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November 11, 2010

Tanya Palmateer Oxenberg, PhD
Project Manager

U.S. Nuclear Regulatory Commission
Mail Stop T8F5

Two White Flint North

11545 Rockville Pike

Rockville, MD 20852-2738

Re: Lost Creek Project, Requested Clarifications
Docket No. 40-9068
TAC No. LU0142

Dear Doctor Oxenberg,

Pursuant to your request, Lost Creek ISR, LLC is providing in duplicate revisions to the
Technical Report to clarify three items as follows:

1. Comparison of long-term and short-term meteorological data;
2. The qualifications of the health physics designee; and
3. Additional supporting information for the decommissioning plan

With regard to the Decommissioning Plan, Lost Creek ISR discussed soil clean-up criteria in
sections 4.2.5.6, 5.7.1.3, and 6.5 of the Technical Report. These sections include discussions
of the immediate and post mining soil cleanup criteria and the justification behind the numbers
presented (NUREG CR 6733). Given the relatively low concentrations of radium and uranium
expected in the lixiviant at Lost Creek as well as the administrative and engineering controls to
be deployed, it is unlikely that any soil clean-up activities will be required during mining or post
mining. One reason for the expectation for low radium levels is that a slip stream of production
fluid will be treated by reverse osmosis throughout the production life of each mine unit. This
treatment method will remove around 98% of the radium in water that is treated. Even though
soil cleanup at the site is not likely to be necessary, Lost Creek ISR, LLC commits in the
Technical Report to performing post-spill and post-mining radiological surveys and soil analysis
and to using the clean-up criteria in 10 CFR 40 Appendix A criterion 6.

Although these revisions are very minor they will result in pagination changes of the Technical
Report. Instructions detailing the page changes are also attached. If you have any questions
regarding this submittal, please feel free to contact me or Dr. Charles Kelsey at the Casper
office.

Lost Creek ISR, LLC is a wholly-owned subsidiary of Ur-Energy Inc.
TSX: URE
WWW.ur-energy.com
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Regards,

Lost Creek ISR, LLC
By its Manager, Ur-Energy USA Inc.

%w@ﬂ\

John W. Cash, Director of Regulatory Affairs

Cc:  Mrs. Melissa Bautz — Lander LQD
Ms. Ramona Christenson — LQD Cheyenne
Nancy Fitzsimmons — Ur-Energy USA Inc., Littieton

Lost Creek ISR, LLC is a wholly-owned subsidiary of Ur-Energy Inc.
TSX: URE
WWW.ur-energy.com
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2.5 Meteorology, Climatology and Air Quality

This section describes meteorology, climatology, and air quality in the region in which the
Project is located. Both regional (long-term) and site-specific data (one year) are discussed
to describe climatological conditions at the Permit Area. Where site-specific data are not
available, data from the closest representative location are presented.

The Project is located in the Great Divide Basin, in south-central Wyoming. The Permit
Area is located in the intermountain semi-desert ecoregion (Wyoming State Climate Office,
2005), which has cold winters and short, hot summers (Bailey, 1995). The average annual
temperatures range from 40 to 52 degrees Fahrenheit (°F) in this ecoregion. The average
annual precipitation ranges from five to 14 inches (Bailey, 1995). The nearest water bodies
of any size are Pathfinder and Seminoe Reservoirs, shown on Figure 2.5-1, which are on
the order of 50 miles downwind of the Lost Creek site and on the other side of the
Continental Divide. It is unlikely these water bodies have any impact on meteorological
measurements at Lost Creek. All other water bodies shown on Figure 2.5-1 are seasonal, at
best, and unlikely to have any impact on the measurements.

2.5.1 Meteorology and Climatology

Meteorological stations within 50 miles of the Project site are shown in Figure 2.5-1. The
National Weather Service (NWS) meteorological station closest to the Permit Area with a
long period of record is Muddy Gap, Wyoming (High Plains Regional Climate Center
[HPRCC], 2007a). This station is 28 miles northeast of the Permit Area; and temperature,
precipitation, snowfall and snow depth data have been collected since 1949. The Muddy
Gap station is in the same Climate Division as the Project location, Climate Division 10
(CLIMAS, 2005), which means that these locations have similar climatic characteristics.
Camp Creek is at a higher elevation in somewhat more rugged terrain (WRCC RAWS,
2010), and is not representative of conditions at the Project site. -

The Lost Soldier (LS) meteorological station was installed at a location near Bairoil in April
2006, based on anticipated project development. The LS meteorological station is about 12
miles northeast from the Permit Area (Figure 2.5-1). After deciding to permit the Lost
Creek Project before the Lost Soldier Project, the Lost Creek (LC) meteorological station
was installed within the Lost Creek Permit Area in May 2007 to collect on-site data (Figure
2.5-1). Information collected from the LS and Muddy Gap stations was originally used to
describe on-site conditions, due to the relatively short duration of the LC record at that time;
additional data from the LC station has since been incorporated in this document. NRC also
requested information as to the applicability of the LS data to the LC site [Request for
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Additional Information (RAI) from NRC (Nov 2008 RAI Section 2.9 #7)], and that
information has also been incorporated. The original presentation of the data (in either
tables or figures) has been retained, and the more recent comparisons added. For example,
the original comparison of temperature data from the LS and Muddy Gap stations was
included in Table 2.5-1. That table has been renumbered as Table 2.5-1a, and the
comparison of temperature data from the LC, LS, Muddy Gap, Jeffrey City, and Rawlins
stations added as Table 2.5-1b. NRC also requested verification that the short-term
meteorological data used to compare the LC site to the Rawlins station were representative
of the long-term Rawlins meteorology. The comparison statistics are presented in
Attachment 2.5-1. There is conclusive evidence that the Rawlins station meteorology is
representative of the LC station meteorology, and that the short-term data are representative
of the long-term meteorology.

Meteorological instrumentation at the LS and LC stations consists of the following sensors
mounted on a 10 m tower:

e Vaisala Temperature and Relative Humidity Probe: temperature range of -40 to
60°C;-accurate to £2% at 10-90% relative humidity and to £3% at greater than 90%
humidity; shielded by RM Young 10-Plate Gill Solar Radiation Shield and mounted
at2 m.

e Dual Met One Model 062 Temperature Probes: used for measurement of
differential temperature (AT) for dispersion and inversion modeling; temperature
range of -50 to 50° C; sensors accurate to +0.05° C; sensors co-calibrated for a
maximum error per degree of differential temperature of 0.02° C; shielded by Met
One Model 077 Aspirated Shields and mounted at 2 m and 10 m.

e Met One 3-Cup Anemometer and Wind Vane: range of 0 to 50 m/s (0 to 110 mph);
anemometer accurate to £0.11 m/s when less than 10.1 m/s or £1.1% of true when
greater than 10.1 m/s; vane accurate to +4°; mounted at 10 m.

e Texas Electronics Tipping Bucket Rain Gage with 8” Orifice: accurate to £1% at
rain fall rates up to 1 inch/hour; resolution of 0.01 inches; mounted on freestanding
post approximately 1 m high, and 5 m from tower.

e LI-COR Silicon Pyranometer: measures incoming radiation with wavelengths in the
daylight spectrum; measures wavelengths between 400 and 1100 nm; accurate to
within 3-5%; mounted at 10 m.

The sensors were connected to a Campbell Scientific CR10X data logger at the LS station
and a CR1000 data logger at the LC station. The data recovery rate for each station was
greater than 90 percent.
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2.5.1.1 Temperature

Based on the Muddy Gap data, July is the warmest month; the average maximum daily
temperatures are approximately 85°F; and the average minimum daily temperatures are
approximately 55°F. January is the coldest month; the average daily maximum
temperatures are 30 to 35°F; and the average minimum daily temperatures are
approximately 10 to 15°F. The maximum temperature on record is 100°F in July, while the
minimum temperature on record is -40°F in December. The average monthly temperatures
at the LS station collected in 2006 and 2007 were generally within range of the long-term
averages at Muddy Gap. Temperature data from these stations that was available at the
time the TR was originally submitted, in October 2007, are compared in Table 2.5-1a.

Average monthly high and low temperatures from LC and four of the closest stations (LS,
Muddy Gap, Jeffrey City, and Rawlins), including data available after October 2007, are
compared in Table 2.5-1b. The LC data is generally within the range of the other stations,
with the exception that temperatures in the winter months appear to be somewhat lower.
However, that is probably due to the short record for LC (in some cases just one month), as
compared to the other stations.

2.5.1.2 Precipitation

The Permit Area is drier than many areas in the State of Wyoming. Figure 2.5-2a shows
the total monthly precipitation for available Muddy Gap and LS data at the time the TR was
originally submitted in October 2007.

The mean annual precipitation at the Muddy Gap station from 1949 through 2005 was 10.0
inches. Precipitation is distributed throughout the year, but the mean monthly precipitation
exceeds one inch only in April, May, and June. May is the wettest month, with 1.9 inches
of mean precipitation. Actual annual moisture may be somewhat higher, since precipitation
gages capture only a small proportion of snowfall under windy conditions.

The precipitation at the LS station from May 2006 to April 2007 showed that precipitation
for this period was much lower than normal. Regional data showed the area received 50 to
70 percent less rainfall than average (HPRCC, 2007b).

Average monthly precipitation data from LC and four of the closest stations (LS, Muddy
Gap, Jeffrey City, and Rawlins), including data available after October 2007, are compared
in Figure 2.5-2b. The LC data is within the range of the other stations, taking into account
the variability in precipitation amounts due to local thunderstorms and the recent regionally
low precipitation.
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2.5.1.3 Humidity and Evaporation

The average relative humidity at the Permit Area is low in the summer, with the lowest
average occurring in June (30.2 percent). The relative humidity is elevated during the
winter, where the highest average occurred in February (75.6 percent). The monthly
maximum and minimum humidity measured at the LS meteorological station is prévided in
Table 2.5-2a and the average monthly maximum and minimum humidity measured at the
LC and LS meteorological stations is provided in Table 2.5-2b.

Information on total evaporation by month is included in Section 3.7.1.5 and Table 3.7-4 of
the Lost Creek Environmental Report (ER).

2.5.1.4 Wind, Mixing, and Stability

The annual average wind speed at a height of ten meters measured between April 2006 and
April 2007 was 23 feet per second (ft/s) (7.0 meters per second [m/s]) at the LS
meteorological station located near Bairoil, about 15 miles from the Permit Area. The wind
speed is highest in February and November (29.9 and 29.2 ft/s or 9.1 and 8.9 m/s,
respectively). The lowest wind speeds occur in July and August (16.4 and 16.7 ft/s or 5.0
and 5.1 m/s, respectively). The prevailing wind direction is from the west-northwest and
west for most of the year (Figure 2.5-3a), with some variability occurring in the spring.
The wind data from the LC station is compared to that from the LS station in Figure 2.5-3b.
The predominant wind at the LC station is from the west-northwest and from the west-
southwest at the LS station. The differences may be due to topographic variability or due to
the relatively short period of record, particularly given the weather variability over short
distances (e.g., summer thunderstorms)

Atmospheric stability was categorized into six classes according to Pasquill
(Pasquill, 1961). Calculations were made using wind speed and solar radiation data
collected at the site. The data show that relatively stable conditions (stability class
D, E, or F), which contribute to good dispersion conditions, occur 87 percent of the
time, making atmospheric inversion conditions unlikely. The stability class
distribution at the LS station for January 2007 through December 2007 is shown in
Table 2.5-3. The stability classes for the two stations are essentially the same (Figure 2.5-
4). Data collected for Lander/Riverton Wyoming indicated that the average annual mixing
height is 348 meters in the morning and 2,300 meters in the afternoon. These can also be
considered the inversion heights (Holzworth, 1972). '
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2.5.1.5 Violent Weather

Tornadoes are more prevalent in eastern Wyoming than in western Wyoming, because
mountain ranges in western Wyoming are barriers to the flow of warm, moist air that causes
tornadoes. In Sweetwater County, 19 tornados were reported in a 55-year period, none of
which caused an injury or death. An individual tornado would affect only a portion of the
County; therefore, chances are small that the Permit Area would experience a tornado. The
Fujita Scale is used to rate the intensity of a tornado by examining the damage caused to
man-made structures (The Tornado Project, 2003). The most destructive tornado recorded
in Sweetwater County from 1950 to 2004 was an F-1 “moderate” tornado, which would be
unlikely to cause extensive damage to the Project.

The Permit Area is located in an area that has statistically shown lower density of lightning
strikes. The probability of hail is also low, with six occurrences recorded in a 24-year
period (Curtis and Grimes, 2007).

Although severe winter storms are generally less violent than summer storms, the relative
duration of the winter storms (a day or more) cdmpared to summer storms (generally a few
hours) and the combination of heavy snow, strong winds, and low temperatures require that
all Wyoming residents be aware of and prepared for the possibility. A history of blizzards
in Wyoming is provided in Chapter 19 of the State of Wyoming Multi-Hazard Mitigation
Plan (WOHS, 2008).

2.5.2 Air Quality - Non-Radiological Parameters

The overall air quality in the Project region is good. The area is sparsely populated and is
not heavily developed with industrial sources of air pollution. Air quality for radiological
parameters is discussed in Section 2.5.9. (Measurement of natural gamma and Rn-222 was
originally discussed in this section, but has been moved to Section 2.9 (Background
Radiological Characteristics).) '

Air Quality Standards

National Ambient Air Quality Standards (NAAQS) exist for sulfur dioxide (SO,), nitrogen
dioxide (NO,), carbon monoxide (CO), ozone (Os), lead, and particulate matter small
enough to move easily into the lower respiratory tract (particles less than ten micrometers in
aerodynamic diameter, designated Particulate Matter [PM;o]). The NAAQS are expressed
as pollutant concentrations that are not to be exceeded in the ambient air, that is, in the
outdoor air to which the general public has access (40 CFR Part 50.1(e)). Primary NAAQS
are designated to protect human health; secondary NAAQS are designated to protect human
welfare by safeguarding environmental resources (such as soils, water, plants, and animals)
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and manufactured materials. Primary and secondary NAAQS are presented in Table 2.5-4.
The closest monitoring station to the Permit Area is in Rawlins, and shows that regional air
quality is in compliance with the NAAQS and Wyoming Ambient Air Quality Standards
(WAAQS) (BLM, 2004c).

In addition to ambient air quality standards, which represent an upper bound on allowable
pollutant concentrations, there are national standards for the Prevention of Significant
Deterioration (PSD) of air quality (40 CFR § 51.166). The PSD standards differ from the
NAAQS in that the NAAQS provide maximum allowable concentrations of pollutants,
while PSD requirements provide maximum allowable increases in concentrations of
pollutants for areas already in compliance with the NAAQS. PSD standards are, therefore,
expressed as allowable increments in the atmospheric concentrations of specific pollutants.
Allowable PSD increments currently exist for three pollutants: NO,, SO,, and PM,.
Increments are particularly relevant when a major proposed action (involving either a new
source or a major modification to an existing source) may degrade air quality without
exceeding the NAAQS, as would be the case, for example, in an area where the ambient air
is very clean. One set of allowable increments exists for Class 1l areas, which cover most of
the US. A much more stringent set of allowable increments exists for Class I areas, which
are specifically designated areas where the degradation of ambient air quality is severely
restricted. Class | areas include certain national parks and monuments, wilderness areas,
and other areas as described in 40 CFR § 51.166(e) and 40 CFR Part 81:400-437.
Maximum allowable PSD increments for Class I and Class 11 areas are given in Table 2.5-
5. Class 1 areas, as designated in the Rawlins Resource Management Plan (RMP), include
the Savage Run Wilderness and Rocky Mountain National Park. PSD Class I areas receive
the highest degree of protection from air pollution; only small amounts of particulate, SO,,
and NO, air pollutants are allowed in these areas (BLM, 2004c).

Air Particulate (PM;¢) Sampling

Air particulate matter in the Permit Area was sampled using two Mini Volumetric
(MiniVol) samplers with ten micron (PMy) filters. Dust trapped by these filters is the size
considered most detrimental to human health. Two samplers were used as a pair, with
samples collected concurrently, upwind and downwind of the Permit Area, at three
locations: Northern (LCAIR9&10); Central (LCAIR13&14); and Southern (LCAIR11&12).
The sampling duration was approximately 24 hours, and the results were time-adjusted for a
24-hour period. Figure 2.5-5 shows the sampling locations, and the results are presented in
Table 2.5-6.

The average PM,;, concentration in June 2006, including both upwind and downwind
sampling locations, was 8.5 micrograms per cubic meter (ng/m*). The maximum value was
10.5 pg/m® and the minimum value was 5.4 pg/m’. For comparison, the average PM,, in
Casper Wyoming was 18.8 pg/m’ from 1990 through 1994 (Natural Resources Defense
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Council, 2007). At the northern sampling location, the PM;, concentration in the upwind
sample was more than 70% higher than the downwind sample. At the central and southern
sampling locations, the upwind and downwind samples differed by 15% or less. The
sample collection runs lasted between 21.5 to 28 hours. In February 2007, the PM,q
concentration at the central sampling location was about one-half of the concentration in
June 2006, possibly due to slightly damper soil conditions.

The NAAQS criteria for PM;y set a limit of 150 ug/m3 for a 24-hour period, not to be
exceeded more than once per year on an average over three years. The data show that for
both upwind and downwind locations, this standard was not exceeded. More information
on dust and emissions from Project activities are covered in Section 7.1.7 of this TR, and
also in Section 4.7 of the ER.
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from the Lost Creek and Rawlins Stations



Statistical Analysis and Comparison of the
Meteorological Data from the Lost Creek and
Rawlins Stations

Description of Data: All available data from the Lost Creek meteorological station,
since the beginning of its operation in 2007 through 2009, were compared to paired data
from the Rawlins meteorological station in order to examine whether the meteorological
data from the two stations are sufficiently similar (comparable). Furthermore, in order to
examine the representativeness of the meteorological data obtained during 2007 — 2009
(short-term), the historical (long-term) data obtained from the Rawlins station were also
examined and presented here for comparison.

Description of Statistical Analysis: In order to examine the similarities of the above
mentioned data sets, wind (speed and direction), temperature (average daily high, low,
and overall average temperatures), and precipitation (total average monthly precipitation)
data obtained from the Lost Creek and Rawlins stations were analyzed. In order to
examine the wind parameters, scalar (vs. vector) calculations for obtaining mean wind
speed and direction, as well as standard deviations (STDVs) for these two parameters
were applied according to the methods presented in the ANSI 3.11-2005 guidance (ANS,
2005). The means and STDVs for temperature and precipitation values were obtained
using statistical analysis in Microsoft Excel 2010.

Comparison of Wind Parameters

For an observed set of wind speed samples, the scalar mean wind speed is defined as the
average speed derived from all valid samples in the averaging period. In determining the
scalar mean wind direction, standard statistical methods for linear data sets are difficult to
implement since wind direction is a circular function with a crossover point at 360 or 0
degrees. The scalar mean wind direction can be approximated by the unit vector wind
direction, that is, by the arctangent of the mean sine and mean cosine of the valid wind
direction samples in the averaging period (ANS, 2005).

Means and STDVs of scalar wind speed and directions from Lost Creek (short-term) and
Rawlins (both short-term and long-term) are summarized in Table 1. As is apparent
from the results shown in Table 1, the mean wind speed at the Lost Creek station (9.47
knots) was found to be well-matched to the mean wind speed from the paired data at the
Rawlins station (9.79 knots). Data from both stations indicate that the mean wind
direction is from the west southwest.
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Table 1. Comparison of Wind Data: Wind Speed and Direction

Satar | STV | gy | STOV
Meteorological Period of . Scalar . Scalar
. Wind . Wind .
Station Record Wind . . Wind
Speed Speed Direction - p; o tion
(knots) P (degrees)
6/14/2007-
11/30/2007;
Lost Creek 2/23/2008- 9.47 5.90 245 83.9
8/31/2009
6/14/2007-
Rawlins 11/30/2007;
(short-term) | 2/23/2008- .79 7.30 267 66.4
8/31/2009
Rawlins 1/01/1973-
(long-term) 6/13/2007 11.1 6.81 244 61.0

‘The mean wind speed at the Rawlins station over the long-term (11.1 knots) was slightly
higher than the mean of the 2007-2009 period at the same station (9.79 knots), but was
well in the historical range. The mean wind directions for both stations indicate that the
majority of the winds blow out of the west southwest.

1]

Comparison of Temperature Parameters

In order to examine the compatibility of temperature characteristics for Lost Creek and
Rawlins, average, high, and low daily temperatures were compared. Available complete
monthly data for the Lost Creek station ranging from 07/07-11/07 and 3/08-11/09,
matched data from Rawlins, and long-term data from Rawlins (1951-2008) were used for
this comparison.

The average daily temperatures for each month during 2007 — 2009 at Lost Creek and
Rawlins are presented in Table 2. On average, Rawlins was slightly warmer than Lost
Creek during this time period; however, average daily temperatures at Lost Creek and
Rawlins are in the same range, i.e., within the 95% confidence intervals for the two data
sets to overlap. The confidence intervals (CIs) are defined as the mean of the data set £2x
the Standard Error (SE), where SE = STDV/square root of number of samples (N).
Variations in daily temperatures during all months are very similar. Average daily
temperatures for Lost Creek and Rawlins (short-term and long-term) are presented in
Figure 1.
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Table 2. Comparison of Average Daily Temperatures (Degrees Fahrenheit)
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Figure 1. Comparison of Average Daily Temperatures (Degrees Fahrenheit)
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The average daily high and low temperatures each month for the short-term Lost Creek
and both the short-term and long-term Rawlins station data are presented in Figure 2 and
Figure 3, respectively, and in Table 3. Again, highs and lows measured at the Rawlins
station over the short-term were generally a few degrees warmer than those measured at
the Lost Creek station, but both high and low average daily temperatures were generally
within the same range, as indicated by the overlap of the majority of the 95% Cls. One
exception to this is the slightly more extreme low temperatures observed during the
winter months at the Lost Creek station. These data also demonstrate that the short-term
Rawlins data are statistically very similar to the long-term Rawlins temperature data and
can be considered representative of the long-term temperature record.

Figure 2. Comparison of Average Daily High Temperatures (Degrees
Fahrenheit)
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Table 3. Comparison of Average Daily High and Low Temperatures (Degrees Fahrenheit)

5 5
5 5
, 5 4
47 43-50 | 12 2 2024| 9 50 47-53 | 12 25 23-27] 8 53 5154 4 28 27280 3
61 58-63 | 11 34 33-36 6 63 60-66 11 36 35-38 6 64 63-65 4 36 36-37 2
70 67-72| 10 41 3942 5 73 70-76 | 10 43 4144 | 4 75 7476 4 45 4445 | 2
84 8386 | 6 51 5052| 4 86 85-87 | 6 51 5052 | 5 84 8384| 3 52 51-52 | 2
81 7982 7 48 4750 6 83 s1-84| 7 49 4850 | 6 81 8082 3 50 4951 2
70 6872 9 39 3841| 7 72 7074 9 40 39-42] 7 70 69-71| 4 41 4042 3
53 50-55 | 13 27 2528] 8 55 5257 11 29 2731 8 57 56-58 | 4 31 31-32| 2
45 43471 10 18 17-20| 8 47 45-49 | 10 23 21-25 | 10 41 3942| s 20 1921 4
28 2432 11 4 09 | 12 31 27-35| 10 13 916 | 11 32 31-33| 4 14 13-15 | 4
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Comparison of Precipitation Parameters

Average total monthly precipitation was compared for available complete monthly data
for Lost Creek (07/07-11/07 and 3/08-11/09), matched data from Rawlins, and long-term
data (1951-2008) from Rawlins. The average monthly precipitation totals are presented
in Table 4. Total monthly precipitation amounts over the short-term and long-term, are
relatively variable. Taking into account this inherent variation, which is likely due in part
to local thunderstorm occurrences, the Lost Creek precipitation averages are generally
within the same range, as indicated by the overlap of the 95% Cls, as the paired Rawlins
data. However, only one month of data was available for January, February, and
December for the short-term data sets, thus it was not possible to calculate a confidence
interval for these months. The short-term Rawlins data are also generally in the same
range as the long-term Rawlins data, although averages in the months of February,
March, and December were lower during 2007 — 2009 than the Rawlins long-term. It
should be pointed out, however, that only one year of complete monthly data was
available for the short-term in December and February.
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Table 4. Comparison of Average Total Monthly Precipitation (Inches)

07/2007-11/2007;3/2008-11/ 2009 7/

ric:|Ave-Monthly,Preipitationi |- 95% €1 [SDEV, [AveiMonthly Precipitation. | 95%.Cl.|SDEV:|2 on % Cli | SDEV:
0.16 NA 0.00 0.73 NA | 000 0.45/0.36-0.55 0.34
0.18 NA 0.00 0.10 NA | 0.00 0.50(0.40-0.60 0.37

0.09 0.07-0.11| 0.01 0.12 0.04-0.19| 0.05 0.69}0.59-0.80 0.40

1.00 0-2.79 | 130 1.26 0-2.67 | 1.00 1.01/0.85-1.17 0.62

1.10 0.83-1.37| 0.19 1.53 1.31-1.75| 0.16 1.301.07-1.52 0.86

1.30 0-3.66 | 1.70 1.23 0272 | 105 0.90|0.72-1.07 0.67,

0.79 0.07-1.51| 0.62 1.00 0.64-1.35| 0.31 0.77/0.62-0.92 0.58

0.82 0.43-1.21| 0.34 0.57 0.43-0.71| 0.12 0.76/0.62-0.90 0.51

0.92 0.24-1.60| 0.59 1.05 0.30-1.80| 0.65 0.84/0.67-1.01 0.65

0.87 0.16-1.58| 0.61 0.91 0.54-1.28| 0.32 0.81/0.64-0.98 0.66

0.12 0025 | 0.11 0.28 0.12-0.44| 0.14 0.55/0.44-0.66 0.41

‘December 0.08 NA 0.00 0.00 NA | 0.00 0.46(0.38-0.55 0.32

NA=Not Applicable, only one year of data available
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Conclusions

Data comparisons for wind, temperature, and precipitation between Lost Creek and
Rawlins short-term data demonstrate the meteorological similarities of the two areas.
Furthermore, comparison of data from Rawlins short-term and Rawlins long-term data
reflect the statistical representativeness of the short-term data.
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e a thorough knowledge of the proper application and use of all health physics
equipment used during uranium recovery activities, the chemical and analytical
procedures used for radiological sampling and monitoring, methodologies used to
calculate exposure to uranium and its daughters, and a thorough understanding of
the uranium recovery process and equipment used and how the hazards are
generated and controlled during the uranium recovery process.

5.4.3.1 Health Physics Technician

The HPT will have one of the following combinations of education, training, and
experience.

Option I:

e an associate degree or two or more years of study in the physical sciences,
engineering, or health related field;

e at least a total of four weeks of generalized training (up to two weeks may be on-
the-job training) in radiation health protection applicable to uranium recovery
facilities; and

e one year of work experience using sampling and analytical laboratory procedures
that involve health physics, industrial hygiene, or industrial safety measures to be
applied in a uranium recovery facility; or

Option 1I:

e ahigh school diploma;

e a total of at least three months of specialized training (up to one month may be
on-the-job training) in radiation health protection relevant to uranium recovery
facilities; and

e two years of relevant work experience in applied radiation protection.

5.4.3.2 Designee

A “Designee” for the purposes of inspections shall have the following qualifications: a
minimum of a high school diploma; training as a radiation worker pursuant to TR Section
5.5 and RG 8.31, Section 2.5; on the job training, and at least three months experience
working as a radiation worker at the Lost Creek Facility. The on the job training will be
given by the RSO or HPT.
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On the job training will include the following at a minimum:

e How to complete the inspection checklist;

e A review of each inspection item in the field so the potential designee
understands what they are inspecting and what upset situations require
notification of the RSO or HPT;

¢ A discussion of findings and corrective actions resulting from recent inspections;

o How to contact the RSO or HPT if needed;

e A discussion of how each item on the inspection checklist affects employee
safety;

e The Designee in training must accompany the RSO or HPT on at least three
complete inspections before being appointed a Designee; and

e To maintain the qualifications of a Designee, the individual must participate in at
least two inspections per year with the RSO or HPT.

The RSO may appoint a Designee only when the above training has been completed and
the RSO is comfortable that the individual is capable of completing the inspections as
required. The designation of an individual will be documented in the training file and
made available upon request to an NRC inspector. The Designee has no authority to
perform health physics duties outside the scope of his/her regularly assigned
duties. For example, the Designee will not have authority to release materials for
unrestricted use or to approve a RWP.

5.4.4 Department Heads

These positions require a bachelor’s degree in engineering or associated science dégree
from an accredited college or university or an equivalent level of work experience, plus a
minimum of two years of managerial experience in engineering, geology, or operational
functions.
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5.5 Radiation Safety Training

Employee training will be designed to familiarize employees with all of the necessary
precautions to be taken when performing their assigned duties, and radiation safety
constitutes a significant portion of this training. New and experienced employees alike
will be provided written copies of radiological safety instructions, and will take training
courses that address the fundamentals of radiation -protection and potential risks of
radiation exposure.

The radiological protection program for LC ISR, LLC uranium recovery operations will,
in general, include annual worker training to insure that site personnel will, at all times,
have sufficient awareness and continuity of knowledge regarding:

o general safety regulations, principals, and procedures;

e the fundamentals of health protection, personal hygiene, and housekeeping
requirements;

o basic radiation science and radiation safety principals;

o the Radiation Safety Program for ISR operations at the Permit Area, including all
site-specific and operation-specific radiation safety procedures, and radiation
protection regulations;

e dose monitoring requirements and procedures and health protection
measurements;

o worker rights, responsibilities and notifications, and facility-provided protection;

e contamination and spill control; and

e security and emergency procedures.

Additionally, radiation safety training for female employees will address:

o risks associated with prenatal radiation exposure, and
o the LC ISR, LLC policy for declared pregnant women, including dose limits and
rates.

Managers will also receive additional specialized occupational radiation protection
training on their supervisory responsibilities. Each permanent employee that has
completed the new employee radiation safety training will annually attend an abbreviated
retraining course,
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The refresher course will discuss:

¢ relevant information that has become available during the past year;

s areview of safety problems that have arisen during the past year including results
from the ALARA report;

e changes in regulations and license conditions;

e exposure trends; and

e other current topics.

A written or oral test will be conducted following radiation safety training for new
employees and annual refreshers. Incorrect answers to test questions will be discussed to
ensure a correct understanding of the material. If an employee fails to pass the test (less
than 70 percent of the answers being correct), additional training will be provided prior to
re-testing. Tests and results will be maintained on file until license termination.

Continual training will be conducted to ensure that personnel maintain awareness of
events and issues that could affect the quality of program performance. At least
quarterly, employees will be updated on radiation safety issues that arise during the
Project.

Specific, detailed worker radiation training materials will be presented in the Radiation
Safety Manual which will include materials for initial employee training (eight hours) as
well as for ongoing refresher training (four hours), which will occur on an annual basis
for each employee. The RSO and HPT will complete 40 hours of appropriate radiation
safety refresher training by qualified instructors on a biennial basis. Training of all
personnel will be documented with records maintained by the RSO until the license is
terminated.

Visitors and contractors will be required to sign in at the office in the Plant and receive
appropriate hazard recognition and safety training. Visitors will be instructed on
radiological and non-radiological hazard prevention specific to the areas of visitation.
Contractors who handle contaminated equipment will receive the same training and
radiation safety instruction required of permanent employees. Contractors, who have
previously completed the full training for the Project or who have evidence of recent and
relevant training elsewhere, will receive job-specific radiation safety instruction. All
visitors and contractors that have not received proper training must be escorted by an
employee with proper training and knowledge of potential hazards.
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6.0 GROUNDWATER QUALITY
RESTORATION, SURFACE RECLAMATION,
AND FACILITY DECOMMISSIONING

This Section 6.0 comprises the initial Decommissioning Plan for the Project. A variety of
restoration and reclamation activities will be phased in throughout the project life as mine
units are depleted of uranium. Final Project decommissioning and reclamation will occur
once the Plant is no longer in use. Figure 1.7-2 includes a schedule of activities for the
Project, including the restoration and reclamation activities. This schedule is an alternate
schedule pursuant to 10 CFR 40.42. While LC ISR, LLC believes the groundwater
restoration and surface reclamation can be completed within 24 months for each mine
unit, the associated regulatory reviews and approvals will lengthen the schedule beyond
24 months. LC ISR, LLC understands that any revision to the alternate schedule must be
requested through a license amendment application.

For each mine unit, LC ISR, LLC will submit, for NRC approval, an initial
decommissioning plan as part of the mine unit package. As each mine unit completes
production, LC ISR, LLC will submit, for NRC approval, an updated, detailed
decommissioning plan to reflect the contamination record of the as-built mine unit, and to
incorporate technological advances, regulatory guidance modifications and land use
changes. For the processing and support facilities that will not be removed until the end
of the Project, LC ISR, LLC will submit for NRC approval, an updated, detailed
decommissioning plan for those facilities, i.e., the Project, also to reflect the
contamination record of the as-built Project and to incorporate technological advances,
regulatory guidance modifications, and land use changes, at least 12 months prior to
planned decommissioning of the Project. The decommissioning plans will include a
quality assurance program as discussed in TR Section 5.2.

Reclamation of each mine unit and associated header houses involves:

1) groundwater restoration,

2) radiological decontamination,

3) equipment removal/decommissioning (e.g. well abandonment), and
4) surface reclamation (e.g., well site reseeding).
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Groundwater restoration may start once uranium recovery is complete at that header
house, and restoration of a header house may occur contemporaneously with operation of
another header house in the same mine unit. To ensure maximum ore recovery and avoid
interference between header houses, contemporaneous production and restoration of
adjacent header houses and/or mine units will be carefully evaluated. Once groundwater
restoration is complete, decontamination and other reclamation activities will start.
Decontamination of equipment and other surface reclamation activities will start when all
of a mine unit is restored.

Reclamation of the Plant and support facilities involves similar activities, including:

1) radiological decontamination,
2) equipment removal/decommissioning (e.g., building demolition), and
3) surface reclamation (e.g., road removal, topsoil replacement, and reseeding).

The following sections describe the criteria used to determine when production is
complete, the status of the mine unit at the end of operations, the subsequent restoration
and reclamation activities, and the criteria used to determine when restoration and
reclamation have been successful.

6.1 Completion of Production Operations

Technical, economic, and operational criteria can be reviewed to determine if uranium
recovery is complete in a given header house and/or mine unit. The technical criteria
comprise the percentage recovery of the estimated ore reserves, the uranium
concentration in the production fluid, and the header house flow rates. Typically, the
technical criteria for considering production operations complete are:

e auranium recovery of at least 80 percent;

e a production fluid uranium concentration reduced to a level not significantly
_greater than the injection fluid; and,

e in some instances, a reduced groundwater flow rate.

The economic criteria comprise the corporate financial objectives, the price of uranium,
and the annual production targets. When production targets are no longer being met, and
operational changes will not improve the possibility of meeting those targets, then ISR
operations may be considered complete.
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The Plant ion exchange and processing capacity may also factor into determining if ISR
operations have been completed in a given header house or mine unit. If there is unused
ion-exchange-recovery and waste-management capacity that can be filled by continued
operation of an area, which is essentially depleted but will continue to supply a low-
concentration production fluid, it may be economic to continue operation of that header
house. Such an extension allows for the recovery of uranium for a period of a few
months after the header house operations might normally be considered complete. In
addition, such an extension allows for higher percent recovery of uranium, which may
facilitate subsequent groundwater restoration. This extension will end when there is no
longer sufficient capacity for low-concentration production fluid or the quantity of
uranium recovered is insufficient to cover operating costs.

The decision to take a mine unit (out of production and place it into restoration will be
based solely on the considerations outlined above. As long as a mine unit is economic
and there are not technical issues preventing production, the mine unit will remain in
production status. Pursuant to 10 CFR 40.42(d), if an area must be temporarily shut
down for any reason, decommissioning will commence within 24 months unless NRC
grants an exemption.

For each mine unit, LC ISR, LLC will inform NRC of the transition from
production to restoration. Four conditions would trigger NRC notification of
decommissioning (restoration) activities: the license has expired, a determination to
permanently cease principal activities, no principal activities have been conducted for 24
months under the license, or no principal activities have been conducted in a specific
wellfield. Cessation of injection marks the end of principal activities.

A hydrologic bleed sufficient to control mining or restoration solutions will be
maintained during all phases, including any hiatus in production, until active restoration
is complete. The anticipated water quality in the production zone before restoration is
included in Table 6.1-1.
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6.2 Plans and Schedules for Groundwater Quality
Restoration

The objective of restoration and reclamation is to return the affected groundwater and
land surface to the uses for which they were suitable before commencement of the Project
operations. To achieve this objective LC ISR, LLC will use Best Practicable Technology
(BPT) to return the groundwater in the pattern area to the quality described in 10 CFR
Part 40 Appendix A Criterion 5B(5) or to baseline if baseline is higher. If LC ISR, LLC
determines that despite the implementation of BPT that the groundwater cannot be
returned to background, an Alternate Concentration Limit will be requested. The
proposed methods for groundwater restoration are described in this section. Before
discussing restoration methodologies, the chemistry of the system is briefly reviewed.

6.2.1 Conditions in the Mineralized Zone Before and After
Operations

The uranium deposits underlying the Permit Area are similar to those found at other ISR
operations in the US. They are primarily roll front deposits in fluvial sandstones, and the
uranium was deposited when oxidized groundwater containing the uranium entered
reducing conditions in the subsurface aquifers. The reducing agents were probably
organic matter and pyrite and, to a lesser degree, hydrogen sulfide.

ISR operations essentially reverse the natural processes that deposited the uranium.
Injection wells introduce lixiviant into the mineralized zone to oxidize the reduced
uranium and to complex it with bicarbonates. Pumping from production wells draws the
solution through the mineralized zone, oxidizing additional ore between the injection and
production wells.

In turn, groundwater restoration essentially reverses the effects of the oxidation during
ISR operations and re-establishes the reducing conditions that were present prior to
production, to the extent possible. Groundwater sweep removes much of the
groundwater oxidized during operations. During the RO phase, residual uranium and
other metals mobilized under the oxidized conditions are removed, and the treated water
reinjected. As necessary to accomplish restoration, specific reductants such as hydrogen
sulfide may be added. Biorestoration may also be applied, if site conditions are suitable
for this restoration technology.
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6.2.2 Restoration Requirements

LC ISR, LLC commits to return the groundwater to baseline water quality in accordance
with NRC regulations. However, if after the application of Best Practicable Technology
(BPT), the water quality has not been returned to baseline quality, LC ISR, LLC may
seek an alternate restoration standard pursuant to NRC regulations. During all stages of
operations, approved standby modes and active restoration, a hydrologic bleed will be
maintained on the mine unit such that mining solutions are maintained within the
exempted aquifer. The hydrologic bleed will be stopped during stabilization.

Prior to operation of each mine unit, groundwater baseline quality will be determined on
the basis of the water quality data collected in accordance with WDEQ regulations and
NRC guidance found in NUREG 1569 Section 3.1.3 and 10 CFR 40.31(g). For the wells
in the perimeter monitor ring and for wells in overlying and underlying aquifers, the
baseline will be determined on a well-by-well basis. For the pattern area, baseline water
quality data from monitor wells in the pattern area will be averaged to determine the
overall baseline water quality.

Baseline water quality data will be collected from the monitor wells in the perimeter ring,
in the pattern area, and in the overlying and underlying aquifers before ISR operations in
each mine unit, in accordance with the Testing Proposal which will be submitted to
WDEQ-LQD for review and approval. A minimum of four samples will be collected
from each well, at least 14 days apart. Each of the four samples will be analyzed for the
parameters required per WDEQ-LQD Guidelines 4 and 8, as listed in Table 6.2-1 with
the exception of silver for which LC ISR, LLC is seeking an exemption.
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6.5.1 Determination of Site Soil Cleanup Criteria

The pre-existing baseline conditions are presented in Section 2.9 of this report. Elevated
radiation levels resulting from the prior exploration activities and from naturally-
occurring conditions will be used in the calculation of appropriate cleanup levels.

The Appendix A cleanup criteria for radium-226 are specified in 10 CFR 40. “Impacted
areas” of the site, as defined in the Multi-Agency Radiation Survey and Site Investigation
Manual (MARSSIM), will be identified based on a “historical” site assessment and
characterization survey prior to development of the updated, detailed mine unit and
Project decommissioning plans (see beginning of this Section 6.0) submitted for NRC
approval prior (12 months prior for the Project) to decommissioning. Direct gamma
surveys as well as soil sampling protocols will be developed in accordance with the
number and extent of impacted areas. The “benchmark approach” will be used to define
the cleanup criteria for other radionuclides, as described in Appendix E to NUREG 1569.
Impacted soils will be excavated or treated to meet those criteria.

The cleanup criterion for uraniufn in soil will be determined in accordance with
Appendix E to NUREG-1569 at the time the updated, detailed decommissioning plans
(see beginning of this Section 6.0) are developed.

6.5.2 Soil Verification Survey Methodology

A GPS-based gamma radiation survey will be performed of the area to be
decommissioned (i.e., mine unit or facility area) using techniques similar to those that
were used to determine baseline site conditions. A statistically defensible number of soil
samples will be collected throughout the site at varying soil radium-226 concentrations
(based on the gamma radiation survey). The soil samples will be analyzed for
radionuclides of concern and the results will be plotted against the readings from the area
survey. In this manner, a correlation between the two measurement types can be
established. If the decommissioning survey reveals any location which appears to
approach the decommissioning standard, the baseline background will be subtracted from
that location's apparent Ra-226 concentration. If the apparent concentration thus
calculated approaches the decommissioning standard, a soil sample will be collected and
analyzed to determine actual radionuclide concentrations and to assist in determination of
an appropriate remedial action.

The verification survey and final status survey methods will be developed on a
statistically valid basis to provide 95 percent confidence that the survey units meet the
cleanup guidelines, and those methods will be described in each updated, detailed
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decommissioning plan (see beginning of this Section 6.0). Several statistical approaches,
including but not limited to MARSSIM, will be considered in designing the surveys.

6.5.3 Decommissioning of Non-radiological Hazardous
Constituents

During decommissioning, LC ISR, LLC will decommission tanks and piping associated
with chemicals which are classified as hazardous (e.g., hydrochloric acid or sulfuric
acid). Any remaining bulk quantities of material will be sold to another responsible
company or will be transferred to other LC ISR, LLC properties for use. The tanks will
then be washed out to remove any residual chemicals, in accordance with appropriate
protocols outlined below, and sold or moved to another property for use.

The piping associated with hazardous chemicals will be washed out with water, in
accordance with appropriate protocols outlined below. If the piping cannot be re-used by
LC ISR, LLC or sold to another company for similar use, the EHS Department shall
verify the pipe does not constitute a hazardous material and the piping will be sent to an
off-site licensed landfill for disposal. All of the hazardous chemicals proposed for usage
at LC ISR, LLC are highly soluble and should be easy to remove from tanks and piping.

All tank and pipe cleaning shall be performed in a manner that is protective of the
employees and the environment. A qualified individual in the EHS Department shall
review tank and pipe disposal surveys and operations to ensure operations are carried out
in a protective manner. All potentially affected employees shall be trained in the hazards
of chemicals and how to protect themselves. Equipment and fluids used for cleaning will
be collected and disposed of in accordance with applicable regulations.

All sanitary waste will typically be collected and taken into Rawlins, WY or other nearby
town and properly disposed of in a licensed landfill.

As discussed in Section 4.3.1 of the TR, non-radiological hazardous wastes will be stored
in accordance with OSHA and EPA requirements and disposed of off-site by a licensed
contractor.

6.6 Soil Replacement and Revegetation

Areas in which reclamation will be required within the Permit Area include the mine
units, in particular where the header houses and roads have been removed, and the Plant
area. Disturbed areas will be reclaimed to the approved post-operations land use by
regrading the surface to the approximate pre-operations contour, re-establishing

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
6-20



TABLE OF CONTENTS - General

VOLUME 1 of 4

1.0 PROPOSED ACTIVITIES ...ttt 1-1
2.0 SITE CHARACTERIZATION........cceeveiiiririiiriceceeeee e 2.1-1
2.1 Site Location and Layout.........cc.ccoeviviivinninieiiniscnn 2.1-1
2.2 Uses of Adjacent Lands and Waters .........cccccevveviieeveeneeereecreenneens 2.2-1
23 Population Distribution and Socioeconomic Conditions.................. 2.3-1
24 Historic, Scenic, and Cultural ReSources........ccccocovvvvvereeeeeverisnneeenn. 2.4-1
2.5  Meteorology, Climatology and Air Quality.......c.cccceeeevreervecrrcivennnns 2.5-1
2.6 Geology and SOilS.....ccceeeeeuiceereenieerereeeieereeererennenes e 2.6-1
VOLUME 2 of 4
2.0  SITE CHARACTERIZATION (continued)
277  Hydrology ....cccoccoevveimviiriiiieeceeecee e eceeeeens Lereeerresenreretresennaesne 2.7-1
2.8 ECOIOZY ittt et et aa e 2.8-1
2.9  Background Radiological Characteristics........ccceeeureervrerurenrveeveennnnnn 2.9-1
2.10 - Other Environmental Features ............c.ccoceeveeniveinnerieeneencreenneeennns 2.10-1
VOLUME 3 bf 4
3.0 DESCRIPTION OF THE PROPOSED FACILITY .....cccoevivveerrennenns 3-1
4.0 EFFLUENT CONTROL SYSTEMS........ccoooteiieiienienrreeeeeeeae e 4-1
5.0 OPERATIONAL ORGANIZATION, MANAGEMENT, PROGRAMS,
& TRAINING ..o, e 5-1
6.0 GROUNDWATER QUALITY RESTORATION, SURFACE
: RECLAMATION, AND FACILITY DECOMMISSIONING ........... 6-1
7.0 ENVIRONMENTAL EFFECTS ..ottt 7-1
8.0 ALTERNATIVES ...ttt 8-1
9.0 COST-BENEFIT ANALYSIS.....orvvvoveeneen. evsssesnnnnnennns s 9-1
10.0 ENVIRONMENTAL APPROVALS AND CONSULTATIONS.....10-1

 VOLUME 4 OF 4

Attachment 7.2-1 MILDOS-AREA Modeling Results

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10



TABLE OF CONTENTS - Detailed

VOLUME 1 of 4

ACRONYMS

1.0 PROPOSED ACTIVITIES ...ttt esiae e 1-1
1.1 Licensing Action Requested .........cccoovvvvvieeniiiniiininiiniecieeceeneeseveeeenen 1-1
1.2 Project Background..........c.coooiiiniiniiiniiicieiee et 1-2
1.3 Site Location and Description.........c.cceeveeriercerieennienseesieenseseceesnenns 1-3
1.4 Orebody DesCription....c.ccccecvrieiriieeriieeiiieieiiiennreeereeesseesssseessssessnnns 1-4
1.5 Solution Mining Method and Recovery Process .......cccccovvercreecniennnnen. 1-4
1.6 Operating Plans, Design Throughput, and Production ........................ 1-5
1.7 Project SChedules.......cccccoeiiiriiiiiiiirrcre e sve s 1-6
1.7.1 Pre-Operational Development Schedule..........ccccvvevivniinennen. 1-6
1.7.2 Operations Schedule .........c.cooeverineriinieeniniesenese et 1-6
1.8 Waste Management and Disposal.........ccccecceeiiinineiiienviieneenineesrennens 1-7
1.9 Source and Byproduct Material Transportation..........cccceeueevveerveennnnans 1-7
1.10  Groundwater Restoration ............coceeeeevuireeneeneeriienienieesienee e e eeeane 1-8
1.11 Decommissioning and Reclamation .........cc.cccceveeeieeciecvecnreenneccveennnn. 1-9
1,12 Surety AITangements ........c.covereuirvueriinieniirnerierreneeseeeseeeseessesnsesseeenes 1-9

2.0 SITE CHARACTERIZATION......coiieiiirieeieeeeienteseereeeeve e 2.1-1
2.1 Site Location and Layout.........cccccerevrrrririreririeenineeenieeenneeenveeenneens 2.1-1
2.2 Uses of Adjacent Lands and Waters .........ccccueeveeerienvenneesveeeneeenenn. 2.2-1
221 Land USE....cocveeveriiieiiriertereeneettst et sse s see e ees 2.2-1
2.2.1.1 Planned Land Uses and Developments..........ccccceevveecieencnnnne 2.2-3
222 WaALEr USE.....cciiiiiiiiiiiiiriiiirernnne it sreecssreeesesasesssa e esssnasas 2.2-3
2221 Surface Water..........cccevvvierieceeeeeeecie st e e ere e 2.2-3
2222 © GroundWater .....cccouieriiiiereetet et ee e 2.2-4
2.3 Population Distribution and Socioeconomic Conditions.................. 2.3-1
2.3.1 DemOographics ......coeuervieiiiieiirrcreeceecreeesae s eseressreesiae e 2.3-1
2.3.1.1 Sweetwater COUNLY .....ccoovvirerereieereiieriirecsireeesiseeenaressveenas 2.3-1
2.3.1.2 Carbon COUNLY .....c.cveeiieriiiieeieeseesrescaeecteeeneeeereessreesveesans 2.3-2
2.3.2 Socioeconomic Conditions ..........cceceeerereriveeseenieeesnesinesiseeenens 2.3-2
2.3.2.1 Employment Sectors and Industry Income........................... 2.3-3
2322 ;1 To) R e, e e 2.3-4
23.23 Personal INCOmE.........ccoccevvriririiriririercirecterre e see e 2.3-4
233 Other RESOUTICES ......coueiuiiiiriirieniereceneee ettt svee e 23-5
2.3.3.1 HOUSING ..ottt 2.3-5
2332 Public Facilities and S€rvices ..........cocevveviercenencenenneneeneenne. 2.3-6
2.3.33 Taxes and ReVenues..........cocveerevcenineeninneneneneseeeeeeeene 2.3-9

Lost Creek Project

NRC Technical Report
Original Oct07; Rev4 Nov10



TABLE OF CONTENTS - Detailed (continued)

VOLUME 1 of 4 (continued)

2.0  SITE CHARACTERIZATION (continued)

2.4 Historic, Scenic, and Cultural Resources...........cccooevvveevvrereeennnennnn. 2.4-1
24.1 Historic and Cultural Resources ..........cocceceeeevenerinvencerneenennen. 2.4-1
(separate volume — requesting NRC confidentiality) : '
2.4.2 Scenic RESOUICES ......cccvvviiiieeriinieniiecieeiteste et 2.4-4
2421 Visual QUality ..ccc.oeeeviieiiiniiisiirierc e 2.4-5
2422 Visual Sensitivity ......ccccceeviervieniiriineeteereeseesese e eesnesaeens 2.4-5
2.5  Meteorology, Climatology and Air Quality.......c.ccceeveviverrveenreenriennns 2.5-1
2.5.1 Meteorology and Climatology ........cccceeevveereiruenveeenieesinennnnennne 2.5-1
2.5.1.1 TempPerature ........ooceviiiiiiiieienitceceere e 2.5-3
2.5.1.2 Precipitation .....occceiiieieieceeiere e 2.5-3
25.13 Humidity and Evaporation......c..cccecccvvvieiinnennincniecneeennennnns 2.54
25.14 Wind, Mixing, and Stability.........ccccceccerverriecencrireecieeeeenenn, 2.5-4
2.5.1.5 Violent Weather ........................ ettt et s e e e ar e s e traesnas 2.5-5
2.5.2 Air Quality - Non-Radiological Parameters ...........ccccccuvenunenne 2.5-5
2.6  Geology and SOilS.......cecerieriiniinieniriere et 2.6-1
2.6.1 Regional GEOlOZY .....cccvveuiiviiiiiicieciieeieceeere et e 2.6-1
2.6.1.1 Stratiraphy.....ccccceeveeviirrireerierre e ee et sre e e e e ereees 2.6-1
2.6.1.2 Structure......... ettt er ettt et e et e e st et e b et e e e e e e raenreenrannes 2.6-1
2.6.2 Site GEOIOZY...cvvererreiiiiieeetert et 2.6-2
2.6.2.1 Stratigraphy.....cccoevieeniieiirieecieeereeerrreeere e e e e s eareeereeeeeneens 2.6-3
2.6.2.2 SEIUCLUTE ....conneiiieeeieeeeecerre et sere s e e see s aesebe e araes 2.6-4
2,623 Ore Mineralogy and Geochemistry.........cccceeereenreennereneeenen. 2.6-4
2.6.2.4 Historic Uranium Exploration Activities.............c.evvvrenuecen. 2.6-6
2.6.3 SEISMOIOZY ....eeiiiiiiiiiiiiiieircie st e steeerte e s seeesneeseaee s saeesennees 2.6-7
2.6.3.1 HiStoric SEISMICITY .. ..ccovvverieieeieeeeiieeeieeeete et eeree e enes 2.6-7
2.6.3.2 Uniform Building Code ........ccoevivvveverinninieceeceeeee e 2.6-11
2.633 Deterministic Analysis of Active Fault Systems................ 2.6-12
2.6.34 Maximum Tectonic Province Earthquake “Floating

Earthquake”Seismogenic Source........coccoovevveeeneeeriensnencen. 2.6-12
2.6.3.5 Probabilistic Seismic Hazard Analysis and IBC................. 2.6-13
2.6.4 SOIIS ettt sttt s eeaas 2.6-13
2.6.4.1 SOIl SUIVEY ..ottt 2.6-14
2.6.4.2 Field Sampling.......ccccovviverviininniiniceeeerreeee e 2.6-14
2.643 Results and DiSCUSSION .....ccoceevieriiiriiernieierrenieneneseeesenenns 2.6-15
2.6.44 Soil Suitability as a Plant Growth Medium ........................ 2.6-16
2.6.4.5 Topsoil Protection............cceeceenieiieiniecciienieereccreeeee e 2.6-16
2.6.4.6 Prior Surface Disturbances .........cccccceveiiciniiniincnnnneennnn. 2.6-17

Lost Creek Project

NRC Technical Report
Original Oct07; Rev4 Nov10



TABLE OF CONTENTS - Detailed (continued)

VOLUME 2 of 4
2.0  SITE CHARACTERIZATION (continued)
2.7 HYdrology ..ceooeiciiiiieeeeee ettt 2.7-1
2.7.1 Surface Water........ccceveriiiiierireecieee et 2.7-1
2.7.1.1 Drainage Characteristics .........ovueveeruenrereererenienrenieesreneennenees 2.7-1
2.7.1.2 Surface Water Quality........cooveeveeeenenienienieeecrceee e 2.7-3
2.7.2 Groundwater OCCUITENCE .....c..eevueeriierrecriererrenreeteeneenreesresenennes 2.7-4
2.7.2.1 Regional Hydrogeology........cccecveeverieneereeieneeciesvesneceenns 2.7-4
2.7.2.2 Site Hydrogeology ...c..cooeviiniirnierieecirieneeeeieececree e 2.7-9
2.7.3 Groundwater QUAlItY ..........c.oveveeveeeereeeeenerieeeesieeeeeseeeseeesenne 2.7-17
2.7.3.1 Regional Groundwater Quality........ccoceevrererveeveencrneenennne. 2.7-17
2.73.2 Site Groundwater Quality ..........cooceerveeiienniincieieeieeene 2.7-20
2.7.4 Hydrologic Conceptual Model..........cccceecervenninnnenneeenrnennnen. 2.7-23
2.74.1 Regional Groundwater Conceptual Model ......................... 2.7-23
2.74.2 Site Groundwater Conceptual Model..........cccccevvrneenennen. 2.7-24
2.8 ECOLOZY .ottt ettt e era e n e ne e ne s 2.8-1
2.8.1 VEEEAtION ..ottt e sve et e re s sbe e see e e senaas 2.8-1
2.8.1.1 Upland Big Sagebrush Shrubland.........ccceceevveciieiierieciennn, 2.8-2
2.8.1.2 Lowland Big Sagebrush Shrubland ...................... rerereneneeeas 2.8-3
28.13 Threatened, Endangered, and Special Concern Plant Species
............................................................................................... 2.8-4
2.8.14 Weeds and Selenium Indicator Species ........ccoceevverveerenennne 2.8-5
2.8.2 Aquatic Life and Wetlands ..........ccceeevvevcenninnicecniecniennneeenenn, 2.8-5
2.8.3 WILALTE oottt 2.8-6
2.8.3.1 Wildlife Habitat Description..........cccoeveveveneneenernrenencenenne 2.8-6
2.8.3.2 MEthOdS......ooriieieiiierre ettt 2.8-7
2.8.33 RESUILS ..ottt 2.8-8
2.9  Background Radiological Characteristics...........cceceererrerrervrveruennene. 2.9-1
29.1 Background Gamma Radiation Survey and Initial Soils Sampling
................................................................................................... 2.9-1
29.1.1 MEthOdS. ..ottt 2.9-2
29.1.2 Data Quality Assurance and Quality Control ....................... 2.9-6
29.13 RESUILS..c..comiiiiiiiecete ettt 2.9-7
29.14 Additional Information ............ceeveviererrivirereeirirnnirenneeereeens 2.9-11
292 Passive Gamma and Radon Monitoring .........ccceevevveevennnnnee. 2.9-11
293 Supplementary Radiological Studies......ccccceeveeeevninvrrnernennnnns 2.9-12
293.1 Supplementary MILDOS Modeling ........cccceeveerieenieennnennns 2.9-14
2932 Vegetation and Associated Surface Soil Sampling............. 2.9-14
2933 Soil Profile Sampling.........cccecuevirieeneniininiecieneeeeiee, 2.9-15
2934 Sediment Sampling ..........coceevevreveererieeneesieneereese e 2.9-15
2935 Food and Fish Sampling .........cccceceveviiniennennnenencnennes 2.9-16
29.3.6 Radon Flux Measurements ...........coccevvererenereeneeeeseenrennens 2.9-16

2.9.3.7 Radiological Air Particulate (High-Vol) Sampling ............ 2.9-16

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10




TABLE OF CONTENTS - Detailed (continued)

VOLUME 2 of 4 (continued)

2.0  SITE CHARACTERIZATION (continued)

2.9  Background Radiological Characteristics (continued)
2.9.4 2010-11 Baseline Radiological Studies........cccceeeveevreecreennen.. 2.9-19
2.10  Other Environmental Features .........cccccceevieiuinniiinnencriecrieecirecveenne. 2.10-1
VOLUME 3 of 4
3.0 DESCRIPTION OF THE PROPOSED FACILITY ....cccccooevvvveevrennen. 3-1
3.1 ISR Process and EQUIPIMENL........ccovevevrireeeeereeeeeereeeeeeeeeeeseeaeeeeeeeeees 3-1
3.1.1 Site Facilities Layout ..........ccccceveevieniinninnieninnineereereeseee e e 3-2
3.1.2 O1€ DEPOSILS...cccverieriinierieiitesiese st e e e eve et e s e e ta et e seeenens 3-3
3.2 Mine Unit Processes, Instrumentation, and Control.............cccueeeenee.... 3-3
3.2.1 Mine Unit ChemiStry ......cccevvevvervienenrreieeneereceeseseeseesieeeessnens 3-4
322 Mine Unit DeSIZN....cccceeieriinviiiirirerierrereeeeeseesresreecaesae e esseeveas 3-4
3.2.2.1 Production and Injection Well Patterns ..........c..cocveeevueeenneen. 3-5
3222 Monitor Well LoCations........cccccvvveveverccererieeeeieeeeveeeeeeeeeeneens 3-6
323 Mine Unit Installation .........ccoceeveeveerieieniiceecieceece e eieereeieans 3-7
324 WeEll COMPIELION.....cueeeeiieieieniirieeiesteriee e e eeeee e seeas 3-8
325 Well Integrity Testing........ccocceeviririinciiriieeeceenre e 3-9
3.2.6 Mine Unit Piping and Instrumentation ..........cccoceeevveenvenennennee. 3-10
3.2.7 Mine Unit Control............ccevcuirniiiiieenieecieneeeciieieeeie e e 3-10
3.2.7.1 Header House Control..........ccceveeecierieceneieeieieeeeceecveeeeenn, 3-11
3.2.7.2 Pattern Control.......ccccevcviieiieiiieciiieniecirerceecee e 3-13
3273 Projected Water Balance and Water Level Changes ............. 3-13
32.7.4 Excursion Monitoring and Control............ OTORURIOTTORRTRRPON 3-17
3.2.7.5 Spill Prevention and Detection ..........ccceevevvevrreeeercrereeereenen. 3-18
33 Plant Processes, Instrumentation, and Control ..............cccceeveuvvenneen. 3-23
3.3.1 Ion Exchange (Resin-Loading) Circuit......c.cceceeereeeiieenrnerennennen. 3-24
332 Elution Circuit.......cccceecvveerunennns reneeeeeenarreessareetaasbeaeeenaetaeeeannee 3-24
333 Precipitation/Filtration Circuit.........cccceevverveneerinenvieeneennneense. 3-25
3.34 Major Process Equipment and Instrumentation.............c........... 3-25
4.0 EFFLUENT CONTROL SYSTEMS.......ccoiiitiiieeeeere e ereens 4-1
4.1 Gaseous Emissions and Airborne Particulates............cccccocveeeerveeennnnne. 4-1
4.1.1 Non-Radioactive Emissions and Particulates ...........c...ccueeunee...... 4-1
4.1.2 Radioactive EMiSSIONS ........cccueeeieiiieciieeieeireeeeeereeenreeeveesveeeeeen 4-3
4.1.2.1 Particulates.......ccceeviieeieniinrinieire e 4-3
4.1.2.2 RAAON ...ttt 4-5
Lost Creek Project

NRC Technical Report
Original Oct07; Rev4 Nov10



TABLE OF CONTENTS - Detailed (continued)

VOLUME 3 of 4 (continued)

4.0 EFFLUENT CONTROL SYSTEMS (continued)
4.2 Liquid WSS ...cccoervmeriiiieiiiientecieeteeteee e see e s see e 4-8
4.2.1 “Native” Groundwater Recovered during Well Development,
Sample Collection, and Pump Testing.........ccccccevvereccreeiruennenee 4-9
422 Storm Water Runoff..........cc.coooiiiiiiiiiiiiieeeceeeecec 4-9
423 Waste Petroleum Products and Chemicals ........cccccevvevecuerernnnnnn. 4-10
424 Domestic Liquid Waste...........cccceervverenenne. errerente e e s sreeeseneeens 4-10
4.2.5 Liquid 11(e)(2) Byproduct Material .........c.ccoeeceevennieneencniennen. 4-11
425.1 Liquid Process Wastes ........cccoeeviervienirireneeneeerecrenrenreseeenes 4-11
4252 “Affected” Groundwater Generated during Well Development
and Sample Collection .......cceeeerireircieeieneereneerceciee e 4-11
4253 Groundwater Generated during Aquifer Restoration............. 4-11
4254 Disposal of Liquid 11(e)(2) Byproduct Materials ......... eeennes 4-12
4.2.5.5 Prevention and Remediation of Accidental Releases ............ 4-15
4.2.5.6 Activity Concentration Cleanup Criteria.......ccccceeeervuernnennee. 4-18
43 SOlid WASLES......ceoiriririieieniere et et se e e st set e e beeaeeeaeas 4-22
43.1 Solid Non-11(e)(2) Byproduct Materials.........c.ccceeeererruenuennene 4-22
432 Solid 11(e)(2) Byproduct Materials.........c..ccocevvievervcecncrnencnene. 4-23
5.0 OPERATIONAL ORGANIZATION, MANAGEMENT, PROGRAMS,
& TRAINING ..ottt 5-1
5.1 Corporate Organization and Administration.........ccecceevvverererecverirerennnn 5-1
5.1.1 President..... .ottt 5-2
5.1.2 General Manager.........ccccovcveeicciinieciiecceeecee e ae e s 5-3
5.1.3 MINE MaANAZET......covoviieiiieieeiieniieeteeeeeereeereesreseseeessseesenesssaessneas 5-3
514 Manager of EHS and Regulatory Affairs.......c.cceeceeveriienviencnnnen, 5-3
5.1.5 Site Supervisor EHS/RSO......ccccoviviriiniiiriniicninenteieeccenennens 5-4
5.1.5.1 Health Physics Technician...........ccccceveeeieecceneesienneenneeseneennne 5-5
5.1.6 Department Heads........cccoceriiiviiniiieiceienceneeeeee e 5-5
517 Uranium Recovery Workers ........cocvvvevverneneensenieenenenieneenen, 5-6
5.2 Management Control Program..........ccccopeveeieeiverinesrnencnnnnesenescneecnne. 5-6
5.2.1 Environmental, Health, and Safety Management System (EHSMS)
...................................................................................................... 5-6
522 Safety and Environmental Review Panel (SERP) ..................... 5-10
5221 Organization of the SERP...........cccoovoiiiiicciriiiriencreeeee, 5-11
5222 SERP Responsibiliti€s ......ccecveirriieeiiireriieesireeesreeerereesenennns 5-11
5223 Record Keeping and Reporting........ccocevvveeveereerreenseenennieeneenns 5-12
53  Management Audit and Inspection Program .........c.coceeveevverieeenennnns 5-12
5.3.1 Radiation Safety InSpections.......c..cccccveecvienieenceerieresneneeereeeen 5-13
5.3.1.1 Daily INSPECIONS ....covvrviriiiniieientenerrerreese et eeesreesne s eeenae 5-13
53.1.2 Weekly Operations Inspections ...........cocveeeveerieeiesinnennenn. 5-13
5.3.13 Monthly RSO Reports.......coeeviieviiniineinieniiieeeeceereneeeieene 5-14
Lost Creek Project ’ '

NRC Technical Report
Original Oct07; Rev4 Nov10
vi



TABLE OF CONTENTS - Detailed (continued)

VOLUME 3 of 4 (continued)

5.0 OPERATIONAL ORGANIZATION, MANAGEMENT, PROGRAMS,
& TRAINING (continued)

5.3 Management Audit and Inspection Program (continued) -
5.3.2 Storage Pond InSpections...........cccceereviriieriienieeeriesiiecsieeeeeenieenn 5-14
53.2.1 Daily Storage Pond Inspections.......c.ccccoevevevvrvereerieecrenenenne. 5-14
5.3.2.2 Weekly Storage Pond Inspections ..........ccceeeeeveerieecinencneennen. 5-15
5.3.23 Quarterly Storage Pond Inspections...........ccceeuveeveenrreeinnennen. 5-15
53.2.4 Annual Technical Evaluation of Storage Ponds .................... 5-16
533 ALARA Operating Philosophy.........ccoceevvrviinieriinenieencnincnenns 5-16
5.4  Qualifications for Personnel Conducting Radiation Safety Program 5-18
54.1 Mine Manager.........ccccocvevirnienienrienieece et eessee s 5-18
54.2 Manager of EHS and Regulatory Affairs.........cccccoeevvevennieennnne. 5-18
543 Site Supervisor EHS / RSO.....ccovvviieiiieieeeeeceeeceereie, 5-18
54.3.1 Health Physics Technician..........cccoouviereienenciesceeceeceeseeienns 5-19
5432 DESIZNEE. ..ottt et 5-19
54.4 Department Heads........cccoceeiririeiiniireeeeceeiee e 5-19a
5.5  Radiation Safety Training...........cocooovrerireeirereerieiceeeeessseseeenans ...5-20
5.6  Permit Area SECUTItY.....cccecirienieerienieriiertenireseeeeese e ese e eaeeeenes 5-22
5.6.1 Mine Unit and Storage Pond Security ........cccceeeveveveeiencnennnnne 5-22
5.6.2 Plant SECUIILY ...ccccviiuieeiieriiritiecieeseesiteeae et reeenreereessreenns 5-22
5.6.3 Transportation SECUTItY........ccevveeerreereencueeirerieeereee e eereeeeeneenns 5-23
5.7  Radiation Safety Controls and Monitoring...........cccecueeeveereiueenunennene 5-23
5.7.1 Effluent Control Techniques.........ceevveveeeecieccieceeereeceeeveenene 5-23
57.1.1 - Release of Radon ......ccocoecivciiniiiiiiiininiiiiteieeeee e, 5-24
5.7.1.2 Release of Airborne Particulate ......... ettt 5-27
5.7.13 Release of Liquid Effluent (Pregnant Lixiviant) ................... 5-27
57.14 Prevention of Accidental Releases.......c.ccoveevieenienveinennicaneene 5-29
5.7.2 External Radiation Exposure Monitoring Program ................... 5-30
5.7.2.1 Personal External Dosimetry ................ eteeete e et sresrteenes 5-34
5.7.2.2 Direct Readings for External EXposure ...........ccceeveveviueenene. 5-35
5.73 In-Plant Airborne Radiation Monitoring Program..................... 5-37
5.7.3.1 Airborne Uranium Particulate Monitoring...........c.ccccvveuvene.. 5-37
5.7.3.2 Establishing Derived Air Concentrations .........ccccecueeveniene. 5-39
5.73.3 Surveys for Radon-222 and Its Decay Products.................... 5-42
574 Worker Dose Calculations .........ccecceueveereneeninencnnsencnenieeeenes 5-44
5.7.4.1 Dose Calculation Equations...........c.civceeeivcveriesienerenesesnenen. 5-46
5.7.4.2 Action Levels Tied to Worker Exposure Calculations.......... 5-48
5743 Controlling Exposure to Soluble Uranium ............cccervreurannnns 5-49
5.7.5 Bioassay Program ......cc.cocceveeeverieniiencnnienenieneeeeeeee e 5-49

Lost Creek Project

NRC Technical Report
Original Oct07; Rev4 Nov10
vii



TABLE OF CONTENTS - Detailed (continued)

. VOLUME 3 of 4 (continued)

OPERATIONAL ORGANIZATION, MANAGEMENT, PROGRAMS,

5.0
& TRAINING (continued)
5.7  Radiation Safety Controls and Monitoring (continued)
5.7.6 Contamination Control Program............cccceeveevueriieniennrececncenen. 5-52
5.7.6.1 Personnel SUIVEYS......ccvviviveviiiiieeciiereenreecre e eere e e 5-52
5.7.6.2 AT SUTVEYS ...etiiiieiiiirienieecieeieesseesseesseesneesssessseseseeesesennns 5-54
5.7.63 Material Release Surveys and Limits ........ccoceeveevervneeeennennne. 5-55
5.7.6.4 INSPECHIONS ....eoviiiririieiiietesretesie et see e 5-58
5.7.6.5 Standard Operating Procedures..........c.ccoeveereeveennnnnrereeeeennen. 5-58
5.7.6.6 Plant and Mine Unit Control...........ceceveeeeinneniinneenrerecrennenn 5-59
5.7.6.7 Reports and Records .........coceeeveviniencnieienienciincneneecnns 5-61
5.7.7 Airborne Effluent and Environmental Monitoring Programs.... 5-62
5.7.7.1 Operational Radiation Monitoring.......c.cceeveevererereeseerccerennns 5-62
5.7.8 Groundwater and Surface-Water Monitoring Programs............ 5-65
5.7.8.1 Baseline Conditions ........cccoccevirrrenreerrenneniienceneseene e 5-66
5.7.8.2 Operational MONItOTINg ..........ccceveeeeerierrieneeneereesreseereeeieenes 5-67
5.7.8.3 Storage Pond Leak Detection Monitoring ...........c.ceeveeeneee. 5-71
5.7.9 QA Program for Radiological Monitoring Programs................ 5-72
5.7.9.1 Organizational Structure and Responsibilities of Managerial and
Operational Personnel...................coeeeeverererrreeceeeesesenesennen. 5-72
5792 Specification of Qualifications of Personnel ......................... 5-73
5.7.9.3 SOPs and InsStructions ........cecceceeeverievrereneneennienieneeneeeseseeene 5-73
5794 RECOTAS ..ttt ettt 5-74
5.7.10 RESPITALOLS ...oveieietieeeee ettt e s 5-75
5.8  Transport of Radioactive Materials .............. ettt 5-75
5.8.1 Risks of Transporting Radioactive Material.................cceeueeneen.e. 5-75
5.8.1.1 RESIN ittt sttt et e st n e s aaeseee s eneas 5-76
5.8.1.2 STUITY .ttt sttt saeen 5-77
5.8.2 Prevention and Mitigation of Transportation Accidents............ 5-78
6.0 GROUNDWATER QUALITY RESTORATION, SURFACE

RECLAMATION, AND FACILITY DECOMMISSIONING ........... 6-1
6.1 Completion of Production Operations ...........cccceeeverereninnerresereencecennes 6-2
6.2  Plans and Schedules for Groundwater Quality Restoration................. 6-4

6.2.1 Conditions in the Mineralized Zone Before and After Operations
...................................................................................................... 6-4
6.2.2 Restoration Requirements...........coocveeceevverecinncnenieeniieeseesneennens 6-4a
6.2.3 Groundwater Restoration Methods.........cccoovveevienciienvieencrcrieennnen. 6-5
6.2.3.1 Groundwater SWEEP .......cccevvverrrrieereereeeenteneeereeeresaeeeeessennens 6-6
6.2.3.2 Groundwater Treatment ..........coeveeeevereerienierieneneesere e eevenees 6-7
6.2.33 Recirculation ........coeeeviiriiniiniiniececceceeents e 6-8

Lost Creek Project
NRC Technical Report

Original Oct07; Rev4 Nov10

viii



TABLE OF CONTENTS - Detailed (continued)

VOLUME 3 of 4 (continued)

6.0

6.2
6.2.4

6.2.4.1
6.2.4.2

6.2.5
6.3
6.3.1
6.3.2
6.3.3
6.4

6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.5
6.5.1
6.5.2
6.5.3
6.6
6.6.1
6.6.2
6.6.3
6.6.4
6.6.5
6.7
6.8

7.0
7.1
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5

7.1.6
7.1.7

GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND FACILITY DECOMMISSIONING

(continued)
Plans and Schedules for Groundwater Quality Restoration (continued)
Stabilization Phase........ccccoeeereeirrenininieenieecesece e 6-9
Statistical ANaAlYSES .......coceevervierrinreerireeneererr et 6-10
Identification of ‘“Hot Spots’.........ccceveeeerveererncniienenneeneennen. 6-11
REPOTEING.....oriiiririieiiieiecticeeec ettt ettt 6-11
Mine Unit Reclamation........... ettt e e —r e et e st e e et e e st e snraeesnnes 6-12
Preliminary Radiological Surveys and Contamination Control. 6-12
Well ADANdONMENL ............coevrveereeeeecrensesereeresessesesessesssesensens 6-12
Facility and Road Reclamation...........ccceccevevervuieecieeniesscnnncene. 6-14
Reclamation and Decommissioning of Processing and Support Facilities
........................................................................................................... 6-14
Preliminary Radiological Surveys and Contamination Control. 6-15
Removal and Disposal of Equipment and Structures ................ 6-16
Waste Storage, Treatment, and Disposal Facilities ................... 6-17
Buried Piping and Engineering Control Structures ................... 6-18
Roads...ccvviiriiiiiriecieerrecereccee e PSRN 6-18
Post-Reclamation and Decommissioning Radiological Surveys....... 6-18
Determination of Site Soil Cleanup Criteria...............ccceevereneses 6-19
Soil Verification Survey Methodology.......cccoeeueverencrieniecnnnee 6-19
Decommissioning of Non-radiological Hazardous Constituents....... 6-20
Soil Replacement and Revegetation ...........cccceceveevenurnnennenn. e 6-20
Post-Operational Land USe.............ccccecerermrerrnerereseereesencssesenens 6-21
Surface Preparation..........cccceeeveeciecieccennenneeciee e 6-21
Soil Replacement ..........ccuvviueveueieiieeiiecierieesee e eaeea 6-21
Seed Mix, Reseeding Methods, and Fencing...............ccceevennee. 6-21
Revegetation Success Criteria........cceureerrieenereivriieeriveseeenneennes 6-22
Decommissioning Health Physics and Radiation Safety ................... 6-23
Financial ASSUTANCE .......c.ceveivieriiniriiniierreeeeseee et te e se e saees 6-23
ENVIRONMENTAL EFFECTS ..ottt 7-1
Site Preparation, Construction, and Operations..........cocceveveeveeeeenne. 7-2
Land USe .....coiviriiiiiinceininencntetsteceeeteseenseseessesese e saesaneneens 7-2
Transportation ..........cccccceeverierninnniicerceceee s 7-3
SIS ettt et 7-3
GEOLOZY ..venvernieiieneteieeitestrertte e s e e sae et e st st e s as e aesraesseenesstessnenseans 7-4
HydrolOZY ...cceoieieiniieeisecteie ettt 7-5
ECOLOZY ettt ste e e st e s e aae s e ne s 7-8

AL QUALILY .ottt 7-9

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10



‘ TABLE OF CONTENTS - Detailed (continued)

VOLUME 3 of 4 (continued)

7.0 ENVIRONMENTAL EFFECTS (continued)

7.1 Site Preparation, Construction, and Operations (continued)
7.1.8 INOISE ..uviirereeerieeeete et ettt e te st s b e st esaeeste st enbesbesuaesasensanas 7-10
7.1.9 Cultural RESOUICES.....cocverieriieeeioeeieeienierent et 7-10
7.1.10 Visual/Scenic Resources..........cceveeverriereeveeecienieneeceeeeseee s 7-11
7.1.11 SOCIOECONOMICS .....eeeueeruiriiiieeeeiiererersaeeeeeeeteesreesneessnesssesssneas 7-11
7.1.12 Environmental JUStiCe.......coccoviriiniirniinienenienecreereeee e 7-12
7.1.13 Public and Occupational Health...........ccceoveevrivvienrvnieniieennne 7-13
7.1.14 Waste Management.........cococeeeviiirniernieennineeenieensnreeneneeesesenenne 7-13
7.2 Radiological Effects........cccvviirmrrivienieiiecerescceeeee e 7-14
7.2.1 Exposure Pathways .........ccceecveviiiriieciinieinieccecieecee e 7-14
7.3  Non-Radiological Effects........cccccceevcrernvriniveinninennen. SRR 7-18
7.3.1 Airborne Emissions.........ccceiivininicniinncenn 7-18
7.3.2 Sediment Loads.......... e ettt ettt et tartabese s ese s aeneesens 7-19
7.3.3 Groundwater Quantity and Quality.......c.ccceeicrierninirenneeccieennen, 7-19
7.4  Effects of ACCIAEntS........cccevvirviirierieeeeeceeree e sa e e 7-20
7.4.1 Tank Failure ........ccccooveiiiiinieeeieccciestecece e 7-21
7.4.2 Pipeling FAilurE ........cocvevevevreeereeeeeeeeeeeee e 7-22
‘ 743 Pond Failure........ccccoveiiiiiniiieiinccestesecete e 7-22
7.4.4 Casing Failure ........c.cccevvevirvieniininnienrre e 7-23
7.4.5 Leaking Exploration Drill Holes...........cccocceviinieieeiecieeeeenee, 7-23
7.4.6 EXCUTSIONS ..ottt et see et seae e 7-24
7.4.7 Transportation ACCIAents.........cceeecverieieieecciereiiee e 7-24
7.4.8 Other ACCIdEnts ......coceevveriereriiiccnierteenteee et 7-26
7.4.9 POWET OULAZE....co.eeeriieeiieniereeiieetereeeeee et sra e et ees 7-27
7.4.10 Overflow of Sumps or Berms .......c.cceceeeeviieninvenienierreseeee 7-28
7.5 Design of Chemical Processes.........ccceeeveecreenreennnennnens reeeerererenenes 7-28
7.5.1 Design Criteria.....c.eeverierirreenienieeieneeiesteseeeseesnesseesseeeesanenns 7-28
7.5.2 Mitigation of Spills .c...coeevieeieiieiiinieeeeeee e, 7-29
7.6  Assessment and Mitigation of Accidents Involving Chemicals ........ 7-30
7.6.1 Hydrochloric AcCid .........cocvevivieviinieninieneeeeietectecie e 7-30
7.6.2 Hydrogen PeroXide .........ccocveveveviinieciieenienienniescieeereesneeeneenns 7-35
7.6.3 Soda Ash....coceevieiiiiiieen JRTRRRRR 7-39
7.6.4 10 417215 « F OSSPSR 7-42
7.6.5 Carbon DIoXide........ccoevviiirireireieenirieeniieenreeesieeenieeeseeeesaneeeans 7-47
7.6.6 CaustiC SOAa......ooviiiiieiiiieericcerne ettt 7-51
7.6.7 SAIE ettt et 7-54
7.7 TIAINING....ciiiiiiiiiiicicitrec ittt sttt ettt eesbeesbe e 7-55
7.8 Economic and Social Effects of Construction and Operation ........... 7-56
Lost Creek Project

NRC Technical Report
Original Oct07; Rev4 Nov10



TABLE OF CONTENTS - Detailed (continued)

VOLUME 3 of 4 (continued)

8.0 ALTERNATIVES ..ottt reeeerrreenean. 8-1
9.0 COST-BENEFIT ANALYSIS....oooiiiiiee e 9-1
9.1 0SS ettt ettt et eee e et s e s e e e e renba e s e s bteeeeeneteeesearaeeesennnes 9-1
9.1.1 Health and Environmental Costs .......ccoovvvevveeviiirieeeeeeeineeeresinns 9-1
9.1.2 INternal CoStS ......uuuiiiiiieeeecee e 9-3
9.1.3 EXternal COStS.....ccuuuiiiiniriieciiei ittt 9-4

92 Benefits

10.0 ENVIRONMENTAL APPROVALS AND CONSULTATIONS.....10-1

REFERENCES

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
Xi



LIST OF FIGURES

VOLUME 1 of 4

SECTION 1.0 INTRODUCTION
Figure 1.3-1 Regional Map of the Permit Area
Figure 1.4-1 Lost Creek Ore Trend
Figure 1.5-1 Typical ISR Operation
Figure 1.5-2a Ion Exchange Process Flow
Figure 1.5-2b Plant Process Flow
Figure 1.6-1 Solution Flow Patterns
Figure 1.7-1 Pre-Operation Schedule of Lost Creek Project
Figure 1.7-2 Lost Creek Project Development, Production, and Restoration
' Schedule

SECTION 2.0 SITE CHARACTERIZATION
Section 2.1 Site Location and Layout
Figure 2.1-1 Site Layout
Figure 2.1-2 Regional Transportation Network
Section 2.2 Uses of Adjacent Lands and Waters
Figure 2.2-1 Land Ownership
Figure 2.2-2 BLM Grazing Allotment
Figure 2.2-3 Nuclear Facilities and Mines within 50 miles
Figure 2.2-4 Groundwater Use Permits
Figure 2.2-5a BLM Battle Spring Draw Well No. 4551
Figure 2.2-5b BLM Battle Spring Well No. 4777
Figure 2.2-5¢ BLM East Eagle Nest Draw Well
Figure 2.2-6 Domestic and Stock Wells within Five Miles of the Project Area
Section 2.3 Population Distribution and Socioeconomic Conditions
Figure 2.3-1 Significant Population Centers within 80 Kilometers
Section 2.4 Historic, Scenic, and Cultural Resources
Section 2.4.1 Historic and Cultural Resources
(separate volume — requesting NRC confidentiality)
Section 2.4.2 Scenic Resources
Figure 2.4-2a View from Center of Lost Creek Permit Area Facing North
Figure 2.4-2b View from Center of Lost Creek Permit Area Facing Northeast
Figure 2.4-2¢ View from Center of Lost Creek Permit Area Facing East
Figure 2.4-2d View from Center of Lost Creek Permit Area Facing Southeast
Figure 2.4-2e View from Center of Lost Creek Permit Area Facing South
Figure 2.4-2f View from Center of Lost Creek Permit Area Facing Southwest
Figure 2.4-2g View from Center of Lost Creek Permit Area Facing West
Figure 2.4-2h View from Center of Lost Creek Permit Area Facing Northwest

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10

xii



LIST OF FIGURES (continued)

VOLUME 1 of 4 (continued)

SECTION 2.0 SITE CHARACTERIZATION (continued)
Section 2.5 Meteorology, Climatology, and Air Quality

Figure 2.5-1 Meteorological Stations within 50 Miles of the Permit Area

Figure 2.5-2a Total Monthly Precipitation - LS and Muddy Gap
Meteorological Stations

Figure 2.5-2b Total Monthly Precipitation - LC, LS, Muddy Gap, Jeffrey City,
and Rawlins Meteorological Stations

Figure 2.5-3a Wind Speed and Direction at the LS Meteorological Station

Figure 2.5-3b Comparison of LC and LS Wind Data

Figure 2.5-4 Comparison of LC and LS Stability Data

Figure 2.5-5 Locations of Non-Radiological Air Particulate Samplers

Section 2.6 Geology and Soils

Figure 2.6-1 Regional Geologic Map

Figure 2.6-2a Geologic Cross Section Schematic

Figure 2.6-2b Stratigraphic Column, Upper Battle Spring Formation

Figure 2.6-3 Historical Seismicity Map

Figure 2.6-4 UBC Seismic Zones

Figure 2.6-5 Active Fault Systems in the Vicinity of the Permit Area

Figure 2.6-6 2,500-Year Probabilistic Acceleration Map

Figure 2.6-7a Soils (1:100,000)

Figure 2.6-7b Soils (1:500,000)

Figure 2.6-8 Typical Soil Pit

Figure 2.6-9 Soil Sampling Locations

Figure 2.6-10 Existing Road Disturbance

Figure 2.6-11 Typical Two-Track Road

VOLUME 2 of 4

Sectlon 2.7 Hydrology

Figure 2.7-1 Surface Drainage Map for the Lost Creek Permit Area

Figure 2.7-2 Longitudinal Profile along Battle Spring Draw from the Northern
Boundary

Figure 2.7-3 Photo of Crooked Well Reservoir Taken During Spring
Snowmelt Runoff Looking West.

Figure 2.7-4 Storm Water Sampler Installed to Collect a One-Liter Sample of
Snowmelt or Storm Surface Runoff

Figure 2.7-5 Locations of Storm Water and Snowmelt Samplers

Figure 2.7-6 Potentiometric Surface, Wasatch/Battle Spring Aquifers, Great
Divide Basin (After Welder and McGreevey, 1966)

Figure 2.7-7 Regional Hydrostratigraphic Units of Interest, Great Divide
Basin

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
xiii



LIST OF FIGURES (continued)

VOLUME 2 of 4 (continued)

SECTION 2.0 SITE CHARACTERIZATION (continued)
Section 2.7 Hydrology (continued)
Figure 2.7-8 Potentiometric Surface, Tertiary Aquifer System, Great Divide
Basin (After Naftz, 1966)
Figure 2.7-9 Location Map, Lost Creek Monitor Wells
Figure 2.7-10 Site Hydrostratigraphic Units
Figure 2.7-11a DE Potentiometric Surface 12/08/08
Figure 2.7-11b LFG Potentiometric Surface, 12/08/08
Figure 2.7-11c Potentiometric Surface, Overlying Aquifer (LFG), August
1982 and October 2006
Figure 2.7-11d HJ Potentiometric Surface, 12/08/08
Figure 2.7-11e Potentiometric Surface, HJ Production Zone, June 2007
Figure 2.7-11f Potentiometric Surface, HJ Production Zone, August 1982 and
October 2006
Figure 2.7-11g UKM Potentiometric Surface, 12/08/08
Figure 2.7-11h Potentiometric Surface, Underlymg Aquifer (UKM), August
1982 and October 2006
Figure 2.7-12 Location of Well Groups Used to Evaluate Vertical Hydraulic
Gradients
Figure 2.7-13 Location of Pump Tests Conducted in 1982 and 2006
Figure 2.7-14 Location of Pump Test and Monitor Wells, 2006
Figure 2.7-15 Drawdown in the HJ Aquifer at the End of the LC19M Pump
Test
Figure 2.7-16a Potentiometric Surface in the HJ Aquifer at the End of the
LC19M Pump Test
Figure 2.7-16b Drawdown in the HJ Aquifer Near the End of the LC16M
Pump Test
_ Figure 2.7-17 Spatial Distribution of Aquifer Transmissivity
Figure 2.7-18 Location of Historic Site Monitor Wells
Figure 2.7-19 Location of Site Baseline Monitor Wells
Figure 2.7-20a Distribution of TDS, August 1982
Figure 2.7-20b Distribution of Radium-226, August 1982
Figure 2.7-20c Distribution of Uranium, August 1982
. Figure 2.7-21a Distribution of Average TDS-September 2006 to May 2007
Figure 2.7-21b Distribution of Average Sulfate-September 2006 to May 2007
Figure 2.7-22a Piper Diagram-Average Water Quality at Individual Monitor
Wells
Figure 2.7-22b Piper Diagram-Average Water Quality in Aquifers of Interest
Figure 2.7-23a Distribution of Average Uranium-September 2006 to May
2007

Lost Creek Project

NRC Technical Report

Original Oct07; Rev4 Nov10
. Xiv



LIST OF FIGURES (continued)

VOLUME 2 of 4 (continued)

SECTION 2.0 SITE CHARACTERIZATION (continued)
Section 2.7 Hydrology (continued)

Figure 2.7-23b Distribution of Average Radium 226+228-September 2006 to

May 2007
Section 2.8 Ecology

Figure 2.8-1 Vegetation Map

Figure 2.8-2 Upland Big Sagebrush Shrubland

Figure 2.8-3 Lowland Big Sagebrush Shrubland

Figure 2.8-4 Pronghorn Range

Figure 2.8-5 Mule Deer Range

Figure 2.8-6 Elk Range

Figure 2.8-7 Moose Range

Figure 2.8-8 Sage Grouse Leks

Figure 2.8-9 Raptor Nest Locations

Section 2.9 Background Radiological Characteristics

Figure 2.9-1 Scanning System Equipment and Configuration

Figure 2.9-2 Correlation Grid Sampling Design

Figure 2.9-3 Nal-Based Gamma Survey Results

Figure 2.9-4 Nal Gamma Survey Results and HPIC Measurement Locations

Figure 2.9-5 OHV Re-Scan Results

Figure 2.9-6 Soil Sampling and Gamma Survey Results Overlay

Figure 2.9-7 Ra-226 Soil Concentration and Gamma Exposure Rate
Correlation

Figure 2.9-8 Ra-226 and Uranium Soil Concentration Correlation

Figure 2.9-9 Calibration Curves for HPIC versus Nal Detectors

Figure 2.9-10 Three-Foot Nal Detector Height Data

Figure 2.9-11 Three-Foot and 4.5-Feot Nal Detector Height Readings
Correlation

Figure 2.9-12 Calculated Three-Foot-HPIC-Equivalent Gamma Exposure
Rates

Figure 2.9-13 Kriged Estimates of the Three-Foot-HPIC-Equivalent Gamma
Exposure Rates

Figure 2.9-14 Regression Used to Predict Soil Ra-226 Concentrations

Figure 2.9-15 Estimated Soil Ra-226 Concentrations

Figure 2.9-16 Radon and Passive Gamma Sensor Locations

Figure 2.9-17 2009 MILDOS Receptors

Figure 2.9-18 Top 10 Predicted Total Ground Concentration Locations

Figure 2.9-19 Top 10 Predicted Total Ground Concentration Locations
Outside Plant Fenceline

Figure 2.9-20 Modeled Isopleths of Ground Concentrations for Year 6

Figure 2.9-21 2008 Vegetation Sampling Locations

Figure 2.9-22 2009 Vegetation and Surface Soils Sampling Locations

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
XV



LIST OF FIGURES (continued)

VOLUME 2 of 4 (continued)

SECTION 2.0 SITE CHARACTERIZATION (continued)
Section 2.9 Background Radiological Characteristics (continued)

Figure 2.9-23 Soil Profile Sampling Locations

Figure 2.9-24 Sediment Sampling Locations

Figure 2.9-25 Radiological Air Particulate Sampling Locations

Figure 2.9-26 Radon, Passive Gamma, and Radiological Air Particulate
Sampling Locations, 2006-09

Figure 2.9-27 Radon, Passive Gamma, and Radiological Air Particulate
Sampling Locations, 2010-11

"VOLUME 3 of 4

SECTION 3.0 DESCRIPTION OF THE PROPOSED FACILITY
Section 3.1 ISR Process and Equipment
Figure 3.1-1 Regional Map of the Permit Area (repeat of Figure 1.3-1)
Figure 3.1-2 Site Layout (repeat of Figure 2.1-1)
Figure 3.1-3 Lost Creek Project Development, Production, and Restoration
Schedule (repeat of Figure 1.7-2)
Section 3.2 Mine Unit Processes, Instrumentation, and Control
Figure 3.2-1 Alkaline Uranium Leach Chemistry in the Aquifer
Figure 3.2-2 Injection Well Construction '
Figure 3.2-3 Production Well Construction
Figure 3.2-4 Monitor Well Construction
(For Figures'3.2-5a, 5b, and 5c, requesting NRC confidentiality)
Figure 3.2-5a Header House Schematic Plan Side View
Figure 3.2-5b Header House Schematic Production Side View
Figure 3.2-5¢ Header House Injection Side View
Figure 3.2-6 Project Water Balance
Figure 3.2-7 Simulated Drawdown in the HJ Horizon within Five Miles of the
Lost Creek Permit Area - No Recharge

SECTION 4.0 EFFLUENT CONTROL SYSTEMS
Section 4.1 Gaseous Emissions and Airborne Particulates
Figure 4.1-1 Pourbaix Diagram for Uranium in Non-Complexing Aqueous
Media
Figure 4.1-2 Downwind Doses versus Distance from U;Og Spill
Figure 4.1-3 Proposed Plant Ventilation

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
Xvi



LIST OF FIGURES (continued)

VOLUME 3 of 4 (continued)

SECTION 5.0 OPERATIONAL ORGANIZATION, MANAGEMENT,
PROGRAMS, & TRAINING
Section 5.1 Corporate Organization and Administration
Figure 5.1-1 Lost Creek Project Management Organization Chart
Section 5.7 Radiation Safety Controls and Monitoring
Figure 5.7-1 Locations of In-Plant Radiologic Sampling

SECTION 6.0 GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND FACILITY DECOMMISSIONING
Section 6.2 Plans and Schedules for Groundwater Quality Restoration
Figure 6.2-1 Restoration Flow Diagram (repeat of Figure 3.2-6)

SECTION 7.0 ENVIRONMENTAL EFFECTS
Section 7.2 Radiological Effects

Figure 7.2-1 Pathways for Potential Human Exposures

Figure 7.2-2 Locations of Modeled Receptor Points for the Lost Creek Project

Figure 7.2-3a Total Effective Dose Equivalent at Boundary Receptor Points -
Preferred Plant Site

Figure 7.2-3b Comparison of MILDOS Results using Meteorological Data
from LS and LC Stations

Figure 7.2-4 MILDOS-Calculated Doses to a Hypothetical Worker Located
328 Feet (100 Meters) from the Preferred Plant Site — Averaged
over Direction

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
Xvii



LIST OF TABLES

VOLUME 1 of 4

SECTION 2.0 SITE CHARACTERIZATION
Section 2.2 Use of Adjacent Lands and Water
Table 2.2-1 Hunting Statistics for Hunt Areas that Include the Permit Area
Table 2.2-2 Groundwater Rights
Table 2.2-3 Cancelled and Abandoned Wells
Table 2.2-4 Domestic and Stock Wells within Five Miles of the Project Area
Section 2.3 Population Distribution and Socioeconomic Conditions
Table 2.3-1 Demographic Information
Table 2.3-2 Population Distribution
Table 2.3-3 Population Forecasts for the Study Area
Table 2.3-4 Labor Force Statistics
Table 2.3-5 Average Rental Rates
Section 2.4 Historic, Scenic, and Cultural Resources
Section 2.4.1 Historic and Cultural Resources
(separate volume — requesting NRC confidentiality)
Section 2.5 Meteorology, Climatology, and Air Quality
Table 2.5-1a Comparison of Temperature Data - LS and Muddy Gap
Meteorological Stations
Table 2.5-1b Comparison of Temperature Data - LC, LS, Muddy Gap, Jeffrey
City, and Rawlins Meteorological Stations
Table 2.5-2a Monthly Maximum and Minimum Humidity Measured at the LS
Meteorological Station
Table 2.5-2b Average Monthly Maximum and Minimum Humidity Measured
‘ at the LS and LC Meteorological Stations
Table 2.5-3 Distribution of Pasquill Stability Classes at LS
Table 2.5-4 Primary and Secondary Limits for National Ambient Air Quality
Standards
Table 2.5-5 Allowable Increments for Prevention of Significant Deterioration
of Air Quality '
Table 2.5-6 PM,, Concentrations at Lost Creek
Section 2.6 Geology and Soils
Table 2.6-1 Permit Area Stratigraphy
Table 2.6-2 Permit Area Soil Map Units
Table 2.6-3 Permit Area Soil Suitability Ranges
Table 2.6-4 Abandonment Information for Historic Drill Holes

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
xviii



LIST OF TABLES (continued)

VOLUME 2 of 4

SECTION 2.0 SITE CHARACTERIZATION (continued)
Section 2.7 Hydrology
Table 2.7-1 Peak Flow Regression Equations
Table 2.7-2 Calculated Peak Flows for Three Principle Drainages
Table 2.7-3 Historic Water Quality Results for Battle Spring from the
Sweetwater Mill Permit Application
Table 2.7-4 Water Quality Results for Seven Storm Water/Spring Snowmelt
Samples Collected on 17 April 2007
Table 2.7-5 Monitor Well Data
Table 2.7-6 Water Level Data
Table 2.7-7 Horizontal Hydraulic Gradients
Table 2.7-8 Vertical Hydraulic Gradients
Table 2.7-9 1982 and 2006 Pump Test Results
Table 2.7-10 2007 LC19M Long-Term Pump Test Monitor Wells
Table 2.7-11a 2007 LC19M Pump Test Results
Table 2.7-11b 2007 LC16M Long-Term Pump Test Results
Table 2.7-12 Baseline Water Quality Monitoring Parameters
Table 2.7-13 Analytical Results of Baseline Monitoring
Table 2.7-14 Distribution of Samples Exceeding EPA MCL for Radium-
226+228
Section 2.8 Ecology
Table 2.8-1 Summary of Vegetation Data
Table 2.8-2 Rare Plant Species
Table 2.8-3 Prohibited and Restricted Noxious Weeds
Table 2.8-4 Wildlife Species Observed or Potentially Occurring in the Permit
Area
Table 2.8-5 Relative Abundance of Big Game Observations
Table 2.8-6 Sage Grouse Lek Counts
Table 2.8-7 Raptor Nest Locations
Table 2.8-8 T&E Wildlife Species Potentially Occurring in the Permit Area
Table 2.8-9 Wildlife Species of Special Concern
Section 2.9 Background Radiological Characteristics
Table 2.9-1 Soil Sampling and Correlation Grid Results
Table 2.9-2 Gamma Exposure Rate Differences from Two Nal Detector
Heights
Table 2.9-3 Analytical Results for Passive Radon and Gamma Sampling
Table 2.9-4 Analytical Results for Radiological Air Particulate (High-Vol)
Sampling

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
Xix



LIST OF TABLES (continued)

VOLUME 3 of 4

SECTION 3.0 DESCRIPTION OF THE PROPOSED FACILITY
Section 3.1 ISR Process and Equipment
Table 3.1-1 Lost Creek Water Supply Wells

SECTION 4.0 EFFLUENT CONTROL SYSTEMS
Section 4.1 Gaseous Emissions and Airborne Particulates
Table 4.1-1 Comparison of NRC Accident Scenario for Thickener Failure and
Spill with Lost Creek Project Emergency Response
Table 4.1-2 Preliminary Fan Specifications
Table 4.2-1 Example of Waste Stream Composition for Deep Disposal Well
Table 4.2-2 Summary of Initial Cleanup Criteria

SECTION 5.0 OPERATIONAL ORGANIZATION, MANAGEMENT,
PROGRAMS, & TRAINING :
Section 5.2 Management Control Program
Table 5.2-1 Summary of Internal and External Reporting Required by NRC
Section 5.7 Radiation Safety Controls and Monitoring
Table 5.7-1 Summary of Routine In-Plant Radiation Surveys and Monitoring
Table 5.7-2 Suggested Instruments to be Used for Monitoring
Table 5.7-3 Dose Conversion Factors and Dose Coefficients for the Uranium
Decay Series
Table 5.7-4 Baseline Water Quality Monitoring Parameters

SECTION 6.0 GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND FACILITY DECOMMISSIONING

Section 6.1 Completion of Production Operations

Table 6.1-1 Anticipated Production Zone Water Quality Before Restoration
Section 6.2 Plans and Schedules for Groundwater Quality Restoration

Table 6.2-1 Restoration Groundwater Quality Parameters

Table 6.2-2 Typical Specification Data for Removal of Ion Constituents
Section 6.3 Mine Unit Reclamation

Table 6.3-1 Approved Permanent Seed Mixture
Section 6.8 Financial Assurance

Table 6.8-1 Surety Estimate

SECTION 7.0 ENVIRONMENTAL EFFECTS
Section 7.1 Site Preparation, Construction, and Operations
Table 7.1-1 Itemized Calculations on the Areas of the Expected Disturbance

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10



LIST OF TABLES (continued)

VOLUME 3 of 4 (continued)

SECTION 7.0 ENVIRONMENTAL EFFECTS (continued)
Section 7.2 Radiological Effects

Table 7.2-1 MILDOS Modeling Results — Preferred Plant Location

Table 7.2-2 MILDOS-Calculated Doses to a Hypothetical Worker Located
within 328 Feet (100 Meters) from Plant 1

Table 7.2-3 Population of Towns within 50 Miles (80 km) from the Permit
Area

Table 7.2-4 Estimated Doses to Populations Surrounding the Permit Area

SECTION 9.0 COST-BENEFIT ANALYSIS
Section 9.1 Costs
Table 9.1-1 Estimated Project Costs
Section 9.2 Benefits
Table 9.2-1 Estimated Project Benefits

SECTION 10.0 ENVIRONMENTAL APPROVALS AND CONSULTATIONS
Table 10.0-1 Required Permits and Licenses

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10



ATTACHMENTS

VOLUME 1 of 4

SECTION 2.0 SITE CHARACTERIZATION
Section 2.4 Historic, Scenic, and Cultural Resources
Attachment 2.4-1 Historic and Cultural Resources
(separate volume — requesting NRC confidentiality)
Section 2.5 Meteorology, Climatology and Air Quality
Attachment 2.5-1 Statistical Analysis and Comparison of the Meteorological
Data from the Lost Creek and Rawlins Stations
Section 2.6 Geology and Soils
' Attachment 2.6-1 Typical Geophysical Logs
Attachment 2.6-2 Locations, Total Depths, and Completion Dates of Historic
Exploration Holes

VOLUME 2 of 4

Section 2.7 Hydrology '
Attachment 2.7-1 Evaluation of 2006 Pump Tests (Electronic Version)
Attachment 2.7-2 Evaluation of 2007 19M Pump Test (Electronic Version)
Attachment 2.7-3 Evaluation of 2009 16M Pump Test (Electronic Version)
Section 2.8 Ecology
Attachment 2.8-1 WGFD Wildlife Observations System Data
Attachment 2.8-2 Work Plan for Wildlife 2007
Attachment 2.8-3 MBHFI in Wyoming
Attachment 2.8-4 BLM and WDEQ Correspondence
Section 2.9 Background Radiological Characteristics
Attachment 2.9-1 Data Quality Assurance Documentation
Attachment 2.9-2 Data Quality Control Documentation
Attachment 2.9-3 Final Baseline Gamma Survey and Ra-226 Soil Maps
Attachment 2.9-4 HPIC-Adjusted Gamma Datasets (Electronic Version )
Attachment 2.9-5 Additional Information - Background Gamma Radiation
Survey and Soils Sampling
Attachment 2.9-6 Technical Memorandum: 2008 Vegetation Sampling
Attachment 2.9-7 Technical Memorandum: Vegetation, Soil, and Sediment
Sampling (Addendum (laboratory data sheets) in Electronic
Version)
Attachment 2.9-8 2008 and 2009 Tissue Sampling Results
Attachment 2.9-9 Technical Memorandum: Radiological Air Particulate
Sampling

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10



ATTACHMENTS

VOLUME 3 of 4

SECTION 4.0 EFFLUENT CONTROL SYSTEMS
Attachment 4.1-1 Preliminary HVAC Designs (Plates M1 through M4)
Attachment 4.2-1 Storage Pond Specifications

SECTION 5.0 OPERATIONAL ORGANIZATION, MANAGEMENT,
PROGRAMS, & TRAINING
Section 5.2 Management Control Program
Attachment 5.2-1 Table of Contents and Executive Summary for Quality
Assurance Program
Section 5.7 Radiation Safety Controls and Monitoring
Attachment 5.7-1 Site Specific Risk Analysis for a Spill of Pregnant Lixiviant
in the Field ‘
Attachment 5.7-2 Site Specific Risk Analysis of Potential Interactions
between Chemical Systems and Radioactive Material
Attachment 5.7-3 Ludlum Instrument Maintenance and Calibration
(Electronic version)
Attachment 5.7-4 RESRAD Files (Electronic version)

SECTION 6.0 GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND FACILITY DECOMMISSIONING
Section 6.2 Plans and Schedules for Groundwater Quality Restoration
Attachment 6.2-1 Comparison of Lost Creek, Christensen Ranch and Irigaray
ISR Projects, with Respect to Aquifer Restoration

VOLUME 4 of 4

SECTION 7.0 ENVIRONMENTAL EFFECTS
Section 7.2 Radiological Effects
Attachment 7.2-1 MILDOS-AREA Modeling Results

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10

xxiii



PLATES

VOLUME 1 of 4

SECTION 2.0 SITE CHARACTERIZATION
Section 2:6 Geology and Soils

Plate 2.6-1a Geologic Cross Section A-A’
Plate 2.6-1b Geologic Cross Section B-C
Plate 2.6-1¢ Geologic Cross Section C-D
Plate 2.6-1d Geologic Cross Section D-E
Plate 2.6-1e Geologic Cross Sections F-F, G-G, and H-H
Plate 2.6-2a Lost Creek Shale Isopach Map
Plate 2.6-2b HJ Sand Isopach Map
Plate 2.6-2c Sagebrush Shale Isopach Map
Plate 2.6-2d UKM Sand I[sopach Map
Plate 2.6-3 Soil Survey Mapping Units :
Plate 2.6-4a Structural Contour Map, FG Sand Unit
Plate 2.6-4b Structural Contour Map, Lost Creek Shale Unit
Plate 2.6-4c Structural Contour Map, HJ Sand Unit
Plate 2.6-4d Structural Contour Map, Sagebrush Shale Unit
Plate 2.6-4e Structural Contour Map, KM Sand Unit

VOLUME 3 of 4

SECTION 3.0 DESCRIPTION OF THE PROPOSED FACILITY
Section 3.1 ISR Process and Equipment -
Plate 3.1-1 Plant Site Plan

Lost Creek Project
NRC Technical Report
Original Oct07; Rev4 Nov10
Xxxiv





