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2.9 BASELINE RADIOLOGICAL SURVEY CHARACTERISTICS

2.9.1 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 2.9-
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 2.9-1: 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).
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
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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 2.9-2). 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 2.9-2: 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.
Nuclear Regulatory Commission (NRC) and the Wyoming Department of Environmental
Quality / Land Quality Division (WDEQ/LQD) with respect to licensing/permitting
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applications. The following sections describe methods, activities, and results to date of
radiological baseline surveys for the proposed project area.

2.9.2 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).

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
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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.

2.9.2.1 Methods

2.9.2.1.1 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 2.9-3. 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.

Figure 2.9-3: Site layout and gamma survey areas
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For the proposed project survey, the most recently developed Yamaha Rhino-mounted
scanning system configuration was used (Figure 2.9-4). 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.

Figure 2.9-4: 3-detector GPS-based scanning systems mounted on Rhino OHVs

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
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in 2) 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
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.

2.9.2.1.2 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, Nal 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
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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 NaI readings at a 4.5-foot detector height were collected and
averaged. Overall mean Nal values from each location were recorded to pair with
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 2.9-5. The validity of applying a single cross-
calibration equation to all data, based on measurements involving only a subset of the
Nal 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 2.9-5: Photos of NaI/HPIC cross-calibration measurements being performed at other
ISR sites in Wyoming

2.9.2.1.3 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
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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.

Figure 2.9-6: Diagram of soil sampling and gamma measurement design for correlation

plots

10 meters

... ........................ I .

Q-0........0.....4..

.I ..............................

0= Soil Sampling Location
.........= Detector Scan Trajectory

Correlation soil sampling was conducted as composite sampling over lOx 10 meter plots
(Figure 2.9-6). 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 m 2

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 Nal detectors
used for the survey were not shielded (collimated). The average Nal 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 2.9-6.

2.9.2.1.4 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

December 2011 2.9-8



TURANIUM ONE AMERICAS
,.uraniumone NRC License SUA- 1341 Amendment Application

investing in our energy Ludeman Project Technical Report

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).
Quality control documentation for this project includes the following:

Just prior to the survey, instrument QC measurements were performed at a designated
indoor location (in Fort Collins, Colorado) for each Nal 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. 2.9-7).

Figure 2.9-7: Example frequency histograms for two series of QC measurements from
different Nal 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 2.9-8).
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Figure 2.9-9: Pre-survey instrument control charts
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0 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 2.9-9), and results were similar to
pre-survey QC measurements (Figure 2.9-8).

Figure 2.9-8: Post-survey instrument control charts
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0 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
terms of verification of system performance at the two different locations. Under
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actual field conditions, scanning systems performed within acceptable QC limits
throughout the project (Figure 2.9-10). 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 2.9-10: 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
various discrete, stationary measurements across the site (collected as part of HPIC
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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.

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).

" 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.

2.9.2.2 Gamma Survey Results

2.9.2.2.1 Baseline Gamma Survey Results

Descriptive statistics for raw gamma survey data from the proposed project site are
shown in Figure 2.9-11. 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 2.9-12.
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Figure 2.9-11: Frequency histogram and descriptive statistics for raw Nal-based survey data
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Figure 2.9-12: 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 pR/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
ground surface. Regions of significantly elevated gamma readings are very limited, and
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represent less than 1 percent of the survey area that possess gamma readings in excess of
25 pR/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.

2.9.2.2.2 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 2.9-13).

Figure 2.9-13: Linear regression results for cross-calibration measurements collected at the
Ludeman (pink) and an alternate ISR site in Wyoming (blue)
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To statistically test for coincidence of the two regression lines in Figure 2.9-13, 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 + P3iX + 132Z + 133XZ
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Where:

Y = itrem-meter reading (the dependent variable)
X = Nal reading (an independent variable)
Z = Location (an independent dummy variable where 1=Ludeman, 0-other
WY site)
XZ = independent variable to test for interaction between X and Z
a = regression intercept coefficient

P1,2,3 = regression slope coefficients for each independent variable in the
model

The two regression lines in Figure 2.9-13 would have equal slopes and be parallel if 133 =

0 (no interaction between Nal reading and location). If 02 = 033 = 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 2.9-14. Based
on these p-values, the null hypothesis cannot be rejected at 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 032 = 0). The results showed no statistical
evidence of confounding effects from location when both NaI reading and location were
included in the regression model.
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Figure 2.9-14: Multiple regression analysis results to test for coincidence of cross-calibration
curves from Ludeman and the alternate site
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Figure 2.9-15: Cross-calibration curve for the LPIC versus Nal detectors positioned at
a 4.5 foot detector height

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
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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 2.9-15. 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/NaI 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 NaI readings (near 13
[tR/hr) demonstrated only a slight difference between mean HPIC and Nal measurement
values. As can be observed in Figure 2.9-11, 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 Nal data to approximate HPIC equivalents, the strength of
the relationship (R2 value of nearly 1) is highly significant. Tetra Tech has found
NaI/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 NaI and
HPIC readings appears to be characteristic of such measurements. Extrapolation for the
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 ýLR/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 Nal 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 2.9-16). 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 Nal
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
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concentrations are very low, higher energy cosmic sources can dominate detector
response and result in a slight under-prediction of true exposure rates.

Figure 2.9-16: Energy response characteristics of the Ludlum Model 44-10 Nal detector
(Ludlum, 2006)

2.9.2.2.3 Final Gamma Exposure Rate Mapping

Using regression equation shown in Figure 2.9-15, all baseline gamma scan data
collected with Nal detectors at the proposed project site were normalized to 3-foot HPIC
equivalent measurements to produce the best possible estimate of true gamma exposure
rate for each individual Nal reading. This converted data set, 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 distances, 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:
Max search radius:
Semivariogram model:
Number of nearest data points:

10 feet x 10 feet
400 feet
Exponential
10
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A map of estimated 3-foot HPIC equivalent gamma exposure rates across the survey
areas is shown in Figure 2.9-17.

Figure 2.9-17: Continuous, kriged estimates of 3-foot HPIC equivalent gamma exposure
rates at the Proposed Ludeman Project site.

Note that the gamma scale legend increments differ between the raw Nal-based gamma
scan track map shown in Figure 2.9-12, and the final official map of gamma survey
results provided in Figure 2.9-17. 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.

2.9.2.2.4 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 2.9-18. Soil sampling results represent average Ra-226 concentrations over 100
m sampling plots to a depth of 15 cm.
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Figure 2.9-18: Correlation plot measurement locations and annotated soil Ra-226
concentration results (pCi/g, in parentheses) overlain on the Nal scan track map.

The data in Figure 2.9-18 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 Nal
gamma reading (Figure 2.9-19). Although only 6 correlation plots were sampled for
reasons previously indicated, the variability about the regression line is very small, the R2

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 gammalRa-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 2.9-20), suggesting that this basic relationship is
consistent across this region of Wyoming.

Figure 2.9-19: Linear correlation between Ra-226 soil concentration and Nal-based gamma

exposure rate reading. Prediction band limits I11 (68%) and 2a (95%)] are shown
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Figure 2.9-20: 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 2.9-20, multiple regression analyses were performed using the same
statistical methods presented in Section 2.9.2.2.2. 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
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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 2.9-20, 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 Nal 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
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 gamma/Ra-226 correlations.
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Figure 2.9-21: 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 2.9-21).

A gamma reading of 16 p.R/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 ftR/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 2.9.2.2.5.

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 (± a) 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 2.9-22), 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 2.9-23.

Figure 2.9-22: Statistical relationship between mean U-nat and Ra-226 soil concentrations
at correlation plot locations.
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Figure 2.9-23: Statistical relationship between gamma readings and U-nat soil
concentrations at correlation Mlot 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.

2.9.2.2.5 Soil Radionuclide Concentration Mapping

The partitioned gamma/Ra-226 correlation model shown in Figure 2.9-21, 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 2.9-24).
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Figure 2.9-24: 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 [tR/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 PR/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
2.9-24). 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 2.9-23) was used to convert raw Nal 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 2.9-25).

Figure 2.9-25: Continuous, kriged estimates of U-nat concentrations in surface soils (0-15
cm depth) based on gamma survey results.
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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.

2.9.2.3 Data Utility

The estimates of baseline gamma exposure rates provided in Figure 2.9-17 can be used to
help assess respective changes due to operational activities at the site. If the same or
similar models of Nal 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 2.9-15 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 2.9-17. 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 2.9-24, can be used to help assess potential changes in Ra-226 soil
concentrations 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 2.9-24. 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 2.9.2.4.2.

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 2.9-25) 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.
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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.

2.9.2.4 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)

* 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

• 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.

2.9.2.4.1 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 2.9-
10, the total range of potential uncertainty in Nal scanning measurements at field strip
locations was about ± 2 ttR/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 jtR/hr (close
to the average of all readings found at the site). In areas of significantly higher gamma
exposure rates (e.g. above 25 jiR/hr), the degree of uncertainty in measurements is likely
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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.

2.9.2.4.2 Gamma-Based Soil Ra-226 Estimates

Gamma-based estimates of soil Ra-226 (Figure 2.9-24) 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
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 2.9-26: 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.

Correlation Value - Sample Value
35

30

>. 25

20

15
U- 10

5

0 -
-1 0 1 2 3 4 5 6

Difference in Ra-226 Conc. (pCi/g)

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

December 2011 2.9-30



TM URANIUM ONE AMERICAS
K.uraniumone NRC License SUA-1341 Amendment Application

investing In our energy Ludeman Project Technical Report

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 2.9-26). 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 2.9-27). 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
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.
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Figure 2.9-27: 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 Dlot samnles 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 2.9-18
clearly shows the spatial associations between these two parameters. The r-squared of
0.99 for the gamma/Ra-226 regression (Figure 2.9-19) 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 + I 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 2.9-20).

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
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
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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 2.9-28).
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Figure 2.9-28: Calculated theoretical gamma exposure rate based on elevation and soil
radionuclide concentrations at each radial grid sampling location, superimposed on the
I-PIC 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 jtR/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 2.9-
27. Neither distribution is right-skewed (i.e. lognormal) and there was essentially no
statistical correlation between the two radionuclides (R2 < 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 2.9-27 for all samples collected at the
site (including the correlation plot samples).
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Figure 2.9-29: 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 2.9-29). 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

December 2011 2.9-35



TM4-uraniumone
investing in our energy

URANIUM ONE AMERICAS
NRC License SUA- 1341 Amendment Application

Ludeman Project Technical Report

based on the preponderance of gamma readings in any given area, and are thus most

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.

2.9.2.4.3 Gamma-Based Soil U-nat Estimates

Regarding uncertainty in gamma-based estimates of soil U-nat concentrations (Figure
2.9-25), 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 2.9-30 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
2.9-30). This amount of uncertainty is higher than indicated by the prediction limits on
the gamma/U-nat correlation (Figure 2.9-23), 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 + I 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.

2.9.2.5 Data Uncertainty Implications
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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 2.9-26 and 2.9-30.

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
2.9-17) 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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2.9.2.6 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.

2.9.3 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).

2.9.3.1 Methods

2.9.3.1.1 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 2.9-3). 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 2.9-31 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 2.9-31 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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2.9.3.1.2 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, 5, 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
by gamma spectroscopy (Method 901.1). At each of the three Satellite Site radial depth

December 2011 2.9-40
December 2011 2.9-40



7URANIUM ONE AMERICAS- TM

,uraniumone NRC License SUA-1341 Amendment Application
investing in our energy Ludeman Project Technical Report

sampling grids, all samples from one location were further analyzed for natural U-nat,
Th-230, and Pb-210 by wet radiochemical methods.

2.9.3.2 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 2.9.2.4.2.

2.9.3.2.1 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 2.9-32 through 2.9-34.
Summary statistics for all radiological surface soil parameters as recommended in NRC
Regulatory Guide 4.14 are shown in Table 2.9-1.
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Figure 2.9-32: 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,
superimDosed on the gamma-based Ra-226 estimation man.

Figure 2.9-33: 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
deoth. suDerimnosed on the gamma-based Ra-226 estimation maD.
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Figure 2.9-34: Facility Site 3 (Peterson) radial grid surface soil sampling results: annotated
Ra-226 concentrations (pCilg) for discrete samples collected at a 5-cm soil depth,
suDerimnosed on the Lyamma-based Ra 226 estimation maD.
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Table 2.9-1: 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 IStd. 0ev. Median Max T Mm n
__ 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 0.4 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 2.9.2.4.2. 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 in 2), 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.

2.9.3.2.2 Subsurface Soil Sampling Results

Summary statistics for subsurface samples by radionuclide and sampling depth increment
across all subsurface sampling locations are shown in Table 2.9-2. There was no
indication of any trends in soil concentration with depth at any of the radial sampling
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grids. This result suggests that soil concentration is generally independent of depth over
the top 1 meter of the soil profile in most locations, and that surface soil sampling results
and gamma-based estimates of soil radionuclides provide a reasonable indication of
expected concentrations over this depth in the soil profile.

Table 2.9- 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 IStd. Dev. Median Max Min n
Ra-226 (pC/)

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

66-100 1.0 0.3 0.9 1.7 0.6 15
0-3307U-nat (pCI/0 ) 07 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 (pCIa)_
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-21O (pCI/g) __..... .... _

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

2.9.3.3 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 2.9.2.2.5) 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.

2.9.4 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
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sediments, respective sediment sampling at other ISR sites in the region show that
measured differences in sediment radionuclide concentrations between runoff season
(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 2.9-35: 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 2.9-35). 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 2.9-36).
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Figure 2.9-36: Surface water / sediment sampling locations.

2.9.4.1 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.

2.9.4.2 Sediment Sampling Results

Individual sampling locations and respective Ra-226 results are shown in Figure 2.9-37.
Individual results for all radionuclides by location are shown in Figure 2.9-38.
Descriptive summary statistics of all sediment data are provided in Table 2.9-3. On
average, baseline sediment radionuclide results are slightly higher compared to surface
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soil data (Section 2.9.3.2.1), and considerably higher for Pb-210. One unusually high U-
nat value was reported.

Figure 2.9-37: Sediment sampling locations (same as surface water sampling locations) and
annotated sediment Ra-226 concentration results.

December 2011 2.9-48



uraniumoneT M
investing in our energy

URANIUM ONE AMERICAS
NRC License SUA- 1341 Amendment Application

Ludeman Project Technical Report

Figure 2.9- 38: Individual sediment sampling results by radionuclide and location.
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Table 2.9-3: Descriptive Statistics for Stream Sediment Samples.

Anayt Man Std. Dev. Median Max Min
Anlt. Ma (Pclg) JP.cl/a) (Dc I~a (DCIa)____

Ra-226 1.1 0.2 1.2 1.6 0.6 26
U-nat 1.6 1.3 1.2 7.4 0.4 26

Th-230 0.8 0.3 0.9 1.6 0.2 26
Pb-210 3.0 1.5 3. 1 6.3 0.8 25

The high uranium concentration detected in sediment at location 1 (LUD SW-I), 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 2.9.9).

2.9.4.3 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
sufficient to meet respective baseline survey requirements as indicated by the U.S.

December 2011 2.9-49



-7 TM URANIUM ONE AMERICAS
4yraniumone NRC License SUA-1341 Amendment Application

investing In our energy Ludeman Project Technical Report

Nuclear Regulatory Commission and the Wyoming Department of Environmental
Quality / Land Quality Division with respect to ISR licensing/permitting applications.

2.9.5 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 2.9-39.
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Figure 2.9-39: Approximate station locations for combined monitoring of ambient baseline
gamma dose rate, radon, and air particulates (Gamma/Radon/PAS stations

2.9.5.1 Methods

2.9.5.1.1 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 2.9-40).

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
distance and time required for this to occur was negligible, relative to the overall
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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 2.9-40: 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.

2.9.5.1.2 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 2.9-40). 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).

2.9.5.2 Ambient Gamma Dose Rate and Radon Results

2.9.5.2.1 Ambient Gamma Dose Rate Results

Passive gamma dose monitoring results are presented graphically in Figure 2.9-41 and in
tabular format in Table 2.9-4. 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 [LR/hr
(HPIC-normalized) across the areas surveyed.
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Figure 2.9-41: 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 mremlhr 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 2.9-4: 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)

_ _QUARTER 1 (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 1 4/14/2008 34.6 - - -

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 1 7/1/2008 36.9 - - -

QUARTER 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 1 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 10/2/2008 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 1/9/2009 37.7 - - I
*Station not installed until quarter 3, 2008

2.9.5.2.2 Ambient Rn-222 Monitoring Results

A summary of average baseline Rn-222 results by quarter is shown in Figure 2.9-42.
Tabular data for individual stations are presented in Table 2.9-5. 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 2.9-42, right). The measured annual average baseline Rn-222
concentration at Ludeman was 0.8 + 0.3 pCi/L.
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Figure 2.9-42: 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
af)Droximatelv 45 miles NNW of Ludeman.
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Table 2.9-5: Ambient baseline Rn-222 monitorine data.
Passive Fi Quarter End Quarterly Quarterly Results

Monitoring Installation Iu(seal) Date (-s/lt ____

Station ID Date I Ia t (pCi-days/I)
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 - - -

QUARTER 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 1 8/4/2008 10/2/2008 1 83.7 1.4

QUARTER 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 107.4 1.1

QUARTER 1 ( 300.9)

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 62.5 018
LUD-5 1/9/2009 4/1/2009 156.8 109
LUD-6 1_1/9/2009 Q 4/1/2009 1_47.5 1 _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-6 4/1/2009 7/14/2009 55.2 0.5
LUD-6 1_4/112009 Q 7/14/2009 1_71.9 1 _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 75.7 1.5
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2.9.5.3 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.

2.9.6 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 2.9-39 of the previous section of this report.

2.9.6.1 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 2.9-43). 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 2.9-44). This is intended to approximate an average breathing zone
height.
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Figure 2.9-43: F&J air particulate sampler.

Figure 2.9-44: 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.

2.9.6.2 Air Particulate Sampling Results

A graphical summary of baseline air particulate sampling results by quarter for the
Ludeman site is shown in Figure 2.9-45. Historical mean values at other uranium
recovery sites in this region of Wyoming are shown in Figure 2.9-46. 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 2.9-45: Mean baseline radionuclide levels (error bars represent + la from the mean)
in air particulate samples from the Ludeman Project. Negative values were excluded for this
graDhical data summary, and for results below detection limits, the detection limit

LUDEMAN: Mean Air
Particulate Results
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Figure 2.9-46: 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 2.9-6. 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 2.9-6 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.

Table 2.9-6: Air particulate radionuclide data for the Ludeman Project
I•Air Volume Error Effluent

Air Station Qt~r - Collection ArVlriErrEfun
Ir S n Ce Sampled Radionuclide Concentration Estimate LLD Conc. % Effluent

(ml) (liCl/mL) (ILCI/mL) (pCi/mL) (pCl/mL) Concentration

LUD-1 Qtr2 - 2008 2.35E+09 U-nat 1.00E-16 N/A 1.OOE-16 9.OOE-14 1.11E-01
Th-230 1.OOE-16 N/A 1.OOE-16 3.OOE-14 3.33E-01
Ra-226 1.OOE-16 N/A 1.OOE-16 9.OOE-13 1.11E-02
Pb -210 1.11 -14 A 8. 1E-1i 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 1.00E-16 3.00E-14 8.23E-01
Ra-226 6.70E-16 6.70E-16 1.00E-16 9.00E-13 7.44E-02
P__b-21 1.60E-14 1.088-14 A 6.00f-13 2.67E+00

Qtr4 - 2008 2.54E+09 U-nat 1.18E-16 N/A 1.00E-16 9.OOE-14 1.31E-01
Th-230 3.03E-16 3.46E-16 1.00E-16 3.00E-14 1.01E+00
Ra-226 1.00E-16 N/A 1.OOE-16 9.00E-13 1.11E-02
Pb-210 1.22-1 945-15 2.00-15 6,00F-13 2.03E+00

Qtrl - 2009 2.28E+09 U-nat 2.84E-16 N/A 1.00E-16 9.OOE-14 3.16E-01
Th-230 -4.08E-16 2.44E-16 1.OOE-16 3.OOE-14 -1.36E+00
Ra-226 1.04E-17 3.60E-16 1.00E-16 9.00E-13 1.15E-03
Pb-210 1.71F-14 7.54E-15 2.00E-15 600-13 2- E+00

Qtr2 - 2009 2.30E+09 U-nat 1.12E-16 N/A 1.OOE-16 9.OOE-14 1.24E-01
Th-230 2.15E-16 1.26E-16 1.00E-16 3.OOE-14 7.17E-01
Ra-226 -1.10E-16 2.86E-17 1.00E-16 9.OOE-13 -1.22E-02
P_-210 1.06E-14 q,92E-15 2.008-15 6.00E-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 1.00E-16 3.00E-14 -1.06E+00
Ra-226 6.36E-17 1.54E-16 1.00E-16 9.00E-13 7.07E-03
Pb-210 2.22F-14 7,5E15 2,00E-15 6.00E-13 3.70E+00

LUD-2 Qtr2 - 2008 1.66E+09 U-nat 1.00E-16 N 1.00E-16 9.00E-14 1.11E-01
Th-230 3.42E-16 3.43E-16 1.00E-16 3.OOE-14 1.14E+00
Ra-226 1.OOE-16 N/A 1.00E-16 9.OOE-13 1.11E-02
Pb-210 2.00F-15 N/A 2.00E-15 6.00E-13 3,33F-01

Qtr3 - 2008 4.44E+09 U-nat 1.00E-16 N/A 1.OOE-16 9.00E-14 1.11E-01
Th-230 1.00E-16 N/A 1.00E-16 3.00E-14 3.33E-01
Ra-226 1.35E-16 2.93E-16 1.00E-16 9.OOE-13 1.50E-02
Pb-210 -t 4,738-15 2.008-15 6.00E-13 6.38E-01

Qtr4- 2008 2.77E+09 U-nat 2.89E-16 N/A 1.OOE-16 9.00E-14 3.21E-01
Th-230 1.OOE-16 N/A 1.00E-16 3.00E-14 3.33E-01
Ra-226 1.00E-16 N/A 1.00E-16 9.OOE-13 1.11E-02
Pb-210 1.70E-14 9.03E-15 2.00E-15 6.00E-13 2.83F+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
P_-_10 1.99F-14 ,725E-15 2.00E-15 L.0Q01J3 3.328+00

Qtr2 - 2009 2.36E+09 U-nat 8.30E-17 N/A 1.00E-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.OOE-16 9.OOE-13 5.14E-04
Pb-2l0 5.51E-15 1.17E-15 2.00E-15 6.00E-13 g.lgF-01

Qtr3 - 2009 1.30E+09 U-nat 1.80E-16 N/A 1.00E-16 9.OOE-14 2.00E-01
Th-230 -5.12E-17 2.19E-16 1.00E-16 3.OOE-14 -1.71E-01
Ra-226 7.80E-17 1.88E-16 1.00E-16 9.OOE-13 8.67E-03
PU-210 10-1E-14 Qt,2OE-15 2.0E-15 .200-839. 3.+8+00

LUD-4 Qtr2 - 2008 9.25E+08 U-nat 1.00E-16 N A 1.OOE-16 9.00E-14 1.11E-01
Th-230 1.08E-16 2.05E-16 1.00E-16 3.OOE-14 3.60E-01
Ra-226 1.OOE-16 N/A 1.00E-16 9.OOE-13 1.11E-02
Pb-210 _2.0L0JE15 N/A 2.00E-15 6.00F-13 .

Qtr3 - 2008 2.46E+09 U-nat 2.03E-16 N/A 1.OOE-16 9.00E-14 2.26E-01
Th-230 2.32E-16 1.18E-16 1.00E-16 3.OOE-14 7.73E-01
Ra-226 6.91E-16 5.69E-16 1.00E-16 9.OOE-13 7.68E-02
P_-210 1.83E-14 ,54-1E-r 2C017- 60, 13 305:8+00

Qtr4 - 2008 2.40E+09 U-nat 2.50E-16 N/A 1.00E-16 9.OOE-14 2.78E-01
Th-230 1O0E-16 N/A 1.OOE-16 3.OOE-14 3.33E-01
Ra-226 1.00E-16 N/A 1.00E-16 9.OOE-13 1.11E-02
Ph-_ D 2.58E-14 1,04F-14 2008-15 6.00E-13 4.30E+00

Qtrl - 2009 2.26E+09 U-nat 2.84E-16 N/A 1.OOE-16 9.OOE-14 3.16E-01
Th-230 3.68E-16 4.05E-16 1.00E-16 3.OOE-14 1.23E+00
Ra-226 3.86E-16 4.22E-16 1.OOE-16 9.OOE-13 4.28E-02
Pbh-21 2?79E-1A 7.69E-15 2,00E-15 6,00F-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 1.41F-14 15.9iE-15 2,00E-S1 6.00E-13 236F+00

Qtr3 - 2009 1.26E+09 U-nat 1.60E-15 N/A 1.OOE-16 9.OOE-14 1.78E+00
Th-230 1.91E-15 6.14E-16 1.OOE-16 3.OOE-14 6.37E+00
Ra-226 9.48E-17 2.291-16 1.OOE-16 9.00E-13 1.05E-02
Pb-210 1.60E-14 9.50E-15 2.0Ez-1I 6_00F-1; 2.67E+00
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Table 2.9-7: Air particulate radionuclide data for the Ludeman Project (Cont.)

Air Station Qtr - Collection Air Volume Error Effluent

ID Date Sampled Radionuclide Concentration Estimate LLD Cone. % Effluent
(mL) (pai/mL) J/Si4mL) (aC1/mL) (paCi/mL) Concentration

LUD-5 Qtr3 - 2008 1.41E+09 U-nat 2.13E-16 NIA 1.OOE-16 9.00E-14 2.37E-01
Th-230 1.00E-16 N/A 1.OOE-16 3.00E-14 3.33E-01
Ra-226 2.13E-16 7.80E-16 1.OOE-16 9.00E-13 2.37E-02
Pb-210 2.O6E-14 1.A49-14 2.OOE-11 60OO-11 1 3,431+0n

Qtr4 - 2008 2.57E+09 U-nat 4.28E-16 N/A 100E-16 9.00E-14 4.76E-01
Th-230 1.00E-16 N/A 1.00E-16 3.00E-14 3.33E-01
Ra-226 3.50E-16 5.06E-16 1.00E-16 9.00E-13 3.89E-02
Pb-210 2.49-1t4 9.73-- 2.00E-1S 6_0OE-13 4210 2 +0E

Qtrl - 2009 2.34E+09 U-nat 1.90E-16 N/A 1.00E-16 9.00E-14 2.11E-01
Th-230 -7.14E-17 4.35E-16 1.00E-16 3.00E-14 -2.38E-01
Ra-226 -1.41E-16 3.18E-16 1.00E-16 9.OOE-13 -1.57E-02
Pb-210 2.02E-14 7. 3E-15 2 .0E-1S 6.00E-13 3131E+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 3.0OE-14 -3.64E-01
Ra-226 -4.94E-17 3.61E-17 1.00E-16 9.0OE-13 -5.49E-03
P_-210 7.27E-15 1.32E-15 2.00-1-is

Qtr3 - 2009 1.48E+09 U-nat 8.48E-17 N/A 1.00E-16 9.0OE-14 9.42E-02
Th-230 -3.21E-17 1.16E-16 1.00E-16 3.00E-14 -1.07E-01
Ra-226 5.78E-16 2.85E-16 1.00E-16 9.0OE-13 6.42E-02
Pb-210 1.67E-14 3.27E-15 2.O0E-15 6ME-13 2,78E+00

LUD-6 Qtr3 - 2008 1.75E+09 U-nat 1.71E-16 N/A 1.00E-16 9.00E-14 1.90E-01
Th-230 1.00E-16 N/A 1.00E-16 3.OOE-14 3.33E-01
Ra-226 5.14E-15 7.43E-16 1.OOE-16 9.00E-13 5.71E-01
P_-2_0 1.83E-14 1.2OE-1S 2.OOE-1it 6.0(F-13 3.05E+OO

Qtr4 - 2008 2.41E+09 U-nat 3.32E-16 N/A 1.00E-16 9.00E-14 3.69E-01
Th-230 1.OOE-16 N/A 1.OOE-16 3.0OE-14 3.33E-01
Ra-226 1.00E-16 N/A 1.OOE-16 9.00E-13 1.11E-02
P_-_0 299E-14 1 4iE-i4 2.00E-1S 6.ODE-13 4 8E+n

Qtrl - 2009 2.41E+09 U-nat 2.12E-16 N/A 1.0OE-16 9.00E-14 2.36E-01
Th-230 9.27E-17 3.21E-16 1.00E-16 3.00E-14 3.09E-01
Ra-226 -3.78E-16 2.35E-16 1.00E-16 9.00E-13 -4.19E-02
Pb-210 1-19E-14 7L.O6E-S 2.00E-15 6.OOE-13 1.9E+OO

Qtr2 - 2009 1.61E+09 U-nat 1.96E-16 N/A 1.OOE-16 9.00E-14 2.18E-01
Th-230 -1.35E-16 2.23E-16 1.OOE-16 3.00E-14 -4.50E-01
Ra-226 5.69E-16 9.89E-17 1.OOE-16 9.00E-13 6.32E-02
Pb-210 . l.71-iS 21 OE-iS 6.00E-13 1.3SE+00

Qtr3 - 2009 9.85E+08 U-nat 1.03E-16 N/A 1.00E-16 9.00E-14 i.14E-01
Th-230 -i,91E-16 3.47E-i6 1.0OE-i6 3.00E-14 -6.37E-01
Ra-226 1.84E-16 3.26E-16 1.00E-16 9.0OE-13 2.04E-02
Pb-210 2.52F-14 5.02E-15 2 DOE-1S 6t00t-13 420E+00

2.9.6.3 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.

2.9.7 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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2.9.8 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 2.9-47.
The nomenclature and meaning of well ID numbers is as follows:

* 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 2.9-47: 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.

2.9.8.1 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.

2.9.8.2 Groundwater Sampling Results

Summary statistics for dissolved radionuclides in groundwater across all individual
quarterly samples collected to date are provided in Table 2.9-7. Average quarterly results
(+ l a) to date by well location for dissolved radiological groundwater parameters are
shown graphically in Figures 2.9-48 through 2.9-53. 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 2.9-8: Summary statistics for dissolved radionuclide's in groundwater across all
individual quarterly samples collected to date within the Ludeman Project area.

S Mean St. Dv. Median 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 28 213 -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 2.9-48: Mean quarterly uranium results (± lo) 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 2.9-49: Mean quarterly Ra-226 results (± 1u) by groundwater monitoring well
location (top) and same results on a log scale (bottom)
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Figure 2.9- 50: Mean quarterly Th-230 results (+ lo) by groundwater monitoring well location.
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Figure 2.9-51: Mean quarterly Pb-210 results (± 1cr) by groundwater monitoring well
location.
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Figure 2.9-52: Mean quarterly Po-210 results (± 1C) by groundwater monitoring well
location.

Po-210 in Groundwater: Mean Quarterly Monitoring Results
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Figure 2.9-53: Mean quarterly Ra-228 results (± 10) by groundwater monitoring well
location.
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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,
24,

* Pump test wells, Production Zone (LPW): 1, 3A, 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.
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 2.9.9). 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.

2.9.8.3 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.

2.9.9 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 2.9-54. This
sampling includes stock ponds, small natural impoundments and ephemeral stream
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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).

2.9.9.1 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.
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2.9.9.2 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 2.9-8. Average quarterly results
(± lo) by sample location to date for dissolved radiological surface water parameters are
presented graphically in Figures 2.9-55 through 2.9-60. 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 - 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 2.9- 9: Summary statistics for dissolved radionuclides in surface water across all
individual quarterly samples collected to date within the Ludeman Project area.

Ana" Mean Std. Dev. Median Max Kin n
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/L) 0.6 0.8 0.5 2.9 -1.0 73

Figure 2.9-55: Mean quarterly Ra-226 results (± 1a) by surface water sampling location.

Ra-226 in Surface Water: Mean Quarterly Monitoring Results
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Figure 2.9- 56: Mean quarterly uranium results (± la) by surface water sampling
location (top) and same results on a log scale (bottom).
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Figure 2.9-57: Mean quarterly Th-230 results (± la) by surface water sampling
location.
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Figure 2.9-58: Mean quarterly Pb-210 results (+ la) by surface water sampling location.
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Figure 2.9- 59: Mean quarterly Po-210 results (+ lcr) by surface water sampling location.
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Figure 2.9-60: Mean quarterly Ra-228 results (± to) by surface water sampling location.
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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 2.9.4). 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.

2.9.9.3 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.

2.9.10 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 2.9-61) 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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locations at the Ludeman

2.9.10.1 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.

2.9.10.2 Vegetation Sampling Results

Summary statistics for baseline vegetation sampling results to date are presented in Table
2.9-9 and illustrated in Figure 2.9-62. There is an apparent trend for lower radionuclide
concentrations in vegetation during the August 2008 sampling event (Figure 2.9-62),
though such differences may be within a normal range of sampling and measurement
variability. Similarly, some differences in mean radionuclide concentrations by sampling
location may be attributed to sampling and measurement variability, as consistent trends
are not apparent.
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Table 2.9- 10: Summary statistics for radionuclide's in vegetation for all sampling dates and
locations.

Ainalyte Mea td.De Mledia Max Mlin
......... . (u kg) (u./kg) (uCtlkg) (u ikg)

Pb-210 1.3E-03 4.5E-04 1.2E-03 1.9E-03 8.7E-04 6
Po-210 1.6E-04 6.5E-05 2.OE-04 2.1E-04 5.8E-05 6
Ra-226 2.3E-04 8.9E-05 2.2E-04 3.7E-04 1.OE-04 6
Th-230 6.5E-05 2.8E-05 6.4E-05 1.1 E-04 2.3E-05 6
U-nat 1.2E-04 4.OE-05 1.3E-04 1.6E-04 4.3E-05 6

Figure 2.9-62: Mean analytical results for all vegetation samples by sampling date (left) and
by location (right).
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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 2.9.6.

2.9.10.3 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
this Section should complete relevant baseline characterization requirements for
licensing/permitting evaluations by the NRC and WDEQ/LQD.
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2.9.11 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 pronghom 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.

2.9.12 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.

December 2011 2.9-79



TURANIUM ONE AMERICAS
..uraniumone NRC License SUA- 1341 Amendment Application

investing in our energy Ludeman Project Technical Report

2.9.13 References

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

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.
URL: 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-basedplatform for spatial analysis, data management, and mapping.
URL: http://www.esri.com/software/arcgis/index.html.

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.

December 2011 2.9-80



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

investing in our energy Ludeman Project Technical Report

Ludlum Measurements, Inc. 2006. Energy response curve for Ludlum Model 44-10 Nal
detector. URL: http://www.ludlums.com/RespCurvHtm/RCM44-1O.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 US. 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.

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,

December 2011 2.9-81



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

investing In our energy Ludeman Project Technical Report

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 H 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.

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.

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.

December 2011 2.9-82



"URANIUM ONE AMERICAS
iv.. inra inu monu ene NRC License SUA-1341 Amendment Application
investing In ourenergy Ludeman Project Technical Report

U.S. Nuclear Regulatory Commission, Office of Nuclear Material Safety and
Safeguards. Washington, D.C.

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.

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.

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

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). 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. Environmental Protection Agency (EPA). 2000. National Primary Drinking Water
Regulations; Radionuclides; Final Rule. Federal Register: December 7, 2000
(Volume 65, Number 236).

December 2011 2.9-83



TM URANIUM ONE AMERICAS
d.U raniumone NRC License SUA- 1341 Amendment Application

investing in our energy Ludeman Project Technical Report

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. 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.

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, 1111., July.

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.

December 2011 2.9-84
December 2011 2.9-84



7URANIUM ONE AMERICAS
inveUsran i u monergy NRC License SUA- 1341 Amendment Application
investin9 in our energy

Ludeman Project Technical Report

TABLE OF CONTENTS

3.0 DESCRIPTION OF PROPOSED FACILITY .................................................... 3-1
3.1 ISR Process and Equipment ................................................................................. 3-1

3.1.1 Proposed Ludeman Project Area Ore Bodies .............................................. 3-1
3.1.2 Delineation Drilling ..................................................................................... 3-2
3.1.3 W ell Construction and Integrity Testing ...................................................... 3-3

3.1.3.1 W ell Construction Materials ............................................................... 3-3
3.1.3.2 W ell Construction Methods ................................................................ 3-4
3.1.3.3 W ell Development .............................................................................. 3-7
3.1.3.4 W ell M echanical Integrity Testing ..................................................... 3-7

3.1.4 ISR Process .................................................................................................. 3-8
3.1.4.1 ISR Reactions ................................................................................... 3-10
3.1.4.2 Uranium Extraction .......................................................................... 3-11

3.1.5 W ellfield Design and Operation ................................................................ 3-11
3.1.6 W ellfield Operational M onitoring ............................................................. 3-13

3.1.6.1 W ater Balance ................................................................................... 3-18
3.2 Satellite Facility, Processing, and Chemical Storage ......................................... 3-22

3.2.1 Satellite Facility Equipment ....................................................................... 3-22
3.2.1.1 Ion Exchange Circuit ........................................................................ 3-22

3.2.1.1.1 Ion Exchange Circuit Equipment ..................................................... 3-23
3.2.1.2 Restoration Circuit ............................................................................ 3-24

3.2.1.2.1 Restoration Circuit Equipment ........................................................ 3-24
3.2.1.3 Bleed Treatment Circuit ................................................................... 3-24
3.2.1.4 Resin Transfer and Elution ............................................................... 3-25

3.2.2 Satellite Facility Chemical Storage ............................................................ 3-25
3.2.2.1 Process Related Chemicals ............................................................... 3-25

3.2.2.1.1 Oxygen Storage and Delivery System ............................................. 3-25
3.2.2.1.2Carbon Dioxide Storage and Delivery System ................................ 3-26
3.2.2.1.3 Chemical Reductants ....................................................................... 3-26

3.2.2.2 Non-Process Related Chemicals ....................................................... 3-26
3.2.2.3 Facility Areas Where Fumes or Gases May Be Generated .............. 3-27

3.2.3 Proposed Operating Schedule .................................................................... 3-30
3.3 Instrumentation and Control .............................................................................. 3-32

3.3.1 W ellfield Operations/Ion Exchange Circuit ............................................... 3-32
3.3.2 Process Areas ............................................................................................. 3-33
3.3.3 Process W aste W ater Disposal ................................................................... 3-33
3.3.4 Radiological M onitoring Instrumentation .................................................. 3-34
3.3.5 Byproduct M aterial Disposal ..................................................................... 3-34

3.4 Access Roads Construction and Maintenance ................................................... 3-34
3.4.1 M ain Access Roads .................................................................................... 3-34

3.4.1.1 Design Requirements ........................................................................ 3-35
3.4.2 Field Access Roads .................................................................................... 3-36

December 2011 3-i



uM URANIUM ONE AMERICASpra n u mone TNRLiesSU- 1341 Amendment Application
investing in our energy License SUA

Ludeman Project Technical Report

3.4.3 Construction, Drainage, M aintenance ........................................................ 3-36
3.4.3.1 Construction ...................................................................................... 3-36
3.4.3.2 Road Drainage Design ...................................................................... 3-37

3.4.3.2.1 Surface Drainage ............................................................................. 3-37
3.4.3.2.2Drainage Structures ......................................................................... 3-37

3.4.3.3 Road M aintenance ............................................................................ 3-39
3.5 References .......................................................................................................... 3-39

List of Figures

Figure 3-1: Proposed Project Area Plan ........................................................................... 3-2
Figure 3-2: Typical W ell Completion .............................................................................. 3-8
Figure 3-3: Leuenberger and North Platte W ellfield Areas ........................................... 3-17
Figure 3-4: Peterson W ellfield Area .............................................................................. 3-18
Figure 3-5: Typical W ellfield Layout ............................................................................ 3-19
Figure 3-6: Satellite W ater Balance ............................................................................... 3-22
Figure 3-7: Restoration W ater Balance .......................................................................... 3-23
Figure 3-8: Satellite Facility Layout .............................................................................. 3-30
Figure 3-9: Satellite Process Facility Flow Diagram ..................................................... 3-31
Figure 3-10: Proposed Operations Schedule .................................................................. 3-33

List of Tables

Table 3-1: Typical Lixiviant Concentrations ................................................................. 3-12

December 2011 3-u
December 2011 3-ii



SPTMURANIUM ONE AMERICAS
,uraniumone NRC License SUA-1341 Amendment Application

investing in out energy

Ludeman Project Technical Report

3.0 DESCRIPTION OF PROPOSED FACILITY

The proposed Ludeman Project (proposed project) area encompasses approximately
19,890 acres. The proposed project will be developed by constructing three Satellite
facilities, wellfields, and ISR recovery support facilities. The North Platte, Leuenberger
and Peterson Satellite facilities will each be located within an approximate 5-acre fenced
area in the SW¼4 NW¼/4 , Section 10, T34N, R73W, SE¼ NEA of Section 14, T34N,
R74W, and SW¼A SWA, Section 26, T34N, R73W, respectively. These facilities are
designed to provide chemical makeup of recovery solutions, recovery of uranium by ion
exchange, resin loading/unloading and groundwater restoration capabilities.

Figure 3-1 shows the proposed project area plan. The total surface area to be affected by
the proposed operation is completely within the proposed project area. Estimated surface
area to be disturbed is approximately 813 acres. Seven wellfields, three Satellite facilities,
six deep disposal wells and six surge ponds compose the significant proposed surface
features to be associated with the uranium ISR recovery operations. Construction of the
three Satellite facilities, associated structures and wellfield header houses will encompass
approximately 160 acres. Road disturbance acreage has been calculated assuming
approximately seven miles of 25-foot-wide main road and approximately 18 miles of 8-
foot wide, two-tracks for field roads. Each proposed Satellite facilities is anticipated to
consist of an 80- x 160-foot building, two surge ponds, and other infrastructure within the
enclosed security fencing.

The total proposed wellfield area to be used for the injection and recovery of solution
over the eleven-year mine life will be approximately 763 acres. Individual wellfield areas
will be fenced to limit access by livestock during production and restoration activities.
The fenced wellfield area will be slightly greater than that encompassed by the areas to
be mined.

As shown on Figure 3-1, other mineralized trends within the current proposed project
area, particularly those in the northern portion of the site, are known to exist but have not
been extensively delineated. As a result, additional development areas may be determined
as exploration and delineation activities continue.
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3.1 ISR PROCESS AND EQUIPMENT

3.1.1 Proposed Ludeman Project Area Ore Bodies

Uranium ore within the proposed project area occurs in typical roll-front deposits.
Uranium One exploration nomenclature designates the sands in the project area by
decreasing numbers with increasing depth. The Production Zone aquifers in the proposed
project area are the 70, 80 and 90 Sands of the Lebo member of the Paleocene Fort Union
formation. The sand thickness is variable and ranges in thickness from 13 to 164 feet in the
70 Sand, zero to 161 feet in the 80 Sand and 19 to 299 feet in the 90 Sand. The 70 Sand is
continuous across the planned wellfields as is the 90 Sand. The 80 Sand is not continuous
across the area as it pinches out in the south-east and east-central portions of the proposed
project area. Confinement exists between the 70, 80 and 90 Sand Production Zones
and the overlying and underlying sands throughout the proposed project area.

The mineralization in the 90 Sand in the western portion of the project area varies from
189 to 292 feet deep from surface level and averages 219 feet in depth. The
mineralization in the 80 Sand varies from 303 to 441 feet deep from surface level and
averages 352 feet in depth. Mineralization in this area is primarily contained within the
60, 80, 90 and 100 Sands; only the 80 and 90 Sands are planned to be mined. The
thickness of the mineralization in the 90 Sand averages 8.3 feet with an average grade of
0.090 percent U30 8. The thickness of the mineralization in the 80 Sand averages 9.5 feet
with an average grade of 0.130 percent U30 8.

The mineralization in the central part of the proposed project area varies from 465 to 690
feet deep averaging 557 feet in depth from surface. Mineralization is primarily contained
within the 50, 60 and 70 Sands; only the 70 Sand is planned to be mined. Mineralization
thickness in this portion of the project area averages 10.6 feet with an average grade of
0.074 percent U30 8.

The south-eastern portion of the proposed project area has depths to mineralization
ranging from 19 to 366 feet, averaging 191 feet. The 70, 80 and 90 Sands contain the
primary mineralization in the area, averaging 4.6 feet in thickness with an average grade
of 0.093 percent U308.

Typical stratigraphic intervals to be mined are shown in the geologic cross sections and
generalized stratigraphic column in Section 2.6 of this application. For ISR wellfields, the
Production Zone is the geological sandstone unit where the recovery solutions are
injected and produced. However, the ore thickness and corresponding Production Zone at
any location is a fraction of the total thickness of the host sand and rarely exceeds 20 feet.
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3.1.2 Delineation Drilling

The irregular shape, distribution and grade of uranium deposits requires several phases of
drilling to determine ore reserves, injection, production and groundwater monitoring well
locations and to allow for sufficient time to develop wellfield engineering and design
plans. Geophysical logging is performed in all drill holes. The most common logs used
are resistivity, spontaneous potential (SP), and natural gamma. The resistivity and SP
logs are used to determine the lithology of the hole, and the natural gamma log is used to
estimate the depth and location of the uranium. Additionally, deviation logs are
commonly used to determine the amount of borehole drift between ground surface and
bottom of the completed hole. Drilling methodology will be primarily performed with
standard truck-mounted, mud rotary drilling rigs.

Preliminary ore reserve estimates and project feasibility analyses are typically completed
after a substantial portion of a deposit has been drilled on centers as close as 100 feet
(i.e., one hole per 10,000 square feet). The information provided by this phase of drilling
permits the development of preliminary wellfield design plans and delineation of
groundwater monitoring well locations.

To determine the lateral extent of the economically recoverable uranium ore, additional
drilling on centers as close as 50 feet (i.e., one hole per 2,500 square feet) is typically
required. The information obtained from this phase of drilling is used to map the ore body
both in plan and cross-section and to locate potential injection and production wells. This
data is also used to finalize the locations of groundwater monitoring wells which are
typically installed prior to installation of mine unit patterns.

The final phase of ore body delineation consists of drilling pilot holes for injection and
production wells. Prior to installation of casing, the geophysical logs of each pilot hole in
a pattern are reviewed to determine the screen interval of the well and confirm that the
pattern contains sufficient reserves to recover uranium economically. If it is determined
that a pilot hole (or holes) does not contain enough mineral reserves to provide for
economic production, the hole will not be cased, but will be plugged and abandoned in
accordance with the procedures outlined in Section 6 of this application.

Delineation drilling will occur throughout each year, depending on production and
development needs. Typically, 200 to 500 delineation drill holes will be completed each
year, as necessary, to adequately define future wellfield pattern areas.
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3.1.3 Well Construction and Integrity Testing

Well construction materials, methods, development, and integrity testing are described
below. All work will be performed under the direction and supervision of qualified
Uranium One personnel.

3.1.3.1 Well Construction Materials

During the life of the proposed project, Uranium One will install production and monitor
wells. The production wells will consist of injection and recovery wells. The injection
wells will be used to convey the barren lixiviant to the Production Zone, while the
recovery wells will be used to recover the pregnant lixiviant after contact with the
uranium ore. These wells will be installed using the same completion method so that the
wells can be used for either injection or recovery. The ability to change the well function
allows for improved uranium recovery and more efficient groundwater restoration as well
as an improved ability to respond to potential excursions of lixiviant. Typical well
completion schematics for recovery wells, injection wells, and monitor wells are shown
on Figure 3-2.

All production wells are planned to be constructed of Standard Diameter Ratio (SDR) 17
polyvinyl chloride (PVC) with a sufficient pressure rating to withstand the maximum
anticipated injection pressure and the maximum resistance to hydraulic collapse pressure
anticipated during cementing of the well. Additionally, the wells will be constructed in
accordance with Section 6, Chapter 11, "Non Coal In Situ Mining", of the WDEQ Land
Quality Division (LQD) Rules and Regulations. The specifications embodied in Chapter
11 have been previously proposed by Uranium One for Moore Ranch, Uranerz for
Nichols Ranch and Hank, and Ur-Energy for Lost Creek, and have had such
specifications accepted by NRC in their license approvals. The wells are planned to be
installed using 4.5, 5.0 or 6.0 inch SDR17 well casing. PVC casing is typically supplied
in 20 ft. lengths, and the lengths will be mechanically joined with either threaded
connections and/or a water tight O-ring seal, secured in place by a high strength nylon
spline.

In accordance with Section 6 of Chapter 11, Uranium One plans to use an annular seal
consisting of a cement slurry or a cement bentonite mixture approved by the LQD
Administrator. A cement bentonite mixture was approved by the LQD Administrator for
the installation of Uranium One's regional baseline monitor wells. The purpose of sealing
the annular space is to assure structural integrity of the casing, stabilize the upper
formations, protect against contamination of the well from the surface, and to prevent
migration of ground water from one aquifer or water-bearing stratum to another.
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The interior monitor wells will be screened in the Overlying and Underlying Aquifers,
while the perimeter monitor wells will be screened in the Production Zone. The
completion intervals for these wells will be predetermined and will use the same
materials of construction as the production wells.

3.1.3.2 Well Construction Methods

The recovery and injection wells will be installed with identical completion methods to
allow the ability to change the well function for improved uranium recovery, more
efficient restoration, and improved ability to respond to potential excursions. Monitor
wells will also utilize the same completion methods of the recovery and injection wells
and is described below:

Construction Method (see Figure 3-2)

1. A 5 to 6.5 inch diameter pilot hole will be drilled through the projected
mineralized zone within the Production Zone aquifer. The pilot hole may
penetrate the upper portion of the Underlying Aquitard to obtain an accurate
geophysical log, however the pilot hole will not fully penetrate the Underlying
Aquitard that separates the Production Zone from the Underlying Aquifer. The
pilot hole will be logged using a geophysical tool which will provide a suite of
logs consisting of gamma, single point resistance, spontaneous potential, neutron
and deviation. The grade and depth of each mineralized intercept will be provided
by the log;

2. To complete the well, the pilot hole will be reamed to a diameter of 7 7/8 to 9 7/8

inches (a minimum of 3 inches greater than the nominal OD of the casing) to a
maximum depth of 15 feet below the bottom of the mineralized zone. The pilot
hole below the bottom of the reamed hole will be filled with drill cuttings during
the reaming process. In some cases, the ream hole may be drilled and logged
without a pilot hole being drilled first. PVC casing with a nominal OD of 5 to 6.6
inches will be placed in the reamed hole to a depth approximately 10 feet below
the mineralization. Centralizers will be placed on the casing string at a maximum
spacing of one per 40 feet. Also, a wooden dowel or bolt will be placed through
the casing approximately 3 feet from the bottom to act as a stop;

3. A specified volume of cement slurry calculated to fill the annular volume and
mixed to approved specifications will be pumped inside the casing through a
cementing head. Once the cement is in place, a cement wiper plug will be placed
in the top of the casing. A volume of displacement water will then be pumped into
the casing forcing the cement slurry out of the bottom of the casing and up the
annulus between the casing and the reamed hole. Once the wiper plug reaches the
wooden dowel or bolt in the bottom of the casing displacement of the cement will
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end and the valve on the cementing head will be closed which will hold the
cement in place while the cement cures. The use of a wiper plug cleans the
cement slurry from the inside of the casing and assures that the cement will not be
over displaced by providing a surface indication (increased pressure reading) of
when the cement job is complete. The well annulus will be topped off with
cement to the surface prior to reentry by the drill rig;

4. After the cement is allowed to cure for a minimum of 72 hours, the well will be
under-reamed through the mineralized zones to a diameter of 9 1/2 to 10 1/2 inches,
depending on the OD of the casing. The under-reaming will be completed by a
specialized tool utilizing retractable blades. The blades are closed for the trip
down the well and are opened by pressure from the rig mud pump. After under-
reaming the designated zone through the casing and cement, the blades are again
retracted for the trip out of the well. The well may be caliper logged as necessary
to verify the correct interval has been opened. If deemed necessary, to support
sand zones that are not competent, a well screen will be telescoped into the casing
covering the under-reamed zone. The uppermost screen openings will be placed
below the top of the under-reamed interval and below the bottom of the annular
seal. A PVC riser pipe will be attached to the top of the screen and will be held in
place by one or more k-packer(s). Gravel pack sand may be placed between the
screen and the under-reamed hole;

5. The well will be developed to remove contaminants and fines from the drilling
and completion process and maximize the flow rate. A well completion form will
be completed documenting all of the details on drilling, completion materials,
casing depth, completion interval, and the cement mix;

6. After drying, the drill cuttings contained in the pits will be covered with subsoil
and the stockpiled topsoil. The ground surface will then re-contoured and
reseeded; and

7. The well will then be integrity tested as discussed in Section 3.1.3.4 below.
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Figure 3-2: Proposed Project Typical Well Completion
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3.1.3.3 Well Development

Following well installation, but before baseline water quality samples are taken for
groundwater restoration and water quality monitoring, the wells will be developed to
restore the natural hydraulic conductivity and geochemical equilibrium of the screened
aquifer. All wells will be developed initially immediately after construction using air
lifting, swabbing or other accepted development techniques. Well development removes
water and drilling fluids from the casing, by flushing it with water from the screened
interval. The purpose of well development is to allow representative formation water to
enter the well screen and casing. This process is necessary to allow representative
samples of groundwater to be collected for monitor wells, and to ensure efficient
injection and recovery operations from the production wells.

Final development of monitor wells will be performed by pumping the well, or swabbing
for the amount of time necessary, to ensure that stable formation water is present. pH and
conductivity measurements will be taken on the development water during this process to
ensure that development activities have been effective. The field parameters must be
stable at representative formation values before baseline sampling will begin.

3.1.3.4 Well Mechanical Integrity Testing

Prior to being placed into operation and after well completion, the integrity of the wells
will be verified by a pressure based Mechanical Integrity Test (MIT) as required by State
and Federal UIC Programs.

The MIT is conducted by placing inflatable packers near the top of the casing and
directly above the riser pipe connected to the screen interval. The packers are inflated and
the interval between the packers is filled with water and pressurized to the test pressure
(maximum allowable injection pressure plus a safety factor of 20 percent). This pressure
must be maintained within 10 percent for 10 minutes to pass the MIT. An alternative to
using a top inflatable packer may be utilized. Instead of an inflatable packer, the top of
the casing may be sealed by a specially designed flange top. A well integrity record will
be completed for each tested well. If a well shows an unacceptable pressure drop during
the integrity test, the packers may be reset and the equipment checked for leaks. If in
successive tests the well passes the integrity requirements, the well will be deemed
acceptable for use as injection, recovery, or monitor well.

If there are obvious leaks, or the pressure drops by more than ten percent during the ten-
minute period, the seals and fittings on the packer system will be reset and/or checked
and another test is conducted. If the pressure drops less than ten percent the well casing is
considered to have acceptable mechanical integrity.
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The maximum allowable injection pressure will be based on the formation fracture
pressure. At these depths, Uranium calculates that the maximum allowable injection
pressures will range from 90 to 145 psi across the extent of the property.

If a well casing does not meet the MIT criteria, the well will be taken out of service and
the casing may be repaired and the well re-tested. If this is not done the well is plugged
and abandoned. The WDEQ-LQD will be notified of any well that fails the MIT. If a
repaired well passes the MIT, it will be employed in its intended service following
approval from the LQD Administrator that the well has demonstrated mechanical
integrity. If the well defect resulting in a failed MIT occurs at depth, the well may be
plugged back and re-completed for use in a shallower zone, provided it passes the
subsequent MIT. If an acceptable test cannot be obtained after repairs, the well will be
plugged and abandoned.

In addition to the initial testing after well construction, a MIT will be conducted on any
well after any repair where a downhole drill bit or underreaming tool is used. Any
production well with evidence of suspected subsurface damage will require a new MIT
prior to the well being returned to service. In accordance with WDEQ requirements,
MITs will be repeated once every five years for all production and injection wells wells.

The MIT of a well will be documented to include the well designation, date of the test,
test duration, beginning and ending pressures, and the signature of the individual
responsible for conducting the test. Results of the MITs are maintained on site and are
available for inspection. In accordance with WDEQ requirements, the results of MITs are
reported to the WDEQ on a quarterly basis.

3.1.4 ISR Process

Production of uranium at the proposed project will utilize ISR methodologies involving
two separate, but related processes. These processes include an ISR process and a
recovery process. The ISR process will be accomplished by installing a series of injection
and recovery wells. Utilizing those injection wells, a carbonate-leaching, or barren
lixiviant will be injected into the ore body. To promote flow across the mineralized areas,
corresponding recovery wells will be used to pump water from the ore body, and allow
for the collection of the uranium-bearing carbonate leach, or pregnant lixiviant, which
will be then pumped to the proposed Satellite facilities.

During any operation where these injection fluids are utilized, excursions can be a
concern. Extraction fluids are normally maintained in the production aquifer within the
immediate vicinity of the wellfield. A ring of encircling monitor wells will be used to
detect any production fluids migrating from the production area due to fluid pressure
imbalance. Such a system has been proven to function satisfactorily over many years of
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operating experience with uranium in situ uranium recovery operations. More specific
details regarding the proposed project monitor well rings and excursions are discussed in
Section 3.1.5.3.

Once the pregnant lixiviant reaches the proposed Satellite facility, the uranium will be
removed from the lixiviant through the use of pressurized downflow ion exchange
columns utilizing resin having an affinity for the uranium complex. After the lixiviant has
passed through the ion exchange system, the solution will be re-fortified with a
concentrated carbonate solution, making barren lixiviant, which will be then recycled to
the injection wells for further production. Once the ion exchange resin in an ion exchange
column is loaded to capacity with uranium complexes, the column will be taken out of
service. The resin loaded with uranium will be transferred from one of the Satellite
facilities to the Willow Creek Central Processing Plant via tanker truck. Once the resin
has been stripped of the uranium by the process of elution, the resin will be returned to
the Ludeman satellite facilities for reuse in the ion exchange circuit..

The second process is the further refinement of the uranium-rich solution to create a
marketable yellowcake product. The resin will be shipped via trucks to the Willow Creek
where the uranium will be removed from the resin by elution. This will be accomplished
by precipitating the dissolved uranium out of the eluent solution, dewatering the uranium
solids then vacuum drying the uranium slurry. The dried uranium product, yellowcake, is
then packaged to allow safe transportation utilizing NRC-approved carriers.

SUA-1341 allows yellowcake production up to 2.5 million pounds of throughput per
year. The License Renewal Application (LRA) for SUA-1341 (Cogema, 2007) estimated
that during peak periods of production, the Willow Creek Satellite could produce up to
one million pounds per year of uranium product which will be dried at the Willow Creek
CPP and stated that Uranium One may wish to dry up to an additional 1.5 million pounds
per year of yellowcake product from other uranium licensees. The LRA also noted that
MILDOS modeling has been performed at the 2.5 million pound throughput and no
significant increases in exposures to the general public were indicated as a result of this
level of drying.

With NRC approval of this amendment request for SUA-1341, Uranium One will begin
construction and operation of the proposed Ludeman project. Shipments of loaded IX
resin from the proposed project will supfacility the "toll" shipments from other Uranium
One projects and other licensees allowed by SUA-1341 up to the licensed production
capacity for Willow Creek.
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3.1.4.1 ISR Reactions

The lixiviant is the recovery solution which is used to solubilize the uranium from the ore
deposit. The composition of the recovery solution is designed to reverse the natural
geochemical conditions which led to the original uranium deposition. The project will use
oxygen, and carbon dioxide (CO 2) added to the native groundwater to promote the
dissolution of uranium as a uranyl carbonate complex. Sodium carbonate (Na2CO 3) or
sodium bicarbonate (NaHCO 3) may be added if necessary to boost the carbonate in the
lixiviant if carbon dioxide addition alone is not adequate. The lixiviant is typically made
up on a batch basis in the facility and added continuously to the injection stream. The
expected or typical lixiviant concentration and composition is shown in Table 3-1.

Table 3-1: Typical Lixiviant Concentrations

S SPE CI ES

Na
Ca
Mg
K

CO 3

HCO 3

Cl
SO 4

U30 8

V20 5

TDS
pH

* All values in mg/1 except pH (units).

RANGE'(m2[L1)
Low
<400
<20
-3

<15
<0.5
<400
<200
<400
<0.01
<0.01
< 1650
<6.0

High
6000
500
100
300

2500
5000
5000
5000
500
100

12000
8.0

NOTE: The above values represent the concentration ranges that could be found in barren lixiviant or
pregnant lixiviant and would include the concentration normally found in "injection fluid".
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The chemistry of ISR recovery involves an oxidation step to convert the uranium in the
solid state to a form that is easily dissolved by the recovery solution. The reactions
representing these steps at a neutral or slightly alkaline pH are:

Oxidation: U0 2 (solid) + 02 (in solution) +2H+.0 U0 3 (at solid surface) + H 2 0

Dissolution: U0 3 + 2 HCO 3"1 -- U0 2(CO 3)2-2 + H 2 0

U0 3 + C03-2 + 2HCO3-1 - U0 2 (CO 3 ) 3 -4 + H 2 0

The principal uranyl carbonate ions formed as shown above are uranyl dicarbonate,
U0 2 (CO 3)2--2, (UDC), and uranyl tricarbonate U0 2 (CO 3 ) 3 "4, (UTC). The relativeabundance of each is a function of pH and total carbonate strength.

3.1.4.2 Uranium Extraction

The process flow sheet depicting the uranium extraction process as planned for the
proposed Satellite facilities is shown in Figure 3-8. The recovery of uranium from the
pregnant lixiviant at the proposed Satellite facilities will take place in the ion exchange
columns. The uranium bearing recovery solution enters the pressurized downflow ion
exchange column and passes through the resin bed. A uranium-specific ion exchange
resin, such as Dowex 21K, or equivalent, is used. The uranium complexes in solution are
loaded onto the ion exchange resin in the column in either bicarbonate or chloride form.
This loading process is represented by the following chemical reaction:

2 R HCO 3 + U0 2(CO 3)22 -2 , R2U0 2(CO 3)2 + 2HCO3"1

2 RCI + U0 2(CO 3)22 -2t R2U0 2(CO 3)2 + 2C1-

As shown in the reaction, loading of the uranium complex results in simultaneous
displacement of chloride and bicarbonate ions from the resin to the barren lixiviant.

The now-barren lixiviant passes from the ion exchange columns to be reinjected into the
Production Zone. The solution is refortified with carbon dioxide and oxygen as required,
and pumped to the wellfield for reinjection into the formation.

3.1.5 Wellfield Design and Operation

The proposed project wellfield area maps are shown in Figures 3-3 and 3-4. As described
in Section 3.1.2, current wellfield delineation is preliminary, based on Uranium One's
current knowledge of the area. The final wellfield footprints will be developed after
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wellfield delineation is completed. The final wellfield design will be submitted to
WDEQ-LQD in the wellfield package information described in Section 5.

The wellfield injection/recovery pattern employed is based on the conventional square
five spot pattern which is modified as needed to fit the characteristics of the orebody (see
Figure 3-5). The standard five-spot pattern contains four injection wells surrounding a
centrally located recovery well. The pattern dimensions vary depending on the formation
and the characteristics of the orebody. The injection wells in a normal pattern are
expected to be between 75 feet and 150 feet apart. All wells will be completed so they
can be used as either injection or recovery wells, so that wellfield flow patterns can be
changed as needed to improve uranium recovery and restore groundwater quality in the
most efficient manner. Other wellfield designs include alternating or single line drives.

Each injection well and recovery well is connected to the respective injection or recovery
manifold in a wellfield header house building. The manifolds deliver the injection and
recovery solutions to the pipelines carrying the solutions to and from the ion exchange
facilities. Flow meters and control valves are installed in the individual header houses to
monitor and control the individual well flow rates and pressures. Header houses will be
used to distribute injection fluid to injection wells and collect production solution from
recovery wells. Each header house will be connected to two trunk lines, one for receiving
injection fluid from the Satellite facility and one for conveying recovery fluids to the
Satellite facility. Header houses will include manifolds, valves, flow meters, pressure
meters, booster pumps and oxygen for addition to the injection lixiviant. Each header
house will service approximately 40 to 60 wells (injection and recovery). Typically
header houses are made of steel construction and are approximately 10 feet wide by 20
feet in length and an approximate height of 10 feet. Currently, approximately 14 header
houses are planned to be constructed for the Leuenberger Wellfield 1 in Section 14, 14
header houses for Leuenberger Wellfield 2 in Sections 13/14 and one header house for
Leuenberger Wellfield 3 in the NW quarter of Section 14. Sixteen header houses are
planned for the North Platte Wellfield 1 in Sections 15/16, and 13 header houses for the
North Platte Wellfield 2 in Section 20. In addition, 14 header houses are planned for the
Peterson Wellfield 1 in Section 27 and 14 header houses for Peterson Wellfield in Section
35.

Wellfield piping is primarily constructed of high density polyethylene (HDPE), with
some PVC, and/or steel. The wellfield piping will be operated at pressures equal to or
less than the rated operating pressure of the pipe and other in-line equipment. The typical
pressure rating, for both the PVC and HDPE piping is between 160 and 300 psig. If a
higher design pressure is needed, the pressure rating of the materials will be evaluated
and, if necessary, materials with a higher pressure rating will be used.
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The individual well lines and the trunk lines to the Satellite facility(s) are buried to
prevent freezing and destruction from vehicle traffic. The use of wellfield header houses
and buried lines is a proven method for protecting pipelines.

3.1.6 Wellfield Operational Monitoring

An extensive groundwater sampling program will be conducted prior to, during and
following ISR recovery operations at the proposed project to identify any potential
impacts to water resources in the area. The groundwater monitoring program is designed
to establish baseline groundwater quality prior to ISR operations; detect any potential
excursions of lixiviant either horizontally or vertically outside of the Production Zone
during active ISR; and determine when the Production Zone Aquifer has been restored
adequately following ISR.

Injection and recovery well flow rates will be monitored at each header house so that
injection and recovery can be balanced for each pattern and each wellfield. The flow rates
of each injection and recovery well will be monitored continuously through the use of
individual electronic flow meters in each wellfield header house. Also, pressure gauges
will be installed to measure pressures for each of the injection and recovery wells. The
pressure of the injection and recovery manifold will be monitored at each header house
with electronic pressure transducers. The flow meters and pressure transducers will be
electronically connected to the header house control panel, which will be in constant
communication with the process monitoring and control systems in the proposed Satellite
facilities' control room.

High and low pressure along with flow rate alarms will be in place to alert wellfield and
facility operators if pressures or flow rates in a particular header house are operating
outside of acceptable operating parameters. In conjunction with the alarm system, the
pumps in each recovery well will be automatically shut off and automatic valves on the
injection and recovery manifolds will be directed to close to stop the flow of injection
and recovery solutions to and from the wells if significant changes in flow or pressure
occur. Also, the oxygen system in each header house will have a solenoid valve that will
close and shut off the flow of oxygen to the injection wells in the event of injection flow
shutdown. This action will isolate the header house from the rest of the production circuit
to prevent or limit a possible spill in the wellfield.

The groundwater monitoring program at the proposed Ludeman Project will be designed
to detect excursions of lixiviant outside the wellfield under production and into the
overlying and underlying water bearing strata. After baseline water quality is established
for the monitor wells for a particular production unit, UCLs are set for chemical
constituents which would be indicative of a migration of lixiviant from the well field. The
constituents chosen for indicators of lixiviant migration and for which UCLs will be set
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are chloride, conductivity, and total alkalinity. These constituents are used as excursion
indicators for nearly all currently licensed and operating ISR facilities, including Willow
Creek..

Chloride is chosen due to its low natural levels in the native groundwater and because
chloride is introduced into the lixiviant from the ion exchange process. Chloride also is 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 is chosen because it is an excellent
general indicator of overall groundwater quality. Total alkalinity concentrations should
be affected during an excursion as bicarbonate is the major constituent added to the
lixiviant during ISR operations. UCLs will be set by analyzing the data for each
excursion indicator.
The currently proposed excursion indicator parameters will be adequate to identify that
the groundwater quality at a monitor well may have been affected from ISR operations.
During routine sampling, if two of the three UCL values are exceeded in a monitor well,
an excursion is deemed to have occurred. According to NUREG-1569, Sec. 5.7.8.3
(Criterion 5), a series of sampling events must occur to verify the excursion event.
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Figure 3-5: Typical Wellfield Layout
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3.1.6.1 Water Balance

During operations, more groundwater is produced from each wellfield than injected to
create an overall hydraulic cone of depression in the Production Zone. Under this
pressure gradient, the natural groundwater movement from the surrounding area is toward
the wellfield providing additional control of the recovery solution movement. The
difference between the amount of water produced and injected is the wellfield "bleed."

The minimum bleed rate (also called over-production) will be a nominal 0.5 percent of
the total wellfield production rate and the maximum bleed rate typically approaches 1.5
percent. Bleed rates will be adjusted as necessary to ensure that the wellfield cone of
depression is maintained. Based on a bleed of 0.5 to 1.5 percent, which has been
successfully applied during mining at other ISR operations, the potential impact from
consumptive use of groundwater is expected to be minimal. In this regard, the vast
majority (e.g., on the order of 99 percent) of groundwater used in the mining process will
be treated and re-injected. Potential impacts on groundwater due to consumptive use
outside the proposed project area are expected to be negligible.

As demonstrated from the limited drawdown during the regional aquifer testing
(maximum radius of influence seen during testing was 750 feet for 70 Sand, 500 feet for
80 Sand and 550 feet for 90 Sand), this amount of consumptive use will generate
negligible drawdown outside of the project boundaries. As a result, no impact to other
users of groundwater is expected, since there is no groundwater use from the Production
Zone aquifer allowed within 1/4 mile of any wellfield, and since the aquitards between the
production sands have been determined to be effective barriers to vertical flow from the
results of aquifer testing performed on the Ludeman site. For the same reasons, no
impacts to groundwater users outside and downgradient of the proposed project boundary
are expected. Impacts to groundwater from consumptive use are also discussed in detail
in Section 7.2.

All groundwater monitoring wells will be completed using the well construction and
testing methods previously discussed and developed prior to recovery solution injection.
Injection of solutions for mining will be at a rate of approximately 3,000 gpm for each
Satellite facility. Groundwater balance for the Satellite facility is shown on Figure 3-6.
The liquid waste generated at the Satellite facilities will be primarily the production
bleed, which is estimated to range from 0.5 percent to 1.5 percent of the total flow or 15
to 45 gpm, and may average one percent (30 gpm) of the production flow. Uranium One
proposes to dispose of the liquid waste through deep disposal well injection. Each
Satellite has two surge ponds to temporarily store liquid waste if the well becomes
inoperable or is down for maintenance as discussed in Section 4.
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Restoration flow capacity (reverse osmosis treatment) will be approximately 600 gpm.
The typical rate for brine waste water produced during restoration averages
approximately 20 percent. This results in an RO brine rate of approximately 60 gpm to
150 gpm during restoration at full capacity. Restoration water balance is shown on Figure
3-7. Additional bleed will be encountered if groundwater sweep is utilized as a first stage
of restoration. However, as described in Section 6.1, Uranium One does not anticipate
utilizing groundwater sweep in significant amounts due to the limited success
groundwater sweep has shown at other ISR operations.
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Figure 3-6: Ludeman Project Satellite Area Water Balance*
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Figure 3-7: Ludeman Project Restoration Water Balance*
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3.2 SATELLITE FACILITY, PROCESSING, AND CHEMICAL STORAGE

The proposed Satellite ion exchange facilities are shown on Figures 3-3 and 3-4,
including associated structures and wellfields. Each of the proposed Satellite facilities
will be designed to operate at a throughput of 3,000 gpm. The Satellite facilities will
include the ion exchange, resin loading, and transfer areas. These areas will also contain
chemical storage, storage yards, a temporary byproduct storage area, and employee
parking. The Satellite facilities will each be approximately 80 feet in width by 140 feet in
length and will be entirely contained within a concrete curb designed to contain the
volume of the largest tank in the facility. Figure 3-8 shows the general layout of the
process equipment in the Satellite facility.

3.2.1 Satellite Facility Equipment

The Satellite facility includes the following systems:

* Ion exchange circuit;

* Resin transfer;

* Chemical addition;

* Filtration;

* Liquid waste stream circuit; and
* Groundwater restoration circuit.

The following sections will provide a description of each processing system and the
equipment and materials used. A complete process flow diagram which shows process
flows and equipment is shown in Figure 3-9.

3.2.1.1 Ion Exchange Circuit

In accordance with data presented in the NRC NUREG-1910 (NRC, 2009), Section 2.7.1,
Uranium One will utilize pressurized down-flow ion exchange (IX) columns. The
uranium-bearing solution, or pregnant lixiviant, recovered from the wellfield will be
piped to the pressurized down-flow ion exchange systems in the Satellite facility for
extraction of the uranium using specialized ion exchange resin. With this ion exchange
system the radon present in the lixiviant is forced back underground in the re-fortified
groundwater which thereby provides for significantly reduced potential for occupational
and/or public exposure to radon and its progeny. More specific emission details are
discussed in Sections 4 and 7 of this TR.

December 2011 3-22
December 2011 3-22



__7 - TURANIUM ONE AMERICAS
ivsU ra n| u mo eie NRC License SUA- 1341 Amendment Application
investing in our energy

Ludeman Project Technical Report

NUREG-1910 notes the pressurized downflow ion exchange systems contain most of the
222Rn present in the lixiviant. Thus, the use of this type of ion exchange system allows for
more effective control of 222Rn. 222Rn is only released during resin transfer and routine
maintenance. Use of a pressurized, downflow ion exchange system enables Uranium One
to control where the 222Rn can go during maintenance and resin transfer, in turn allowing
for a reduction in 222Rn emissions relative to other available ion exchange technologies.
The use of this type of system also represents a specific emission control method which
reduces emissions to levels that are as low as reasonably achievable (ALARA) and
complies with the requirements of 10 CFR Part 40, Appendix A, Criterion 8. The use of
engineering controls, such as pressurized, downflow ion exchange columns, along with
independent tank and area ventilation systems will ensure that exposures to 2 2 2Rn and its
progeny are maintained ALARA. Vents on the individual ion exchange vessels are
connected to a manifold which is exhausted outside the Satellite facility in the event
222Rn is released.

These columns will be operated in series as pairs to allow one column to be in the lead
position and one in the tail position. This will allow the column in the tail position to be
placed in the lead position once the original lead column is taken off-line for resin
transfer. Resin will be transferred to an elution tank, where the resin will be stripped, and
then transferred back to a pressurized down-flow ion exchange column.

An additional set of ion exchange columns will be used for restoration purposes only. As
the pregnant lixiviant passes through the ion exchange system, the uranyldicarbonate and
uranyltricarbonate ions will be removed preferentially from the lixiviant. The barren
lixiviant leaving the ion exchange systems will normally contain less than 2 mg/l of
uranium. After the barren lixiviant leaves the ion exchange system, CO 2 and/or
carbonate/bicarbonate will be added as necessary to refortify the barren lixiviant with the
carbonate/bicarbonate concentration desired for recovery operations. The barren lixiviant
will then be pumped back to the wellfields, with an oxidant (02 gas) added before the
solution is re-injected into the Production Zone.

3.2.1.1.1 Ion Exchange Circuit Equipment

Materials of construction and general specifications for the ion exchange circuit
equipment are listed below. Detailed specifications and dimensions will be addressed
during detailed engineering.

* Ion Exchange Columns: The ion exchange columns are pressurized downward-
flow vessels constructed of mild steel with an epoxy internal coating. Internal
distribution headers are constructed of 316SS steel; and

* Booster Pumps: Booster pumps are standard pumps of steel construction.
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3.2.1.2 Restoration Circuit

Uranium One will use RO treatment during groundwater restoration to maximize
permeate and minimize brine production. The interference from groundwater restoration
with ongoing uranium recovery operations will be kept to a minimum by maximizing the
quantity of permeate re-injected into wellfields undergoing RO treatment and will hasten
the clean-up of the affected groundwater. Restoration equipment will be housed in the
Satellite facility facility.

3.2.1.2.1 Restoration Circuit Equipment

Materials of construction and general specifications for the restoration circuit equipment
are listed below. Detailed specifications and dimensions will be addressed during detailed
engineering.

RO Systems: The RO unit and related pumps will be will be constructed of
chemically compatible material; and

* Restoration IX Columns: The restoration IX columns will be constructed of mild
steel with an epoxy internal coating. Internal distribution headers are constructed
of 316SS steel.

3.2.1.3 Bleed Treatment Circuit

To control the movement of lixiviant within the Production Zone, a small percentage of
barren lixiviant will continuously be diverted away from the volume being pumped back
to the injection wells, resulting in more lixiviant being pumped from the Production Zone
than injected. This bleed will create a negative pressure gradient within the Production
Zone, causing groundwater from the surrounding area to be drawn toward the wellfield.
The negative-pressure gradient will contain the lixiviant within the ore-bearing region of
the Production Zone, preventing the lixiviant from migrating away from the wellfield,
and minimize the dilution of lixiviant by uncontrolled fluid movement.

It is anticipated that the bleed rates will range from approximately 0.5 percent to 1.5
percent of the recovery flow rate, and average approximately 1.0 percent. As discussed
in Section 3.1.6.1, Water Balance, the wellfield bleed will be removed by processing a
portion of the lixiviant through the production RO unit. The resulting brine from this RO
unit will be piped either to the surge ponds or to the deep disposal wells.
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3.2.1.4 Resin Transfer and Elution

Once the ion exchange resin in an ion exchange column is loaded to capacity with
uranium complexes, the column will be taken out of service. The resin loaded with
uranium will be transferred from one of the proposed Satellite facilities to the Willow
Creek CPP via tanker truck. Once the resin has been stripped of the uranium by the
process of elution, the resin will be returned to the Ludeman Satellite for reuse in the ion
exchange circuit. In the elution circuit the loaded resin will be stripped of uranium by a
process based on the following chemical reaction:

R 2U0 2(CO 3)2 + 2C1 + CO3 -2 0 2 RCI + U0 2(CO 3)3"2

After the uranium has been stripped from the resin, the resin may be rinsed with a sodium
bicarbonate solution. This rinse removes the high chloride eluant physically entrained in
the resin and partially converts the resin to bicarbonate form. In this way, chloride ion
buildup in the lixiviant can be controlled.

3.2.2 Satellite Facility Chemical Storage

Chemical storage facilities at the proposed Satellite facilities will be designed to store and
contain each specific material used. Materials storage areas will be constructed and
maintained according to best practices. Proper signage will be installed in the storage
areas. Appropriate handling procedures will be instituted and observed, and a hazard
communication program in accordance with OSHA standards will be in place to deal
with potential hazards associated with all materials stored at the site.

3.2.2.1 Process Related Chemicals

Process-related chemicals will be stored in bulk at the proposed Satellite facilities will
potentially include carbon dioxide, sodium carbonate/bicarbonate, oxygen, and sodium
sulfide, and hydrogen peroxide. Risk assessments completed by the NRC in NUREG-
6733 for ISR facilities identified anhydrous ammonia and bulk acid (sulfuric and
hydrochloric) storage as the most hazardous chemicals with the greatest potential for
impacts to chemical and radiological safety.

3.2.2.1.1 Oxygen Storage and Delivery System

Oxygen will be added to the injection stream either upstream of the injection manifolds
within the header house buildings or to individual injection well meter runs. Oxygen
storage will be placarded and located near the Satellite facilities or at centralized
position(s) in the wellfield. Each vessel will be equipped with safety relief devices and
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will be located at least 25 feet from buildings or as required by applicable NFPA and
OSHA standards. The storage facility will be designed to meet industry standards in
NFPA-502F and OSHA standards for the installation of bulk oxygen systems on
industrial premises (29 CFR 1910.104).

Oxygen service pipelines and components must be clean of oil and grease since gaseous
oxygen will cause these substances to bum much more rapidly if ignited, as it will any
other combustible material. All components intended for use with the oxygen distribution
system will be properly cleaned using recommended methods in CGA G-4.1. The design
and installation of oxygen distribution systems will be based on CGA-4.4.

3.2.2.1.2 Carbon Dioxide Storage and Delivery System

The carbon dioxide storage and delivery system will be stored adjacent to the Satellite
facility where it may be added to the lixiviant prior to leaving the facility, and for the
make-up of sodium bicarbonate for addition to the lixiviant stream. It will be used to
dissolve carbon dioxide into the pregnant lixiviant to improve recovery of uranium.

3.2.2.1.3 Chemical Reductants

Hazardous materials typically used during groundwater restoration activities include the
addition of a chemical reductant (i.e., sodium sulfide or hydrogen sulfide gas). To
minimize the potential for accidents involving process chemicals to impact areas where
licensed material is handled, these materials are stored outside of process areas. Sodium
sulfide may be used as a chemical reductant during groundwater restoration. The material
consists of a dry flaked product and is typically purchased on pallets of 55-pound bags or
super sacks of 1,000 pounds. The bulk inventory will be stored outside of process areas in
a cool, dry, clean environment to prevent contact with any acid, oxidizer, or other
material that may react with the product. There are no current plans to use hydrogen
sulfide gas at the proposed project. However, in the event that Uranium One determines
that use of hydrogen sulfide as a chemical reductant is necessary, proper chemical safety
precautions will be taken.

3.2.2.2 Non-Process Related Chemicals

Non-process related chemicals that may be stored at the proposed project site include
petroleum products (gasoline, diesel) and propane. Due to the flammable and/or
combustible properties of these materials, all bulk quantities will be stored outside of
process areas at the Satellite facility. All gasoline and diesel storage tanks will be located
above ground and within secondary containment structures designed to accommodate at
least 110 percent of the volume of the largest tank in the containment structure. If the
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aboveground hydrocarbon storage capacity exceeds 1,320 gallons, Uranium One will
prepare a Spill Prevention, Control, and Countermeasure (SPCC) plan in accordance with
EPA requirements in 40 CFR Part 112.

3.2.2.3 Facility Areas Where Fumes or Gases May Be Generated

The potential exists for buildup of carbon dioxide or oxygen gases may also occur in
confined spaces such as header houses if carbon dioxide and oxygen lines are present.
Procedures will require monitoring for these gases in confined spaces or basements where
these gases may be present prior to employees conducting work in these areas.
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3.2.3 Proposed Operating Schedule

Following NRC approval of the amendment of Materials License SUA-1341,
construction of the first wellfield and ancillary Satellite facility are planned to begin in
the second quarter of 2013. Completion of the first Satellite facility, wellfield and deep
disposal well is expected to be completed in the second quarter of 2014 and startup of
operations will commence. Construction of subsequent wellfields will follow,
approximately one every year. It is anticipated that there will be a seamless transition
from production to restoration of wellfields. It is anticipated that depleted wellfields will
b6 inactive for less than 30 days, unless immediately adjacent to another active wellfield,
in which case restoration could pull mining solutions into the area of restoration.
Development of the three Satellite facilities and associated wellfields will begin in
sequential order.

Additional wellfield plans will be developed approximately one year prior to the planned
commencement of new mining operations in that wellfield. The layout of the planned
wellfields and Satellite facilities are shown in Figure 2.1-1 in Section 2.1of this TR. It is
currently anticipated that ISR operations and wellfield restoration will continue for
approximately twelve years. At that time, decommissioning of wellfields including well
abandonment, removal of related piping and equipment, wellfield building removal,
surface soil radiological surveys and reclamation will commence. Projected production
and restoration schedules for the proposed project are shown in Figure 3-10.
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Figure 3-10: Proposed Project Operations Schedule
REVISION Noember 4, 2011 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8

2013 2014 2015 2016 2017 2018 2019 2020
Year9 Year 10 Year 11 Year 12 Year 13

2021 2022 2023 2024 2025 2026
Construct Leuenberger Satellite Plant
Construct Wellield 1
Operate Leuenberger Satellite Plant
Operate Wellield 1
Restore Wellfield 1
Welfield 1 Regulatory Review Perod
Construct WelIlleld 2
Operate WelMeld 2
Restore Wellfield 2
Wellfield 2 Regulatory Review Period
Construct Wellfeld 3
Operate WellMield 3
Restore Wedleld 3
Decommission Leuenberger Satellite Plant
Construct North Platte Satellite Plant
Operate North Platte Satellite Plant
Construct Welflield 4
Operate Weldlield 4
Restore WellIeld 4
Wellfield 4 Regulatory Review Period
Construct Wellfield 5
Operate Wellfield 5
Restore Wellfield 5
Decommission North Platte Satellite Plant
Construct Peterson Satellite Plant
Operate Peterson Satellite Plant
Construct Wellfield 6
Operate Wellield 6
Restore Wellfield 6
Construct Wellfield 7
Operate Welflield 7
Restore Wellfield 7
Decommission Peterson Satellite Plant

-Regulatory Reiew Penod
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3.3 INSTRUMENTATION AND CONTROL

3.3.1 Wellfield Operations/Ion Exchange Circuit

The wellfield and ion exchange circuits operate at steady state conditions, and deviations
from the normal operating flow rates and pressure profiles (e.g., 10 percent or greater) are
indicative of operating upsets. An automatic emergency shutdown system consisting of
pressure and flow rate switches will be provided for these circuits when normal operating
parameters are exceeded. Instrumentation and control related to these circuits to
accommodate emergency shutdown systems and alarms are listed below:

* Instrumentation will be provided to measure total production and injection flow
and pressure on the main trunk lines at the Satellite facilities. Flows and pressures
will be monitored continuously and will be displayed locally on the metering
instrumentation and displayed at the facility control room. Automatic shutdown
and alarms will be provided for deviations outside of established operating
parameters; and

* The individual well flows will be adjusted and controlled within the header
houses. Manifold pressures inside the header houses will be maintained below the
maximum operating pressure. Instrumentation will be provided to measure
individual well recovery and injection flow rates, as well as the manifold
pressures coming into and going out of the individual header houses. Flows and
pressures will be monitored continuously and will be displayed locally in the
header house. These values will also be displayed in the facility control room.
Total recovery and injection flows will be derived from the sum of the individual
flows. Flows will also be continuously monitored to trigger and log an alarm in
the event set parameters are exceeded. Wellfield header houses will also be
equipped with sensors to detect the presence of liquids in the basement and
initiate alarms. Automatic shutoff valves and alarms will be provided for
deviations outside of established operating parameters for the systems controlled
within the header house.

In the event of an automatic shutdown, an alarm will notify the operator. Once the upset
(broken piping, leaking vessels, etc.) is identified and corrective action taken, only then
can the circuit be manually restarted. This type of control system provides the best
protection against fluid spills to the environment by limiting the amount of fluid released
and by providing immediate notification to facility operators and enhancing response to
any upset conditions. Backup for the automatic emergency shutdown systems are
provided by local displays and controls for the metering instrumentation or header house
displays if systems controls or displays in the Satellite facility should become temporarily
unavailable.
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3.3.2 Process Areas

In the process areas, tank levels are measured in chemical storage tanks as well as process
tanks. Instrumentation will be installed to provide continuous monitoring of chemical and
process tank levels. Other instrumentation may also be provided in process areas to
provide continuous monitoring for rates and pressures of process fluids and chemicals
and other in-line instrumentation used for process measurements. Readout from process
area instrumentation will be displayed on the facility control room monitors and will be
displayed locally on the metering instrumentation providing backup monitoring.

Alarms and automatic shutdown of systems (where needed) will be provided for
deviations outside of established operating parameters. The alarms and automatic
shutdown systems will provide the best protection against upset conditions of process
fluids or chemicals by limiting the amount of fluids or chemicals released and immediate
notification to facility operators, enhancing response to any upset conditions. The
continuous monitoring will also be used operate the facility process at maximum
efficiency.

3.3.3 Process Waste Water Disposal

Process waste water will be disposed of through deep disposal wells as described in
Section 4. These wells will be equipped with a high-level shutoff switch on the injection
tubing to prevent operation of the pumps at pressures greater than the limiting surface
injection pressure. In addition, the wells will be equipped with a low-pressure shutoff switch
on the surface injection line that will deactivate the injection pump in the event of a surface
leak. Finally, the wells will include a high/low pressure shutoff switch with a pressure
sensor on the tubing/casing annulus. This switch will stop the injection pump in the event of
either (1) a tubing leak or (2) a casing, packer, or wellhead leak.

This type of instrumentation and control system provides the best protection against
process waste water spills to the environment by limiting the amount of fluid released and
providing immediate notification to facility operators enhancing response to any upset
conditions. Pressure monitoring in the tubing/casing annulus also provides immediate
indicators of potential well integrity issues. Backup for the automatic emergency
shutdown systems are provided by local displays and controls for the metering
instrumentation in the Satellite facilities and at the wellhead if systems controls or
displays in the Satellite facility control room should become temporarily unavailable. In
addition, inspections of the disposal wells will be conducted once per shift.

If a deep disposal well is to become temporarily unavailable, due to routine maintenance
etc., there are surge ponds at each Satellite location to temporarily store the accumulated
waste water until the deep disposal well has returned to operation.
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3.3.4 Radiological Monitoring Instrumentation

Handheld radiation detection instruments and portable samplers will be used to monitor
radiological conditions at the Satellite facilities. Specifications for this equipment are
discussed in further detail in Section 5. The location of monitoring points and monitoring
frequency for in-facility radiation safety is also discussed in Section 5.

3.3.5 Byproduct Material Disposal

Byproduct material will be collected and stored within the Satellite facilities in
appropriate containers (e.g., 55-gallon drums with drum liners). When these containers
are full, they will be closed and stored within the Satellite facilities or will be moved to a
byproduct storage area and stored in a strong tight container as defined by DOT
regulations. The strong tight containers will be capable of preventing the spread of
contamination and contact with precipitation. Uranium One plans to use covered roll-off
containers with an approximate capacity of 20 cubic yards. Once full, these containers
will be shipped for disposal to a licensed disposal facility. During storage, the containers
will be located within a restricted area. Access to the byproduct storage facility will be
controlled through the use of security fencing, locked gates, and proper posting as a
restricted area.

Larger items such as contaminated equipment that cannot be stored in a roll-off container
will be stored in the Satellite facilities or covered/sealed in manner that will prevent the
spread of contamination in the byproduct storage area.

3.4 ACCESS ROADS CONSTRUCTION AND MAINTENANCE

3.4.1 Main Access Roads

State Highway 95 provides access to the proposed project area from the towns of
Glenrock and Rolling Hills to the west and State Highway 93 provides access from
Douglas to the southeast. Interstate 25 provides access to both of these state highways
from the south of the proposed project area. There will be two access points for the roads
to the Satellite facilities and wellfields. The access to the proposed North Platte Satellite
facility and Peterson Satellite facility facilities will be located off of Highway 93 in
Section 14 (T34N R73W) and Section 9 (T34N R73W). The access to the proposed
Leuenberger Satellite facility site will be from Highway 95 in Section 12 (T34N R74W).
The access roads will provide the main access to the Satellite facility facilities. Field
access roads for wellfield access will fork off of the main access roads. Existing road
locations will be used where possible for both the main access roads and the field access
roads. Section 2.1 of this Technical Report provides a description of the site and facilities
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layout for the proposed project. Figure 3-1 shows the proposed project boundaries, facility
locations, access roads, and wellfield and mineralized areas.

Design and construction of the main site access roads will be done in accordance with
general road construction requirements. The proposed main access roads will be
approximately 24 feet wide and will be graded, drained, surfaced, and capable of carrying
highway loads. Professional engineering design and construction oversight will be
utilized as needed.

Design, field survey, and plans requirements for general road construction include the
following.

3.4.1.1 Design Requirements

* Design speed is generally 15 to 50 miles per hour;

* Travelway minimum is 14 feet (single lane) and 24 feet (double lane) with
intervisible turnouts, as may be required;

* Recommended minimum horizontal curve radius is 220 feet. Where terrain will
not allow 220-foot curve radii, curve widening is necessary;

* Vertical curves should be designed with an appropriate "k" value (rate of vertical
curvature length per percent of "A", the algebraic difference in grade) based on
design speed;

* Maximum grades should not exceed 8 percent. Pitch grades for lengths not to
exceed 300 feet may be allowed to exceed 8 percent in some cases;

* All culverts will be sized in accordance with accepted engineering practices and
any special environmental concerns. The minimum size culvert in any installation
is 18 inches. Drainage crossings and culverts should be designed for a 25-year or
greater storm frequency and allow fish passage in perennial streams where fish
are present;

* Turnouts are required on all single-lane roads. Turnouts must be located at 1000-
foot intervals or be intervisible, whichever is less. The length should not be less
than 100 feet, with additional 50-foot transitional tapers at each end; and

* Surfacing will be required to provide all-weather access. Aggregate size, type,
amount, and application method will be specified in road plans.
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3.4.2 Field Access Roads

Field access roads will be constructed to access header houses within wellfield areas and
other ancillary facilities. Field access roads will be constructed in a manner to provide
adequate drainage and utilize best management practices when applicable to minimize
the potential for erosion. The top 3 to 6 inches of topsoil (A and E Horizons) will be
stripped and stockpiled for the road width and drainage ditches. Field access road surface
will be approximately twelve feet wide with drainage ditches cut on each side as needed.
Approximately 3 inches of gravel, scoria, or other suitable road base will be applied to
the road surface to provide access during all weather conditions. Properly sized culverts
will be used for field access roads crossing across small drainages. Efforts will be made
to construct field access roads to avoid crossing major drainages. However, if crossing a
major drainage is required, then adequately sized culverts will be utilized and
embankments will be protected from erosion using adequate best management practices
(rip rap, rock, etc.). Culverts across significant drainages will be designed to pass the 25-
year peak runoff event using head available at the entrance. The minimum culvert size of
18" will be utilized to divert drainage from roads or for crossing small drainages or
swales. Crossings for major drainages will be constructed at or near right angles.
Locations of constructed access roads and culverts will also be reported in the annual
report. Field access roads will be reclaimed in accordance with the Reclamation Plan in
Section 6.

Temporary two-track roads may be developed during facility construction activities. No
topsoil will be stripped, road base applied, or drainage structures constructed for these
two-track trails and they will be reclaimed once they are no longer in use. Two-track
roads may also be utilized during operations to access areas with less frequency including
monitor wells and other monitoring locations.

3.4.3 Construction, Drainage, Maintenance

3.4.3.1 Construction

The roads will be designed and constructed to allow for successful interim and eventual
final reclamation. Revegetation of road ditches and cut and fill slopes will help stabilize
exposed soils and reduce sediment loss, reduce the growth of noxious weeds, reduce
maintenance costs, maintain scenic quality and forage, and protect habitat. To ensure
successful growth of facilities and forbs, topsoil must be salvaged where available during
road construction and re-spread to the greatest degree practical on cut slopes, fill slopes,
and borrow ditches prior to seeding. To ensure the stability of freshly topsoiled slopes
during revegetation, the application of mulch or other sediment control measures may be
appropriate.
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Construction with saturated or frozen soils results in unstable roads and will be avoided.
Vehicular travel under wet conditions can produce significant rutting of unsurfaced roads
resulting in soil loss and safety concerns. Therefore, excessive use of unsurfaced roads
will be avoided to the extent possible during saturated soil conditions.

3.4.3.2 Road Drainage Design

The proper design and construction of structures for the drainage of water from or
through the roadway often contributes the most to the long-term success of the structure
and minimizes the maintenance and adverse environmental effects, such as erosion and
sediment production.

The most economical control measure will be designed to meet resource and road
management objectives and constraints. The economic considerations will include
construction and maintenance costs. The need for drainage structures can be minimized
by proper road location. However, adequate drainage is essential for a stable road. A
proper drainage system will be the best combination of various design elements, such as
ditches, culverts, drainage, dips, crown, in-slope or out-slope, low-water crossings,
subsurface drains, and bridges.

3.4.3.2.1 Surface Drainage

Surface drainage provides for the interception, collection, and removal of water from the
surface of roads and slope areas. The design may need to allow for debris passage, mud
flows, and water heavily laden with silt, sand, and gravel.

3.4.3.2.2 Drainage Structures

Proper location and design can provide economical and efficient drainage in many cases.
However, structural measures are often required to ensure proper and adequate drainage.
Some of the most common structures are drainage dips, ditches, culverts, and bridges.

Drainage Dips - The primary purpose of a drainage dip is to intercept and remove surface
water from the traveled way and shoulders before the combination of water volume and
velocity begins to erode the surface materials. Drainage dips should not be confused with
water bars which are normally used for drainage and erosion protection of closed or
blocked roads. Spacing of drainage dips depends upon local conditions such as soil
material, grade, and topography.
Ditches - The geometric design of ditches must consider there source objectives for soil,
water, and visual quality, maintenance capabilities and associated costs, and construction
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costs. Ditch grades should be no less than 0.5 percent to provide positive drainage and to
avoid siltation. The types of ditches normally used are: drainage, trap, interception, and
outlet.

Road Crowning - Roads which use crowning and ditching are common and can be used
with all road classes. This design provides good drainage of water from the surface of the
road. Drainage of the inside ditch and side hill runoff is essential if the traveled way is to
be kept dry and passable during wet weather. Snow removal becomes a simple task for
common road maintenance equipment. Because the roadbed is raised, wind often blows
the snow off the travel way.

Culverts - Culverts are used in two applications on access roads; (1) in streams and
gullies crossed by an access to allow normal drainage to flow under the traveled way, and
(2) to drain inside road ditches. The latter may not be required if drainage dips are used.
All culverts should be laid on natural ground or at the original elevation of any drainage
crossed. Culverts should be placed on a three percent minimum grade; reverse camber is
not allowed.

Uranium One is planning to build six culverts for road construction based on a 10-year
storm occurrence. The Leuenberger facility site will have one 18-inch culvert to prevent
ponding near the access road. The North Platte Site will have one 24-inch culvert for its
south access road. The Peterson Site access road will have two separate 18-inch culverts
to prevent ponding in section 15, a 36-inch culvert in section 22 and two 36-inch culverts
side by side in section 22. If additional culverts are needed to prevent shallow ponding
18-inch culverts will be used. The culvert locations are shown on Figure 2.1-1 of this TR.

The outlet of all culverts will extend at least one foot beyond the toe of any slope. All
culverts used in construction of access roads will be concrete or corrugated metal pipe
(CMP) made of steel or aluminum. Only undamaged culverts will be used, and any
culvert will be inspected for damage prior to installation. All spots on the pipes where the
zinc coating has been injured should be painted with two coats of zinc-rich paint or
otherwise repaired. Excavation, bedding and backfilling of culverts will be conducted
according to standard engineering practices.

Ditch Relief Culverts - Ditch relief culverts are installed to periodically relieve the ditch
line flow by piping water to the opposite side of the road where the flow can be dispersed
away from the roadway. The spacing of ditch relief culverts is dependent on the road
gradient, topography, soil types, and runoff characteristics. A culvert with an 18-inch
diameter is the minimum size to be used for ditch relief to prevent failure from debris
blockage. The depth of culvert burial must be sufficient to ensure protection of the
culvert barrel for the design life of the culvert given anticipated road and traffic
conditions. This requires anticipating the amount of material that may be lost due to road
use and erosion. Ditch relief culverts can provide better flow when skewed 15 to 30
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degrees downgrade from a line perpendicular to the centerline of the road. This improves
the flow hydraulics and reduces siltation and debris plugging the culvert inlet. Culverts
placed in natural drainages can also be utilized for ditch relief. The design of culverts for
later removal may be beneficial for intermittent use roads that will be closed for extended
periods of time.

Bridges and Major Culverts - Uranium One does not anticipate any multiple culvert or
bridge installations will be needed for constructed access roads. If needed, they will be
designed and installed in accordance with appropriate Converse County requirements.

Low-Water Crossings - Where roads cross small drainages and intermittent streams,
culverts and bridges are often unnecessary. The crossing can be effectively accomplished
by dipping the road down to the bed of the drainage. Material moved from the banks of
the crossing should be stockpiled near the right-of-way. Gravel, riprap, or concrete
bottoms may be required in some situations. In no case will the drainage be filled during
road construction or maintenance so that water will be impounded.

3.4.3.3 Road Maintenance

Uranium One will carry out maintenance activities on all main and field access roads as
necessary. The activities normally required include blading, surface replacement, dust
abatement, spot repairs, slide removal, ditch cleaning, culvert cleaning, brush removal,
litter cleanup, weed control, and snow removal.

3.5 REFERENCES

Center for Nuclear Waste Regulatory Analyses, NUREG/CR-6733, A Baseline Risk-
Informed, Performance-Based Approach for In Situ Leach Uranium Extraction
Licenses, 2001.

National Fire Protection Association, NFPA-50, Standard for Bulk Oxygen Systems at
Consumer Sites, (NFPA, 1996)

Compressed Gas Association, CGA G-4. 1, Cleaning Equipment for Oxygen Service,
(CGA, 2000)\

Compressed Gas Association, CGA G-4. 1, Cleaning Equipment for Oxygen Service,
(CGA, 2000)
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4.0 EFFLUENT CONTROL SYSTEMS

This section describes the effluent control systems to be used at the proposed Ludeman
Project (proposed project). The effluents of concern at ISR operations include the release
or potential release of radon gas (radon-222), solid and liquid waste. The proposed
monitoring and control systems have been located to optimize their intended function and
are appropriate for the types of effluent generated during ISR construction, operation
aquifer restoration and decommissioning. SOPs and spill prevention plans will address
contingencies for all reasonably expected system failures and include appropriate
personnel to be notified, measures to efficiently detect and mitigate a release to the
environment.

4.1 GASEOUS AND AIRBORNE PARTICULATES

4.1.1 Non-Radioactive Emissions and Control Measures

Fugitive dust will be generated during all phases of the proposed project from activities
such as transport vehicles traveling on unpaved roads and disturbance of soil materials by
heavy equipment. Uranium One will mitigate fugitive dust emissions with the use of
selection of road surface materials that will minimize dust, prompt revegetation of
disturbed areas, and speed limits.

Enissions from internal combustion engines will be the primary source of non-
radioactive gaseous effluent. Minimal releases from drilling rigs, drilling support
equipment, employee and supply transport vehicles, and wellfield utility trucks. These
emissions will likely include SO2, CO, CO 2, NOx, and PM 10 and total hydrocarbon.

Potential emissions from process chemicals that will be used at the facilities are described
in Section 7.

4.1.2 Radioactive Gaseous Emissions and Control Measures

The primary radioactive airborne effluent at the proposed project will be radon-222 gas.
Radon-222 is found in the pregnant lixiviant that comes from the wellfield into
the.Satellite Facility. The uranium is separated from the groundwater by passing the
solution through fixed bed ion exchange columns operated in a pressurized downflow
mode. NUREG-1910 (NRC, 2009) in Section 2.7.1 notes that pressurized ion exchange
systems contain most of the radon gas present in the lixiviant and therefore it is retained
within piping and is not normally released. In these systems, radon-222 may be released
during venting and resin transfer operations. The alternative to pressurized downflow ion
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exchange columns typically employed for ISR recovery is upflow non-pressurized ion
exchange columns. These columns release a significant amount of the radon-222 present
in the lixiviant. The use of pressurized downflow ion exchange columns at at the Satellite
facilities will reduce the radon-222 emissions relative to other available ion exchange
technologies and represents an emission control method that reduces emissions to levels
that are as low as reasonably achievable and complies with the requirements of 10 CFR
Part 40, Appendix A, Criterion 8. Further, the use of these ion exchange systems coupled
with tank and area ventilation systems ensures that worker exposure to radon-222 and its
progeny is maintained As Low As Reasonably Achievable (ALARA) through the use of
engineering controls.

Vessel vents from the individual ion exchange vessels will be directed to a manifold that
is exhausted to atmosphere. Venting any released radon-222 gas to atmosphere outside
the Satellite facility will minimize employee exposure. Small amounts of radon-222 may
be released via solution spills, filter changes, ion exchange resin transfer, from the
reverse osmosis (RO) system operation during groundwater restoration, and from
maintenance activities. These situations result in minimal radon-222 releases on an
infrequent basis. Routine monitoring of radon daughters within the Satellite facilities will
identify exposure levels and initiate corrective actions, if necessary, to ensure exposures
of workers are maintained ALARA. A more detailed discussion can be found in Section 5
of this TR.

This section describes the gaseous effluent control systems that will be installed in the
proposed project facilities.

4.1.2.1 Gaseous Effluents-Tank and Process Vessel, and Work Area Ventilation
Systems

A separate ventilation system will be installed for the ion exchange vessels or other
vessels where radon-222 or process fumes would be expected. The system will consist of
an air duct or piping system connected to the top of each of the vessel. The venting
system from all tanks and sumps consists of four- to six-inch polyvinyl chloride (PVC)
piping and function to vent radon-222 to the outside atmosphere. The design of the
ventilation system will ensure that the system will be capable of limiting employee
exposures with the failure of any single fan. Discharge stacks will be located away from
building ventilation intakes to prevent introducing exhausted radon-222 into the facility
as recommended in Regulatory Guide 8.31 (USNRC, 2002). Airflow through any
openings in the vessels will be from the process area into the vessel and into the
ventilation system, controlling any releases that occur inside the vessel. Separate
ventilation systems may be used as needed for the functional areas within the Satellite
facilities. Tank ventilation systems of this type have been successfully utilized at other
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ISR facilities and have proven to be an effective method for minimizing employee
exposure.
The work area ventilation systems will be designed to force air to circulate within the
Satellite facilities. The ventilation system exhausts will be located on the leeward side of
the buildings and will exhaust outside the building, drawing fresh air in from the upwind
side of the building. During favorable weather conditions the exhaust fans will be turned
off, open doorways and convection vents in the roof will provide satisfactory work area
ventilation. The design of the ventilation system will be adequate to ensure that radon
daughter concentrations in the facility are maintained below 25 percent of the derived air
concentration (DAC) from 10 CFR Part 20 as follows:

For the Satellite facilities, a minimum of two exhaust fans will operate at a
minimum rate of 10,000 cubic feet per minute (cfm), at zero inches of water,
each. Increased operation of these systems will provide adequate ventilation
during unfavorable weather conditions. The system will have a design rate of
three air exchanges per hour with a redundant system as a backup of three air
exchanges per hour.

Radon-222 effluent monitoring will be conducted in the Satellite facilities as described in
Section 5.7.7.

Minute amounts of radon-222 may be released outside of the Satellite facilities from the
wellheads, header houses, and surge ponds. At the wellheads and surge ponds, radon-222
will be released directly to the atmosphere where it will rapidly disperse. Wellhead
enclosures may be vented to reduce radon buildup which could otherwise expose
wellfield personnel during inspection and maintenance activities. Header houses will
have ventilation systems consisting of a roof- or wall-mounted fan as well as a separate
radon-222 ventilation system with an intake located in the header house sump and
exhaust point on the building roof.

Radon-222 that is discharged from the proposed Ludeman facilities will quickly disperse
into the atmosphere, Although, Uranium One will conduct surveys for radon daughter
concentrations in the operating areas of the Satellite facilities on a monthly basis as
discussed in Section 5.7.3.2 of this TR.

Additionally, environmental release and their potential impact to the public has been
modeled using the MILDOS-Area computer model. Results of the model are presented in
Appendix C of this report.
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4.1.3 Air Particulate Effluents

The proposed project consists of only wellfield and ion exchange operations, and no
yellowcake processing occurs where airborne particles could be present. There is no
potential hazard for air particulate effluents at the proposed Ludeman Project site.

4.1.4 Reporting Effluent Releases

10 CFR §40.65 requires licensees to submit a semiannual environmental and effluent
report to the NRC. The report must specify the quantity of each of the principal
radionuclides released to unrestricted areas in liquid and in gaseous effluents during the
previous six months of operation.

The predominant radionuclide released to unrestricted areas from the proposed project
will be airborne releases of radon-222 from non-point sources such as well fields and the
Satellite facilities. Radon-222 releases in the wellfields will occur from material
contained in mud pits during drilling, sample collection in header houses, and from
wellhead venting activities. Radon-222 releases from the Satellite facilities will occur
through tank ventilation systems during venting and backwashing operations and from
the normal building ventilation system, which will exhaust building air at various points
in the structure.
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Table 4-1: Operational Parameters Used to Estimate Semiannual Radon-222
Emissions

Parameter Projected Value Unit

Determined based on actual mined area for n2 y1
Mined Area reporting period

Average Lixiviant Flow Determined based on actual lixiviant flow L mi'
Average___Lixiviant__Flowfor the reporting period

Average Restoration Flow Determined based on actual restoration L m-
flow for the reporting period

Operating days per year Determined based on actual operating days days
Operating __days__eryearfor the reporting period

Determined based on actual number of
Number of mud pits generated per year mud pits generated for the reporting period NA

Storage time in mud pits Determined based on actual storage time days
Storagetimeinmudpits_ for the reporting period I

Number of Resin Transfers per day Determined based on actual number of NA
resin transfers for the reporting period NA

Parameters listed in Table 7-4 of the Technical Report which are not included in Table 4-
1 above and for which site specific parameters have not been measured are listed in Table
4-2. In these cases, default or typical parameters as described in Regulatory Guide 3.59
will be used.

Table 4-2: Default Based Parameters Used to Estimate Radon-222 Releases

Paramieter: Value:~ > Unit SourI 1ce

Ore radium-226 Concentration 282 pCi g' Reg. Guide 3.59

Radon-222 emanating power 0.2 NA Reg. Guide 3.59

The radium-226 concentration in ore assumes that radium-226 is in secular equilibrium
with the average uranium-238 concentration for the proposed project listed in Table 7.3-
1, which is consistent with the assumptions used in Regulatory Guide 3.59.

The radon-222 emanating power for the ore has not been measured. Table 8.1 of "Data
Collection Handbook to Support Modeling Impacts of Radioactive Material in Soil"
(USDOE, 1993) presents a range of radon-222 emanating power for crushed uranium ore
of 0.006 to 0.55 with an arithmetic mean of 0.28. Regulatory Guide 3.59 states to use a
radon-222 emanating power of 0.2 when this parameter has not been measured. The use
of 0.2 for radon-222 emanating power is consistent with methods described in Regulatory
Guide 3.59 and is within the range of typical values for uranium ore.
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4.2 WASTE MANAGEMENT

This section describes the proposed waste management system. Liquid and solid wastes
are divided into two general categories: 1 le.(2) waste and non-ile.(2) waste. The
proposed waste management system is summarized below for each category of waste.

4.2.1 lle.(2) Liquid Waste

4.2.1.1 Brine

Brine will be generated from RO treatment of the production bleed and from RO
treatment of the groundwater restoration water. Brine will be routed from the production
and restoration RO units in the Satellite facilities to a wastewater collection system. RO
brine will be discharged into the surge ponds or waste water tank for storage and eventual
disposal in the deep disposal wells.

4.2.1.2 Excess Permeate

Permeate will also be generated from the treatment of both the process bleed and
groundwater from aquifer restoration. Excess permeate which is not recycled back to
operation or restoration activities will be used as plant makeup water. Permeate will be
high quality water and will generally be put to beneficial use.

4.2.1.3 Other lle.(2) Liquid Waste

Other 1 le.(2) liquid wastes include spent eluate, resin transfer wash water, plant wash-
down water, and fluids generated from wellfield release. Liquid wastes generated in the
Satellite facilities will be discharged to the wastewater disposal system while water
collected from wellfields will be collected in dedicated portable tanks or tanker trucks
and transported to the wastewater disposal system. Any water captured from leaking
pipelines or equipment will also be transported to the wastewater disposal system in
dedicated portable tanks or tanker trucks.

These liquid wastes will be combined with brine and disposed of through the deep
disposal well. The anticipated water chemistry of the waste stream that will be disposed
of in the deep disposal well is presented in Table 4-3.
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Table 4-1: Summary of Anticipated Waste Stream Water Quality

pH 6 9
Sodium 150 3,000

Calcium 200 1,000
Potassium 10 1,000

Bicarbonate as HCO3  1,500 4,000

Carbonate as CO 3  0 500

Sulfate 80 2,000

Chloride 200 4,000

Uranium as Unat 1 15

226Radium (in pCi/L) 300 3,000

Total Dissolved 2500 15,000

4.2.2 Non lle.(2) Liquid Waste

4.2.2.1 Stormwater Runoff

Stormwater management is controlled under National Pollutant Discharge Elimination
System (NPDES) permits issued by the WDEQ-WQD. As part of the permit, a storm
water pollution plan (SWPPP) will be prepared describing best management practices
(BMPs) used to keep pollutants out of surface waters and storm drains. Facility drainage
will be designed to route storm runoff water away from or around the Satellite facility,
ancillary buildings and parking areas, and chemical storage. The design and controls of
the proposed project facilities will be implemented such that runoff is not considered to
be a potential source of pollution.

4.2.2.2 Domestic Liquid Waste

Domestic liquid wastes from the restrooms and lunchrooms will be disposed of in a septic
system that meets the requirements of the WYDEQ-WQD and will likely include one or
more septic tanks for primary treatment. Septic tank effluent will be disposed of in a
gravity or pressure-dosed drain field. The septic system will be separate from other liquid
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waste lines to prevent I1 e.(2) byproduct material discharge into the septic fluid. These
systems are in common use throughout the United States and the effect of the system on
the environment is known to be minimal.

4.2.2.3 Waste Petroleum Products and Chemicals

At the proposed project, small quantities of used oil will be generated from equipment
and vehicles used on-site. The waste petroleum products will be temporarily stored on-
site before being transported to a nearby recycling or disposal facility. These wastes will
not have been affiliated with the processing or generation of 1 l e.(2) byproduct material
and will not be classified as AEA-regulated waste.

Waste petroleum product fluids will be stored in an aboveground storage tank located in
the maintenance shop. The storage tank will be cylindrical and constructed of steel with a
locking cap and venting system. Secondary containment will be designed to contain 110
percent of the tank volume. Spills of waste petroleum will be contained, mitigated,
cleaned up, and reported in accordance with WDEQ requirements.

The proposed project is anticipated to be classified as a conditionally exempt small
quantity generator (CESQG) by WDEQ/SHWD. As such, the project will be required to
generate less than 220 pounds (100 kg) of hazardous waste in any calendar month,
generate less than 2.2 pounds (1 kg) of acutely hazardous waste, and store less than 2,200
pounds (1,000 kg) of hazardous waste at any one time.

4.2.3 Solid lle.(2) Byproduct Material

All contaminated items that cannot be decontaminated to meet release criteria will be
properly packaged, transported, and disposed of off-site at a licensed to 11 e.(2) byproduct
material disposal facility. Solid wastes generated by the proposed project that may
become contaminated with radioactive isotopes consist of items such as rags, trash,
packing material, worn or replaced parts from equipment, piping, filters, protective
clothing, and solids removed from process pumps and vessels. Radioactive solid waste
which has a contamination level precluding decontamination will be isolated in drums or
equivalent DOT approved containers. Uranium One estimates that the proposed project
will produce approximately 250 yd3 of solid 1 le.(2) byproduct material per year during
operation. These materials will be stored on site inside the security controlled area until
such time that a full shipment can be shipped to a waste disposal site or mill tailings
facility licensed to accept I1 e.(2) byproduct materials.

This 1 le.(2) byproduct material will be collected and stored within the proposed project
Satellite facilities in appropriate containers (e.g., 55 gallon drums with drum liners)
approved by DOT, and will be appropriately labeled and placarded for the class of
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material being shipped. When these containers are full, they will be closed, sealed and
stored within the byproduct storage area and stored in a strong, tight container as defined
by DOT regulations. The strong, tight containers will be capable of preventing the spread
of contamination and contact with precipitation. The proposed project plans to use
covered roll-off containers with an approximate capacity of 15-30 cubic yards. Once full,
these containers will be shipped for disposal to a byproduct licensed disposal facility.
During storage, the containers will be located within a designated security controlled
area. Access to the byproduct storage facility will be controlled through the use of
security fencing, locked gates, and proper posting as a security controlled area.

Larger items such as contaminated equipment that cannot be stored in a roll-off container
will be stored in the proposed project Satellite facilities or covered/sealed in manner that
will prevent the spread of contamination in the byproduct storage area.

SUA-1341 currently has an agreement with Pathfinder Mine Corporation Shirley Basin
Facility which will be modified to include shipment of I1 e.(2) byproduct materials from
the proposed Ludeman Project facilities.

4.2.4 Non-lie.(2) Solid Waste

4.2.4.1 Uncontaminated Solid Waste

Uranium One estimates that the proposed project will produce approximately 2,000 yd 3

of uncontaminated solid waste per year. Uncontaminated solid waste will be collected on
the site on a regular basis and disposed of in the nearest approved sanitary landfill,
compliant with the rules and regulations of WDEQ-SHWD.

4.2.4.2 Septic System Solid Waste

Domestic liquid wastes from the restrooms and lunchrooms will be disposed of in an
approved septic system that meets the requirements of the WDEQ for Class V UIC wells.
Occasionally, it will be necessary to dispose of sludge material collected in septic
systems holding tanks. The disposal of these sludge materials must be performed in
accordance with WDEQ-SHWD rules and regulations.

4.2.4.3 Hazardous Waste

Hazardous wastes are defined by WDEQ-SHWD's Hazardous Waste Management
Chapter 2 or by USEPA in 40CFR Part 261. Generated materials defined by these
regulations as hazardous waste will be consolidated in appropriate containers upon
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generation and shipped off-site for disposal at a facility licensed for the acceptance of
hazardous wastes. Wastes that may be generated at the proposed project that may be
classified as hazardous wastes include solvent rags, expired laboratory reagents, solvents,
cleaners, or degreasers. It is also expected that the proposed project facilities will
generate Universal Wastes such as batteries, fluorescent light bulbs and used oil.

It is anticipated that the proposed project facilities will be classified by WDEQ-SHWD as
a Conditionally Exempt Small Quantity Generator (CESQG). As such, the project will be
required to generate less than 220 pounds (100 kg) of hazardous waste in any calendar
month, generate less than 2.2 pounds (1 kg) of acutely hazardous waste, and store less
than 2,200 pounds (1,000 kg) of hazardous waste at any one time. This classification as a
CESQG does not relieve Uranium One from complying with CESQG regulations and
those requirements to dispose of classified hazardous wastes at a properly licensed
hazardous waste facility. Uranium One will comply with the EPA and WDEQ-SHWD
CESQG requirements and monitor the generation of hazardous waste to ensure
compliance with the weight generation rules of those regulations.

4.2.4.4 Deep Disposal Well Permitting

The Wyoming DEQ is in the process of reviewing how it will implement the UIC
regulations related to ISR operations, the permitting path for deep disposal wells is not
entirely clear at this time. However, it is clear that an approach similar to that used by
other ISR operations in the Powder River Basin is warranted. In this regard, Uranium
One anticipates submittal of a Class I injection well permit during the second quarter of
2010. The target zones will be the Lance Formation through the Parkman Formation
(depths ranging from 4,500 to 10,000 feet).

The Lance Formation has a total thickness in the area of approximately 2,500 feet. The
Lance Formation includes approximately 900 feet of net sand with porosity greater than 8
percent and an average permeability of about 12 millidarcies. Individual sandstone lenses
within the Lance Formation commonly have porosities around 20 percent. The Teckla-
Parkman section in the area of the proposed project has a total thickness of about 2,000
feet. The section has on the order of 340 feet of net sand above 8 percent porosity with a
permeability of approximately 3 millidarcies. Individual sands within the Teckla-
Parkman seldom exceed porosity of 12 percent. Based on superior porosity-thickness, the
primary target of Class I wells at the proposed project will be the Lance Formation.

The proposed project wastewater disposal requirements are expected to vary from 100 to
300 gpm, the total number of deep injection wells required may also vary from the
proposed six wells, depending on whether injection to the Lance formation is approved.
If the Lance formation is not approved for liquid waste disposal additional deep wells
may be necessary in the Teckla-Parkman formation.
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Although water quality in the Lance Formation is not anticipated to exceed TDS levels of
10,000 mg/l, it is likely that this unit will contain elevated concentrations of various
constituents that exceed Wyoming Class I, II or III groundwater standards, such as TDS,
chloride, ammonia, trace metals, organic compounds, or oil and grease. The Lance
Formation is an established oil and gas producing section in the Powder River Basin.
Additionally, the depth of this unit makes it unlikely to ever be a source of drinking water
supply.

Data from wells in the area indicate that the Teckla Parkman water quality either exceeds
the TDS level of 10,000 mg/1 or contains levels of BTEX compounds that exceed
drinking water standards. Oil and gas production occurs throughout the region in the
Teckla-Parkman section and in deeper geologic units.

Uranium One believes that permanent deep disposal is preferable to evaporation in
evaporation ponds or land application methods for the following reasons: (1) Liquid
waste disposed through deep wells is secluded from human contact eliminating risk to
human health; (2) large evaporation ponds have the potential for leaks and impacts to the
environment and much larger volume of I1 (e)(2) byproduct is created through use of
evaporation ponds; (3) land application methods have the potential to impact surface
media from prolonged discharge and would require extensive treatment to meet land
application standards. All compatible liquid wastes at the proposed Satellite facilities will
be disposed in the planned deep wells. Further discussion of the liquid waste disposal
alternatives considered by Uranium One is contained in Section 8.3 of this TR.

4.2.4.5 Surge Ponds

Two surge ponds are planned as part of the waste storage infrastructure for the proposed
Satellite facilities. The primary purpose of surge ponds is to manage permeate and brine
inflows to optimize disposal techniques and provide for waste storage in the event of
upset conditions. Lined retention ponds will be designed to meet the requirements of both
NRC Regulatory Guide 3.11 for embankment retention systems and WQD Rules and
Regulations, Chapter 11, for lined wastewater storage ponds. It should be noted that the
NRC guidance and regulations were intended for tailings impoundments and some of the
requirements for tailing ponds do not apply to the design of the surge ponds.

Details of preliminary pond designs are provided in Addendum 4-A of this TR. At the

time of this application, a inclusive surge pond design has not been completed. Pond

locations have been chosen for each Satellite site but geotechnical work is required to
confirm the suitability of these locations and will be completed as the licensing process
progresses. The information provided in Addendum 4-A provides a preliminary design
based on the surge pond design plan for the Moore Ranch Project.
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4.2.4.5.1 Pond Liner and Leak Detection Systems

Surge pond liners and leak detection systems will meet the requirements of Regulatory
Guide 3.11. Each pond will be equipped with an impermeable chemically compatabile
liner which will likely be high density polyethylene (HDPE) or polypropylene (PP)
primary liner with a minimum thickness of 36 mils (0.036 inch). HDPE and PP liners are
generally very resistant to chemicals and alkaline and acid agents, with the exception of
oxidizing acids, and salt solutions (Renken et al 2005). Site preparation and liner
installation will be in accordance with manufacturer's specifications.

The leak detection system will consist of a permeable drainage layer and a collection
piping system. The permeable drainage layer will be located directly under the primary
liner. This layer will provide support for the overlying liner, and will also transmit any
leakage to collection pipes. The drainage layer will be constructed of suitable transport
media (i.e. sand). Geocomposite fabric will be used on the side slopes to allow movement
of the leakage to the collection pipes. The pond bottom will be sloped from the center
outward. The perforated pipes will be installed along the same slope as the pond floors
and will drain to riser pipes located in the embankment. The presence of liquid in these
riser pipes will be detected during routine inspections to be followed by sampling for
water quality to confirm a leak is the cause of the moisture. Water quality analysis will
include electrical conductivity and other major ions required to evaluate and mitigate a
liner integrity issue. A cross section of the ponds leak detection system is shown in Sheet
2 of Addendum 4-A.

Beneath the surge pond leak detection system will be a secondary geosynthetic liner, with
a minimum thickness of 36 mils (0.036 inch). The liner will be installed on top of the
underlying foundation material and will function to contain potential leakage.
Geotechnical investigations of the underlying foundation material it may indicate that
conditions favor installation of natural clay liner instead of the geosynthetic liner. This
determination will be made after falling head permeability tests are conducted on bulk
soil samples of the foundation material. If the permeability of foundation material is a
minimum of two orders of magnitude less than either the graded sand or geocomposite
drainage materials that make up the leak detection system, the permeability contrast
ensures that any leakage through the primary synthetic liner will be detected before
saturation of the foundation materials could occur. If the foundation materials do not have
the required permeability, bentonite may be mixed with the foundation material to decrease
its permeability. Use of a natural clay or soil-bentonite secondary liner is preferred over the
use of synthetic materials due to the self-healing properties of these liners and the proximity
of the proposed project to bentonite supplies.

The use of sand and geocomposite drainage material beneath the primary synthetic liner
eliminates the need for air vents beneath the liner since gases produced under the liner
would be vented through the sand and geocomposite drainage material.
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4.2.4.5.2 Surge Pond Inspection Plan

The surge pond inspection plan is based on the routine weekly inspections currently
required in SUA-1341 for the Willow Creek evaporation ponds. Weekly inspections will
consist of checking the pond depth and visually inspecting the pond embankments for
slumping, movement, or seepage. The pond depth measurements will be checked against
the freeboard requirements. The liner system will be visually inspected to identify any
damage. The perimeter game-proof fence, restricted area signs, and pond inlet piping will
be checked.

Inspections under the NRC implementation of the National Dam Safety Program and its
associated guidelines will not be required since the surge pond embankments will not be
twenty-five feet or more in height and the surge pond impounding capacity will not
exceed fifty acre-feet.
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