Mining. WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. 1987. Guideline
No. 5:Wildlife. February 1987 Revision. WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. 2000. Guideline
No. 4: In Situ Mining. February 1987 Revision. WDEQ-LQD, Cheyenne,
Wyoming.
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Wyoming Department of Environmental Quality-Land Quality Division. 2006. Chapter 3
Noncoal Mine: Environmental Protection Performance Standards. WDEQ-LQD,
Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. 2007. Draft In
Situ Mining Permit Application Requirements Handbook. March 2007 update.
WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Game and Fish Department. 1982. Handbook of biological techniques. WGFD,
Cheyenne. 442 pp.

9.3.6 Meteorology

Curtis, J. and K. Grimes, 2007: Wyoming Climate Atlas.
http://www.wrds.uwyo.edu/wrds/wsc/climateatlas/ [2007,May 2].

Available:

Martner, B.E., 1986: Wyoming Climate Atlas. University of Nebraska Press, Lincoln, NE.

National Climatic Data Center (NCDC), 2007: Surface Data, Monthly Extremes.
Available: http://gis.ncdc.noaa.gov/website/ims-cdo/extmo/viewer.htm?Box=-
110.307738654357:41.4493000825986:-102.349767058746:45.2536595444503
[2006, July 13].

Western Region Climate Center (WRCC), 2007: Local Climate Data Summaries.
Available: http://www.wrcc.dri.edu/summary/lcd.html [2006, Jan 28].

9.3.7 Noise

United States Environmental Protection Agency. (1974). EPA Identifies Noise Levels
Affecting Health and Welfare. Retrieved March 12, 2009 from
www.epa.gov/history/topics/noise/01 .htm

9.3.8 Historic and Cultural Resources

None.

9.3.9 Visual and Scenic Resource

BLM 2007. Bureau of Land Management. Record of Decision and Approved Casper
Resource Management Plan. December 2007.
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NRC 2003. U.S. Nuclear Regulatory Commission NUREG-1569, Standard Review Plan
for In Situ Leach Uranium Extraction License Applications, Final Report.
Prepared by J. Lusher. June 2003.

9.3.10 Socioeconomic

Antrim, Mark. Associate Director of Buildings, Natrona County School District. 2008.
Personal communication. Phone conversation with Anne Cossitt in August 2008.

Espeland, Dan. Converse School District No. 1 Superintendent. 2008. Personal
communication. Phone conversation with Anne Cossitt in August 2008.

Office of Federal and State Materials and Environmental Management Programs. 2008.
Draft Generic EIS for In-Situ Leach Uranium Milling Facilities. [Web Page]
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/srl 910

Shore, Lynn. Converse School District No.2. 2009. Personal communication. Phone
conversation with Anne Cossitt in January 2009.

State of Wyoming Tourism. 2008. Location of Hotels, Motels, Campgrounds and RV
Parks. [Web Page]. http://www.wyomingtourism.org/planning/stay/ Accessed
August 2008.

Stillwell, Glendene. Converse School District No.2. 2008. Personal communication. Phone
conversation with Anne Cossitt in August 2008. U.S. Census Bureau. 2008. Annual
Estimates of the Population by Sex, Race, and Hispanic Origin for Wyoming: April
1, 2000 to July 1, 2007. (as released by Wyoming Department of Administration
and Information. [Web Page] http://eadiv.state.wy.us/. Accessed August 2008.

Wyoming Department of Administration and Information. 2005. Economic Analysis
Division. Economic and Demographic Forecast: 2005 to 2014.

Wyoming Department of Administration and Information. 2007. Wyoming Economic and
Demographic Forecast: 2007 to 2016. [Web Page]
http://eadiv.state.wy.us/wef/wef.html. Accessed August 2008.

Wyoming Department of Administration and Information. 2008 [Web Page] Various
tables. http://eadiv.state.wy.us/. Accessed August 2008.

Wyoming Department of Education. 2008. [Web Site] http://www.kl2.wy.us. Accessed
August 2008.
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Wyoming Department of Employment Research and Planning. 2008 County Fact Sheets.
[Web Page] http://doe.state.wy.us/LMI/county.htm. Accessed August 2008.

Wyoming Department of Employment. 2008. Statewide and County Inflow Figures and
Tables by State of Origin. [Web Page] http://doe.state.wy.us/lmi/commute.htm.
Accessed August 2008.

Wyoming Department of State Parks and Cultural Resources. 2008. [Web Page]
http://wyoparks.state.wy.us/PlanningDocs/VisitorUse/2007/index.asp Accessed
October 2008.

Wyoming Housing Database Partnership. 2008. A Profile of Wyoming Demographics,
Economics, and Housing Semiannual Report Ending December 31, 2007. [Web
Page] http://www.wyomingcda.com/files/Profile07bVolIFNL.pdf Accessed
August 2008.

Table 3.10-1 Source: 1980 -2000: Decennial Census; Estimates 2001-2007: Population
Division, U.S. Census Bureau, Release Date: July 10, 2008

Table 3.10-2 Source: Population Division, U.S. Census Bureau, Release Date May 1,
2008

Table 3.10-3 Source: Wyoming Department of Administration and Information,
Economic Analysis Division, July 2008.

Table 3.10-5 Sources: Labor Force, Employment, Unemployment and Unemployment
Rate: Wyoming Department of Employment Research and Planning 2008

Employment by Industry: U.S. Bureau of Economic Analysis 2008

Table 3.10-6 Source: Wyoming Housing Database Partnership 2008

9.3.10.1 Environmental Justice

ANA (Alliance for Nuclear Accountability) 2008 (23 November) ANA Press Release:
3000+ Organizations and Individuals Urge President Bush "Protect Most
Vulnerable from Radiation Exposure." http://www.ananuclear.org.

Ali, A. and L. Behrendt 2001 Mining and Indigenous Rights. Cultural Survival Quarterly
25(1): 6-8.

Alter, J. C. 1962 Jim Bridger. University of Oklahoma Press, Norman.
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Arnold, P. 1997 Wyoming's Hispanic Sheepherders. Annals of Wyoming 69(1):29-34.

Bial, Raymond 2004 The Arapaho. Benchmark Books, New York, NY.

Bradley, C. C., Jr. 1991 The Handsome People: A History of the Crow Indians and the
Whites. Council for Indian Education.

Brooks, R., S. Khatiwada, J. Vargas and M. McGurry 2008 The U. S. Census Bureau and
American Community Survey: Advantages, Uses, and Limitations. South Dakota
State University, Rural Life Census Data Center, Newsletter 3:1-3.

Bullard, R. D. 1999 Leveling the Playing Field Through Environmental Justice. 23VT.L
Rev 453.

Carley, Kenneth 1976 The Sioux Uprising of 1862. The Minnesota Historical Society, St.
Paul, MN.

Castelli, J. R. 1990 Basques in the Western United States: A Functional Approach to
Determination of Cultural Presence in the Geographic Landscape. University of
Colorado, PH.D Dissertation.

CEQ (Council on Environmental Quality) 1997 Environmental Justice: Guidance under
the National Environmental Policy Act. (http://www.whitehouse.gov/CEQ).

Coronado, J. 2001 Chicanos in Rawlins, 1950-2001. Annals of Wyoming 2001 73(2):10-
14.

Deaver, Sherri 1986 American Indian Religious Freedom Act (AIRFA) Background
Data. Ethnoscience for the Bureau of Land Management, Montana State Office,
Billings, MT.

DeMallie, R.J. 2001 Teton. In Plains, Part 2, edited by R. J. DeMallie, pp 794-820.
Handbook of North American Indians: Vol.13, William C. Sturtevant, general
editor, Smithsonian Institution, Washington, D.C.

Douglass, W. A. 1985 Ethnic Categorization in the 1980 U.S. Census: The Basque
Example." Government Publications Review (1985) 12: 289-296.

Douglass, W. A. 1991 Inventing an Ethnic Identity: the First Basque Festival. In Basques
of the Pacific Northwest edited by R. W. Etulain, pp. 79-85. Idaho State
University Press, Pocatello, Id.: 79-85.
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Douglass, W. A. 1992 Basques in the American West. In To Build in a New Land, Ethnic
Landscapes in North America edited by Allen G. Noble, 379-395. Baltimore and
London: The Johns Hopkins University Press, 1992

Douglass, W. A. 1996 Basque American Identity: Past Perspectives and Future Projects.
In Changes in the American West, Exploring the Human Dimension edited by S.
Tchudi, pp. 183-199) University of Nevada Press, Reno.

Douglass, W. A. 2000 Interstitial culture, virtual ethnicity and hyphenated Basque
identity in the new millennium. Nevada Historical Quarterly 43-2.

Douglass, W. A. and J. Bilbao 1975 Amikanuak: Basques in the New World. University
of Nevada Press, Reno.

Echeverria, J. 1999 Home Away form Home: A History of Basque Boardinghouses.
University of Nevada, Reno.

EPA 1988d Final Guidance for Incorporating Environmental Justice concerns in EPA's.
NEPA Compliance Analyses

Etchecopar, A. C. 2007 The North American Basque Organizations: From a Basque
American Identity to a Diasporic Identity. EuskoSare.webarchive

Etchepare, J. (Director Wyoming Department of Agriculture) 2008 Letter of July 18,
2008 to Mr. Tom Foertsch, geologist of the BLM Casper Field Office.

FIWG (Federal Interagency Working Group) 2001 American Indian & Alaskan Native
Environmental Justice Roundtable, Albuquerque, NM, August 3-4, 2000. Final
Report. Medical University of South Carolina Press.

Fowler, C. S. 1986 Subsistence. In Handbook of North American Indians Vol. 11: Great
Basin, edited by W. L. D'Azevedo, pp. 64-98. Smithsonian Institution,
Washington, DC.

Grajeda, R. F. 1998 Mexicans in Nebraska. Nebraska State Historical Society web site.
This article is an edited and shortened of the chapter written for Broken Hoops
and Plains People, Nebraska Curriculum Development Center.

Grieco, E 2003 Foreign-Born Hispanics in the United States Migration Information
Service. www.migrationinformation.org.

Grinnell, G. B. 1985 The Fighting Cheyennes. University of Oklahoma Press, Norman,
OK.
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Hallberg, C. 1991 Ethnicity in Wyoming. Annals of Wyoming 63 (Fall), pp. 136-139.
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Hurt, R. D. 2008 The Great Plains during World War II. University of Nebraska Press,
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California and Nevada. University of Nevada, Reno.
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Environmental Justice Matters in NRC Regulatory and Licensing Actions. FR
68(214):62642-62645.
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www.census.gov/acs/www/UseData/advance-copyuser guide.pdf.
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. December 2011 9-20



TM URANIUM ONE AMERICAS
.Uraniumone NRC License SUA- 1341 Amendment Application,

investing in our energy Ludeman Project Environmental Report

Utley, R. M. 1993 The Lance and the Shield: The Life and Times of Sitting Bull. Henry
Holt and Company, New York, NY.

Vobejda, B. 1993 Agriculture No Longer Counts; In a Milestone of Sorts, U.S. to Drop
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Military Sources. Academic Press, Inc. 4th Edition.
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9.4 SECTION 4, ENVIRONMENTAL IMPACTS

Vegetation

Dom, R.D. 2001. Vascular Plants of Wyoming, 3rd ed. Mountain West Publishing,
Cheyenne, Wyoming. 412 pp.

Wyoming Department of Environmental Quality, Land Quality Division. 1997
(November Revised). Guideline 2.

2007 Declared Weed and Pest List. Wyoming Weed and Pest Council. July 11, 2007.
http://www.wyoweed.org/.
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Service. October 9, 2006. <http://plants.usda.gov>.

Water Resources

R and D Enterprises, 2009. Draft of Negley Development Report produced for Uranium
One Americas, July 14, 2009.
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Memorandum from Roberta Hoy, WYDEQ-LQD to Richard Chancellor
Administrator of the LQD, TFN 321197, August 7, 2000.

Wetlands

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of wetlands
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Wildlife Services. Washington, D.C.

USACE. 2008. Interim Regional Supplement to the Corps of Engineers Wetland
Delinaeation Manual: Great Plains Region, March 2008. U.S. Army Corps of
Engineers Engineer Research and Development Center.

USDI Fish & Wildlife Service. 1988. National Wetland Inventory, National List of Plant
Species that Occur in Wetlands: Northwest (Region 4). Biol. Rpt. 88 (26.9). 89p.

USDI Fish & Wildlife Service. 1994. National Wetland Inventory, 1993 Supplement to
National List of Plant Species that Occur in Wetlands: Northwest (Region 4).
Supp. Biol. Rpt. 88. 8p.
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Wildlife

Baxter, G. T. and M. D. Stone. 1985. Amphibians and Reptiles of Wyoming. Wyoming
Game and Fish Dept. Second Edition. 137 pp.

Bureau of Land Management. Buffalo Field Office. February 2005. Wildlife Survey
Protocol for Coal Bed Natural Gas Development. Buffalo, WY. 42 pp.

Bureau of Land Management. 2002. BLM Wyoming Sensitive Species Policy and List
September 20, 2002, available on the Internet as of July 2008:
http://www.blm.gov/pgdata/etc/medialib/blm/wy/wildlife.Par.9226.File.dat/O2spe
cies.pdf

Canadian Wildlife Service and U.S. Fish and Wildlife Service. 2007. International
recovery plan for the whooping crane. Ottawa: Recovery of Nationally
Endangered Wildlife (RENEW), and U.S. Fish and Wildlife Service,
Albuquerque, New Mexico. 162 pp.

Cerovski, A.O., M. Grenier, B. Oakleaf, L. Van Fleet, and S Patla. 2004. Atlas of birds,
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Department, Nongame Program, Lander, Wyoming. 206 pp.

Cerovski, A., M. Gorges, T. Byer, K. Duffy, and D. Felley, editors. 2001. Wyoming Bird
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and Fish Department, Lander, Wyoming.

Clark, T. W. and M. R. Stromberg. 1987. Mammals in Wyoming. Univ. of Kansas,
Museum of Natural History, Lawrence, Kansas. 214 pp.
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J. W. Omernik; Ecoregions of the coterminous United States; Scale 1:7,500,000;
Annals of the Association of American Geographers 77:118-125.
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Removing the Bald Eagle in the Lower 48 states From the List of Endangered and
Threatened Wildlife. Final Rule: Volume 72, No. 130, Pages 37345-37372:
www.gpoacrescess.gov/fr/.

Forrest, S. C., T. W. Clark, L. Richardson, and T. M. Campbell III. 1985. Black-footed
ferret habitat: some management and reintroduction considerations. Wyoming
BLM Wildlife Technical Bulletin No. 2. U. S. Bureau of Land Management,
Cheyenne, Wyoming. 49 pp.
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Wyoming: Completion Report. Wyoming Game and Fish Department. Lander,
Wyoming. 16 pp.

Grier, J. W. and R. W. Fyfe. 1987. Preventing research and management disturbance.
Pages 173-182 in B. A. Pendleton, B. A. Millsap, K. W. Cline, and D. M. Bird,
eds. Raptor management techniques manual. National Wildlife Federation,
Washington, D.C.

Jones, J. K., Jr., D. M. Armstrong, R. S. Hoffmann, and C. Jones. 1983. Mammals of the
Northern Great Plains. University of Nebraska Press, Lincoln, Nebraska.

Peterson, R. T. 1990. A field guide to western birds. Houghton Mifflin Company, Boston,
Massachusetts. 309 pp.

Stebbins, R. C. 1966. A field guide to western reptiles and amphibians. Houghton Mifflin
Company, Boston. 279 pp.

Stokes, D.W., and Stokes, L.Q. 1996. Field guide to birds: western region. Little, Brown
and Co., New York, New York. 519 pp.

U.S. Fish and Wildlife Service. May 2, 2002. Migratory bird species of management
concern in Wyoming - noncoal list. Wyoming Field Office of the U.S. Fish and
Wildlife Service, Cheyenne, Wyoming.

U.S. Fish and Wildlife Service. 2004. Letter to Interested Parties Regarding Black-footed
Ferret Surveys in Wyoming. File ES-6141 1/BFF/WY7746, dated February 2,
2004. Cheyenne, Wyoming.

U.S. Fish and Wildlife Service. 2008. List of Threatened and Endangered Species:
Converse County, Wyoming. Office of Migratory Bird Management, USFWS,
Cheyenne, Wyoming.

U.S. Fish and Wildlife Service Web Links:
http://www.fws.gov/southwest/es/oklahoma/lestern.htm (interior least tern)
http://ecos.fws.gov/docs/recoveryplan/880512.pdf (piping plover)
http://ecos.fws.gov/docs/recoveryplan/070604_v4.pdf (whooping crane)
http://ecos.fws.gov/docs/recoveryplan/931107.pdf (pallid sturgeon)

U.S. Fish and Wildlife Service. 1988. Great Lakes and Northern Great Plains piping
plover recovery plan. USFWS, Twin Cities, Minnesota. 160 pp.

U.S. Fish and Wildlife Service. 1993. Pallid Sturgeon Recovery Plan. USFWS, Bismark,
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U.S. Forest Service. 2002. Updated Land and Resource Management Plan for the
Thunder Basin National Grassland, Medicine Bow-Routt National Forest, Rocky
Mountain Region. USDA Forest Service, Medicine Bow-Routt National Forest,
Rocky Mountain Regional Office, Denver, Colorado.

Vickery, P.D. 1996. Grasshopper sparrow (Ammodramus savannarum). In The Birds of
North America, No. 239 (A. Poole and F. Gill, Eds.), The Academy of Natural
Sciences, Philadelphia, PA, and The American Ornithologists' Union,
Washington, D.C.

Wyoming Department of Environmental Quality-Land Quality Division Web Links:
http://deq.state.wy.us/lqd
http://deq.state.wy.us/lqd/guidelines.asp

Wyoming Department of Environmental Quality-Land Quality Division. Date unknown.
Chapter 2 Noncoal Mine. WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. Date unknown.
Chapter 11 Noncoal Mine: In Situ Mining. WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. 1987. Guideline
No. 5:Wildlife. February 1987 Revision. WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. 2000. Guideline
No. 4: In Situ Mining. February 1987 Revision. WDEQ-LQD, Cheyenne,
Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. 2006. Chapter 3
Noncoal Mine: Environmental Protection Performance Standards. WDEQ-LQD,
Cheyenne, Wyoming.

Wyoming Department of Environmental Quality-Land Quality Division. 2007. Draft In
Situ Mining Permit Application Requirements Handbook. March 2007 update.
WDEQ-LQD, Cheyenne, Wyoming.

Wyoming Department of Environmental Quality, Land Quality Division, 2000.
Memorandum from Roberta Hoy, WYDEQ-LQD to Richard Chancellor
Administrator of the LQD, TFN 321197, August 7, 2000.

Wyoming Game and Fish Department. 1982. Handbook of biological techniques. WGFD,
Cheyenne. 442 pp.
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Wyoming Game and Fish Department. 2008. 2007 Annual Big Game Herd Unit Job
Completion Reports. Wyoming Game and Fish Department, Wildlife Division,
Biological Services Section, Cheyenne, Wyoming.
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9.5 SECTION 5, MITIGATION MEASURES

Cogema Mining, Inc., Wellfield Restoration Report, Irigaray Mine, June 2004.

Cogema Mining, Inc., Wellfield Restoration Report Christensen Ranch Project
Wyoming, March 2008.

U.S. Nuclear Regulatory Commission, Review of Power Resources, Inc.'s A-Wellfield
Ground Water Restoration Report for the Smith Ranch-Highland Uranium
Project, June 29, 2004.

U.S. Nuclear Regulatory Commission, Technical Evaluation Report, Review of Cogema
Mining, Inc.'s Irigaray Mine Restoration Report, Production Units 1 through 9,
Source Materials License SUA-1341, September 2006.

U. S. Nuclear Regulatory Commission, Regulatory Guide 8.31, Information Relevant to
Ensuring That Occupational Radiation Exposures at Uranium Recovery Facilities
Will Be As Low As Reasonably Achievable (Revision 1, May 2002).

U. S. Nuclear Regulatory Commission, Guidelines for Decontamination of Facilities and
Equipment Prior to Release for Unrestricted Use or Termination of Licenses for
By-Product, Source or Special Nuclear Material (May 1987).

Wyoming State Climate Office, Wyoming Climate Atlas. [Web Page] located at
http://www.wrds.uwyo.edu/sco/climateatlas/severeweather.html#74, Accessed
October 28, 2009.
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9.6 SECTION 6, ENVIRONMENTAL MEASUREMENTS AND MONITORING
PROGRAMS

6.1.1 Radiological Monitoring

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

U.S. Nuclear Regulatory Commission (NRC). 1982. Regulatory Guide 3.46. Standard
Format and Content of License applications, Including Environmental Reports,
for In Situ Uranium Solution Mining. Nuclear Regulatory Commission Office of
Nuclear Regulatory Research. Washington, D.C.

Wyoming Department of Environmental Quality / Land Quality Division (WDEQ/LQD).
2007. In Situ Mining Permit Application Requirements Handbook. Application
Content Requirements - Adjudication and Baseline Information. March, 2007

6.1.2 Gamma Survey

Dawson, B.; Trapp, R.G. 2004. Basic & Clinical Biostatistics. Fourth Edition. Copyright
2004, 2001 by the McGraw-Hill Companies, Inc. ISBN: 0-07-141017-1.

EMC (Energy Metals Corporation US). 2007. Application for US NRC Source Material
License, Moore Ranch Uranium Project. Technical Report, Volume II. NRC
website, ADAMS accession number ML072851268.

EMC (Energy Metals Corporation US). 2008. Application for US NRC Source Material
License, Moore Ranch Uranium Project. Technical Report, Volume II. Revised
license application per responses to Request for Additional Information as
submitted October 27, 2008.

EPA (U.S. Environmental Protection Agency). 2009. Alpha-emitting radium isotopes in
drinking water, Method 903.0.
http://www.epa.gov/waterscience/methods/method/files/903_O.pdf

ESRI (Environmental Systems Research Institute). 2008. ArcGIS, an integrated
collection of Geographic Information Systems (GIS) software products providing
a standards-based platform for spatial analysis, data management, and mapping.
http://www.esri.com/software/arcgis/index.html.
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Johnson, J.A. Meyer, H.R., and Vidyasagar, M. 2006. Characterization of Surface Soils at
a Former Uranium Mill. Operational Radiation Safety. Supplement to Health
Physics, Vol. 90, February, 2006.

Lost Creek ISR, LLC. 2007. Application for US NRC Source Material License, Lost
Creek Project. (Docket No. 40-9068). Technical Report, Volume 2 of 3. October,
2007.

Ludlum Measurements, Inc. 2006. Energy response curve for Ludlum Model 44-10 Nal
detector. URL: http://www.ludlums.com/RespCurvHtm/RCM44-10.htm

Meyer, R.; Shields, M.; Green, S. 2005a. A GPS-based system for preliminary or
remedial action gamma scanning. American Nuclear Society Topical Meeting on
Decommissioning, Decontamination, & Reutilization. Denver, Colorado, August
7-11, 2005.

Meyer, R.; Shields, M.; Green, S.; Johnson, J. 2005b. A GPS-based system for
radium/uranium contamination gamma scanning. Uranium Mining and
Hydrogeology IV. Broder J. Merkel, Andrea Hasche-Berger (Editors). Uranium in
the Environment, conference proceedings, Freiberg, September 2005.

Myrick, T.E.; Berven, B.A.; Haywood, F.F. 1983. Determination of Concentrations of
Selected Radionuclides in Surface Soil in the U.S. Health Physics, Vol. 45, No. 3
(September 1, 1983, pp. 631-642).

NCRP (National Council on Radiation Protection and Measurements). 1987. Exposure of
the Population in the United States and Canada from Natural Background
Radiation. NCRP Report No. 94. NCRP, 7910 Woodmont Avenue, Bethesda, MD
20814.

Schiager, K. J. 1974. Analysis of Radiation Exposures on or Near Uranium Mill Tailings
Piles. Radiation Data and Reports, Vol. 15, No. 7. Office of Radiation Programs.
US EPA. July 1974.

Stone, J.M.; Whicker, R.D. Ibrahim, S.A.; Whicker, F.W. 1999. Spatial Variations in
Natural Background Radiation: Absorbed Dose Rates in Air in Colorado. Health
Physics, Vol. 9(5), May, 1999.

Tetra Tech. 2007. comReader data acquisition software. Tetra Tech, 3801 Automation
Way, Fort Collins, CO 80525.

Tetra Tech Inc. 2006. Gamma Data Map Viewer software. Tetra Tech Inc., 3801
Automation Way, Ft. Collins, CO 80525.
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U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

U.S. Nuclear Regulatory Commission (NRC). 1982. Regulatory Guide 3.46. Standard
Format and Content of License applications, Including Environmental Reports,
for In Situ Uranium Solution Mining. Nuclear Regulatory Commission Office of
Nuclear Regulatory Research. Washington, D.C.

U.S. Nuclear Regulatory Commission (NRC). 2000. Multi-Agency Radiation Survey and
Site Investigation Manual (MARSSIM), Revision 1. NUREG 1575. Washington,
D.C.

U.S. Nuclear Regulatory Commission (NRC). 2003. NUREG-1569, Standard Review
Plan for In Situ Leach Uranium Extraction License Applications. Final Report.
U.S. Nuclear Regulatory Commission, Office of Nuclear Material Safety and
Safeguards. Washington, D.C.

Uranium One Americas (Uranium One). 2008. Antelope and JAB Uranium Project,
USNRC Source Materials License and WDEQ Class II UIC Permit Application,
Sweetwater County, Wyoming. Volume III, Technical Report, Sections 2.9
through 10. NRC website, ADAMS accession number ML082730490.

Uranium One Americas (Uranium One). 2009. Supplemental Analytical Data: Additional.
Baseline Radiological Survey Results for the Antelope and JAB Uranium Project
Sites. Supplement to Section 2.9 of the Technical Report, USNRC Materials
License Application. Submitted to the NRC in February of 2009.

Whicker, R., Whicker, M, Johnson, J. Meyer, B. 2006. Mobile soils lab: on-site
radiological analysis supporting remedial activities. Operational Radiation Safety,
supplement to Health Physics, Vol. 91(2), August, 2006.

Whicker, R.; Cartier, P.; Cain, J.; Milmine, K.; Griffin, M. 2008. Radiological Site
Characterizations: Gamma Surveys, Gamma/Ra-226 Correlations and Related
Spatial Analysis Techniques. Operational Radiation Safety, Health Physics, Vol.
95 (Supplement 5): S 180-S 189; November, 2008.

6.1.3 Soil Sampling

EMC (Energy Metals Corporation US). 2008. Application for US NRC Source Material
License, Moore Ranch Uranium Project. Technical Report, Volume II. Revised
license application per responses to Request for Additional Information as
submitted October 27, 2008.
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U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

U.S. Nuclear Regulatory Commission (NRC). 2003. NUREG-1569. Standard Review
Plan for In Situ Leach Uranium Extraction License Applications Final Report.
U.S. Nuclear Regulatory Commission, Office of Nuclear Material Safety and
Safeguards. Washington, D.C.

6.1.4 Sediment Sampling

EMC (Energy Metals Corporation US). 2008. Application for US NRC Source Material
License, Moore Ranch Uranium Project. Technical Report, Volume II. Revised
license application per responses to Request for Additional Information as
submitted October 27, 2008.

Uranium One Americas (Uranium One). 2009. Supplemental Analytical Data: Additional
Baseline Radiological Survey Results for the Antelope and JAB Uranium Project
Sites. Technical Report Section 2.9, Addendum 2.9-A, USNRC Materials License
Application, as revised February of 2009.

6.1.5 Ambient Gamma/Radon Sampling

EMC (Energy Metals Corporation US). 2008. Application for US NRC Source Material
License, Moore Ranch Uranium Project. Technical Report, Volume II. Revised
license application per responses to Request for Additional Information as
submitted October 27, 2008.

Foster, B. 1993. Radon: An Invisible Threat. National Conference of State Legislatures.
Energy, Science and Natural Resources Program. State legislative Report, Vol.
18, No. 8, July 1, 1993.

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

6.1.6 Air Particulate Sampling

EMC (Energy Metals Corporation US). 2007. Application for US NRC Source Material
License, Moore Ranch Uranium Project. Technical Report, Volume II. NRC
website, ADAMS accession number ML072851268
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U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

6.1.7 Radon Flux Measurements

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

6.1.8 Groundwater Sampling

U.S. Environmental Protection Agency (EPA). 2000. National Primary Drinking Water
Regulations; Radionuclides; Final Rule. Federal Register: December 7, 2000
(Volume 65, Number 236).

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

6.1.9 Surface Water Sampling

U.S. Environmental Protection Agency (EPA). 2000. National Primary Drinking Water
Regulations; Radionuclides; Final Rule. Federal Register: December 7, 2000
(Volume 65, Number 236).

6.1.10 Vegetation Sampling

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

6.1.11 Food Sampling

International Atomic Energy Agency (IAEA). 1994. Handbook of parameter values for
the prediction of radionuclide transfer in temperate environments. Technical
reports series No. 364. International Union of Radioecologists and International
Atomic Energy Agency, Vienna, Austria.

Yu, C., et al. 2001. User's manual for RESRAD, Version 6, ANL/EAD-4, Argonne
national Laboratory, Argonne, Illl., July.
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6.1.12 Summary/Conclustions

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear
Regulatory Commission Office of Standards Development. Washington, D.C.

6.2 - 6.4 Physiochemical Groundwater & Ecological Monitoring; QA Program

USNRC Regulatory Guide 8.31, Information Relevant to Ensuring That Occupational
Radiation Exposures at Uranium Recovery Facilities Will Be As Low As
Reasonably Achievable (Revision 1, May 2002).

USNRC Regulatory Guide 8.29, Instructions Concerning Risks From Occupational
Radiation Exposure (Revision 1, February 1996).

USNRC Regulatory Guide 8.13, Instruction Concerning Prenatal Radiation Exposure
(Revision 3, June 1999).

USNRC Regulatory Guide 3.56, General Guidance For Designing, Testing, Operating,
and Maintaining Emission Control Devices at Uranium Mills (May 1986).

USNRC Regulatory Guide 8.30, Health Physics Surveys in Uranium Recovery Facilities
(Revision 1, May 2002).

USNRC Regulatory Guide 8.34, Monitoring Criteria and Methods To Calculate
Occupational Radiation Doses (July 1992).

USNRC Regulatory Guide 8.15, Acceptable Programs For Respiratory Protection
(Revision 1, October 1999).

USNRC Regulatory Guide 8.36, Radiation Exposure to the Embryo/Fetus (July 1992).

USNRC Regulatory Guide 8.22, Bioassay at Uranium Mills (Revision 1, August 1988).

USNRC Regulatory Guide 4.14, Radiological Effluent and Environmental Monitoring at
Uranium Mills (Revision 1, April 1980).
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9.7 SECTION 7, COST BENEFIT ANALYSIS

Douglas Budget. "Those Rental Blues: Growth, market risk factors for Douglas' woeful
rental scene." November 26, 2008.

Equity Brokers website. www.casperforsale.com. MLS data search. March 26, 2009.

IMPLAN Professional 2.0 Software and IMPLAN data for state of Wyoming 2007.

IMPLAN User Guide, 3rd edition. 2004.

North American Industrial Classification System website. March 2009.
http://www.census.gov/eos/www/naics/

Olson, Doug. Minnesota IMPLAN Group, Inc. Email and telephone correspondence
regarding how to tailor the model specifically to the Ludeman Project. March 2009.

U.S. Bureau of Labor Statistics. Unemployment rates
http://data.bls.gov/map/servlet/map.servlet.MapToolServlet?state=56&datatype=un
employment&year=2009&period=M06&survey=la&map=county&seasonal=u.
http://www.bls.gov/news.release/pdf/empsit.pdf

http://www.bls.gov/lau/maps/twmcort.pdf

U.S. Census Bureau. 2000 Census. Table DP-1 for Natrona and Converse Counties.

U.S. Census Bureau. Housing Vacancies and Home Ownership, Annual Statistics: 2007,
Appendix A: Definitions and Explanations.
http://www.census.gov/hhes/www/housing/hvs/annual07/annO7def.html March
2009.

US Bureau of Economic Analysis. Capital Flow Data.
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10 LIST OF PREPARERS

Section 10 identifies the various contributors in development of this License Application
Environmental Report.

10.1 URANIUM ONE, AMERICAS

Uranium One, Americas
907 N. Poplar Street, Suite 260
Casper, Wyoming 82601

Donna Wichers
Mike Griffin

Bill Kearney
Jon Winter
Scott Schierman
Dayton Lewis
Greg Kruse
Kristin Reed
Penny Hague
Rick Kukura

Senior Vice President, Americas
Vice President, Safety, Health, and Environment/Corporate
Social Responsibility
Director of Safety, Health & Environment (SHE)
Manager, Environmental & Regulatory Affairs, Wyoming
Senior Safety Health& Environmental Specialist
Manager, Wyoming Project Development
District Geologist
Project Geologist
Land Assistant
Supervisor, Field Operations

10.2 TREC, INC.

TREC, Inc.
900 Werner Court, Suite 150
Casper, WY 82601

Matt Yovich, P.E.
Linda (Wendy) Stansbury, P.E.
Jim Shriver
Renaldo De Luna
Karen LaClair
Kellen Waldo
Pat Lau
Donna Hawley

Project Manager/Principal
Project Engineer/Wetland Specialist
Project Manager
Senior Project Scientist
Scientist/Wetland Specialist
Project Scientist
Associate Engineer
GIS Specialist
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10.3 BKS ENVIRONMENTAL ASSOCIATES, INC.

BKS Environmental Associates, Inc
P.O. Box 3467
Gillette, Wyoming 82718

Vegetation
Brenda Schladweiler
Cindy Robinson
Jamie Eberly
Rachel Jones
Land Surveying, Inc.

Soil
Brenda Schladweiler
Bonnie Laws
Land Surveying, Inc.

Senior Soil Scientist/Senior Vegetation Ecologist
Vegetation Ecologist/Wetland Technician Specialist
Vegetation Ecologist
Vegetation Ecologist
(drafting/GIS)

Senior Soil Scientist/Senior Vegetation Ecologist
Soil Scientist
(drafting/GIS)

10.4 ETHNOSCIENCE, INC.

Ethnoscience, Inc.
4140 King Avenue East
Billings, Montana 59101

Lynelle Peters Senior Archaeologist

10.5 INTERMOUNTAIN LABORATORIES

Inter-Mountain Laboratories
555 Absaraka
Sheridan, Wyoming 82801

Ronn Smith
Shane Hansen

Project Engineer
Air Quality Meteorologist
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10.6 ENVIRONMENTAL RESTORATION GROUP, INC.

Environmental Restoration Group, Inc.
8809 Washington St. NE, Suite 150
Albuquerque, NM 87113

Mike Schierman Senior Health Physicist

10.7 TETRA TECH

Tetra Tech
3801 Automation Way, Suite 100
Fort Collins, Colorado 80525

Randy Whicker, M.S.
Jan Johnson, Ph.D., CHP
Robert Meyer, Ph.D.
Paul Cartier, M.S.
Bryan Boyd, M.S.
Michelle Whicker, M.B.A.

Environmental Health Physicist, Tetra Tech
Senior Health Physicist, Tetra Tech
Senior Health Physicist, Tetra Tech
GIS Analyst, Terrasat Inc.
GIS Analyst, Tetra Tech
Technician, Tetra Tech

10.8 ICF JONES AND STOKES

ICF Jones & Stokes
405 West Boxelder Road, Suite A-5
Gillette, Wyoming 82718

Gwyn McKee
Brian Grasman
Jennifer Ottinger
Kristen Chodachek

Project Director
Senior Wildlife Biologist
Wildlife Biologists
Wildlife Biologists

10.9 COSSITT CONSULTING

Cossitt Consulting
503 Fifth Avenue NW
Park City, Montana 59063

Anne Cossitt Principal
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