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CROW BUTTE RESOURCES, INC.

86 Crow Butte Road
P.O. Box 169 (308) 665-2215
Crawford, Nebraska 69339-0169 (308) 665-2341 - FAX

February 27, 2009

Mr. Stephen J. Cohen, Project Manager
Uranium Recovery Licensing Branch
Decommissioning and Uranium Recovery Licensing Directorate
Division of Waste Management and Environmental Protection
Office of Federal and State Materials and Environmental Management Programs
U.S. Nuclear Regulatory Commission
Mail Stop T8-F5
Washington D.C. 20555-0001

Subject: Response to letter received November 20, 2008 (Dated November 17,
2008) - Request for Additional Information, License Amendment for the
North Trend Expansion Area, Crow Butte Resources, Inc., Crawford,
Nebraska, Source Materials License SUA-1534 (TAC J00523)

Dear Mr. Cohen:

By letter dated November 17, 2008, the U.S. Nuclear Regulatory Commission (NRC)
staff, upon its technical review of the North Trend application, requested additional
information regarding several sections of the application. In response to that request,
Crow Butte Resources, Inc. (CBR) is providing written responses to the NRC request for
additional information and revised portions of CBR's application amendment for the
North Trend Expansion Area (Technical Report - Volume I). Only the portions of the
application that were. revised are included with this submittal for replacement in the
original CBR amendment application. In some cases, it was necessary to duplicate some
pages without changes due to the addition of text and changes in page numbers. Each
page with text changes is ,so noted in the footer with the revised date.

If you or your staff has any questions on the responses or revisions, please contact me at
(720) 879-5518.,

Sincerely,
CROW BUTTE RESOURCES, INC.

Steve Collings ."
President

Attachments: As Stated

cc: Jim Stokey, General Manager
CBR File
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CROW BUTTE RESOURCES, INC.
LICENSE AMENDMENT

LICENSE SUA-1534
NORTH TREND EXPANSION AREA

RESPONSES TO NRC REQUEST FOR ADDITIONAL INFORMATION

Section 2.1 Site Location and Layout

1. Crow Butte Resources (CBR) states that almost all of the minerals leased in
the North Trend are on private lands. Figure 1.3-2 of the application shows the land
ownership in the proposed North Trend. Please provide the owners of the mineral
resources that are not privately owned.

CBR Response

All of the mineral resources located within the NTEA project boundary are privately
owned. There are no state or federal minerals. This statement was added tO Section 2.1.

2. At least one figure in Section 2.1 should present any restricted areas and
fencing. Question 1 in Section 5.6 raises a similar issue.

CBR Response

Figure 2.1-3 was modified to show restricted areas, fencing, fuel storage, and chemical
storage area. Figure 3.2-1 was also revised to show the restricted areas of the North
Trend Satellite Facility building.

This issue was also addressed in comments on Section 5.6 (Security) of the application.

3. Please specify the datum on topographic maps presented in the application,
reference the geographic information system data used in various maps, and specify
the longitude and latitude for the site boundary vertices and the processing plant
centroid.

CBR Response

The datum *on topography maps presented in the application is
geographic coordinate reference. system
NAD 1927 StatePlane Nebraska North FIPS_2601 USFoot.
latitude for the site boundary vertices are as follows (based
Geographic 1927):

NAD 1927, and the
(projection) is
The longitude and
on North American
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CROW BUTTE RESOURCES, INC.

42.74144929444
4"2.74169540043
42.74157628544
42,73431367384
42.73420565436
42.72678037447
42.72386083279
42.72385990981
42.71651346518
42.71645786170
42.70580496067
42.70542360871
42.69805348018
42.69796633483
42. 70915483078
42. 70914729451
42.72684011471
42.74144929444

-103.43724448563
-103.42295620353
-103.41331499917
-103.41339007548
-103.40312336903
-103.40313524253
-103.40331630707
-103.40677120971
-103.407083 72652
-103.40330048344
-103.40317689938
-103.41266590806
-103.41285974467
-103.4228 7678285
-103.42292891847
-103.42856317505
-103.42859161309
-103.43724448563

The latitude and longitude for the centroid of the processing assets (Satellite Facility and
Evaporation Ponds) is: 42. 724112/-103.416047.

Section 2.2 Uses of Adjacent Land and Waters

1. Please state whether or not the two domestic supply wells within the North
Trend will be used for domestic supply during in situ leach (ISL) operations at the
North Trend. If so, please discuss the manner in which the water quality in these
wells will be protected, or reference a section in the application where such a
discussion exists.

CBR Response

The only residence within the NTEA is supplied by two water supply wells (Wells 83 and
84) which are completed in the relatively shallow Brule Formation. There is no domestic
use of groundwater from the Basal Chadron Sandstone within the NTEA. The Brule
Formation is vertically and hydraulically isolated from the aquifer proposed for
exemption. Based on population projections future water use within the NTEA and the
2.25-mile AOR likely will be a continuation of present. use. It is unlikely that any
irrigation development will occur within the NTEA due to the limited water supplies,
topography, and climate. Irrigation within the review area is anticipated to be consistent
with the past (e.g., limited irrigation in the immediate vicinity of the White River).
Restrictions have been placed on irrigation development in the Upper Niobrara- White
Natural Resources District, which includes Dawes County and the NTEA site. As a
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result, no additional water rights for irrigation purposes are currently available in the
NTEA area. It is anticipated that the Town of Crawford water supply will continue to be
provided by the groundwater and infiltration galleries related to the White River and
associated tributaries.

During operations at the North Trend Satellite Facility, a detailed water sampling
program, will be conducted to identify any potential impacts to water resources in the
area. CBR's operational monitoring program includes the evaluation of groundwater
within the permit area. All private wells within 0.6 mile (1 kilometer) of the proposed
NTEA wellfield area boundary will be sampled quarterly during operations, including the
two water supply wells located within the NTEA, with the landowner's consent.
Standard operating procedures to be use for the North Trend operations will enhance
protection of private wells in the area. These procedures are discussed in Chapter 3.0
and Section 5.7.] and 5. 7.8. Such operations would include protective measures such as
the following:

A ring ofperimeter monitor wells are located around each wellfield and screened
in the ore-bearing Chadron Aquifer. In addition, shallow monitor wells will be
placed in thefirst overlying aquifer (i.e., Brule Formation) above each wellfield
segment. Sampling of these wells will be done on a biweekly basis. These wells
will be monitored routinely in order to ensure lixiviant does not migrate from the
production area. Any detected excursions are corrected as soon as possible so
that excursions do not impact nearby wells or the environment.

Field testing of all injection, production, and monitor wells will be performed to
demonstrate the mechanical integrity of the well casing (Mechanical Integrity
'Test [MIT]). In addition, all piping is leak tested prior to production flow and

-following repairs or maintenance.

The North Trend operations will have an instrumentation system that will allow
for extensive monitoring and control of all waste flows, wellfield flows and
recovery plant operations. Wellfield houses will be equipped with wet alarms to
monitor the presence of liquids in the wellhouse house sumps. These processes
will allow for the detection of releases and allow for a fast response to such a
release.

" Proven well construction methods and casing materials will be. used for the
construction and installation ofproduction and injection wells, which ensures the
long-term integrity of such wells and minimization of any unplanned releases to
groundwater.

* Wellfield areas are installed with dikes or berms to prevent spilled process
solutions from entering surface water features. Process buildings would be
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constructed with secondary containment, and a regular program of inspections
and preventive maintenance would be in place.

Groundwater impacts of operations are discussed in Section 7.2.6. of the technical
report.

Section 2.5 Meteorology

1. Please confirm that precipitation and temperature data from Chadron,
Nebraska, are comparable to Crawford, Nebraska. NRC staff notes that spring and
summer rain showers often occur as scattered thunderstorm cells; therefore,
precipitation at one location may not be representative of another.

CBR Response

A comparison of high and low temperature data for both locations indicate data trends
are comparable. In order to demonstrate this trend, comparisons were made of the high
and low temperature data for Chadron and Crawford. Comparisons of rainfall were
made for Chadron and Crawford. While rainfall was found not to be exactly the same on
a daily basis, the trend does show that rainfall events are typically logged at both
locations. A more in depth discussion, with figures and tables, wa's added to Section
2.5.2 and.2.5.3 of this applicLation to demonstrate that precipitation and temperature data
are comparablefor Chadron, NE and Crawford, NE.

2. CBR did not provide local humidity data. Instead, data from Scottsbluff,
Nebraska, and Rapid City, South Dakota, were presented for the site. Considering
the distance of these locations to the site, please explain how this data is
representative of conditions at Crawford, Nebraska.

CBR Response

While Rapid City, South Dakota and Scottsbluff Nebraska are greater than 50 miles from
Crawford, Nebraska, the humidity is comparable and-the best estimate for available data.
Overall, the humidity in Chadron is slightly higher than in either Rapid City or
Scottsbluff The average humidity for 2006for Chadron, Scottsbluff and Rapid City
were 61.6 %, 57.5 %, and 56.8 %, respectively. While Chadron may be slightly closer in
distance to the project location in Crawford, the elevation of Crawford (3,679ft.) is more
consistent with the average elevation of Scottsbluff and Rapid City (average elevation of
3,565ft.) in comparison to Chadron (3,369ft.). The higher elevation of Crawford may
make the humidity slightly lower than Chadron and consistent with the data provided in
the original report.
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While the differences in humidity are slight for the three weather stations discussed
above, the use of slightly lower humidity data would be more conservative from an air
emissions modeling standpoint. A lower humidity would predict impacts at a greater
distance from the emission source. Additional language was added to Section 2.5.4 as to
the representativeness of the humidity data for Scottsbluff NE, Rapid City, SD and
Crawford, NE.

3. CBR did :not conduct any air sampling for radiological constituents at the
North Trend because "there will be no sources of radiological air emissions." NRC
staff disagrees with this statement because surface spills of pregnant lixiviant could
be a source of radiological emissions that eventually became entrained and airborne.
Furthermore, NRC staff cannot accept, as, justification, conclusions that no
radiological emissions sources exist without supporting information.

CBR Response

Radon gas, is. .expected to be the major radiological emission at the North Trend
operations. The air dispersion of radiological particulates during routine operations is
not expected to be major issue at the NTEA since there will be* no yellowcake drying and
packaging operations. These later operations are the major .source of radioactive
particulates for uranium in situ operations. However, surface spills' ofpregnant lixiviant
could be a source of radiological emissions that could eventually become entrained and
airborne. Preoperational ambient atmospheric radon and air particulate monitoring
(Uranium, Ra-226 and Pb-21 0).% were collected at designated air monitoring stations
(1996-199 7 and 2004-2005) Preoperational baseline direct radiation (gamma) measures
were also made at the abovementioned air monitoring stations and the proposed North
Trend Satellite Facility. In addition preoperational vegetation, soils, surface water and
.groundwater preoperational sampling for the North Trend area were also completed.
Additional vegetation, soils and gamma surveys will be completed to better document
baseline conditions for site conditions within the NTEA. A description of the completed
monitoring programs including the results of monitoring, and planned monitoring
activities are presented in Section 2.9.

The primary new emission source of non-radiological pollutants will be tailpipe
emissions of nitrogen oxides (NOr), carbon monoxide (CO), sulfur dioxide (SO2), non-
methane-ethane volatile organic compounds (VOC), and particulate matter with a
diameter less than ten micrometers (PMIo) resulting from vehicle traffic within the North
Trend Expansion Area. Approximately 6-8 vehicle trips per day (VTPD) are anticipated
as part of regular operations. These vehicles are expected to be light duty pick-up style
trucks. Heavy equipment in the form of drill rigs, equipment haulers, or water trucks will
be used as. necessary and are anticipated to average less than one VTPD. These
emissions are expected to be minor and should not affect the local ambient air quality.
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Although there are no ambient air quality monitoring data for these non-radiological
pollutants in the license area, PM10 concentrations have been measured in Rapid City,
South Dakota and Badlands National Park in South Dakota. Both locations are
geographically similar to the license area.

The Rapid City data were collected at the National Guard Camp Armory site about 2
miles west of the city. This are is classified as suburban. The Badlands data were
collected in an area classified as rural. Because of the degree of urbanization, the air
quality at the license area would probably fall somewhere between the air quality at
these two locations. These data were obtained from the United States Environmental
Protection' Agency (USEPA) air quality monitoring database (USEPA 2007), and are
presented in Table 2.5-14.

The National Ambient Air Quality Standards (NAAQS) for PM1o are 150 micrograms per
cubic meter (24-hour average), and 50 micrograms per cubic meter (annual average). All
counties within the 80-km radius or the project are in attainment ofNAAQS.

Section 2.5.6 (Air Quality) of this application has been revised to address air issues
associated with potential spills of pregnant lixiviant. Discussions were added to address
preoperational air monitoring for radiological parameters that has been completed, as
well as plans for additional radiological monitoring.

4. CBR states that it collected meteorological data from on site station from
1982 to 1984. ,Please explain how data that is over 24 years old is applicable to the
current site conditions.

CBR Response

The following discussion was added to Section 2.5.5 of this application in an attempt to
demonstrate the validity of using CBR's onsite 1982 to 1984 meteorological data.

Wind patterns at a specific site do not change significantly from year to year, but will
change significantly for different locations. Unlike some other meteorological
parameters, -wind patterns are notably influenced by local topography. This is the case
.for the Crawjord area.

The wind rose diagram in Figure 2.5-4 from the Technical Report, North Trend
Expansion Area shows the wind direction for Scottsbluff Nebraska for 1984 to 1990. A
comparison of this wind rose to the monthly wind roses located on the Natural Resources
Conservation Service (NRCS) website (NRCS 2009) for 1961 to 2003 for Scottsbluff
Nebraska shows consistent wind direction trends. The same comparison and conclusion
was made for Figure 2.5-5 (wind rose for Rapid City, South Dakota, 1984 to 1990) and
the wind roses on the NRCS website (NRCS 2009)for 1961 to 2003for Rapid City, South
Dakota. This shows that over time the wind patterns for a specific location remain

1 
0
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consistent. However, a comparison of Figure 2.5-4 and 2.5-5 to Figure 2.5-5 (NTEA)
show that Scottsbluff and Rapid City have different predominant wind patterns than the
project site (Figure 2.5-5). Because of the differences among the sites discussed above,
Rapid City, and Scottsbluff, the two-year Crow Butte site wind record is considered the
most representative.

CBR recognizes the importance of capturing local wind patterns since this data is used to
determine the predominant air pollutant dispersion direction. The 1982 to 1984
meteorological data from the Crow Butte Project station was used to show -the trends in
wind patterns for the project site. This older data is the only data available from the
onsite monitoring station. For evaluation of wind patterns, older data from the actual
site is more representative than recent data from available off-site weather stations. The
wind patterns are largely impacted by local terrain, and these 1982 to 1984 data should
be considered to still be climatologically valid, and hence, appropriate for regulatory
purposes. If data requirements, characteristics of the surrounding area, or approved air
quality/radiological model requirements change the meteorological data may need to be
reprocessed for use. However, at the current time, with the limited air/radiological
modeling required for a satellite facility that is basically a wet process, the current
meteorological database appears adequate for North Trend. In addition, as discussed
above, wind patterns (e.k., wind roses) have not changed significantly over a 40-year
periodfor Scottsbluff and Rapid City, which would suggest there would be no significant
changes with wind patterns at the CRB meteorological monitoring site.

2.6 Geology

1. CBR provides geologic information from borings collected from the North
Trend, However, CBR presents mineralogical information that originates from the
main facility. Please provide mineralogical information from the North Trend or
demonstrate that the mineralogy for the North Trend is comparable to that of the
main facility.

CBR Response

Grain size distribution and XRD analyses were conducted on eight soil samples that were
collected within the North Trend Expansion Area (NTEA) in March 2008. Six samples
were collected from the overlying confining units with the Chadron Formation and two
samples were collected from the underlying confining units, of the Pierre Shale and
Yellow Mounds Paleosol. The results of the mineralogical and grain size distribution
analyses indicate that adequate confining layers are present both above and below the
Basal Chadron Sandstone production zone. The Technical Report was revised to include
the new site-specific mineralogical information in the appropriate sections pertaining to
selected geologic units.
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2. CBR states that recent boring data indicates that the White River Fault does
not penetrate the Pierre Shale. As part of its justification, CBR states that strata
thickness does not change near the fault. However, a review of the cross sections
clearly indicates thickness changes in the area of the fault. Please provide a more
complete geologic justification that the White River feature, does not penetrate the
geologic units above the Pierre Shale. This discussion should include any new data
or plans to collect more data.

CBR Response

A detailed discussion of the White River structure has been included in Section 2.6.2.7.
The discussion includes the results of an extensive review of more than 130 geophysical
borings and three-dimensional modeling of the fold structure, and presents multiple lines
of evidence that indicate the structure represents a blind fault at depth that is manifested
as a fault-propagation fold within the uppermost Pierre Shale and younger overlying
units of the White River Group.

3. Figure 2.6-5 incorrectly presents Crawford as being in Sioux County, not

Dawes County.

CBR Response

Figure 2.6-5 has been corrected to reflect the correct location of the Town of Crawford
in Dawes County. The updated figure has been included in this response.

2.7 Hydrology

1. In its application, CBR assessed stream flow in the White River, using
various data from 1992 through 2004. However, CBR should assess more recent
stream flow data and assess whether. or not the recent data is comparable to past
data. In this manner, a trend in stream flow may be identified.

CBR Response

The USGS Surface- Water Data for the Nation website was accessed on February 6, 2008
(see http://waterdata.usgs.gov/riwis/sw). More recent stream flow data for the White
River gauging station (#06444000) at Crawford, NE was not available.

2. CBR should dis'cuss or reference the application section that discusses the
manner in which the White River will be protected. Although proposed weilfields
will not be in the '100-year flood plain, a significant release in Section 34 has the
potential to impact the White River.
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CBR Response

The operational areas in-Section 34 nearest the White River having the highest potential
of a major release reaching the White River, will be Mine Units NT-7 and NT-9.
Therefore, risks are primarily associated with wellfeld operations. As described in
response in Section 2.2 above, the North Trend operations will be operated in a manner
to prevent any large releases of mining fluids such as pregnant lixiviant. In addition to
the operational controls, the wellfield areas would be installed with dikes or berms to
prevent spilled process solutions from entering the White River. Wellfield workers at
North Trend conduct daily inspections and would be in a position to observe any such
major releases. Risks associated with a wellfield spill risk are discussed in Section 7.5.4
of the application, and spill contingency plan measures are discussed in Section 5.7.1.3
of the application.

3. Please provide the location of all artesian wells on Figure 2.7-3.

CBR Response

Figure 2. 7-3 was revised to illustrate the locations of artesian wells.

4. Page 2.7-10 states that data for existing wells is over 10 years old and that
groundwater flow regimes are different north and south of the White River.
Therefore, no regional contour maps are presented. Despite these arguments, CBR
should develop and present regional groundwater contour maps because an
understanding of the overall groundwater flow regime is necessary for staff to assess
the manner in which the North Trend operations will be protective of human health
and the environment.

CBR Response

A regional groundwater contour map for the Brule Formation has been included as
Figure 2. 7-2.A more detailed discussion of the regional groundwater flow has been
included in the revised Technical Report.

5. The Brule Formation potentiometric surface map in Figure 2.7-12, does not
present a clear picture of groundwater flow on the entire site due to the small
number of wells from which water levels were collected. Please provide a more
accurate depiction of baseline groundwater flow to provide the staff an
understanding of the potential impacts of the operations on groundwater resources.

CBR Response

A revised groundwater contour map for the Brule Formation in the vicinity of the North
Trend Area has been included in the revised Technical Report. This dataset includes
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more recent water levels for an expanded well network collected in June 2008. A brief
discussion of groundwater flow in this vicinity has also been provided.

2.9 Background Radiological Characteristics

1. CBR states that operational monitoring locations will be the same as the
preoperational monitoring locations. Please clarify whether the operational
monitoring locations will be the 2004 or 1996 locations.

CBR Response

The operational monitoring locations will be the 2004 locations. It is stated on page 2.9-
12 that the operational monitoring sites proposed for the North Trend Satellite facility
will be the same as those use to determine preoperational concentrations of radon in
2004.

2. CBR states that certain parameters were not analyzed for during the
preoperational sampling. However, CBR should explain why it did not
subsequently analyze for the missing constituents and how the missing data affects
the characterization of the site.

CBR Response

During sampling of two sampling stations on the White River (W-1 and W-2) in 2004 and
2005, all samples were analyzed for the concentration of natural uranium, thorium-230,
radium-226, lead-210 and polonium-2]0 with the exception of the first and third quarters
of 2005 when an error in the chain of custody resulting in no analysis for thorium-230,
polonium-210 and lead-210. There were a total of 5 sampling quarters in 2004 and
2005, with 3 of these quarters having analytical results for these latter parameters for
each of the W-1 and W-2 sampling locations. All 6 of the individual results for W-1 and
W-1 (3rd and 4h quarter, 2004 and second quarter, 2005) for thorium-230, polonium-210
and lead-210 were <0.02, <1.0 and <0.10 uCi/ml x 10-9, respectively. RA-226 levels
were also consistent for all of the 9 quarterly sampling periods (<0.2 uCi/ml x 10-9).
There was little variation in the Natural Uranium levels for W-] for 9 quarters (3.6 to 5.0
uCi/ml x 10-9). It was the opinion of CRB that since all of the sample results were less
than the detection limit for three quarters, and there was little variation in the other
radiological parameters, the analytical results appeared to be representative of the White
River at W-1 and W-2. Additional sampling did not appear to be warranted.
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3. CBR monitored the White River from 2004 to 2005 at three locations, W-1,
W-2, and W-3. CBR did not specify whether these sample locations are upstream or
downstream of the facility. Furthermore, no data was provided for site W-3.

CBR Response

Sample locations W-1 and W-2, plus sampling location W-3, were also used for
preoperational monitoring associated with the current CBR operations. W-1 is located
approximately 2.63 miles upstream of the NTEA, south of the south end of the North
Trend site boundary where the White River crosses through the site boundary. The
location of W-1 is such that it is suitable for use as an upstream sample location in
assessing any releases from the NTEA. W-2 is located approximately 4.42 miles
downstream of W-1 and is located approximately 0.94 miles upstream of where the White
River flows along the southeast corner of the NTEA site boundary. W-2 is located such
that measurements are representative of river conditions in close proximity to the
proposed project boundary. Any releases to the surface within the project boundary that
would have the highest potential of reaching the White River, due to being in closer
proximity to the river, would be between W-1 and W-2 (Figure 2.7-1).

W-1, W-2 and W-3 were sampling locations for preoperational monitoring data of the
White River in connection with the current Crow Butte license area (Figure 2. 7-1). W-1
and W-2 are in close proximity to the NTEA, so it was decided to collect additional
preoperational monitoring data only for these two sites. These data, plus the
preoperational data collected for the current Crow Butte license area, resulted in
representative baseline data for the White River in close proximity to the White River.
W-3 was eliminated for additional sampling, since it was located approximately 5.84
miles upstream of W-1, and approximately 2 miles outside of the AOR.

Revisions were made to the text, and sample locations added to Figure 2.7-1,. of the
report to clarify W-], W-2 and W-3 sample locations. Reference to W-3 was deleted
since data from this sample location was not used for reasons given above.

4. Based on the 1998 license renewal amendment, no vegetation sampling was
conducted at the North Trend. Vegetation sampling should have been conducted at
the site because it is a new area regardless of whether vegetation sampling at the
main commercial study area (CSA) facility was discontinued.

CBR Response

In 1996, vegetation samples were obtained once during the grazing season from the five
North Trend air monitoring locations (NE-1 through NE-5) and analyzed for natural
uranium, thorium-230, radium-226, lead-210 and polonium-210. The NTEA
preoperational radiological sampling locations are shown in Figure 2.9-1 of the NTEA
Technical Report - Volume I. CBR did not conduct any more recent vegetation sampling
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at these sampling locations or on the North Trend site due to guidance in USNRC
Regulatory Guide 4.14 which states that vegetation sampling should be conducted only if
dose calculations indicate that the ingestion pathway from grazing animals is a
potentially significant pathway, defined as resulting in a dose in excess offive percent, of
the applicable protection standard. MILDOS calculations (Section 7.3) performed for
the Application preparation supported this position. The preoperational radiological
monitoring requirements of Regulatory Guide 4.14 for vegetation• are geared toward air
particulates associated with "milling operations", which for in situ mining would be
yellowcake drying and packaging. Since the North Trend Satellite Facility would be a
"wet" operation producing no yellowcake or dried yellowcake, it did not appear that
vegetation sampling was needed, as per USNRC Regulatory Guide 4.14. However, since
NRC's position is that vegetation sampling should have been conducted because the
NTEA is .a new area, and spills may occur requiring a comparison to preoperational
background levels, CBR will conduct vegetation sampling as required in USNRC
Regulatory Guide 4.14. This sampling will be conducted during the 2009 growing
season.

Section 2.9.5 (Baseline Vegetation Monitoring) has been revised to reflect the above
changes to the vegetation preoperational monitoring program. Sampling locations are
depicted in a new figure (Figure 2.9-4) and a description of the sampling program
presented in the text.

5. CBR collected soil samples and gamma measurements from the area of the
proposed plant; however, no samples were collected over the entire site. Because
piping leaks may occur throughout the site resulting in soil contamination, site-wide
radiological characterization would be necessary to understand radiological
variations throughout the site and determine compliance with NRC's regulations.

CBR Response

CBR will conduct additional preoperational surface/subsurface soil sampling and
radiological analysis, and gamma measurements, to develop background levels that
could be used for comparison to operational areas impacted by operational spills and/or
other types qf releases. This sampling would be conducted as per USNRC Regulatory
Guide 4.14. The one exception to this would be surface soil sampling and gamma
measurements out to a distance of 1500 meters, as required by the above-referenced
guide. The distances from the center point of the North Trend and Ponds and the site
boundary in some directions are less than 1500 meters. Therefore, for those lines, soil
sampling and gamma measurements would be conducted for the distances between the
facility center point and site boundary. An explanation of the additional soil sampling
and gamma survey program and a new figure showing sampling locations (Figure 2.9-4)
have been added to Section 2.9.6 (Baseline Soil Monitoring).
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6. CBR needs to provide correlations between soil samples, sodium iodide
readings and energy independent exposure rate concentrations.

CBR Response

While this information would be useful to regulatory agencies as well as CBR,
correlations between soil samples, sodium iodide readings and energy independent
exposure rate measurements are not suggested in USNRC Regulatory Guide 4.14 nor are
they, required to demonstrate compliance with NRC regulations. Energy independent
exposure rate measurements were not made nor were sodium iodide measurements
collected at every soil sampling location. The limited range of the soil concentration
data and the gamma 'count-rate data suggest that the primary departure from the mean
Ra-226 concentration may arise from the statistical counting error. Therefore it is
unlikely that a meaningful correlation could be determined for this site. Section 2.9.6
suggests additional gamma surveys and possibly soil sampling will be conducted once the
final site for the satellite area is established. Correlations between soil samples, sodium
iodide readings and energy independent exposure rate measurements will be performed
at this time if areas of the site exhibit significantly different gamma count rates.

3.1 In Situ Leach Process and Equipment

1. On page 3.1-2, CBR specifies that wells will be constructed of polyvinyl
chloride. However, CBR does not discuss well screens. Please provide information
regarding screen composition and construction.

CBR Response

A description of the well screen, including types, screen size, composition, and
construction was added to Section 3.1.2.2. Well Construction Methods.

2. Section 3.1.2.2 discusses three well construction methods. Please discuss the
particular conditions in which each of these methods would be used, and discuss
which method is preferable.

CBR Response

Section 3.1.2.2 was rewritten in order to better explain under what conditions each type
of well would be used, and the preferred well construction method.
3. In Section 3.1.2.3, please discuss how development water is handled after well
development is completed.
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CBR Response

Section 3.1.5 (Weilfield and Process Waste) discusses process wastewaters generated by
the weilfield and Satellite Facility. An additional paragraph was added to that section to
better explain how water generated during well development would be handled.

4. In Section 3.1.3, CBR includes a production and restoration schedule.
Considering CBR's current experience with wellfield restoration, the restoration
timeline appears too short. Please confirm the restoration timeline. Also,
considering our timeliness in decommissioning regulations, as specified in 10 CFR
40.42, the schedule submitted by CBR is considered an alternate restoration
schedule. CBR must formally request an alternate restoration schedule in its
application, and deviations from this schedule require a license amendment;
therefore, the schedule should be accurate to the extent practicable.

CBR Response

The following paragraph was added to Section 3.1.3 Wellfield Design and Operation:

CBR is proposing a 3-year restoration schedule for the NTEA individual mine units
(Figure 3.1-5). Based on decommissioning timeline regulations specified in 10 CFR
40.42 (g) (2), CBR's schedule of 3 years, as opposed to the NRC's requirement of 2 years
for completion of decommissioning, will be considered an alternate restoration schedule.
The NRC must approve such an alternate schedule, as per 10 CFR 40.42 (g) (2). CBR
will request a formal alternate restoration schedule in the NTEA license application, with
timeline deviations requiring a license amendment. CBR is of the opinion,' based on
recent restoration experience, thatfull restoration of a mine unit will take approximately
3 years.

5. In Section 3.1.3, CBR states, on multiple occasions, that strict quantification
of the production impacts is difficult because of the White River structural feature
and that further investigation is required. Please provide a schedule and the objectives
for this future investigation.

CBR Response

Further investigations were conducted on the geometry and kinematics of the structure,
as well as the hydrological affects of folding. A three-dimensional geologic model was
developed as a data analysis tool and was based on an extensive review of available
geophysical logs. Results indicated that the fault does not cut upsection into the Basal
Chadron Sandstone (or younger geologic units). Instead, the fault terminates at depth as
a "blind fault" that is manifested as a fault-propagation fold within the White River
Group. Water levels from the Basal Chadron Sandstone indicated steepened hydraulic
gradients in the vicinity of the fold structure. This implied reduced transmissivity in the
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vicinity of the fold as a result of structural thinning of the Basal Chadron Sandstone on
the northern limb of the fold. Though other explanations are possible, reduced
transmissivity seems the most plausible explanation based on the available data. A
detailed discussion of these analyses was provided in Sections 2.6. 2. 7 and 3.1.3.

3.2 Processing Plant, Wellfields, and Equipment

1. Figure 3.2-1 presents six ion exchange columns; however, Section 3.2.1 states
that eight columns will be operating. Please correct this discrepancy. Also, the
application does not explain the significance of using downflow columns.

CBR Response

Figure 3.2-1 shows 8 ion exchange columns. Six of the columns (IX-21 through JX-26)
are larger columns configured in a single row used to process the leach solution, with
two additional smaller ion exchange columns (IX-29 and IX-30) located at one end of the
other aligned. columns to process the restoration flow.

2. Please explain how carbon dioxide is used at the facility. CBR states that
sodium bicarbonate is used in lixiviant, therefore, the purpose of the carbon dioxide
is unclear.

CBR Response

An explanation of how carbon dioxide, and other chemicals, is used at the facility was
added to Section 3.2.1 North Trend Satellite Equipment.

3. CBR needs to provide the locations of all chemical storage facilities including
gasoline and diesel storage areas.

CBR Response

Figure 3.2-1 was revised to shown the locations of chemical storage facilities and the
gasoline/diesel storage area

4. Figure 3.2-3 is entitled, "Central Processing Plant." If this is a representation
of the North Trend Plant, then it should becalled a satellite plant to avoid
confusion, as the Central Processing Plant is located at the main Crawford facility.

CBR Response

This is a representation of the current Central Processing Plant, not the North Trend
Plant.
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3.3 Instrumentation and Controls

1. CBR does not provide any information regarding the type of flow meters and
pressure sensors to be used, how they will be monitored, and how the clogged
pressure sensor issues at the main facility will be avoided in the North Trend.

CBR Response

A discussion of the type of the control systems, flow meters and pressure sensors and how
they" will be monitored, was added to Section 3.3 Instrumentation and Controls.
Problems with clogged pressure sensors that have been experienced at the current CBR
operations will be resolved primarily with the installation of pressure switches to each
injection manifold in the Header House to alert the plant and wellfield operators of
increasing manifold pressures. Pressure gauges, pressure shutdown switches and
pressure transducers will be used to monitor and control trunkline pressures.

2. CBR references it Environmental Health and Safety Management System
(EHSMS) manual regarding health physics instrumentation. However, for the
purposes of this application, CBR should provide a description of its radiation
monitoring equipment. Descriptions should include the type and numbers of meters
used.

CBR Response

The types and numbers of health physics instrumentation, and information as to
calibrations, that would be used at the proposed NTEA, have been added to Section 3.3
(Instrumentation and Control).

4.1 Airborne Effluents

1. According to the application, CBR expects that only airborne effluent would
be Ra-222 and some of the sources would be the downflow IX column vents, well
sampling and spills, filter changes, IX resin transfer, and reverse osmosis (RO)
system operation (during restoration), and other potential infrequent releases.
Please explain whether or not wellfield off-gassing is a significant source of radon
and whether or not this is a safety issue.

CBR Response

A more detailed discussion as to wellfield airborne effluents (e.g., wellfield off-gassing)
was added to Section 4.2 (Gaseous and Airborne Particulates). Discussions of
radiological exposure pathways are presented in Section 7.3.
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2. CBR states that the work area ventilation system consists of roof vents and
open doorways. Please provide a more precise explanation of the work area
ventilation system and data that it maintains exposures to 25 percent of derived air
concentration (DAC). Also, please provide the types and expected quantities of
chemical emissions.

CBR Response

CBR has added additional explanations to Sections 4.1.1 (Tank and Process Vessel
Ventilation Systems) and 4.1.2 (Work Area Ventilation System) as to the work area
ventilation system and data that it maintains exposures to 25% of derived air
concentration (DAC) at the current processing facility. A new table (Table 4.1-1) was
added to provide the results of radon daughter monitoring in 2008 for the current
processing facility that demonstrated exposures to less than 25% of the DAC are being
maintained. Exposures at the proposed North Trend operations would be expected to be
less than for current operations, due to lack of uranium recovery operation activities
such as elution, precipitation, and drying.

Other emissions to the air are limited to exhaust and dust from limited vehicular traffic.
There are no significant amounts of process chemicals that will be. used at the satellite
plant. There are no significant combustion-related emissions from the process facility, as
commercial electrical power is available at the site. The'primary types of non-
radiological pollutants that could occur during operations at the North Trend site are
discussed in Section 7.2.1 (Air Quality Impacts of Operations). The North Trend Satellite
operational building would not have combustion devices, except for the propane'heaters
used for heating the building as needed. Except for particulate emissions (Section 7.2. 1),
CBR has not calculated the quantities of chemical emissions associated with the
proposed North Trend operations due to expected limited emissions and potential
impacts.

3. CBR states on-page 4-1 that the only airborne effluent from the North Trend
operations would be radon-222. However, CBR measures and detects airborne
uranium in its main facility despite the fact that is uses a vacuum dryer. Please
explain how CBR can conclude that airborne uranium will not be part of the
effluent stream.

CBR Response

The use of the vacuum dryer is just one operational aspect in the handling of uranium
bearing materials at the current processing facility. Unlike. what is proposed at North
Trend, the pregnant ion exchange resin goes through a stripping process, followed by
processing steps of elution, precipitation, yellowcake thickening, dewatering and
washing, and the yellowcake solids are then discharged to the vacuum dryer followed by
drumming. So, there are additional opportunities at the current processing facility for
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releases (e.g., spills and sampling and maintenance of equipment containing uranium
bearing materials) of uranium bearing solutions that could result in dried, airborne
particulate. matter. Sources of radioactive particulates at North Trend would be
primarily limited to spillages in the plant (i.e., resin transfer) and drying out of the
evaporation ponds. The evaporation ponds would be kept with water cover in order to
prevent such drying and generation of radioactive particulates.

The following clarification as to minimal uranium exposure at the proposed North Trend
operations has been added to Section 4.1 (Gaseous and Airborne Particulates):

The principal radioactive airborne gaseous radiological effluent at the North Trend
Satellite Facility will be Radon-222 gas. Processing at the Satellite Facility will occur in
the form of water based solutions (no yellowcake processing or drying), therefore,
airborne uranium concentrations are expected to be at or near local background levels.
However, one process area where small quantities ofair uranium particulates have the
potential for occurring is the resin transfer station where minor spills may occur. The
loaded ion exchange resin is transferred to a truck for transport to the current processing
facility for completion of uranium recovery. Spills can occur during the transfer of this
loaded resin to trucks, and this is where exposure to uranium particulates is possible. All
spills will be cleaned up as soon as possible to avoid the wet materials from drying and
creating the potentialfor airborne particulates.

One sample point would be established near the resin transfer station and would be
sampled monthly for potential airborne uranium particulates. Some uranium
particulates may also be generated due to minor spills associated with sampling and
maintenance activities. Monitoring activities for routine operationsi maintenance
activities and spill cleanups are discussed in Section 5. 7.

Additional language was added to Section 4.1 to clarify the potential presence of
airborne uranium.

4.2.1 Liquid Wastes

1. On page 4-3, CBR states that during the groundwater sweep phase of
restoration, extracted water will not be re-injected. However, CBR has stated
during multiple site visits and inspections that it re-injects all restoration water
except for the bleed to maintain hydraulic control without needlessly wasting water.
Please confirm CBR's groundwater sweep procedures.

CBR Response

During groundwater sweep,) water would be extracted from the mining zone without
injection, causing an influx ý)f baseline quality water to sweep the affected mining area.
The extracted water must be sent to the wastewater disposal system during this activity.

18



CROW BUTTE RESOURCES, INC.

Historically Crow Butte has not used groundwater sweep, but this option could. be used
in the future if warranted by site conditions. As has been the case with past operations at
Crow Butte, it is anticipated that during restoration groundwater at the NTEA will be
treated using ion exchange (MX) and reverse osmosis (RO). Using this method, there
would be no water consumption activities and only the bleed has to be dealt with for
disposal, with the rest of the treated water being reinjected. CBR is maintaining
groundwater sweep as a potential restoration option in the event its use would be found
to be the preferred alternative for specific site conditions.

2. Regarding evaporation ponds, please provide an analysis'of the short term
stability of the storage ponds and drawings or descriptions of construction materials
to be used. This information is necessary to demonstrate compliance with 10 CFR
40.31(h) regarding the requirements and objectives in Appendix A.

CBR Response

The exact number and capacity of the ponds will depend upon the results of the
determination of the performance of the deep disposal well as far as waste water
disposal rate. In addition, final pond design cannot be completed until completion of the
site geotechnical assessment. This information is currently not available due to the stage
of project development. A license amendment application with pond design and
specifications, which meet the requirements of the most current pond design and
construction Regulatory Guides will be submitted to the NRC prior to pond construction.
In addition, plans for monitor wells used to demonstrate compliance with 10 CFR 40,
Appendix A, Criterion 7a, will be submitted as part of the license amendment. This
clarifying language has been added to Section 4.2.1.1.2 (Evaporation Pond).

3. Please also provide drawings of the planned evaporation ponds that include
the locations of monitoring wells for compliance with 10 CFR 40, Appendix A,
Criterion 7A.

CBR Response

See response no. I for Comment to 4.2.1 (Liquid Wastes) above.

4. Please discuss the manner in which liquid waste generated in the laboratory
is managed.

CBR Response

Liquid waste from the laboratory will be disposed of in either the evaporation pond or
the deep disposal well.
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5.1 Corporate Organization and Administrative Procedures

1. Please confirm that the new name on the license will be Crow Butte
Resources, Inc. d/b/a Cameco Resources. Also confirm that the surety will be issued
in this name.

CBR Response

The name on the license and surety agreement will be Crow Butte Resources, Inc. This
clarifying language was added to the introductory paragraph of Section 5.0.

2. CBR identifies it management structure in Figure 5.1-1 in its application.
CBR needs to specify the organization to which each manager belongs.

CBR Response

Figure 5.1-1 has been revised and incorporated into Section 5 in order to reflect the
organization to which the managers belong to. In addition, the organization chart, as
well as the text of Section 5.1, was updated to address changes to titles, management
positions and responsibilities.

3. Regarding Figure 5.1-1, please identify the Radiation Safety Officer's (RSO)
relationship to the operations personnel and the manner in which the RSO
maintains its independence from operation personnel.

CBR Response

Responsibilities of the RSO were discussed in more detail in Section 5.1, and Figure 5.1-
1 was modified to better address reporting responsibilities of the RSO and the Manager
of Health, Safety and Environmental Affairs, to whom the RSO reports to. This
information helps to explain the independence of these two positions from operations.

4. Please identify the person who has overall responsibility for approving the
North ,Trend facility design including radiological controls (e.g., ventilation
systems), and the manner in which the RSO is integrated into this process.

CBR Response

The President of Crow Butte Resources, Inc. has overall responsibility for approving the
North Trend Facility design including radiological controls. Clarifications made to
Section 5.1 as to the responsibilities of the President, Manager of Health, Safety and
Environmental Affrirs and RSO address the RSO's integration into this process.
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5. Per License Condition 9.4, CBR maintains it EHSMS procedures that
address its safety and environmental protection practices. These procedures are
maintained at the current facility, and NRC staff reviews and comments on the
procedures during inspection. Please identify the person responsible for drafting,
approving, and updating these procedures. Also, please specify the update
frequency.

CBR Response

The Manager of Health, Safety and Environmental Affairs has the responsibility for
drafting, approving and updating EHSMS procedures. At a minimum, the EHSMS is
reviewed once per year and updated as needed. The EHSMS is also updated whenever
there are applicable regulatory and operational changes. The RSO and Safety
Supervisor assist the Manager of Health, Safety and Environmental with the drafting and
updating of the EHSMS.

5.3 Management Audit and Inspection Programs

1. CBR proposes daily inspections to be performed by an RSO, health physics
technician (HPT), or a qualified designated operator conducts a daily walkthrough
inspection of the plant. Please describe the qualifications of the qualified designated
operator.

CBR Response

The Lead Operator serves as the qualified designated operator. The Lead Operator has
been trained in the operations of the facility, and due to the training and operating
experience, is familiar with operating procedures. The Lead Operator also receives
radiation safety and process safety training.

2. CBR also proposed weekly inspections to be performed by the RSO or
Operations Superintendent (or designees in their absence). The aforementioned
personnel conduct an inspection of all facility areas to observe general radiation
control practices and review required changes in procedures and equipment. Please
explain the difference between daily and weekly inspections. Please provide
examples of both types of inspections and a typical person that would serve as a
designee.

CBR Response

Additional discussions were added to Section 5.3.1.1 (Daily Inspections) and Section
5.3.1.2 (Weekly RSO Inspections) to identify the differences between the two types of
inspections and to give examples of both types of inspections. In the absence of the RSO

21



CROW BUTTE RESOURCES, INC.

or Operations Manager, a typical designee in their absence would be the General
Manager or lead Operator.

3. CBR should specify the full-time North Trend employee who would ensure
that the NRC's radiological standards are being met. Furthermore, CBR should
identify those full-time North Trend employees who would be responsible for spill
response.

CBR Response

The RSO has the. ultimate responsibility for ensuring that the NRC's radiological
standards are being met at the North Trend site. The Lead Operator at the Satellite
Facility or Wellfield operations would have the responsibility for responding to any spill
requiring cleanup. Plant operators and wellfield operators, who have received spill
response training, would conduct the cleanup operations. This clarifying language was
added to Section 5.3.3 (Annual ALARA Audits).

I

4. Please provide the number of people expected to work at the North Trend
along a breakdown of technical, managerial, operational and administrative
disciplines.

CBR Response

Additional discussions were added to Section 5.3.3 (Annual ALARA Audits) to explain the
number and type of people expected to work at and periodically visit the North Trend
site. Staffing levels for the current Crow Butte facility and the proposed North Trend
Satellite Facility are also discussed in Sections 7.6.2.

5.4 Health Physics Staff Qualifications

1. RSO Qualifications - Regarding the education requirements of an RSO, CBR
states: "A Bachelor's Degree of an Associate Degree in the physical sciences,
industrial hygiene, environmental technology or engineering from an accredited
college or university or an equivalent -combination of training and relevant
experience in uranium mill/solution mining radiation protection."

This is not consistent with Regulatory Guide 8.31 which does not allow for an
associate's degree in meeting RSO education requirements. CBR should justify how
they meet license condition 9.12 with an RSO having an associate's degree.
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CBR Response

Reference to an associate degree has been deleted and the educational requirements
stated as in Regulatory Guide 8.31.

A bachelor's degree in the physical sciences, industrial hygiene, or engineeringfrom an
accredited college or university or an equivalent combination of training and relevant
experience in UR facility radiation protection. As per Regulatory Guide 8.31, two years
of relevant experience are. generally considered equivalent to 1 year of academic study.

2. HPT Qualifications - Regarding option #1 for the education requirements of
an HPT, CBR states, "An associate degree or 2 years or more of study in the
physical sciences, engineering or a health-related field, or high school diploma and a
combination of experience and training."

This is not consistent with Regulatory Guide 8.31, HPT option #1, which does not
allow for a high school diploma coupled with such limited training and experience.
CBR should justify how they meet license condition 9.12 with an HPT having a high
school diploma with limited training and experience.

CBR Response

Option 1 has been revised to correctly reflect the educational requirements of Option ].

An associate degree or 2 or more years of study in the physical sciences, engineering, or
health-related field.

Option 2 addresses the education requirement allowing for a high school diploma.

5.6 Security

1. CBR refers to "restricted areas of the North Trend" but does not provide
specific details on what areas are defined as restricted areas. CBR should provide a
better description, including a general map, of areas that are controlled for
industrial/property protection purposes and those areas that are restricted within
the meaning of 10 CFR 20.

CBR Response

Figure 2.1-3 and Figure 3.2-1 were revised in order to identify restricted areas and areas
controlled for industrial/property protection purposes for the proposed North Trend
Satellite Facility. In addition, language was 'added to Section 5.6.2 to better explain
security procedures and requirements for employees and visitors.
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2. CBR discusses the security of licensed materials in storage and not in
storage. However, CBR does not discuss pregnant lixiviant. Pregnant lixiviant is a
licensed material, and the security of this material must be addressed.

CBR Response

Discussions as to the security measures associated with pregnant lixiviant were added to
Section 5.6. Pregnant lixiviant is handled as a license material at the North Trend
Satellite Facility and during transport to the current processing facility.

3. According to the application, the active production areas are controlled with
fences and appropriate signs. While ,the main facility is fenced, gates tend to be left
unlocked and unauthorized personnel can gain access to the wellfields. Please
explain how CBR will prevent unauthorized personnel from gaining access to areas
of potential radiological dose.

CBR Response

Additional discussions were added to Section 5.6.2 (North Trend Security) to address
how unauthorized personnel would be prevented from gaining access to areas of
potential radiological dose.

5.7.1.1 Liquid Effluents

L. See comment 4.2.1 regarding re-injection of groundwater sweep effluent.

CBR Response

During groundwater sweep, water would be extracted from the mining zone without,
injection, causing an influx of baseline quality water to sweep the affected mining area.
The extracted water must be sent to the wastewater disposal system during this activity,
such as deep well disposal and/or onsite evaporation ponds. Historically Crow Butte
has not used groundwater sweep, but this option could be used in the future if warranted
by site conditions. As has been the case with past operations at Crow Butte, it is
anticipated that during restoration groundwater at the NTEA will be treated using ion
exchange (IX) and reverse osmosis (RO)% Using .this method, there would be no water
consumption activities and only the bleed has to be dealt with for disposal, with the rest
of the treated water being reinjected. CBR is maintaining groundwater sweep as a
potential restoration option in the event its use wouldý be found to be the preferred
alternative for specific site conditions.

2. The application states that wastewater from the plant is discharged to the
.evaporation ponds, deep injection well, or land application area. NRC staff
notes that, to date, CBR has not used land application. at its current
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Crawford facility. However, if land application is utilized, please provide the
location of this facility and more details regarding its use, monitoring, and
methods of determining compliance with our regulations. CBR should note
that if land application is not fully reviewed as part of this amendment, a
future amendment would be required to use land application.

CBR Response

There are no plans for land application as an alternate groundwater disposal option.
CBR recognizes that in the event land application could serve as a viable disposal
alternative in the future, a license amendment would be needed and submitted to the
NR C.

5.7.2 External Radiation Monitoring Program

1. Radiation detection equipment - CBR does not identify the method of
calibration for survey equipment.. For example, CBR does not state whether it has
developed its own procedures for instrument calibration or if contractors will
calibrate instruments. CBR should discuss the major aspects of instrument
calibration identifying whether or not contractors will perform this function. If
contractors will perform this function, please identify the standards that will be
used and what specific QA/QC requirements apply.

CBR Response

Discussions as to instrument calibration responsibilities and procedures were added to
Section 3.3 Instrumentation and Controls). More detailed discussions as to calibration
procedures can be found in Volume IV, Health Physics Manual, Environmental, Health
and Safety Management System (CBR 2005).

2. Establishing Radiation Areas - CBR should clarify it use of the definition of
a radiation area as defined in 10 CFR 20.1003. CBR has defined an "action, level"
(i.e., an area that requires posting as a radiation area) as exceeding "5.0 mRem per
hour for worker occupied stations." 10 CFR 20 requires the measurement to be
made "at 30 centimeters from the radiation source or any surface that radiation
penetrates." Using CBR's definition of a radiation area, a high radiation area could
exist without the proper posting.

CBR Response

This was an oversight in not spelling out the complete definition of "radiation area" as
defined by, the NRC. CBR's definition of "radiation area" has been revised to better
reflect the complete definition in 10 CFR 20.1003:
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Radiation area means an area, accessible to individuals, in which radiation levels could
result in an individual receiving a dose equivalent in excess of 0. 005 rem (0. 05 mSv) in 1
hour at 30 centimeters from the radiation source or-from any surface that the radiation
penetrates.

3. Public Access to Operations - According to Section 5.6 (Security), North
Trend "will routinely operate 24 hours per day and 7 days per week." Also,
frequent visitors will be allowed unescorted access to the plant site. Considering its
proposed operations, please provide the following:

a. An analysis of public doses for visitors for compliance with 10 CFR
20.1302. Please comment specifically on 10 CFR 20.1302 (b) and 10
CFR 20.1301 (b).

CBR Response

In 10 CFR 20, the definition of a public dose states that "Public dose does not include
occupational dose ".

Section 5.6 of the license amendment application states "Inexperienced visitors will be
escorted unless they are frequent visitors who have been instructed regarding the
potential hazards in various site areas ". These hazards include radiation. If the trained
frequent visitors are on the site in the course of employment and their assigned duties,
CBR believes the dose they receive from licensed sources of radioactive material to be an
occupational dose, not a public dose as stated in the NRC's request for information.
Section 5.6 also states that visitors will not be permitted inside the plant or wellfield
areas without proper authorization. Nevertheless, the highest estimated total effective
dose equivalent (TEDE), as determined using methods .described in Section 7.3.3, for a
downwind receptor near the North Trend Expansion Area is 5.8 mrem/year. This is
based on an occupancy factor of 100% or 8760 hours per year. If the frequent visitor
were onsite for 2000 hours per year (a full work year) and exposed to the same sources
of radiation as the highest downwind receptor, the visitor would receive an annual dose
of 1.2 mrem per year. It is unlikely that even frequent visitors to the North Trend
Expansion area could receive annual doses near the 100 mrem public dose limit.

b. Clarification regarding whether the NTEA "wellfield employees" will

be included in the dosimetry program.

CBR Response

The North Trend plant and wellfield employees would be included in the dosimetry
program.
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c. Regarding 10 CFR 20.1502 (a) (1), please explain whether CBR has
analyzed the cumulative dose to employees working at both the main
CSA plant and the NTEA.

CBR Response

No, CBR has not analyzed cumulative dose to employees working at both the main CSA
plant and the NTEA. Based on the proposed type of operations at the North Trend site
(i.e., wet process) and historical exposures at. the current operations, no significant
increase in risks associated with exposure levels are expected for employees that work at
both sites.

The North Trend operations would have a full-time staff that would be dedicated to
working at that site. However, there may be some employees that would work at both
locations for specified periods of time. Regardless of work locations, all CBR employees
would be monitored for occupational external exposure if the exposure is likely to exceed
10% of the occupational dose limit appropriate for the individual (e.g., adult or declared
pregnant woman), as specified in 10 CFR 20 1201 (a). As stated above, all wellfield and
plant personnel at the North Trend operations would be included in' the dosimetry
program, The RSO would be responsible for determining the radiological monitoring
requirements for all employees based on the facility radiation levels, worker job
locations and tasks, and specific licensing requirements. The RSO would be responsible
for reviewing the dosimetry results and comparing them with past data and regulatory
exposure limits.

d. Regarding 10 CFR 20.1502(a)(1), please explain whether CBR has analyzed
other external occupational dose scenarios such as extremity monitoring for
maintenance and spill response activities.

CBR Response

CBR has data for other external dose parameters such as Shallow Dose Equivalent
(SDE) and Lens Dose Equivalent (LDE) for the existing site. As with the Deep Dose
Equivalent (DDE) it can be shown that the external doses are all less than 10% of the
applicable limits. Extremity monitoring is required when the dose to the extremity is
higher than the dose to rest of the body. This would be applicable to beta doses
associated with aged yellowcake sources as discussed in 5.7.2.1. The North Trend
Expansion area will not have aged sources of yellowcake since it .is frequently
transferring the ion exchange resin to the central plant facility for further processing.
There may be cases such as wellfield piping where Radium-226 has built up in pipe scale
but in these cases the whole body DDE should be similar to the extremity dose:
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5.7.3 Airborne Radiation Monitoring Program

1. Basis of Airborne Radiation Monitoring Program - With respect to sampling
locations, more information is necessary to establish a basis for CBR's long-term
Airborne Radiation Monitoring Program. CBR proposes airborne sampling
locations in Figure 5.7-2. However, considering that the NTEA has no operating
history, a, discussion should be provided on how these proposed locations and the
rest of the facility will be monitored (e.g., purpose, location, and frequency of
monitoring). Please include an explanation on how these locations reflect actual
conditions in the plant, especially during the first year of operation, and how the
figure will be updated to incorporate any changes. This discussion should also
address how airflow will be determined during various operations and different
ventilation configurations.

CBR Response

Additional language was added to Section 5. 7.3 to provide more information on CBR's
Airborne Radiation Monitoring Program. A discussion as to the basis of the selected
sample points in Figure 5. 7-2, how updates will be made to incorporate any required
changes and how airflows will be assessed to assure optimum ventilation patterns.

2. Airborne Uranium Particulate Monitoring:

a. CBR states, "Sample volume will be adequate to achieve the lower limit
of detection (LLD) for uranium in air." CBR should propose an LLD
value and basis.

CBR Response

The LLD value for uranium in air would 5e-" uCi/ml, which is 10% of the DAC.

b. CBR states, "Breathing zone sampling is performed to determine
individual exposure to uranium during certain operations." Please
provide examples of operations where the breathing zone sampling would
be performed.

CBR Response

Since airborne uranium concentrations at the North Trend Satellite Facility during
typical operations are not expected to exceed action levels, it is not expected that
respirator use will be required for such "normal" operation of the satellite facility.
However, anytime the potential exists fbr elevated exposures to employees, respirators
could be required. For example, certain maintenance activities (e.g., tank entry,
disassembly of potentially contaminated piping and equipment, and welding/grinding on
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contaminated piping/equipment), and failure of the process building ventilation system,
could require the use of respirators. The use of respirators at North Trend would be
determined by CBR Standard Operations Procedures (SOPs) and Radiation Work
Permits for specific tasks. CBR's respirator policy and requirements of respirator use
are discussed in detail in CBR's above referenced EHSMS.

c. CBR states, "The Derived 'Air Concentration (DAC) for soluble (D
classification) natural uranium of 5x10 10 ptCi/ml from Appendix B to 10
CFR §§20.1001 - 20.2401 Will be used. This is a conservative method
because the gross alpha results include Uranium-238 and several of
its daughters (notably Ra-226 and Th-230), which are also alpha
emitters."

i. Considering that the air sample is a mixture of radionuclides,
please justify the use of the DAC value of 5x10-°0 tCi/ml which
corresponds to natural uranium with no other radioactive
constituents.

CBR Response

CBR incorrectly stated that using the DA C for Class D natural uranium is a
conservative method provided Thorium-230 is a component of the radionuclide mix.
CBR also incorrectly states that Th-230 would be part -of the expected mix of
radionuclides knowing, as stated in Section 2.9.2.3, that Thorium-230 is not typically
released through the in situ leach mining process and is not a radionuclide of concern.
The expected mix of long lived radionuclides would be predominantly natural uranium
with a lesser amount of Radium-226. The DAC for Radium-226 is 3x] 0-'O° Ci/ml. The
DAC for the mixture would be between the natural uranium DAC and the Radium-226
DAC. CBR believes the use of the natural uranium DAC for comparison to
administrative action levels to be appropriate since most of the expected mixture of
airborne radionuclides is natural uranium and the DACfor natural uranium and radium-
226 are similar. CBR does not claim that the use of the natural uranium DAC is
conservative.

Section 5.7.3 has been revised to clarify the above statements.

ii. Please justify the comment that analyzing gross alpha counts
for airborne uranium and applying the DAC value of 5x 10 -1°
p.Ci/ml for natural uranium is a "conservative method".
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CBR Response

See response to i) above.

iii. Please justify the use of 100 percent class D for North Trend
yellowcake.

CBR Response

The North Trend Expansion area will not produce yellowcake since it will not have a
drying facility. As Section 3.1.4 describes, the primary chemical forms of uranium in
solution at this facility will be uranyl dicarbonate, U0 2(CO)- 2 (UDC) and uranyl
tricarbonate U02 (CO3)j4 (UTC). Both forms are soluble which allows for in-situ
mining. It is also these uranium complexes that are ion exchanged with the resin. Table
1 of Appendix B to 10 CFR 20 does not have a solubility class listing for these uranium
complexes so CBR assumes a. class D solubility due to the fact that these are the primary
chemical complexes dissolved in the mining solutions. CBR is currently conducting
solubility studies on uranium to determine the solubility class.

iv. Please describe specifically what dose is calculated when
comparing airborne uranium levels to the DAC value of 5x10-10

ýiCi/ml.

CBR Response

No dose is calculated when comparing the measured airborne uranium concentrations to
the natural uranium DAC. The purpose for this comparison is to see if the airborne
uranium concentration is greater than the administrative action level of 25% DAC which
triggers an investigation. If internal doses are required to be estimated pursuant to 10
CFR 20.1202, methods described in Section 5. 7.4 of the application will be used.

d. CBR states, "An action level of 25 percent of the DAC for soluble
natural uranium will be established at the North Trend Satellite Plant. If an
airborne uranium sample exceeds the DAC, an investigation will be
'performed." This appears to be a typographical error. It is presumed that the 25
percent action level will be used to initiate an investigation and not the full DAC
value. Please clarify the aforementioned statement.
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CBR Response

The referenced sentence in Section 5.7.3 was revised to correct this typographical error.
The sentence was revised as follows: If an airborne uranium sample exceeds the action
level of 25% of the DAC during routine monthly surveys, an investigation of the cause
will be performed and the sampling frequency would be increased from monthly to
weekly until the airborne uranium levels do not exceed the action level for four
consecutive weeks.

e. CBR's airborne uranium particulate monitoring program appears to
be based on compliance with 10 CFR 20, Appendix B, Table 1 values
for the derived air concentrations. CBR needs to describe how its
program also ensures compliance with 10 CFR 20.1201(e) regarding
the chemical toxicity of uranium (including exposure to multiple
exposures during a time period) and how the "as low as reasonably
achievable" (ALARA) program will be applied to this exposure.

CBR Response

As per 10 CFR 20.1201 (e), in addition to the annual dose limits, the intake of soluble
uranium by an individual is limited to 10 mg in a week in consideration of chemical
toxicity. If exposure to soluble uranium exceeds 25% of the weekly intake allowable of
10 mg, which would be 2.5 mg/week, then the RSO would initiate an investigation into the
cause of the occurrence and initiate corrective actions that may reduce future exposures.
As with any hazardous material handled on the site, the ALARA program would be
applied to such potential chemical exposures as described in Section 2.5 of CBR's Health
Physics Manual of the EHSMS.

Additional discussions were added to Section 5.7.3 to better describe the airborne
uranium particulate monitoring program and compliance with 10 CFR 20.1201(e)
regarding the chemical toxicity of uranium.

3. Conditions Requiring Individual Monitoring of Internal Dose - Based on
CBR's answers to 2 (c) and (d) above, CBR needs to analyze compliance with 10
CFR 1502 individual monitoring requirements and 10 CFR 20.2104 prior dose
determination requirements.

CBR Response

See responses to comments for Section 5.7.4 regarding exposure calculations.

The RSO would use historical and current monitoring and survey data to ensure that
external radiation exposures are less than 10% of the occupational dose limit for all
workers. The external and internal dose that an individual may be allowed to receive in
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the current year may be reduced by the amount of occupational dose received or amount
of intake while employed by any other person. The record of prior occupational dose
that the individual received while performing work involving radiation exposure would
be obtained, as per 10 CFR 20.2104. All new employees would be asked to provide their
past radiological exposure history and asked to sign an Exposure Release Form so
previously radiological exposure history may.be obtained. If a complete record of the
individual's current and previously accumulated occupation dose is not available, it shall
be assumed that in establishing administrative controls under 10 CFR 1201(1) for the
current year, that the allowable dose limit for the individual would be reduced by 1.25
reins (12.5 mSv) for each quarter for which records Were unavailable and the individual
worker engaged in activities that could have resulted in occupational radiation exposure.
It would also be assumed that the individual would not be available for planned special
exposures. As per 10 CFR 20.2104, CBR would not be required to partition historical
data between external dose equivalent(s) and internal committed dose equivalent(s).

4. Radon Daughter Concentration Monitoring - CBR should propose an LLD
for radon measurements.

CBR Response

The LLD for radon daughters would be 0.033 WL, which is 10% of the DAC.

5. Respiratory Protection Program - Based on CBR's answers to 2 (c), (d) and
(e) above, please state whether respirators are expected to be used at the NTEA. If
so, please provide additional information on their use.

CBR Response

Section 5,7,3 was revised to clarify the potential use of respirators. The current
statement in the text was in reference to typical operations where no maintenance or
activities potential, resulting in elevated levels of radiological contaminants are
occurring. The revised language identifies actions that could require the use of a
respirator. CBR's respirator policy and requirements of respirator use is discussed in
detail in CBR's Volume IV Health Physics Manual, Environmental, Health, and- Safety
Management System.

5.7.4 Exposure Calculations

1. General - CBR states, "Exposure calculations for airborne natural uranium
are carried out using the intake method from NRC Regulatory Guide 8.30, Section
2." This appears to be a typographical error in that intake and exposure
calculations are discussed in Section 3 of Regulatory Guide 8.30. Please clarify the
aforementioned statement.
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CBR Response

Section 3 of NRC Regulatory Guide 8.30 is the correct section CBR will use to estimate
internal doses when required by 10 CFR 20.1202.

2. Intake Calculation - The following questions apply to the natural uranium
intake equation provided by CBR in section 5.7.4.1:

a. Exposure Time (ti) - CBR states, "100 percent occupancy time is used
to determine routine worker exposures." It is not clear what is meant
by this statement in regards to assigning time to a worker in any given
uranium airborne concentration. CBR needs to provide more detail
on how routine workers' time will be calculated for input into this
equation. This discussion should include details on how workers
working more than the standard work week. (e.g., 40 hours) are
handled.

CBR Response

When calculating radiological exposures for North Trend, the occupancy time for
"routine" operations would be an exposure period based on actual hours worked (12-
hours shift period for plant personnel). This would be considered a 100% occupancy
time that is used to determine routine worker exposures. For such routine exposures
(i.e., 12-hr shift period), it is assumed that the Worker was exposed to the measured
"work area" average concentration of uranium for the entire work period (exposure
100% of the time). During part of that exposure period, the worker would be expected to
spend some time in non-work areas such as the lunch room, office, restroom, hallways,
etc. The 100% occupancy time approach generally results in a conservative (i.e., higher
than actual) estimate of internal exposure to airborne natural uranium because it does
not account for time the employee may have spent outside the work area, such as
described above.

The measured average airborne uranium concentration is multiplied by the time of
worker exposure (12 hours) to obtain the estimated average worker exposure for that
time period. Routine operations refer to the facilities operating in a normal fashion with
no upsets, maintenance activities, or other activities that may result in non-routine and.
elevated exposures. If a worker works more than the normal 12-hour shifts, the
measured average airborne uranium concentration and the total hours actually worked
are used to establish exposure levels.

For exposures during non-routine work tasks (e.g., maintenance or cleanup), measured
exposures are based on actual time. The results of breathing zone samples collected
during maintenance activities or Radiation Work Permits (RWP's) are taken over a
specific time period and are added to the calculations of routine employee exposures for
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a given work period. For example, a worker working under a Radiation Work Permitfor
2 hours would have exposure based on measurements taken for that time period (actual
time), with the exposures for the remaining 10 hours of routine work based on the
measured average concentration of airborne uranium.

b. Average Concentration of Uranium in Breathing Zone (Xi):

i. states, "Airborne uranium activity is determined from surveys
performed as described in Section 5.7.3.1." However, in
Section 5.7.3.1, CBR describes their airborne uranium
particulate monitoring program as the following, "One
location near the resin transfer station will be sampled
monthly for airborne uranium particulates." CBR further
states, "Breathing zone sampling is performed to determine
individual exposure to airborne uranium during certain
operations."

With these monitoring requirements, it is not clear how CBR will
gather suitable and timely measurements of airborne uranium activity
in a worker's breathing zone as required by 10 CFR 20.1204 for
routine and non-routine operations, maintenance, and cleanup
activities.

CBR Response

Breathing zone sampling is performed to determine individual exposure to airborne
uranium during certain operations involving potential airborne exposure. Individual
breathing zone monitoring may be required infrequently occur at times when engineering
controls are impracticable or inoperable (non-routine operations). This would include
maintenance activities (e.g., tank entry, disconnection ofpiping, repair of equipment such
as pumps, etc.) that are required to maintain or regain control of normal production
activities. A Radiation Work Permit (R WP) is required for such activities that involve the
potential for significant exposure to radioactive materials and for which there are no
SOPs. The RWPs dictate the type of proper breathing zone monitoring to be used and
identifies procedures for protection against radiological hazards during the course of the
work activity. There are certain SOPs that require individual monitoring, such as
workers performing tasks such as transferring resin beads, changing the bicarbonate mix
system filter media and changing deep disposalfilter media.

ii. The Xi term is given both as mass (gtg) and activity (pCi) of
uranium per unit volume of air. Please provide a discussion on
how the mass of uranium is measured or calculated for this
equation.
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CBR Response

Footnote 3 in Table ] of Appendix B to 10 CFR 20 states "the specific activity for natural
uranium is 6.77 E-7 curies per gram U". This is equivalent to 6.77 E-7 /uCi per
microgram of natural uranium. This is the specific activity CBR will use to calculate the
mass of uranium from an activity measurement and vice versa.

3. Deriving Dose to Worker:

CBR states: "Exposure to airborne uranium will be compared to the derived air
concentration (DAC) for the "D" solubility class for natural uranium form
Appendix B of 10 CFR 20.1001 - 20.2401 (5x101'0 pCi/ml)."

a. Same question as questions 2.c.i and ii under Section 5.7.3 regarding
use of the DAC value of 5x10-1° jCi/ml.

CBR Response

Please see responses to questions 2. ci and ii under Section 5. 7.3.

b. Please justify the use of 100% class D for North Trend yellowcake.

CBR Response

Please see responses to questions 2.c iii under Section 5.7.3

c. Please describe specifically what dose is calculated when comparing
airborne uranium levels to the DAC value of 5xlW10° jCi/ml.

CBR Response

Please see responses to questions 2.c iv under Section 5.7.3

d. The uranium intake In is calculated in terms of mass or activity and
yet for deriving a dose it is compared to the DAC, which is tabulated
in terms of activity per unit volume. CBR should provide more detail,
including a sample calculation, on how dose is calculated using both
mass and activity units for In.
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CBR Response

When required by 10 CFR 20.1202, CBR will use methods in NRC Regulatory Guide 8.30
to estimate internal doses. As an, example, the Committed Effective Dose Equivalent
(CEDE) can be calculated using Equation 2 in NRC Regulatory Guide 8.30 where:

HiE = Committed effective dose equivalent (CEDE)from
radionuclide (rem)

Ii= is the intake in uCi of Class D natural uranium as
determined by the equation in Section 5.7.4.1. of the
application

ALIiE = Value of the stochastic inhalation ALI for natural
uranium from Column 2 of Table 1 in appendix B to
10 CFR Part 20 (2,uCi)

5 = CEDE from intake of] ALI (rem).

If an intake (IL) of 0.5 ,uCi was determined using the stated equation, the estimate CEDE
from this intake would be.-

HiE = 5 *0. 5/2 = 1.25 rem

If an intake (Ii) of 0. 5,ug of natural uranium was determined using the stated equation,
the estimated CEDE from this intake would be.-

HiE = 5*0.5*6. 77E-7/2 = 8.5 E-7 rem

It should be noted that the weekly limit for soluble uranium in 10 CFR 20.1202 (e) due to
chemical toxicity is 10 milligram (10, 000 ug) which would be equivalent to a CEDE of
17 mrem per week or 844 mrem per year. The occupational weekly toxicity limit for
Class D natural uranium is more restrictive than the radiological limit.

4. Mathematical Notations - the term "i" in the above equation is not properly
annotated. For example if would appear that Xi refers to the average concentration
of uranium in breathing zone for exposure period "i" The same applies to the term
ti term. Please clarify the notation.

CBR Response

The term "i" refers to a sample event. Xi refers to the average concentration of uranium
in the breathing zone, with the "i" representing the number of sampling events for

36



CROW BUTTE RESOURCES, INC.

uranium (X). It does not reflect an exposure period. The term ti refers to the time (t) of
exposure for a sampling event (i). The latter is the time a worker is exposed to
concentrations of uranium (Xi). Therefore, the term "i" is properly annotated.

5.7.4.2 Radon Daughter Exposure

1. See question 1 under Section 5.7.4.1.

CBR Response

Section 3 of NRC Regulatory Guide 8.30 is the correct section CBR will use to estimate
internal doses when required by 10 CFR 20.1202.

2. Intake Calculation - The following questions apply to the intake equation
(see question for Section 5.7.3) for radon daughters provided by CBR in Section
5.7.4.2:

a. See question 2.a in Section 5.7.4.1.

CBR Response

When calculating radon daughters exposures for North Trend, the occupancy time for
"routine" operations would be based on an exposure period based on actual hours
worked (12-hour shift period for plant personnel). This would be considered a 100%
occupancy time that is used to determine routine worker exposures. For such routine
exposures (i.e., 12-hour shift period), it is assumed that the worker was exposed to the
measured "work area" average concentration of radon daughters for the entire work
period (exposure 100% of the time). During part of that exposure period, the worker
would be expected to spend some time in non-work areas such the lunch room, office,
restroom, hallways, etc. The measured average radon daughters concentration is
multiplied by the time of worker exposure (12 hours) to obtain the estimated average
worker exposure for that time period. Routine operations refer to the facilities operating
in a normal fashion with no upsets, maintenance activities, or other activities that may
result in non-routine and elevated exposures.. If a worker works more than the normal
12-hour shifts, the measured average radon daughters concentration and the total hours
actually worked are used to establish exposure levels.

For exposures during non-routine work tasks (e.g., maintenance or cleanup), measured
exposures are based on actual time. The results of breathing zone samples collected
during maintenance a*ctivities or Radiation Work Permits (R WP's) are taken over a
specific time period and are added to the calculations of routine employee exposures for
a given workperiod. For example, a worker working under a Radiation Work Permit for
2 hours would have exposure based on measurements taken for that time period (actual
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time), with the exposures for the remaining 10 hours of routine work based on the
measured average concentration of radon daughters.

b. Average Number of Working Levels in Air in Breathing Zone (the Wi
term in the aforementioned equation) - CBR states, "Sampling
locations will be determined in accordance with the guidance
contained in USNRC Regulatory Guide 8.25." Please discuss how
CBR will demonstrate that their proposed air sampling program is
representative of breathing zone air as recommended by Regulatory
Guide 8.25.

CBR Response

Section 3.1 of NRC Regulatory Guide 8.25 states "lapel samplers or samplers located
within about 1 foot of the workers head may be accepted as representative without
further demonstration that the results are representative ". Working Level measurements
will be made using the Modified Kusnetz method (ANSI-N13.8-1973) which involves
taking a grab sample, typically 5 minutes, and analyzing the filter for alpha activity. This
grab sample will be taken at, locations depicted on Figure 5. 7-2 of the amendment
application at a height typical of where a worker's breathing zone would exist and within
the breathing zone of the worker collecting the sample.

c. Deriving Dose to Worker - CBR states, "Exposures to radon
daughters will be compared to the DAC for radon daughters from
Appendix B of 10 CFR §§20.1001 - 20.2401 (0.33 WL)." However, the
radon daughter intake, IR, is calculated in terms of working level
months, or activity, and yet for deriving a dose it is compared to the
DAC. The 'DAC is tabulated in terms of working levels, or activity
per unit volume. Please provide more detail, including a sample
calculation of how dose is calculated.

CBR Response

The equation above calculates Working Level Months (WLM). If required by 10 CFR
20.1202, CBR can calculate a CEDE from the WLM estimate using Equation 2 in NRC
Regulatory Guide 8.30 where.

HiE = Committed effective dose equivalent (CEDE)from
radionuclide (rem)
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li= is the intake in WLM *of radon-222 and its
associated progeny as determined by the equation
in Section 5. 7.4.2 of the application

ALIiE Value of the stochastic inhalation ALI for radon-
222 with progeny present from Column 2 of Table 1
in appendix B to Part 20 (4 WLM)

5 = CEDE from intake of] ALl (rem)

IfVan intake (li) of ] WLMwas determined using the stated equation, the estimate CEDE
from this intake would be.

HiE = 5"*/4 = 1.25 rem

3. See question 4 in Section 5.7.4.1.

CBR Response

Section 3 of NRC Regulatory Guide 8.30 is the correct section CBR will use to estimate
internal doses if required by 10 CFR 20.1202

5.7.4.3 Prenatal and Fetal Exposure

1. CBR cites outdated NRC requirements pertaining to declared pregnant
workers. NRC issued the current regulations in 1998; therefore, please submit an
update to this program, as appropriate.

CBR Response

Section 5.7.4.3 (Prenatal and Fetal Exposure) was updated to include the more current
regulations identified in 10 CFR.20.1502 (a)(3). The updated regulations would not
affect CBR's prenatal and fetal exposure program, other than updating any reference to
the updated regulations.

2. External Dose to Embryo/Fetus - It is understood that CBR will estimate the
exposure for declared pregnant workers prior to declaration. It is not clear how
CBR intends to account for dose to the declared pregnant worker after declaration.
CBR has a limited external exposure monitoring (personnel dosimetry) program.
As stated in Section 5.7.2.2, "Although monitoring of external exposure may not be
required in accordance with §20.1201(a), CBR currently issues dosimetry to all
process employees and exchanges them on a quarterly basis. The North Trend
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process employees would be included in this program." Please explain how CBR
will assign external dose to a declared pregnant worker after declaration for the
duration of the pregnancy.

CBR Response

External dose to the declared pregnant woman after declaration for the duration of the
pregnancy shall be accomplished by personnel dosimetry with exchanges on a monthly
basis.

5.7.5 Bioassay Program

NRC staff's review of the bioassay program in the application indicates that certain
information was not provided. Specifically, CBR provides a general description of
its bioassay program. However, it does not discuss which, if any, employees at
North Trend will'be monitored in the program.

CBR Response

The plant and wellfield operators will be included in a personnel dosimetry (kxchanged
on quarterly basis) and bioassay program, with urine samples collected on a quarterly
basis.

5.7.6 Contamination Control Program

1. With regard to surveying items from restricted areas CBR states, "The RSO,
the radiation safety staff, or properly trained employees perform surveys of all
items from the restricted areas with the exception of small, hand-carried items
described above." This statement appears to be inconsistent with what CBR states
in Section 5.1.6. In this section, CBR states that the HPT is, "responsible for the
orderly collection and interpretation of all monitoring data, to include data from
radiological safety and environmental programs.

In addition, this statement appears to be inconsistent with License Condition 9.12
which requires CBR to "...follow the guidance set forth in U.S. Nuclear Regulatory
Commission Regulatory Guides... and 8.31 or NRC-approved equivalent."
Regulatory Guide 8.31 states that, "The RSO and radiation safety office staff are
responsible for performing all routine and special radiation surveys as required by
license conditions and by 10 CFR Part 20." CBR should clarify who is allowed to
perform surveys for releasing items from restricted areas. If "properly trained
employees" are being used for releasing items from restricted areas, CBR should
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provide the technical qualifications of these individuals and justification for using
them.

CBR Response

Due to the remoteness of the North Trend operations site from the current CBR
processing facility where the RSO and radiation staff is officed, it would be more efficient
to have properly trained full-time personnel at the North Trend site available to perform
surveys for releasing items from the restricted area. Such a person would be the Lead
Operator or a plant/wellfield operator trained by the RSO or radiation staff in, the use of
applicable radiation survey instruments and procedures. These staff members would
have received training as operators and received radiation safety training that all
employees are required to take. In addition, they would also be subject to additional
hands-on training as to the survey instruments and procedures. This clarifying language
was added to Section 5.7.6 (Contamination Control Program).

2. See question 1 under Section 5.7.2.

CBR Response

Discussions as to instrument calibration responsibilities and procedures were added to
Section 3.3 (Instrumentation and Controls). More detailed discussions as to calibration
procedures can be found in Volume IV, Health Physics Manual, Environmental, Health
and Safety Management System.
3. Please present the limits to be used for contamination involving radium that

is not in equilibrium with uranium.

CBR Response

Table 2 of NRC Regulatory Guide 8.30 lists the appropriate surface contamination limits
for uranium and daughters on equipment for unrestricted use, clothing, and non-
operating areas. The only isotope of radium expected at the facility is radium-226 which
is a daughter product of uranium-238. Nowhere in NRC.Regulatory Guide 8.30 or 1.86
does it state that these standards are applicable only when daughters are present in
equilibrium with uranium. CBR believes the surface contamination limits presented in
Table 2 ofNRC Regulatory Guide 8.30 applies to any mixture of uranium and associated
decay products present at the North Trend expansion facility. This interpretation is
consistent with historical and current practices at uranium recovery facilities.
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5.7.7 Airborne Effluent and Environmental Monitoring Program

1. Airborne Effluent Monitoring - Based on review of CBR's amendment
application, the following issues have been identified.

a. It is proposed that release of radon from process operations be
estimated as opposed to measured. Please explain why CBR is not
measuring radon releases from process operations (i.e., at the
stack discharge).

CBR Response

The radon gas effluent released to the environment from North Trend operations will be
monitored at the same air monitoring locations (AM-9 through AM-14) that were used
for baseline determination of radon concentrations as described in Section 2.9.2.
Sampling locations are shown on Figure 5.7-3. Monitoring will be performed using
Track-Etch radon cups. The cups will be exchanged on a semiannual basis in order to
achieve .the required lower limit of detection (LLD). EHSMS Program Volume IV, Health
Physics Manual currently provides the instructions for. environmental. radon gas
monitoring. In addition to the manufacturer's Quality Assurance program, CBR will
expose one duplicate radon Track Etch cup per monitoring period.

Monitoring of radon gas releases from the satellite facility building and ventilation
discharge points is not deemed to be practicable. Section 3.3 of Regulatory Guide 8.37
indicates that where monitoring effluent points is not practicable, an estimate can be
made of the magnitude of these releases, with such estimated releases used in
demonstrating compliance with the annual dose limit. In 10 CFR 20.1302, allowance is
made for demonstrating by measurement or calculation that the total effective dose
equivalent (TEDE) to the individual likely to receive the highest. dose from licensed
operations does not exceed the annual dose limit of 100 mrem.

The North Trend Satellite Facility would use pressurized downflow ion exchange
columns, which do not routinely release radon gas except during resin transfer and
column backwashing. The design and operation of these systems result in the majority of
the radon in the production fluid to stay in solution and is not released from the columns.
Radon may be released from occasional venting ofprocess vessels and tanks, small leaks
in ion exchange equipment, and maintenance of equipment. Therefore, releases via the
vent stacks and other emission sources would not have a consistent concentration of
radon or flow rate, making it impracticable to try to use such data for exposure estimates
such as for the public.

CBR has used MILDOS-Area to model the dose from Jacility operations resulting from
releases of radon gas. Discussions are presented in Section 7.3.3. In determining the
source term for MILDOS-Area for North Trend, radon gas release was estimated at 25%i
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of the radon-222 in the production fluidfrom the weilfields and an additional 10% in the
ion exchange circuit in the satellite building. The release 'of radon-222. at this
concentration did not result in significant public dose. The closest resident in the
downwind direction for the satellite facility had the highest estimated TEDE of 5.8
mrem/yr, which is approximately 6% of the public dose limit of 100 mrem. This is based
on an occupancy factor of 1000% or 8760 hours per year. The effect of the satellite facility
operations on nearby residents of the existing Crow Butte facility is less than I mrem/yr.

Section 5.7.7 was revised to include the discussion above.

b. Considering 1(a) above and as discussed in Section 5.7.2, question
3(a), it is not clear how CBR is in compliance with 10 CFR 20.1301
and 1302 regarding public dose to members of the public in restricted
areas. Please demonstrate by surveys and calculations that public
dose limits are in compliance.

CBR Response

See response given for comment in Section 5. 7.2 3(a).

6.1. Plans and Schedules for Groundwater Quality Restoration

1. License Condition 10.3(C) in Source Materials License SUA-1534 states that
CBR will restore groundwater in the production zones to baseline and Nebraska
Department of Environmental Quality (NDEQ) approved class of use, if restoration
to baseline is not achievable. However, NRC staff must amend this license condition
to state that CBR will return the groundwater quality to the standards listed in
Criterion 5B(5) of 10 CFR Part 40, Appendix A as required by the Uranium Mill
Tailings Radiation Control Act of 1978 (UMTRCA), as amended. This change is
necessary to comply with the U.S. Environmental Protection Agency's
determination that groundwater restoration at ISL facilities must meet the
UMTRCA standards and not those associated with the Safe Drinking Water Act or
analogous state regulations.

2. Please provide a description of the method for determining restoration
standards and the type of statistical analyses used in the determination.

CBR Response

Groundwater restoration standards are established by the Nebraska Department of
Environmental Quality (NDEQ), with concurrence of the NRC and EPA. The restoration
parameters that have numerical groundwater standards established in NDEQ Title 118
or other established documents must be restored to the standard unless the standard is
exceeded by the mean of the preoperational sampling values (baseline mean). The
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restoration values for parameters whose baseline means exceeds the standard would be
equal to the mine unit mean plus two standard deviations.

If no standard exists for a parameter listed in the restoration table (e.g., Table 6.1-1 of
application document), a wellfield average of the preoperational sampling data would be
assigned. These values (based on 3 samples from injection and production wells) would
*be averaged to obtain the assigned restoration value.

Prior to any mining in the mine unit, the groundwater restoration values that have been
established based on the above procedures, would be submitted to the NDEQ for
approval. The restoration values for each mine unit would be based on current NDEQ
Title 118 numerical standards and wellfield averages at the time the notice of intent is
submitted to the NDEQ. All data to verify the selection of hese wells would be
submitted.

All of the parameters listed in Table 6.1-1 as parameters with numerical water standards
(Title 118 or other sources) are subject to change by the NDEQ based on these
procedures. NDEQ establishes the final groundwater restoration standards.

The primary goal of restoration would be on, a parameter-by-parameter basis to return
the average wellfield unit concentration to baseline conditions. The secondary goal of
groundwater restoration would be on a parameter-by-parameter basis to return the
average wellfield unit concentration to the numerical classzof-use standards established
by the NDEQ. Groundwater restorations activities would be in accordance with'a
groundwater water restoration plan appr'ved by the NDEQ and NRC.

It is recognized that CBR would be required to restore groundwater quality to the
standards in Criterion 5B (5) of 10 CFR Part 40, Appendix A as required by UMTRCA,
as amended. Future NRC rulemaking for groundwater protection standards, and
agreements among the EPA, NDEQ and NRC, will clarify Nebraska groundwater
restoration requirements subject to UMTRCA. Discussions, as to the UMTRCA issue
were added to Section 6.1.3 of this application.

3. Please provide the following:

a. The volume of groundwater solutions to be extracted during groundwater
restoration and whether the quantity of water pumped during restoration
will adversely affect offsite groundwater uses.

CBR Response

As per email dated 2/02/2009from Ronald Burrows of USNRC to Larry Teahon of Crow
Butte Resources, Inc., CBR can disregard this question.
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b. The wellfield pore volume affected by the extraction processes within
the ore body water-bearing zone.

CBR Response

The calculated 'pore volume for the entire North Trend Weilfield would be 133,268,000
gallons. This is based on a calculated square footage (30,636,400 f 2) of the potential
wellfield area, an average under-ream interval of 15 feet and a 29% open pore space
value.

C. An estimate of the horizontal and vertical flare, and the number of
pore volumes that will be displaced during groundwater restoration.

Please notethat the restoration pore volume estimate should consider
the pore volume quantity required to restore Mine Unit 1.

CBR Response

CBR does not plan on estimating the horizontal and vertical flare associated with
displacement of groundwater during groundwater restoration. The reason for this is due
to the processes that would be in place. to control any such potential displacement.
During restoration, a hydrologic bleed would be maintained in each Mine Unit to prevent
ldteral migration of mining fluid. In, addition, the monitor ring around the wellfield used
during operations would be maintained and monitored during restoration to ensure
displaced mining fluids are contained. The maintenance of a hydraulic bleed and the
close proximity of the monitor well ring, less than 300 feetfrom the mining patterns, will
ensure there is negligible migration.of mining fluid. Any observed displacements would
be corrected in a timely manner as per regulatory requirements. Vertical migration of
fluids would be less of a concern than lateral migration due to the underlying and
overlying aquitards.

The number of pore volumes that would be displaced during groundwater restoration
would be as follows: 3 pore volumes through the IX columns; 6 pore volumes through
the Reverse Osmosis (RO); and 2 pore volumes of recirculation. There were 9 pore
volumes used for Mine Unit 1 at the current CBR operations.

4. To be protective of public health and the environment, the use of
reductant(s) should be addressed in the application to account for any safety
hazards associated with its storage and use.
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CBR Response

Safety and handling issues associated with the use of sodium sulfide are discussed in
Section 3.2.2.2 (Process Related Chemicals) of the application. Instructions and safety
precautions on the use of sodium sufidel'-are included in Crow Butte's Environmental,
Health, and Safety Management System, Volume I11 Operating Manual (Restoration
Reductant [Sodium Sulfide]).

5. Please provide a justification for the length of the stabilization period. Any
justification should include CBR's experience with restoring Mine Unit 1.

CBR Response

Crow Butte Resources' Class III UIC Permit requires a minimum of a six month period
for stability monitoring of a Mine Unit to demonstration the success of restoration
activities (stabilization). As shown by historical Mine Unit I restoration data, six months
may not be sufficient to assure stability for all monitored constituents. Stability
monitoring may continue beyond the six month period as necessary. Stability monitoring
will conclude, instead, when stabilization samples show that restoration goals on a mine
unit average for monitored constituents are met and there is an absence of significant
increasing trends. The NDEQ approves the stabilization period.

6. Please provide further details regarding the well abandonment practices to
be used at the NTEA.

CBR Response

Additional discussions as to well abandonment practices was added to Section 6.2.4.1
(Well Plugging and Abandonment).

7. CBR intends to start a pilot study using bioremediation to complete the
restoration of Mine Unit 4. Please state whether or not bioremediation will used at
the North Trend facility and discuss the restoration techniques to be implemented.

CBR Response

Crow Butte is currently starting a pilot - study using bioremediation to complete
restoration of Mine Unit 4 at the existing production facility. This bioremediation test
was initiated on December 17, 2008. Based on the results of a one-year study,
bioremediation may or may not be used at the NTEA. If the tests are successful, and use
at the NTEA appears to be a viable restoration alternative, a request for a license
amendment will be submitted to the NRC. This clarifying language was added to'Section
6.1 (Plans and Schedules for Groundwater Quality Restoration).
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6.2 Plans for Reclaiming Disturbed Areas

1. As required by 10 CFR 40.36(f) and meets the criteria of 10 CFR 40.42(g) (4)
and (5), the reclamation plan must specify the location of records of information
important to the decommissioning.

CBR Response

As required by 10 CFR 40.36 (1), records. of information important to NTEA
decommissioning will be maintained in the office of the onsite Radiation Safety Officer.
Such information shall meet the criteria of 10 CFR 40.42 (g) (4) and (5).

2. In Section 6.2.3.1 of the technical report, CBR plans to treat and discharge
evaporation pond water in the later stages of groundwater restoration if the water is
treatable within discharge limits. CBR states that this treatment and discharge
would be under an appropriate NPDES permit. Please identify the location of the
potential discharge under an appropriate NPDES permit.

CBR Response

There are currently no plans for treating and discharging the pond. water to public
waters under an NPDES permit. Therefore, there potential discharge locations have not
been identified.

6.3 Removal and Disposal of Structures, Waste Materials, and
Equipment

1. Please include more detail to the survey and decontamination procedures
which include a commitment to determining radioactivity along the interior surfaces
of pipes, drain lines, and duct work by taking measurements at traps or other access.
points. Additionally, please expand your discussion in the CBR technical report to
include a commitment to control contamination of structures and equipment.

CBR Response

-CBR would submit a final and detailed decommissioning plan for structures and
equipment to the NRC for review and approval at least 12 months before the planned
commencement of decommissioning of such structures and equipment. This final
decommissioning plan would include a description of structures and equipment to be
decommissioned, a description of planned decommissioning activities, a description of
methods to be used to ensure protection of -workers and the environment against
radiation hazards, a description of the planned final radiation. survey, and an updated
detailed cost estimate.
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Additional discussions were added to Section 6.3 to identify commitments in controlling
contamination of structures and equipment and criteria that would be met in designing
and implementing a final decommissioning plan.

6.4 Methodologies for Conducting Post-Reclamation and
Decommissioning Radiological Surveys

1. Please provide acceptable cleanup criteria for Th-230 for areas that already
meet the radium cleanup criteria, but still have elevated thorium levels.

CBR Response

Section 2.5 of Appendix E to the Environmental Report supporting this license
amendment application " Wellfeld Decommissioning Plan for Crow Butte Uranium
Project" demonstrates that spills ofprocess solutions at the Crow Butte Uranium Project
are not likely to contain substantial amounts of Thorium-230. CBR believes that
development of soil cleanup criteria for Thorium-230 is not appropriate at this time. In
the unlikely event that a situation exists where Thorium-230 is present in significant
quantities, cleanup criteria will be developed using the Radium-226 Benchmark
approach and submitted to the NRC for approval prior to final site decommissioning.

2. Please justify in greater detail the.use of 17,900 counts per minute (cpm) as
an action level.

CBR Response

The 17,900 cpm action level was based on an evaluation of the correlation between
gamma count rates and Ra-226 concentration in soil using data from the few spill-related
contaminated areas that existed at the main plant area. CBR believes that 17,900 cpm is
a conservative value since the contaminated areas were small in size. The measured
gamma emission rate per unit Ra-226 concentration from small areas is normally lower
than that which would be measured using large areas, such as 100- m2 area. Therefore
cleanup to 17.900 cpm should ensure that each 100- m area meets the radium-226 soil
cleanup standard.

Section 6.3 of Appendix E to the Environmental Report supporting this license
amendment application " Wellfield Decommission Plan for Crow Butte Uranium
Project" discusses the development of the 17,900 counts per minute (cpm) action level. It
does however allow for a revision of the number should it later be determined not
.appropriate.
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7.4 Non-Radiological Effects

Please provide a more inclusive discussion on non-radiological effects. This
discussion should address issues such as sanitary and other recovery plant waste,
effects of construction and operation of roads changes in land and water use at the
project site, etc.

CBR Response

Nonradiological effects of site preparation and construction activities are discussed in
Section 7.1, including impacts on air quality, land use, surface water, population, social
and economic, and noise impacts. Impacts on operational activities are discussed in
Section 7.2, including air quality, land use, soil, groundwater, surface water, ecology and
noise impacts.

In addition to gaseous and airborne effluents, there would be three types of non-
radiological wastes generated at the proposed NTEA Satellite Facility: liquid, solid and
sanitary. Additional discussions were added to Section 7.4 to address these types of
wastes that may be generated at the North Trend operation, including sanitary and other
recovery plant wastes.
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1 PROPOSED ACTIVITIES

1.1 LICENSING ACTION REQUESTED

Crow Butte Resources Inc. (CBR) makes this amendment application to the United States
Nuclear Regulatory Commission (NRC) for amendment of Radioactive Source Materials
License SUA-1534 concerning development of additional uranium in-situ leach mining
resources located in Dawes County, Nebraska. The proposed development area for use as
a satellite facility to the main CBR central process plant is referred to as the North Trend
Expansion Area. The current NRC License Number SUA-1534 (Amendment 21) for the
Crow Butte Project was issued on January 29, 2007.. The expiration date of this license is
February 28, 2008.

This amendment application has been prepared using suggested guidelines and standard
formats from both state and federal agencies. The application is presented primarily in the
NRC format found in Regulatory Guide 3.46, "Standard Format and Content of License
Applications, Including Environmental Reports, For In Situ Uranium Solution Mining"
(June 1982). NRC document NUREG-1 569, Standard Review Plan for In Situ Leach
Uranium Extraction License Applications (June 2003) was used to ensure that all
information is provided to allow NRC Staff to complete their review of this amendment
application.

1.2 CROW BUTTE URANIUM PROJECT BACKGROUND

The original development of what is now the Crow Butte Uranium Project was performed
by Wyoming Fuel Corporation, which constructed a Research and Development (R&D)
Facility in 1986. The project was subsequently acquired and operated by Ferret
Exploration Company of Nebraska until May 1994, when the name was changed to Crow
Butte Resources, Inc. This change was only a name change and not an ownership change.
CBR is the owner and operator of the Crow Butte Project.

The Research and Development Facility was located in N1/2SE1/4 of Section 19,
Township 31 North, Range 51 West. Operations at this facility were initiated in July
1986, and mining took place in two wellfields (WF-1 and WF-2). Mining in WF-2 was
completed in 1987 and restoration of that wellfield has been completed. WF-1 was
incorporated into Mine Unit 1 of Commercial Operations.

The current production wellfield is located within the license area as shown in Figure 2.1-
2. The central process plant is located in Section 19, Township 31 North, Range 51 West,
Dawes County, Nebraska. This original license area is approximately 3,300 acres and the
surface area affected over the estimated life of the project is approximately 1,100 acres.
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CBR has successfully operated the current production area since commercial operations
began in 1991. Production of uranium has been maintained at design quantities
throughout that period with no adverse environmental impacts. Groundwater restoration
was successfully completed in Mine Unit 1 in 1999. Mine Unit 1 is currently undergoing
surface reclamation activities. The operating history and schedules for the current
production area are discussed in more detail in Section 1.7.

1.3 SITE LOCATION AND DESCRIPTION

The location of the original Crow Butte Project Area is in portions of Sections 11, 12, 13,
and 24 of Township 31 North, Range 52 West and Sections 18, 19, 20, 29, and 30 of
Township 31 North, Range 51 West, Dawes County, Nebraska. The central process plant
site is situated approximately 4.0 miles southeast of the City of Crawford.

The proposed North Trend Expansion Area is located in Sections 21, 22, 27, 28, 33, and
34 of Township 32 North, Range 52 West. Figure 1.3-1 shows the general location of the
current license area and the proposed North Trend Expansion Area.

All of the minerals leased in the North Trend Expansion Area are on private lands. Figure
1.3-2 shows the land ownership in the proposed North Trend Expansion Area.

1.4 ORE BODY DESCRIPTION

In the current license area, uranium is recovered by in-situ leaching from the Chadron
Sandstone at a depth that varies from 400 feet to 900 feet. The overall width of the
mineralized area varies from 1000 feet to 5000 feet. The ore body ranges in grade from
less than 0.05% to greater than 0.5% U30 8, with an average grade estimated at 0.27%
U 3 0 8 .

In the North Trend Expansion Area, uranium will also be recovered from the Chadron
Sandstone. The depth in the North Trend Expansion Area ranges from 400 to 800 feet.
The width varies from 100 feet to 1,000 feet. The ore body ranges in grade from less than
0.05% to greater than 0.5% U30 8, with an average grade estimated at 0.20% U30 8.
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* Groundwater treatment- water from injection wells is pumped to the restoration
plant where ion exchange, reverse osmosis, filtration or other treatment methods
take place.

0 Wellfield recirculation - water is recirculated by pumping from the production
wells and reinjecting the recovered solution. This will act to homogenize the
quality of the aquifer.

Following these restoration phases, a groundwater stabilization monitoring program is
initiated. Once the restoration values are reached and maintained, restoration is deemed
complete. Results are documented in a Restoration Report and submitted to the NDEQ
and the NRC for approval. Groundwater restoration is described in more detail in Section
6.

1.10 DECOMMISSIONING AND RECLAMATION

At the completion of mine life and after, groundwater restoration has been completed, all
injection and recovery wells will be plugged and the site decommissioned.
Decommissioning will include satellite plant disassembly and disposal, pond reclamation
and land reclamation of all disturbed areas. Appropriate NRC Regulatory Guidelines will
be followed as required. Decommissioning and reclamation are discussed in more detail
in Section 6.

1.11 SURETY ARRANGEMENTS

Crow Butte Resources maintains a NRC-approved financial surety arrangement
consistent with 10 CFR 40, Appendix A, Criterion 9 to cover the estimated costs of
reclamation activities. Crow Butte maintains an Irrevocable Standby Letter of Credit
issued by the Royal Bank of Canada in favor of the State of Nebraska in the present

I amount of $25,207,672. The surety amount is revised annually in accordance with the
requirements of SUA-1534. The surety amount will be revised to reflect the estimated
costs of reclamation activities for the North Trend Expansion Area as development
activities proceed.

1-15
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2 SITE CHARACTERISTICS

2.1 SITE LOCATION AND LAYOUT

The location of the current license area of the Crow Butte project is in Sections 11, 12,
and 13 of Township 31 North, Range 52 West and Sections 18, 19, 20, 29, and 30 of
Township 31 North, Range 51 West, Dawes County, Nebraska. The proposed North
Trend Expansion Area is located in Sections 21, 22, 27, 28, 33, and 34 of Township 32
North, Range 52 West

The maps used in this section and other sections of this amendment application are
Vector 7.5 minute quad maps. These are CAD/GIS drawings where each road, stream,
and contour line are individual entities. The layers in these maps were derived from the
U.S. Census Bureau's TIGER/Line data, USGS Digital Line Graph (DLG) Data, USGS
Digital Elevation Model (DEM) data, Bureau of Land Management (BLM) Section Line
data, National Geodetic Survey (NGS) Benchmark data, and USGS Geographical Names
Information System (GNIS) data. This base map was then used for each of the figures
prepared for this document with the addition of the pertinent information for that figure.

The datum on topography maps presented in the application is NAD 1927, and the
geographic coordinate reference system (projection) is:
NAD 1927 StatePlane Nebraska North FIPS 2601 US Foot.

The longitude and latitude for the site boundary vertices are as follows
American Geographic 1927):

(based on North

42.74144929444
42.74169540043
42.74157628544
42.73431367384
42.73420565436
42.72678037447
42.72386083279
42.72385990981
42.71651346518
42.71645786170
42.70580496067
42.70542360871
42.69805348018
42.69796633483
42.70915483078
42.70914729451
42.72684011471
42.74144929444

-103.43724448563
-103.42295620353
-103.41331499917
-103.41339007548
-103.40312336903
-103.40313524253
-103.40331630707
-103.40677120971
-103.40708372652
-103.40330048344
-103.40317689938
-103.41266590806
-103.41285974467
-103.42287678285
-103.42292891847
-103.42856317505
-103.42859161309
-103.43724448563
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Figure 2.1-1 shows the general area surrounding the project area including the current
license area and the proposed North Trend Expansion Area. Figure 2.1-1 also shows the
original Commercial Study Area (CSA) and the 2.0-mile review area associated with the
North Trend Expansion Area.

Figure 2.1-2 shows the general project site layout and Restricted Areas for the current
license area including the Central Processing Plant building area, the R&D facility, the
current mine unit boundaries, the deep disposal well, and the R&D and commercial
evaporation ponds.

Figure 2.1-3 shows the proposed location of the satellite plant, wellfields, evaporation
pond, fencing, and restricted areas within the North Trend Expansion Area. The latitude
and longitude for the centroid of the processing assets (Satellite Facility and Evaporation
Ponds) is: 42.724334/-103.416173.

Figure 2.1-4 shows the project location with topographical features, drainage and surface
water features, nearby population centers and political boundaries as well as principal
highways, railroads, transmission lines, and waterways.

CBR SUA-1534 Application Amendment/North
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2.2.3 Water Use

The North Trend Expansion Area is drained by the White River, which flows to the
northeast along the southern boundary of the proposed license area and through the
2.0-mile review area.

The White River is used to support agricultural production, wildlife habitat, and both
warm- and cold-water fish. For the period of record from 1931 to 1991, USGS data
(USGS, 2004) indicate that the average monthly mean flow ranged from 6.3 to 122
cubic feet per second (cfs), with a mean value of 20.4 cfs. Based on data from the
Nebraska Department of Natural Resources (Nebraska DNR, 2001), the flow of the
White River in 2001 ranged from 8.5 to 69 cfs, with an annual mean of 20.0 cfs.
Historical extremes related to flow in the White River are discussed in Section 2.7.

The Crawford National Fish Hatchery formerly was located in the Crawford City
Park, adjacent to the White River (Figure 2.2-3).

Spring Creek flows west to east through the northern portion of the North Trend
Expansion Area (Figure 2.2-3). Little Cottonwood and Sand Creeks flow from west to
east along the northern portion of the 2-mile review area where they join the White
River. Squaw, English and White Clay Creeks flow to the White River in the
southeastern portion of the 2.0-mile review area. On the south side of the review area,
Dead Man's, Cherry and Bozle Creeks flow northward to the White River.

To assess surface water quality in the project vicinity, data were retrieved from the
EPA STORET database (http://www.epa.gov/storet/dbtop.html) for the White River
at Crawford. Those data (11 sampling events during 1971 and 1972) indicate an
average specific conductance of 330 jtmhos. Data from the White River tributaries in
the Vicinity of North Trend were also retrieved from the STORET database. Those
data include: Soldier Creek (west of Crawford); Squaw, White Clay and English
Creeks (east of Crawford) and Dead Man's Creek (south of Crawford). Specific
conductance readings for these tributaries ranged from 360 to 507 gtmhos.

No surface water impoundments are located within the North Trend Expansion Area.
Several small impoundments are located on private ranches within the 2.0-mile
review area, primarily along Squaw and White Clay Creeks (eastern portion of the
review area) and Little Cottonwood Creek (northern portion of the review area).
Surface water features are shown on Figure 2.2-3. Based on field inspections by CBR
personnel, there is no irrigated farmland within the North Trend Expansion Area
boundary.
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The White River and associated tributaries indirectly supply some of the drinking
water to the citizens of Crawford. The city system, which serves a population of
1,115 (Nebraska Department of Health & Human Services, 2004), is supplied by
three infiltration galleries (located along the White River, Dead Man's Creek, and
Soldier Creek) and two wells which produce "groundwater under, the influence of
surface water" (University of Nebraska Cooperative Extension HE Form 526). In
1981, average. daily usage ranged from a low of 199 gallons per day per person (gpd)
in February to a high of 508 gpd in July. The maximum recorded daily water usage in
Crawford up to 1981 was nearly 1 million gallons. Based on the Crawford Municipal
Water Conservation Plan (Spring 2003), the average per capita water use in 2002
(including residential and business customers; public facilities including parks etc.;
and water lost to system leaks) was 323 gallons per day. Information regarding the
City of Crawford water system is summarized in Table 2.2-10 (personal
communication with CBR staff, February, 2007).

Table 2.2-10:

Summary of City of Crawford Water System

Description Capacity

Raw Water Storage Capacity 500,000 gallons

Treated Water Capacity
West Tank 1,000,000 gallons
East Tank 750,000 gallons

Average Daily Use (2006) 419,181 gallons

Maximum Daily Use 1,000,000 gallons

Supply Wells
South Well #1 (100 feet deep); Reg: G-93533 104 gpm
NW1/4 SW1/4 Sec. 15, T31N, R52W
West Well #2 (100 feet deep); Reg: G-93532 54 gpm
NW1/4 SW1/4 Sec. 15, T31N, R52W
Infiltration Gallery
Pump #1; 27 feet; Reg: G-93551
SEl/4 SW1/4 Sec. 8 T31N R52W 420 gpm

Pump #2; 27 feet; Reg: G-93551 420 gpm
SE1/4 SW1/4 Sec. 8 T31N R52W
Dewatering Wells; 20 to 26 feet deep
SE1/4 SW1/4 Sec. 8 T31N R52W 33 gpm (each)
Reg Nos: 93528, 93529, 93530
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In general, groundwater supplies in the vicinity of the North Trend Expansion Area
are limited due to topography and shallow geology (University of Nebraska-Lincoln,
1986). Groundwater quality within the White River drainage generally is poor
(Engberg and Spalding, 1978). Locally, groundwater is obtained at limited locations
from shallow alluvial sediments. The primary groundwater supply is the Brule
Formation, typically encountered at depths from 60 to 100 feet. The static water level
for Brule wells in the North Trend Area ranges, based on topography, from 10 to 60
feet below ground surface.

Alternate supplies of stock water are provided by the underlying Basal Chadron
Sandstone (400 to 900 feet). However, because of greater depth and inferior water
quality, the Basal Chadron is not used for a domestic supply within the North Trend
Expansion Area.,In this regard, Gosselin et al. (1996) state that (1) "the sands near the
bottom of the Chadron Formation yield sodium-sulphate water with high total
dissolved solids", and (2) "near uranium deposits in the Crawford area, groundwater
from the Chadron Formation is not suitable for domestic or livestock purposes
because of high radium concentrations". Because of artesian pressure, most Chadron
wells in the vicinity of North Trend either flow at the surface, or have water levels
very close to surface elevation.

Based on National Groundwater Association website (www.ngwa.org), average water
use for -rural (domestic) wells in Nebraska is approximately 380 gallons per day
(gpd). Assuming an average family size of four persons, this correlates well with data
from USGS (National Handbook of Recommended Methods for Water Data
Acquisition - Chapter 11) who suggest an average per capita use on the order of 97
gallons per day. As discussed previously, there are only two residences located within
the proposed North Trend License Area. Using an average use of 380 gallons per day
per residence, the total groundwater use within the expansion area likely is on the
order of 760 gallons per day.

A summary of groundwater quality data collected from 1982 to 1987 to establish
background conditions in the vicinity of the Crow Butte Project follows (Table 2.2-
11). The data are presented for three hydrogeologic units: (1) the Chadron Sandstone
(mining zone), the Brule Formation, which supplies the majority of groundwater in
the project area, and (3) the Brule Alluvium. It is noted that supplies of Brule
Alluvium are limited, and few wells produce from this interval, none of which are
located in the North Trend Expansion Area.
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Table 2.2-11: Summary of Groundwater Quality Data - Crow Butte Vicinity

'/ - 1/ I /U.0

6.4-10 1 8.7Magnesium 0.3 - 16 6.6 0.8 - 7.2 3.2

Sodium 12-340 104 340-540 411 34-41 36.5
Potassium 4.1-15.9 9.9 7.0- 19.8 12.4 10.3- 13 11.1

Bicarbonate 137-627 364 308-411 368 299-364 321
Sulfate 1-23 10 254-620 407 11-20 16.3

Chloride 1.6-192 48 134-250 176 5-10 6.7

Specific
Conductance 246 - 148i 714 1500-2500 1932 507-614 548

(pmhos)
PH 6.80- 8.50 7.80 7.60- 8.70 8.20 7.10- 8.40 7.70

(pH units)

Uranium 0.001 - 0.021 0.0064 <0.001 - 2.40 0.092 0.006 - 0.022 0.015

(mg/l)
Radium-226 0.1 -3.0 0.7 0.1 -619 53 0.4-18.3 2.5

(pCi/1)

1) Concentrations in mg/i, unless otherwise noted.

In order to assess potential impacts on water supply users in the NTEA and associated
2.25-mile AOR, CBR has used the results of water well surveys conducted by CBR in
1996, with updates in 2004, 2007 and 2008. The surveys consisted of interviews of
individual home/property owners and local drillers, and in 2008, a review of the
Nebraska Department of Natural Resources (NDNR) groundwater well data base
(NDNR 2008) for registered wells in the AOR. The water user survey determined the
location, depth, casing size, depth to water and flow rate of all wells within the area
that were (or could) be used for domestic, agricultural or livestock uses. Under
current Nebraska law, domestic or livestock wells completed prior to September 09,
1993, do not have to be registered (NRCS 2008). Therefore, well completion records
for wells prior to September 09, 1993, are limited. However, efforts were made by
CBR to gather available information on such wells completed in the injection zone of
the AOR of the NTEA through interviews with home/property owners and local well
drillers. This interview process has significantly improved the completeness of
CBR's well user survey information.
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Table 2.2-12 lists the active, inactive, and abandoned groundwater wells in the NTEA
and the 2.25-mile AOR, which are depicted on Figure 2.2-4. Within the 2.25-mile
AOR, 149 of the wells are completed in the Brule Formation and 15 are completed in
the Chadron Formation (not including the "RC" monitoring wells).

Other than the monitoring wells installed by CBR, there are 11 active permitted water
supply wells completed in the Brule Formation within the NTEA (Table 2.2-12). All
11 of these water supply wells are used for domestic or agricultural (i.e. livestock
watering) purposes. ý The Brule Formation is hydraulically isolated from the
underlying Basal Chadron Sandstone by up to 500 feet of low permeability claystones
and siltstones. All active, inactive and abandoned water wells within the NTEA are
depicted on Figure 2.2-4. Table 2.2-12 presents information from the updated water
well user survey for the water supply wells within the NTEA. The water well user
survey was recently updated based on a search of NDNR records for registered wells
near the Town of-Crawford. Note that some of the wells are old windmills (e.g., Well
198) or hand pump wells (e.g., Well 211 and Well 218) that are inactive and no
longer in use, but have not yet been formally abandoned. There are no active water
supply wells completed in the Basal Chadron Sandstone within the NTEA.

The updated water user survey indicates that the only domestic groundwater supply
within the NTEA is the Brule Formation (Well 83 and Well 84). The only Chadron
Formation water supply well within the NTEA (Well 81A) was abandoned.
Groundwater pumped from active wells within the 2.25-mile AOR is used either to
water livestock or for domestic purposes.

CBR will develop procedures so that hydraulic adjustments can be made in response
/to increased pumping rates by land owners at nearby water supply wells during ISL
mining activities. Either the monitoring well system in place during mining
operations or the monitoring of power consumption at water supply well locations
will indicate increased pumping rates from nearby water supply wells screened in the
Basal Chadron Sandstone. Water supply well use appears to be limited to small
volumes that should have a minimal effect on capture of mining fluids. It. is unlikely
that increased pumping at nearby water supply wells would allow mining fluids to
escape the NTEA.

In summary, there is no domestic use of groundwater from the Basal Chadron
Sandstone within the NTEA. The only residence within the NTEA is supplied by two
water supply wells (Wells 83 and 84) which are completed in the relatively shallow
Brule Formation (Figure 2.2-4 and Table 2.2-12). The Brule Formation is vertically
and hydraulically isolated from the aquifer proposed for exemption. Based on
population projections (CBR 2007) future water use within the NTEA and the 2.25-
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Table 2.2-12 Active, Inactive and Abandoned Water Supply Wells in the NTEA and
2.25-Mile Area Of Review

Estimated Within
Well # Depth Formation Well Use Well Status NTEA

3 100 Brule Fm Agricultural Active No
4 100 Brule Fm Domestic/Agricultural Active No

20 50 Brule Fm Domestic/Agricultural Active No
56 200 Brule Fm Domestic Active No
66 60 Brule Fm Domestic/Agricultural Active No
74 60 Brule Fm Agricultural Active No
75 65 Brule Fm Agricultural Active Yes
76 30 Brule Fm Agricultural Inactive Yes
77 70 Brule Fm Agricultural Active Yes
78 98 Brule Fm Domestic Active 'Yes
79 98 Brule Fm Agricultural Inactive No
82 120 Brule Fm Agricultural Inactive Yes
83 50 Brule Fm Domestic Active Yes
84 50 Brule Fm Agricultural Active Yes
85 80 Brule Fm Domestic Active No
86 ý300 Brule Fm Agricultural Inactive No
87 50 Brule Fm Agricultural Active No
88 60 Brule Fm Domestic Active No
89 35 Brule Fm Agricultural Active No
90 35 Brule Fm Agricultural Active No
91 80 Brule Fm Domestic/Agricultural Active No
92 167 Brule Fm Domestic Active No
93 85 Brule Fm Domestic Active No
94 52 Brule Fm Domestic Active No
95 100 Brule Fm Domestic Active No
96 86 Brule Fm Domestic Active No
99 50 Brule Fm Domestic Active No
100 35 Brule Fm Agricultural Active No
101 75 Brule Fm Domestic Active No
102 100 Brule Fm Domestic Active No
103 125 Brule Fm Agricultural Active No
104 25 Brule Fm Domestic Active No
105 70 Brule Fm Agricultural Active No
106 100 Brule Fm Domestic Active No
107 100 Brule Fm Domestic Active No
108 75 Brule Fm Agricultural Active No,
109 55 Brule Fm Domestic Active No
110 100 Brule Fm Domestic Active No
111 90 Brule Fm Domestic Active No
112 110 Brule Fm Domestic Active No
113 110 Brule Fm Domestic Active No
115 90 Brule Fm Domestic Active No
116 35 Brule Fm Domestic Active No
117 160 Brule Fm Agricultural Active No
118 90 Brule Fin Agricultural Active No
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Table 2.2-12 Active, Inactive and Abandoned Water Supply Wells in the NTEA and
2.25-Mile Area Of Review

Estimated Within
Well # Depth Formation Well Use Well Status NTEA

121 16 Brule Fm Agricultural Active No
122 60 Brule Fm Agricultural Active No
126 290 Brule Fm Agricultural Active No
127 105 Brule Fm Domestic Active No
149 175 Brule Fm Agricultural Active No
161 . 60 Brule Fm Domestic Active No
162 * Brule Fm Domestic Active No
168 65 Brule Fm Agricultural Active No
172 20 Brule Fm Agricultural Inactive No
173 30 Brule Fm Agricultural Active No
174 30 Brule Fm Agricultural Active No
175 25 Brule Fm Domestic/Agricultural Active No
176 70 Brule Fm Domestic Active No
184 60 Brule Fm Domestic Active No
185 70 Brule Fm Domestic Active No
186 20 Brule Fm Domestic Active No
187 78 Brule Fm Agricultural Active No
188 95 Brule Fm Domestic Active No
189 30 Brule Fm Agricultural Active No
190 30 Brule Fm Agricultural Active No
197 70 Brule Fm Agricultural Active Yes
198 * Brule Fm Agricultural Active Yes
199 21 Brule Fm Agricultural Active No
200 30 Brule Fm Agricultural Active No
201 30 Brule Fm Agricultural Inactive No
206. 60 Brule Fm Agricultural Inactive Yes
207 30 Brule Fm Agricultural Active No
208 30 Brule Fm Agricultural Active Yes
209 100 Brule Fm Agricultural Active Yes
210 * Brule Fm Agricultural Inactive No
211 * Brule Fm Agricultural Inactive No
212 * Brule Fm Agricultural Inactive Yes
213 30 Brule Fm Agricultural Active Yes
214 37 Brule Fm Agricultural Active No
215 50 Brule Fm Agricultural Active No
216 37 Brule Fm Agricultural Active No
217 * Brule Fm Agricultural Active No
218 * Brule Fm Agricultural Active No
220 35 Brule Fm Agricultural Active No
221 35 Brule Fm Agricultural Active No
222 35 Brule Fm Agricultural Active No
223 35 Brule Fm Agricultural Active No
224 * Brule Fm Agricultural Active No
227 30 Brule Fm Agricultural Active No
228 30 Brule Fm Agricultural Active No
229 30 Brule Fm Agricultural Inactive No

0
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Table 2.2-12 Active, Inactive and Abandoned Water Supply Wells in the NTEA and

2.25-Mile Area Of Review

Estimated Within
Well # Depth Formation Well Use Well Status NTEA

230 * Brule Fm Domestic/Agricultural Active No
231 * Brule Fm Agricultural Active No
233 80 Brule Fm Domestic/Agricultural Active No
235 30 Brule Fm Agricultural Active No
237 50 Brule Fm Domestic/Agricultural Active No
241 21 Brule Fm Domestic/Agricultural Active No
243 30 Brule Fm Domestic/Agricultural Active, No
244 30 Brule Fm Domestic/Agricultural Active No
245 25 Brule Fm Agricultural Active No
246 40 Brule Fm Domestic/Agricultural Active No
247 30 Brule Fm Agricultural Active No
248 248 Brule Fm Agricultural Active No
249 30 Brule Fm Agricultural Active No
250 30 Brule Fm Domestic/Agricultural Active No
251 100 Brule Fm Agricultural Active No
252 * Brule Fm Domestic/Agricultural Active No
253 * Brule Fm Agricultural Active No
254 * Brule Fm Domestic/Agricultural Active No
255 30 Brule Fm Agricultural Active No
256 40 Brule Fm Agricultural Inactive No
257 50 Brule Fm Agricultural Active No
258 * Brule Fm Agricultural Active No
259 * Brule Fm Domestic/Agricultural Active No
262 30 Brule Fm Domestic/Agricultural Active No
263 * Brule Fm Agricultural Inactive No
436 37 Brule Fm Domestic Active No
438 60 Brule Fm Agricultural Active Yes
439 69 Brule Fm Agricultural Active No
442 60 Brule Fm Agricultural Active No

5002 25 Brule Fm Agricultural Active No
5004 85 Brule Fm Agricultural Abandoned No
5005 40 Brule Fm Domestic Active No
5006 100 Brule Fm Domestic Active No
5007 50 Brule Fm Agricultural Active No
5008 48 Brule Fm Agricultural Active No
5009 60 Brule Fm Domestic Active No
5010 30 Brule Fm Agricultural Inactive No
5011 110 Brule Fm Agricultural Active No
5012 80 Brule Fm Agricultural Active No
5013 45 Brule Fm Agricultural Active No
5014 50 Brule Fm Agricultural Active No
5015 50 Brule Fm Domestic Active No
5016 38 Brule Fm Agricultural Active No
5017. 60 Brule Fm Agricultural Active No
5018 40 Brule Fm Agricultural Active No
5019 60 Brule Fm Domestic Active No
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Table 2.2-12 Active, Inactive and Abandoned Water Supply Wells in the NTEA and
2.25-Mile Area Of Review

Estimated Within
Well # Depth Formation Well Use Well Status NTEA
5020 100 Brule Fm Domestic Active No
5021 50 Brule Fm Agricultural Active No
5022 50 Brule Fm Agricultural Inactive No
5023 50 Brule Fm Domestic Active No
5024 40 Brule Fm Agricultural Active No
5025 60 Brule Fm Agricultural Inactive No
5026 65 Brule Fm Domestic Abandoned No
5027 60 Brule Fm Agricultural Active No
5028 36 Brule Fm Agricultural Inactive No
5029 80 Brule Fm Agricultural Active No
5030 50 Brule Fm Agricultural Inactive No
5031 * Brule Fm Agricultural Active No
5032 114 Brule Fm Domestic Active No
5033. 46 Brule,Fm, Agricultural Active No
5034 55 Brule Fm Agricultural Active No
5036 26 Brule Fm Agricultural Inactive No
5037 63 Brule Fm Domestic Active No
5038 105 Brule Fm Agricultural Inactive No
5039 56 Brule Fm Agricultural Active No
5040 * Brule Fm Agricultural Active No
5041 40 Brule Fm Agricultural Active No
5042 90 Brule Fm Agricultural Active No
5043 60 Brule Fm Agricultural Active No
5045 50 Brule Fm Agricultural Active No
5046 24 Brule Fm Agricultural Inactive No
5047 140 Brule Fm Domestic Active No
5048 50 Brule Fm Domestic Active No
5049 40 Brule Fm Agricultural Active No
5050 50 Brule Fm Agricultural Inactive No
5052 * Brule Fm Agricultural Inactive No
5053 50 Brule Fm Agricultural Active No
5054 * Brule Fm Agricultural Inactive No
5056 * Brule Fm Agricultural Active No
5057 26 Brule Fm Agricultural Active No
5058 55 Brule Fm Agricultural Active No
5059 60 Brule Fm Agricultural Active No
5060 * Brule Fm Agricultural Inactive No
5062 * Brule Fm Agricultural Inactive No
5063 50 Brule Fm Agricultural Inactive No
5064 * Brule Fm Agricultural Inactive No
5066 56 Brule Fm Domestic Active No
5068 75 Brule Fm Domestic Active No
52 420 Chadron Fm Agricultural Active No
55 320 Chadron Fm Agricultural Active No
60 312 Chadron Fm Agricultural Inactive No
61 280 Chadron Fm Domestic/Agricultural Active No
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Table 2.2-12 Active, Inactive and Abandoned Water Supply Wells in the NTEA and
2.25-Mile Area Of Review

Estimated Within
Well # Depth Formation Well Use Well Status NTEA

65 260. Chadron Fm Agricultural Abandoned No
81 630 Chadron Fm Agricultural Abandoned Yes
97 380 Chadron Fm Agricultural Active No
98 100 Chadron Fm Domestic/Agricultural Active No
114 470 Chadron Fm Agricultural Active No
123 280 Chadron Fm Agricultural Active No
425 700 Chadron Fm Agricultural Abandoned No
437T 200 Chadron Fm Domestic Active No
440T 240 Chadron Fm Agricultural Active No
441" 240 Chadron Fm Agricultural Active No
443T 140 Chadron Fm Domestic Active No
5001 280 Chadron Fm Agricultural Active No
5003 280 Chadron Fm Agricultural Active No
5035 285 Chadron Fm Agricultural Active No
5044 400 Chadron Fm - Agricultural Inactive No
5069 360 Chadron Fm Domestic Active No
RC1 370 Chadron Fm. Agricultural Active No
RC2 630 Chadron Fm Not Used Active Yes
RC3 293 Chadron Fm Not Used Abandoned No

NOTES:
1) RC- 1, RC-2 and RC-3 were originally installed as monitoring wells. RC-I is currently used as an agricultural
water supply well. RC-2 is no longer used. RC-3 Was abandoned.

2) Wells designated as completed in the Brule Formation, in many cases, are also included completed in the
overlying alluvium.
. Indicates well is completed into Chadron clay only and is in hydraulic communication with Brule
Fm.

* No Reported Depth
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mile AOR likely will be a continuation of present use. It is unlikely that any irrigation
development will occur Within the NTEA due to the limited water supplies,
topography, and climate. Irrigation within the review area is anticipated to be
consistent with the past (e.g., limited irrigation in the immediate vicinity of the White
River). Restrictions have been placed on irrigation development in the Upper
Niobrara-White Natural Resources District, which includes Dawes County and the
NTEA site (NDNR 2007). As a result, no additional water rights for irrigation
purposes are currently available in the NTEA area. It is anticipated that the Town of
Crawford water supply will continue to be provided by the groundwater and
infiltration galleries related to the White River and associated tributaries.

During operations at the North Trend Satellite Facility, a detailed water sampling
program will be conducted to identify any potential impacts to water resources in the
area. CBR's operational monitoring program includes the evaluation of groundwater
within the permit area. All private wells within 0.6 mile (1 kilometer) of the
proposed NTEA wellfield area boundary will be sampled quarterly during operations,
including the two water supply wells located within the NTEA, with the landowner's
consent. Standard operating procedures to be use for the North Trend operations will
enhance protection of private wells in the area. These procedures are discussed in
Chapter 3.0 and Section 5.7.1 and 5.7.8.. Such operations would include protective
measures such as the following:

A ring of perimeter monitor wells are located around each .wellfield and
screened in the ore-bearing Chadron Aquifer. In addition, shallow monitor
wells will be placed in the first overlying aquifer (i.e., Brule Formation) above
each wellfield segment. Sampling of these wells will be done on a. biweekly
basis. These wells will be monitored routinely in order to ensure lixiviant
does not migrate from the production area. Any detected excursions are*
corrected as soon as possible so that excursions do not impact nearby wells or
the environment.

Field testing of all injection, production, and monitor wells will be performed
to demonstrate the mechanical integrity of the well casing (Mechanical
Integrity Test [MIT]). In addition, all piping is leak tested prior to production
flow and following repairs or maintenance.

The North Trend operations will have an instrumentation system that will
allow for extensive monitoring and control of all waste flows, wellfield flows
and recovery plant operations. Wellfield houses will be equipped with wet
alarms to monitor the presence of liquids in the wellhouse house sumps.
These processes will allow for the detection of releases and allow for afast
response to such a release.
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" Proven well construction methods and casing materials will be used for the
construction and installation of production and injection wells, which ensures
the long-term integrity of such wells and minimization of any unplanned
releases to groundwater.

" Wellfield areas are installed with dikes or berms to prevent spilled process
solutions from entering surface water features. Process buildings would be
constructed with secondary containment, and a regular program of inspections
and preventive maintenance would be in place.

Groundwater impacts of operations are discussed in Section 7.2.6 of this
application.

0
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2.5 METEOROLOGY

2.5.1 Introduction

This section describes the meteorological conditions in the region surrounding the Crow
Butte Project and the North Trend Expansion Area. The data presented in this section
were used to determine the effect of the local climate on the development area. The joint
frequency data can be used to'assess .the atmospheric dispersion characteristics. present in
the region.

Data sources for the meteorological conditions used for this report come from the High
Plains Regional Climatic Center (HPRCC) for a site located in Chadron, Nebraska
(HPRCC 2004) and from an on-site monitoring station near the Crow Butte facility. The
period of record for the HPRCC data covers 56 years of observation between 1948 and.
2003. The on-site monitoring data were collected between May 1982 and April 1984, and
include temperature, precipitation; evaporation, wind speed, and wind direction. Data are
also included from the National Weather Service Stations in Scottsbluff, Nebraska and
Rapid City, South Dakota.

The North Trend Expansion Area is located in Dawes County (in the north central portion
of the Nebraska panhandle), which shares its northern border with South Dakota. The
weather patterns are typical of a semi-arid, continental climate. This climate is
characterized by warm summers, cold winters, light precipitation, and frequent changes
in the weather.

The Rocky Mountains, located to the west of the site, and the Black Hills, located to the
north, effectively block moisture from these directions, while moisture from the south is
directed eastward by a plateau south of the region. As a result of this topography, the
project area is generally drier than the rest of the panhandle.

The HPRCC data were collected at the Chadron I NW site (latitude 420 50' north,
longitude 1030 01' west with a ground elevation of 1021 m [3350 Ri] above mean sea
level). The monitor is 1.4 km (0.9 miles) west northwest, of Chadron, 37 km (23 miles)
east northeast of Crawford, and 35 km (22 miles) east northeast-of the proposed license
area.

2.5.2 Temperature

Table 2.5-1 shows the mean daily maximum and minimum temperatures as well as the
mean monthly temperatures. The months of November through March all have mean
daily minimum temperatures below freezing, with January as the coldest month.
December, January, and February all have monthly mean temperatures below freezing.
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TABLE 2.5-1
MEAN DAILY MAXIMUM AND MINIMUM AND MEAN MONTHLY

TEMPERATURE DATA FOR CHADRON, NEBRASKA
Mean Mean

Month Daily Daily Mean Record High Record Low

Maximum Minimum Monthly

(0C) (0C) (0C) (0C)T Year ( _)Q Year

Jan 2.0 -11.8 -4.9 21.1 1989 -33.9 1949
Feb 5.0 -9.2 -2.1 24.4 1982 -32.8 1982
Mar 8.9 -5.4 1.8 28.3 1967 -32.2 1989
Apr 15.1 0.2 7.7 33.9 1989 -23.9 1975
May 20.9 6.3 13.6 36.7 1969 -8.9 1954
June 27.1 11.6 19.3 41.7 1989 -3.3 1969
July 31.8 15.2 23.5 43.3 1954 3.3 1971
Aug 31.3 14.3 22.8 42.2 1980 . .2.2 1962
Sept 25.3 8.1 16.7 . 40.0 1978 --8.3 1984
Oct 18.2 1.3 9.7 34.4 1953 -21.7 1991
Nov 8.9 -5.4 1.8 27.2 1999 -27.8. 1959
Dec 3.6 -10.1 -3.3 22.2 1980 -40.0 1989
Year 16.5 1.2 8.9 43.3 Jul-54 -40.0 Dec-89

Source: HPRCC
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The warmest months are July and August. The mean yearly temperature is 8.9'C
(48.0-F).

The temperature extremes for the period of record -are also given in Table 2.5-1, along
with the year of occurrence. These data show that temperatures can exceed I00F (38°C),
ýand freezing or near-freezing temperatures can occur throughout the year.-

Table 2.5-1 summarizes Mean Daily Maximum and Minimum and Mean Monthly
Temperature Data for Chadron, Nebraska (From 1948 to 2003).

Table 2.5-2 lists the mean number of days per month with temperatures above or below
selected values.

The average date of the last yearly 00C (32°F) temperature is May 18 while the first fall
freeze is expected on September 18. The average growing season is 120 to 130 days long
(USDA 1981). These are average values, and the exact occurrence of freezing
temperatures depends on exposure.

The temperature in Chadron, Nebraska is comparable to the temperature in Crawford,
Nebraska. To demonstrate this trend, high and low temperature data for both locations
for April to August 1999 are displayed in Figure 2.5-1. The source for Chadron and
Crawford.temperature data is from Weather Underground (WUG 2009) and the National
Climatic Data Center (NCDC 2009) operated by NOAA (NCDC), respectively. Figure
2.5-1 shows that the temperature data from the two weather stations is consistent.

The Weather Underground website uses temperature data from the Chadron weather
station for prediction of weather in both Crawford and Chadron. 1999 was selected for
comparison because 1999 was the most recent -year for which actual Crawford
temperature data was available. Since complete meteorological data from Crawford is
not available and the temperature data from. Chadron is consistent with Crawford, the
Chadron data would be the best option for usage in air emission modeling and evaluation.

2.5.3 Precipitation

Precipitation in the region is generally light, with the heayiest occurrences in the spring
and summer. Table 2.5-3 lists the monthly precipitation totals for, the period of record.
May has'the heaviest precipitation, with good precipitation occurring through July. The
driest months are November through February. The mean yearly precipitation is 40.79 cm
(16.06 in). The maximum 24-hour precipitation events are also listed in Table 2.5-3.

The monthly mean and maximum snowfalls for the period of record are listed in Table
2.5-3. The mean annual snowfall is 107.44 cm (42.30 in). July and August are the only
two months without a reported snowfall. The maximum mean monthly snowfall occurred
in March.
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TABLE 2.5-2
TEMPERATURE OCCURRENCES FOR CHADRON, NEBRASKA

_ (FROM 1948 TO 2003)
Month Mean Number of Days with Mean Number of Days with

Maximum Temperatures Minimum Temperatures

> 32.20C < O°C < O°C < -17.8 0C

Jan 0.0 11.4 30.1 7.5
Feb 0.0 7.8 26.7 4.3
Mar 0.0 4.7 26.2 1.7
Apr 0.1 0.8 15.4 0.0
May 0.9 0.0 2.9 0.0
June 6.0 0.0 0.1 0.0
July .15.9 0.0 0.0 0.0
Aug 15.6 0.0 0.0 0.0
Sept 5.6 0.0 1.9 0.0
Oct 0.3 0.5 12.4 0.1
Nov 0.0 4.5 25.6 1.0
Dec 0.0 9.1 29.6 4.7
Year 44.3 38.7 170.8 19.3

Source: HPRCC
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TABLE 2.5-3
MEAN AND MAXIMUM PRECIPITATION DATA FOR CHADRON,

NEBRASKA (FROM 1948 TO 2003)
Month Water Equivalent Snow Fall

Mean Maximum 24-Hour Mean Maximum Monthly

(cm) .j(cm) (cm) (cm).

Jan " 1.12 2.72 16.51 88.14

Feb 1.17 3.81 16.51 59.69

Mar 2.16 3.51 21.84 88.14

Apr 4.47 .6.22 13.21 49.28.

May 7.52 6.50 1.52 23.62

June. 7.14 5.38. 0.00 3.05

July 5.41 5.08 0.00 0.00

Aug 3.48 4.62 0.00 0.00

Sept 3.66' 11.18 0.76 25.40

Oct 2.36 3.81 5.59 28.45

Nov 1.24 1.78 13.21 42.93

Dec 1.04 1.80 17.78 46.99

Year 40.79 11.18 107.44 196.85

Source: HPRCC
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Precipitation data from the National Oceanic and Atmospheric Administration (NOAA)
was also reviewed. The site in Scottsbluff, Nebraska is 98 km (60.9 mi) south of the
license area and the site in Rapid City, South Dakota is 158 km (98.2 mi) north of the.
license area. These data indicate that'precipitation in excessý of 0.03 cm (.01 in) can be
expected on an average of 91 and 96 days per year, respectively. These data are listed in
Table 2.5-4.

Tornadoes are rare. In the USNRC, "Draft Generic Environmental Impact Statement on
Uranium Milling", (USNRC 1979) the authors calculated a mean annual frequency of 0.6 .
for tornadoes in intensity Category I at Rapid City. The annual probability of occurrence
at this location is 4.8 x 1 0 -4. A tornado in intensity Category I has a rotational speed of
134 meters per secofid (m/s) and a translational speed of 26 mis.

For comparison of rainfall in Chadron and Crawford, rainfall data collected at the two
locations was compared for April of 1999 to August of 1999. The source for rainfall data
for both locations was the NCDC. Figure 2.5-2 shows a bar graph of daily rainfall
measured at the two locations. While the rainfall was not found to be exactly the same on
a daily basis, the trend does show that :rainfall events are typically logged in both
locations. Table 2.5-5 shows monthly and seasonal rainfall totals of the data in Figure
2.5-2. The total rainfall for the spring and summer seasons are consistent.

2.5.3 Humidity

Relative percent humidity at the Scottsbluff and Rapid City weather stations is given in
Table 2.5-6. The humidity at 0500, 1100, 1700, and 2300 hours is listed. Both locations
have about the same humidity during the night; but in the early morning, Scottsbluff is
slightly more humid. By noon and throughout the afternoon, Scottsbluff becomes less
humid than Rapid City. These data indicate that humidity differences are slight and the
humidity at the license area can be expected to be similar to these locations.

While Rapid City, South Dakota and Scottsbluff, Nebraska are greater than 50 miles from
Crawford, Nebraska, the humidity is comparable and the best estimate for available data.
To illustrate this point, 2006 humidity data for weather stations at Rapid City and
Scottsbluff and also for Chadron, Nebraska (within 50 miles of Crawford) was obtained
from the Weather Underground website (WUG 2009). Humidity.dlata for Crawford was

not available.

Figure 2.5-3 of this document shows the average daily humidity for 2006 for all three
locations with available data. The solid trend lines on the graph show the moving 30 day
average humidity for each of the three locations. Overall, the humidity in Chadron is
slightly higher than in either Rapid City or Scottsbluff. The average humidity for 2006

CBR SUA-1 534 Application Amendment/North 2.5-6 Revised February 27, 2009
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TABLE 2.5-4

PRECIPITATION EVENTS (1982 - 1990)

Mean Number of Days
Month: with Precipitation

Scottsbluff, NE Rapid City SD

January 5.4 5.4
February 5.4 6.2

March 7.3 9.2
April 9.2 8.0
May 12.0 10.8
June 9.2 11.3
July 8.6 8.3

August 8.2 8.6
September 8.0 8.3

October 5.3 6.6
November 6.6 6.2
December 6.2 6.8

Year 91.4 95.7
Period of Record (years) 9 9

Source: NOAA 1993

Table 2.5-5. Rainfall for Spring and Summer at Towns of Crawford
and Chadron 1999

April 5.07 3.97

May 1.86 3.5

June 4.31 4.24

July 2.7 1.56

August 0.99 1.42

Total (April to 14.93 14.69
August)

CBR SUA-1 534 Application ArnendmnentfNorth
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TABLE 2.5-6
PERCENT RELATIVE HUMIDITY DATA (FROM 1982 - 1990)

Month 0500 Hours 1100 Hours 1700 Hours 2300 Hours,
NEa SDb NE SD NE I SD NE SD

January 72.0 67.7 54.3 55.7 53.4 61.0 68.3 67.0
February 75.0 71.0 52.6 54.8 47.6 56.1 70.0 70.0

March 76.0 76.2 50.9 56.3 44.1 54.9 68.4 73.7
April 75.3 70.6 42.9 44.9 39.1 43.2 65.0 65.1
May 80.3 75.4 44.4 49.2 41.2 47.5 68.8 70.8
June 80.0 77.0 43.0 49.8 38.4 46.1 66.8 71.3
July 81.1- 72.3 40.7 41.3 35.1 37.8 65.4 62.8

August 82.6 73.4 42.6 41.3 37.2 36.8 69.2 64.7
September 79.5 71.9 42.7 44.1 37.8 42.0 68.0 65.8

October 76.6 69.7 43.4 45.2 40.9 48.2 67.6 66.4
November 76.2 72.3 51.2 54.3 53.9 60.5 71.3 70.9
December 76.1 69.1 57.4 56.6 59.6 63.3 73.4 68.1

Year 77.6 72.2 47.2 49.5 44.0 49.8 68.5 68.1
Period of Record(er)9 9 . 9 91 9 9. 9 9

(years)

Source: NOAA 1993
a Scottsbluff, NE
b Rapid City, SD

for Chadron, Scottsbluff, and Rapid City were 61.6 %, 57.5 %, and 56.8 %, respectively.
While Chadron may be slightly closer in distance to the project location in Crawford, the
elevation of Crawford (3,679 ft.) is more consistent with the average elevation of
Scottsbluff and Rapid City (average elevation of 3,565 ft.) in comparison to Chadron
(3,369 ft.). The higher elevation of Criawford may make the humidity slightly lower than
Chadron and consistent with the data provided in the original report.

While the differences in humidity are slight for the three weather stations discussed
above, the use of slightly lower humidity data would be more conservative from an air
emissions modeling standpoint. A lower humidity would predictimpacts at a greater
distance from the emission source. It is noted that humidity data are not expected to be
required as an input parameter into modeling at North Trend (i.e., MILDOS and
RESRAD). However, if modeling is needed that requires humidity input, anaverage of
values for Scottsbluff and Rapid City (lower than Chadron) would be used, resulting in a
more conservative number for air modeling.

Data from Scottsbluff, Nebraska and Rapid City, South Dakota were used because those
cities have near-by weather stations that monitor many meteorological parameters hourly

0

0
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and provide complete, hourly data to the public. Crawford, Nebraska does not have a
local weather station to provide that type of complete~data.

2.5.4 Winds

Figure 2.5-4 and Figure 2.5-5 'are the wind roses, for Scottsbluff, Nebraska and Rapid
City, South Dakota, respectively. These figures show predominant wind patterns that are
similar; however, the finer details are greatly influenced by the local topography. Rapid
City has a predominant wind from the north-northwest while Scottsbluff has a slightly
bimodal distribution with the predominant winds from the west-northwest and the east-
southeast. The least prevalent wind direction at Scottsbluff and Rapid City is from the
southwest.

As shown by the wind rose for the license area in Figure 2.5-6, the predominant air
pollutant dispersion would be towards the north to northeast. The next most common
directions would be towards the southwest to south-southwest.

Local -terrain will have a significant influence on the wind patterns in a given area.
Because of this, a meteorological station was installed on the current Crow Butte project
site. This station was capable of measuring wind speed, direction, and the standard
deviation of the wind direction. Joint frequency datawas compiled from this information.
Figure 2.5-6 exhibits the wind rose that was identified for the site and Table 2.5-7
through Table 2.5-13 shows the frequency of winds by direction and speed for the six
stability"classes. Table 2.5-14 shows the annual relative joint frequency distribution. As
shown on Figure 2.5-6, the predominant wind direction of the site is from a south-
southwest direction approximately 45.percent of the time.

Wind patterns at a specific site do not change significantly from year to year, but will
change significantly for different locations. Unlike some other meteorological
parameters, wind patterns are notably influenced by local topography. This is the case
for the Crawford area.

The wind rose diagram in Figure 2.5-4 shows the wind direction for Scottsbluff,
Nebraska for 1984 to 1990. A comparison of this wind rose to the monthly wind roses
located on the Natural Resources Conservation Service (NRCS) website (NRCS 2009)
for 1961 to 2003 for Scottsbluff, Nebraska shows consistent wind direction trends. The
same comparison and conclusion was made for Figure 2.5-5 (wind rose for Rapid City,
South Dakota, 1984 to 1990) and the wind roses on the NRCS website (NRCS 2009) for
1961 to 2003 for Rapid City, South Dakota. This shows that over time the wind patterns
for a specific location remain consistent. However, a comparison of Figure 2.5-4 and
2.5-5 to Figure 2.5-6 (NTEA) show that Scottsbluff and Rapid City have different
predominant wind patterns than the project site. Because of the differences among the

CBR SUA-1534 Apolication Amendment/North 2.5-9 Revised February 27, 2009
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TABLE 2.5-7 FREQUENCY OF WINDS BY DIRECTION AND SPEED,
(STABILITY A)

Wind Speed Class Intervals (Knots)

Direction I1- 3 3-6 6-10 10-16 16-21 >211 AllI Mean
___ jSpeed

N 0.98 8.63 2.62 0.11 0.00 0.00 12.34 4.90
NNE. 2.61 8.74 .2.95 0.11 0.00 0.00 14.31 4.60
NE 1.64 8.52 1.31 0.00 0.00 -0.00. 11.47 4.50

ENE 0.66, 4.37 0.55 0.00 0.00 0.00 5.58 4.40
E 1.20 1.97 0.77 0.00 0.00 0.00 3.94 4.40

ESE 0.33 0.87 0.22 0.00 0.00 0.00 1.42 4.00
SE 0.98 1.75 1.64 0.00 0.00 0.00 4.37 5.10
SSE .0.44 2.61 1.64 0.11 0.00 0.00 4.70 5:30
S 0.98 3.72 1.53 0.00 0.00 0.00 6.23 5.00

SSW 0.55 1.97 2.08 0.22 0.00 0.00 4.82 6.00
SW 0.77 3.72 1.53 0.00 0.00 0.00 6.02 5.00

WSW 0.66 2.08 1.53 , 0.00 0.00 0.00 4.27 5.30
W 0.66 1.75 1.75 0.11 0.00 0.00 4.27 5.50

WNW 0.77 1.42 0.98 0.44 0.00 0.00 3.61 5.70
NW 0.66 2.30 1.53 0.11 0.00 000 460 550

NNW 1.53 3.93 1.86 0.44 0.00 0.00 .7.76. 530
ALL 15.32 58.25 24.49 1.65 0.00 0.00 99.71 5.00

0

0

StabilityClass A
Data Recorded between May 1982 and:April 1984
Crow Butte Uranium Project Site, Nebraska
Calm (less than one knot) = 0.3%
Period mean wind speed = 5.0 knots
Percent occurrence for A stability class = 5.6%
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TABLE 2.5-8
FREQUENCY OF-WINDS BY DIRECTION AND SPEED

(STABILITY B)

Wind ... Sieed Class Intervals (Knots)
T" 3-6 6-10 10-16 16-21 >21 All MeanDirection 1- 3 3-6 61 10 l pe

" : .! .. :.[ .. Speed

N 1.01 2.68 5.53 0.67 .0.00 0.00 9.89 6.40
NNE 1.34 3.52 3.77 -0.34 0.00 0.00 8.97 5.70
NE 0.92 5.28 5.45 0.50 0.00 0.00 12.15 6.00
ENE 0.84 1.76 2.85 0.25 0.00 0.00 5.70 6.00
'E 0.17 0.84 0.75 •0.08 0.00 0.00 1.84 6.00
ESE 0.59 0.59 1.09 0.00 0.00 0.00 2.27 5:80
SE 0.08 1.26 2.26: 0.25 .0.00 0.00 3.85' 6.90

SSE 0.67 1.17 2.43 0.50 0.00 0.00 4.77 6.50
S 1.09 1.01 4.02 0.92 0.00 0.00 7.04 7.00.

SSW 1.01 2.01 2.26 0.75 0.00 0.00 6.03 6.30
SW 0.92 3.19 2.61 0.59 0.00 0.00 7.21 6.10

WSW 0.59 2.01 2.60. 0.84 0.08 0.00 6.12 6.90
W 0.42 1.34 2.35 0.42 0.08 0.00 4.61 7.20

WNW 0.67 1.09 2.10 0.34 0.00 0.00 4.20 6.60
NW 0.25 1.09 4.02 1.09 0.08 0.00 6.53 7.80

NNW 042 1.51 4.95 1.68 0.08 0.00 8.64 7.80

ALL 10.99 30.35 1.48.94 .9.22 032 0.00 99.82 6.60

$

Stability Class B
Data Recorded between May 1982 and April 1984
Crow Butte Uranium Project Site, Nebraska
Calm (less than one knot) = 0.2%
Period mean wind speed = 6.5 knots
Percent occurrence for B stability class = 7.4%,
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TABLE 2.5-9
FREQUENCY OF WINDS BY DIRECTION AND SPEED\

(STABILITY C)
Wind .....__ ,Speed Class Intervals (Knots)

Direction 1-3 3 -6 6-10 10-16 1 16-21 >21 All Mean
_ _ _ _ _I _ _ I _ _ _II Ij Speed

N 0.74 1.54 2.68 -0.74 0.00 0.00 5.70 6.70
NNE 0.63 2.62 2.90 .0.85 0.00 0.00 7.00' 6.60
NE 0.91 2.28 5.69 1.20 0.00 0.00 10.08 7.00

ENE 0.46 1.03 2.96 0.97 0.00 0.00 5.42 7.30
E 0.00 0.57 0.74 0.28 0.00 0.00 1.59 7.60.

ESE 0.23 0.34 0.91 0.23 0.00 0.00 1.71 7.00
SE 0.17 0.68 1.82 0.74 0.00 0.00 3.41 7.70

SSE 0.46 0.74 2.22 1.48 0.00 0.00 4.90 8.00
S 0.97 1.65 5.30 2128 0.00 0.00 10.20 7.70

SSW 1.14 3.02 3.93 0.97 0.00 0.00 9.06 6.60
SW 1.03 3.36 4.67 1.14 0.11 0.00 10.31 6.80

WSW 0.97 3.02 3.59 1.14 0.06 0.06 8.84 6.80
W 0.11 0.91 1.99 1.03 0.11 0.00 4.15 8.40

WNW 0.17 0.51 1.03 1.25 0.06 0.00 3.02 9.10
NW 0.40 0.74 3.70 2.22 0.06 0.00 7.12 870

NNW 0.40 1.42 3.42 2.11 0.00 0.00 7.35 8.20

ALL 8.79 24.43 47.55 18.63 0.40 0.06 99.86 7.40

0

A

0

Stability Class C
Data Recorded between May 1982 and April 1984
Crow Butte Uranium Project Site, Nebraska
Calm (less than one knot) = 0.2%
Period mean wind speed = 7.4 knots
Percent occurrence for C stability class = 10.8%
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TABLE 2.5-10
FREQUENCY OF WINDS BY DIRECTION AND SPEED

(STABILITY D)

• Wind . _ _ Speed.Class Intervals (Knots)
: 1 [ ]Mean

Direction 1-3 3-6 , 6-10 10-16 16-21 >21 All MeI J II [ ~ Speed
N 0.17 0.52- 1.14 0.83 0.20 0.02 2.88 9.20

NNE 0.16 1.12 2.34 2.90 0.89 ý0.19 .7.60 10.70

NE 0.13 1.53 2:65 .2.72 *0.46 0.08 7.47 9:80
ENE 0.04 . 0.47 0.79 0.50 0.06 0.00 1.86 8.30

E 0.02 0.06 0.28 0.22 0.04 0.00 0.62 9.50
ESE U001 .0.25 0.35 0.13 0.00 0.00 .0.74 7.40
SE 0.06 0.42 0.71 0.52 0.18 0.01 1.90 9.50

*SSE 0.13 1.78 1.50 2.60 1.2.1 0.34 7.56 11.10
S . 0.34 1.67 3:58 7.77 3.57 0.58 17.51 12.40

SSW 0.22 1.37 13.82 3.60 0.76 0.12 9.89 10.00

SW •'0.17 2.11 5.80 3.80 0.29 0.02 .12.19 8.80
WSW 0.17 0.61 2.28 2.74 0.54 0.16 6.50 10.70

W 0.10 .0.20 0.64 1.03 0.47 0.19 2.63 12.60
WNW 0.05 0.17 0.91 1.39 0.66 0.28 3.46 13.20
NW 0.05 •0.31 1.60 5.13 2.68 1.55 11.32 15.00

NNW 0.04 .0.49 1.80, 2.34 0.90 0.20 5.77 11.90

ALL 61 .186 13.08 130.09 38.22 12.91 3.74 99.90 1.20

Stability Class D
Data Recorded between May 1982 and April 1984
Crow Butte Uranium Project Site, Nebraska
Calm (less than one knot) = 0.1%
Period mean wind speed= 11.2 knots
Percent occurrence for D stability class = 5i.3 3%
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TABLE-25-11
FREQUENCY OF WINDS BY DIRECTION AND SPEED

(STABILITY E)

Wind r Speed Class Intervals (Knots)I IMean
Direction 1-3 3 -6 6-10 110 - 1 16-21 1e>21 A Speed

N 0.85. 2.92 0.65 0.04 0.00 0.00 4.46 4.60
NNE 0.97 2.80 1.82 0.00 0.00 0.00 5.59 .5.20

NE 0.97 3.32 1.90 0.08 0.00 0.00 6.27 5.10
ENE 0.45 1.26 0.73 0.00 0.00 0.00 2.44 5.10

E 0.16 0.73 0.20 0.00 0.00 0.00 1.09 4.70
ESE 0.28 0.65 0.45 0.00 0.00 0.00 1.38 4.80

SE 0.49 1.82 0.85 0.12 0.00 0.00 3.28 5.10
SSE 1.70 7.62 1.05 0.08 0.00 0.00 10.45 4.40

S. 2.23 11.06 4.34 0.16 0.00 0.00 17.79 5.00
SSW 2.11 10.53 2.80 0.04 0.00 0.00 15.48 4.70
SW 1.78 8.18 5.67 0.12 0.04 0.00 15.79 5.50

WSW 1.05 2.88 2.47 0.04 0.00 0.00 6.44 5.40
W 0.65 0.97 0.36 0.04 0.00 0.00 2.02 4.30

WNW 0.36 0.97 0.81 0.00 0.00 0.00 2.14 5.50
NW 0.45 118 0.85 0.20 0.00 0.00 2.68 5.70

NNW 0.61 1.34 0.49 0.00 0.00 0.00 2.44 4.50

ALL 15.11 58.23 25.44 0.92 0.04 0.00 99.74 5:00

0

0

Stability Class E
Data Recorded between May 1982 and April 1984
Crow Butte Uranium Project Site, Nebraska
Calm (less than one knot) = 0.2%

Period mean wind speed = 5.0 knots
Percent occurrence for E stability class= 15.2%
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TABLE 2.5-12
FREQUENCY OF WINDS BY DIRECTION AND. SPEED

(STABILITY F),

Wind .... __ Speed Class Intervals (Knots)

Direction 1-3 3-6 6-10 10-116 6-21 >21 All MeanI Speed

N 3.30ý 1.:65 0.00 0.00 0.00 0.00 4.95 2.80
NNE 1.65 1.33 0.00 0.00 0.00 0.00 2.98 3.00
NE 0.95 1.40 0.00 .0.00 0.00 0.000 2.35 3.10

ENE 1.40 0.76 0.00 0.00 0.00 0.00 2.16. 2.80
E 1.27. 0.44 0. 00 0.00 0.00 0.00 1.71 2.80

ESE 1.78 .1.02 0.00 0.00. 0.00 0.00 2.80 2.60
SE 1.72 1.78 0.00 0.00 0.00 0.00 3.50 3.00

SSE 3.75 4.76 0.00 00.00 0.00 8.51 3.10
S 7.50 .12.07 0.00 0.00 0.00 0.00 19.57 3.30

SSW 7.24 .13.15 0.00 0.00 0.00 0.00 20.39 3.30
SW 6.48 .8.01 0.00 ' . 0:00 0.00 ,0.00 14.49 3.20

WSW 2.73 2.60 0.00 0.00 0.00 0.00 5.33 3.00
W 1.78 .1.46 0.00 0.00 0.00 j 0.00 3.24 2.90

WNW 0.83 0.95 0.00 0.00 0.00 .0.00 1.78 3.00
NW 1.33 1.21 0.00 0.00 0.00 0.00. 2.64 3.00

NNW 1.33 0.51 0.00 0.00 0.00 .0.00 1.84 2.60
ALL 45.04 53.10 0.00 0.00 0.00 000 9814 3.10

Stability Class F
Data Recorded between May 1982 and April 1984
Crow Butte Uranium Project Site, Nebraska
Calm (less than one knot) = 1.8%
Period mean wind speed = 3.1 knots.
Percent occurrence for F stability class 9.7%
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-TABLE 2.5-13

FREQUENCY OF WINDS BY DIRECTION AND SPEED
(ALL STABILITIES)

Wd_ .Speed Class Intervals (Knots)WindI["

Direction 1-3 1 3-6 1 6-10 10-16 16-21 >21 1 All IMean
i 1 1. . 1 Speed

N 0.75 1.72 1.53 0.57. 0.10 0.01 4.68 6.50
NNE 0.70 2.16 2.24. 1.61 0.46 0.10 7.27 8.20
NE 0.57 2.64 2.69 1.57 0.23 0.04 7.64 7.70
ENE 0.37 0.99 1.08 0.38 0.03 . 0.00 . 2.85 6:50

E 0.24 0.42 0.35 0.15. 0.02 .0.00 1.18 6.20
ESE 0.31 0.46 . 0.44 .0.09 ' 0.00 ., 0'00 1.30 5.50

SE 0.35 0.93 0.95 0.38 0.09 0.01. 2.71 7.00

SSE 0.81. 2.84 1.44 1.55 , 0.62 " 0.17 7.43 " 8.20

S 1.48 4.17 3.45 4.33 1.83 0.30 15.56 9.30

SSW 1.36 4.17 3.09 2.03 . 0.39. 0.06 "11.10 7.20
SW 1.21 3.91. 4.62 2.13 0.17 0.0i .12.05 7.10

WSW 0.70 1.60 2.21 1.60 0.29 0.09 6.49 8.20
W 0.40 0.69 0.87 0.68 0.26 0.10 3.00 8.90

WNW 0.27 .0.54. 0.91 0.90 0.35 0.14 3.11 10..20

NW 0.32 0.75 173 299 139 0.79 7.97 12.80
NNW 0.40 0.99 1.84 1.58 0.47 010 5.38 9.50

ALL 10.24 28.88 1 29.44 22.64 6.70 1.92 99.72 8.40

$

0

Stability Class All
Data Recorded between May 1982 and April 1984
Crow Butte Uranium Project Site, Nebraska
Calm (less than one knot) = 0.3%
Period mean wind speed = 8.4 knots
Percent occurrence for A stability class = 100.0%
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Table 2.5-14 Joint Frequency Distribution
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Table 2.5-14 Joint Frequency Distribution
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Table 2.5-14 Joint Frequency Distribution

0.00321

0.00161

0.00093

0.00136

0.00124

0.00173

0.001,67

0.00365

0.00729

0.00705

0.00631

0.00266

0.00173

0.00080

0.00130

0.00130

0.00161

0.00130

0.00136

0.00074

0.00043

0.00099

0.00173

0.00464

0.01175

0.01280

0.00779

0.00253

0.00142

0.00093

0.'00117

0.00049

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000
0.00000
0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.o0000
0.00000

0.00000

0.00000
0.00000

0.00000

0.00000

0.00000
0.00000

0.00000

0.00000

0.00000

CBR SUA-1534 Application Amendment/North
Trend Expansion Area/ Technical Report/Section 2.5

2.5-20 Revised February 27, 2009



CROW BUTTE RESOURCES, INC.

Technical Report
North Trend Expansion Area

sites discussed above, Rapid City, and Scottsbluff, the two-year Crow Butte site wind-
record is considered the most representative.

CBR recognizes the importance of capturing local wind patterns since this data is used to
determine the predominant air pollutant dispersion direction. The 1982 to 1984
meteorological data from the Crow Butte Project station was used to show the trends in
wind patterns for-the project site. This older data. is the only data ,available from the
onsite monitoring station. For evaluation of wind.,patterns, older data from the actual site
is more representative than recent data from available off-site weather stations. The wind
patterns are largely impacted by local terrain, and these 1982 to 1984 data should be
considered to still be climatologically valid, and hence, appropriate for regulatory
purposes. If data requirements, characteristics of the surrounding area, or approved air
quality/radiological model requirements change the meteorological data may need to be
reprocessed for use.. However, at the current time, with the limited air/radiological
modeling required for a satellite facility that is basically a wet process, the current
meteorological database appears adequate for North Trend. In addition, as discussed
above, wind patterns (e.g., wind roses) have not changed significantly over a 40-year
period for Scottsbluff and Rapid City, which would suggest there would be no significant
changes with.wind patterns at the CRB meteorological monitoring site.

2.5.6 Air Quality

Radon gas is expected to be the major radiological emission at the North Trend
operations. The air dispersion of radiological particulates during routine operations is not
expected to be major issue at the NTEA since there will. be no yellowcake drying and
packaging operations. These later operations are the major source of radioactive
particulates for uranium in situ operations. However, surface spills of pregnant lixiviant
could be a source of radiological emissions that could eventually become entrained and
airborne. Preoperational ambient atmospheric radon and air particulate monitoring
(Uranium, Ra-226 and Pb-210) were collected at designated air monitoring stations
(1996-1997 and 2004-2005) Preoperational baseline direct radiation (gamma) measures
were also made at the abovementioned air monitoring stations and the proposed North
Trend Satellite Facility. In addition preoperational vegetation, soils, surface water and
groundwater sampling for the North Trend area were also completed. Additional
vegetation, soils and. gamma surveys will be completed to better document baseline
conditions for site conditions within the NTEA. A description of the completed
monitoring programs including the results of monitoring, and planned monitoring
activities are presented in Section 2.9.

The primary .new emission source of non-radiological pollutants will be tailpipe
emissions of nitrogen oxides (NOx), carbon monoxide (CO), sulfur dioxide (SO 2 ), non-
methane-ethane volatile organic compounds (VOC), and particulate matter with a
diameter less than ten micrometers (PM1o) resulting from vehicle traffic'within the North
Trend Expansion Area. Approximately 6-8 vehicle trips per day (VTPD) are anticipated

CBR SUA-1 534 Application Amendment/North 2.5-21 Revised February 27, 2009
Trend Expansion Area/ Technical Report/Section 2.5



CROW BUTTE RESOURCES, INC.

Technical Report
North Trend Expansion Area

as part of regular operations. These vehicles are expected to be light duty pick-up style
trucks. Heavy equipment in the form of drill rigs, equipment haulers, or water trucks will
be used as necessary and are anticipated to average less than one VTPD. These emissions.
are expected to be minor and should not affect the local ambient air quality.

Although there are no ambient air quality monitoring data for these non-radiological
pollutants in the license area, PM 10 concentrations have been measured in Rapid City,
South Dakota and Badlands National Park in South Dakota. Both locations are
geographically similar to the license area.

The Rapid City data were collected at the National Guard Camp Armory site about 2
miles west of the city.. This area is classified as suburban. The Badlands data were
collected in an area classified as rural. Because of the degree of urbanization, the air
quality at the license area would probably fall somewhere between the air quality at these
two locations. These data were obtained from the United States Environmental Protection
Agency (USEPA) air quality monitoring database (USEPA 2007), and are presented in
Table 2.5-15.

The National Ambient Air Quality Standards (NAAQS) for PMlo are 150 micrograms per
cubic meter (24-hour average), and 50 micrograms per cubic meter (annual average). All
counties within the 80-km radius or the project are in attainment of NAAQS.
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TABLE 2.5-15
PM1o MONITORING SUMMARY

(MICROGRAMS PER CUBIC METER)

Year IrMaximum 24-hr Average Annual Average
Black Hills, SD Rapid City, SD Black Hills, SD Rapid City, SD

1998 87.4 30.7
1999 -_11-6.9 - 28.2
2000 38.5 97.4 12.0 31.3
2001 47.9 81.5 12.6 34.6
2002 26.0 104.7 9.9 34.9
2003 74.4 91.8 16.3 36.2
2004 24.0 72.0 10.0 30.0
2005 40.0 94.00 9.0 27.0
2006 30.0 124.0 10.0 29.0

0

0
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2.6 GEOLOGY AND SEISMOLOGY

This section describes the regional and local geology and seismology related to the
Crow Butte Project and the North Trend Area. In this regard, discussion of the geology
of the Crow Butte Project, and the current NRC-licensed area (also referred to as the
commercial study area [CSA]), in particular, has been presented in previous reports
(Wyoming Fuel, 1983; Ferret Exploration of Nebraska, 1987). Detailed information
contained in these reports (e.g., laboratory results and field data that describe formation
characteristics [mineralogy, permeability, etc.] for the Pierre Shale, Chadron Formation
and Brule Formation in the Commercial Study Area), also applies in a general sense to
the North Trend Area. These data, in addition to new site-specific mineralogical data
that was collected from exploratory drilling/logging activities within the North Trend
Area, are used to describe the geology and seismology in this section.

2.6.1 Regional Setting

The Crow Butte Project is in Dawes County in northwestern Nebraska. Crawford is the
principal town in the area and lies approximately four miles northwest of the current
NRC-licensed area. The proposed North Trend license area lies approximately 5.5
miles northwest of the current NRC-licensed area.

Crawford is 25 miles west of Chadron, Nebraska and 70 miles north of Scottsbluff,
Nebraska. Crawford is 21 miles south of the South Dakota state line and 33 miles east
of the Wyoming state line. The topography consists of low rolling hills dominated by
the Pine Ridge south and west of the project area.

2.6.1.1 Regional Stratigraphy

Sedimentary strata ranging from late Cretaceous through Tertiary are exposed
throughout northwest Nebraska. Pleistocene alluvial-colluvial materials are abundant
along the north slope of the Pine Ridge. Table 2.6-1 is a generalized stratigraphic chart
for the region. Figure 2.6-1 shows a geological bedrock map of the northwest portion
of the State of Nebraska (Burchett, 1986). Figures 2.6-2a, 2.6.2b, and 2.6-2c are a cross
section location map and regional cross sections through the area, illustrating the
relationship between major stratigraphic units in the region. Figures are included at the
end of this section.
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Table 2.6-1: General Stratigraphic Chart for Northwest Nebraska

ForSteriesRck '>I iCkness <

Miocene Ogallala SS, Sit 1560*
Arikaree SS, Sit 1070*

Oligocene/Eocene White River SS, Sit, 1450*
Cly

Cretaceous Upper Pierre Sh 1500
Niobrara Chalk, Ls, 300

Sh

Carlile Sh 200-250

Greenhorn Ls 30
Graneros Sh 250-280

D Sand SS 5-30

D Shale Sh 60

G Sand SS 10-45
Huntsman Sh 60-80

Lower J Sand SS 10-30

Skull Creek Sh 220
Dakota SS, Sh 180

Jurassic Upper Morrison Sh, SS .300
Sundance SS, Sh, Ls 300

Permian Guadalupe Satanka Ls, Sh, 450
Anhy

Leonard Upper Ls, Anhy 150

Lower Sh 150
Wolfcamp Chase Anhy 80

Council Grove Anhy, Sh 300

Admire Dolo, Ls 70

Pennsylvanian Virgil Shawnee Ls 80
Missouri Kansas City Ls, Sh 80

Des Moines Marmaton/ Ls, Sh 130

Cherokee

Atoka Upper/Lower Ls, Sh 200
Mississippian Lower Lower Ls, Sh 30

Pre-Cambrian Granite

Notes: * Maximum thickness based on Swinehart, et. al, 1985.

CBR SUA-1 534 Application Amnendment/North
Trend Expansion Area/Technical Report/Section 2.6

2.6-2 Revised February 27, 2009



£'Ub dX~~ 7 Tb T T'T"Y'T~ Tb I' C
1

£'~T TTb £
1

T' C
1

TNTA'
.Jmkj VY VDU I 1L IL• LJUI'A.AD _.'..

Technical Report
North Trend Expansion Area

2.6.1.2 Pre-Pierre Shale Stratigraphy

Underlying the Cretaceous Pierre Shale is a thick sequence of Mississippian through
Cretaceous age strata that unconformably overlie pre-Cambrian granite (Table 2.6-1). This
chart has been developed from the published literature and nearby oil and gas test holes.
Together with the Pierre Shale, the underlying Niobrara Formation, Carlile Shale, and
Greenhorn Limestone and Graneros Shale compose a composite lower confining interval
approximately 2,500 feet thick, which outcrop in the Chadron Arch about 30 miles northeast
of Crawford.

2.6.1.3 Pierre Shale

The Cretaceous Pierre Shale (Montana Group) represents the lower confining unit in the Crow
Butte area and is the oldest formation of interest. Typically, Crow Butte Resources (CBR) test
holes have been terminated in the top of the Pierre Shale. Therefore, descriptions of the full
Pierre Shale section included herein are based on data obtained from other sources, and data
from the CBR Class I disposal well located at the current NRC-licensed area.

I The Pierre Shale is a dark gray to black marine shale, with relatively uniform composition.
I The Pierre Shale outcrops extensively in Dawes and Sioux Counties along the South Dakota

boundary north of the proposed North Trend Permit Area (Witzel, 1974). The Pierre Shale
generally consists of black to dusty gray and brownish claystones that include thin layers of
bentonite, shaley limes, concretionary zones, and an occasional thin sandstone. The Pierre
Shale has been regionally divided into six members based on lithology, sequence, and fossil
content. Two members, the Sharon Springs Member and Gregory Member were recognized
by Witzel (1974) in Pierre Shale outcrops in Dawes County. Fossils present in the Pierre
Shale include numerous pelecypods and ammonoids, as well as baculites, a straight
ammonoid.

Although the Pierre Shale is up to 5,000 feet thick regionally, in Dawes County deep oil tests
have indicated thicknesses of 1,200 to 1,500 feet. Figure 2.6-3 presents a regional isopach of
the Pierre Shale. Exposure and subsequent erosion greatly reduced the vertical thicknesses of
the Pierre Shale prior to Oligocene/Eocene sedimentation. Consequently, the top of the
present day Pierre Shale contact marks a major unconformity and exhibits a paleotopography
with considerable relief (DeGraw, 1969). As a result of the extended exposure to atmospheric
weathering, an ancient lateritic paleo soil horizon or paleosol was formed on the surface of the
Pierre Shale. This paleosol unit is known as the Yellow Mounds Paleosol (formerly referred
to as the "Interior Paleosol Complex" by Shultz and Stout (1955)) and is readily observed in
certain outcrop exposures (Retallack, 1983; Terry, 1998). Because the paleosol profile shows
enrichment in iron and alumina, low* calcium, but insignificant leaching of silica, Witzel
speculated that the zone underwent less intensive weathering than that produced by typical
laterites. Thus, the soil probably developed under subtropical rather than intensive tropical
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conditions. It should also be noted that the paleotopographic surface of the Pierre Shale was
the result of subaerial exposure and weathering following the southward retreat of the
Cretaceous Interior Seaway, which resulted in deeply-incised channels prior to the deposition
of the overlying White River Group (Lisenbee, 1988).

The Cretaceous Yellow Mounds Paleosol (formerly referred to as the Interior Paleosol)
developed on top of the Pierre Shale and altered the normally black marine shale to bright
yellow, purple, lavender and orange (Schultz and Stout, 1955; Terry, 1991; Evans and Terry,
1994; Terry and Evans, 1994; Terry, 1998). This unit could not be consistently interpreted
based solely on geophysical logs. For simplicity, this unit is not shown on cross-sections or in
three-dimensional geologic modeling.

2.6.1.4 White River Group

The White River Group is Eocene-Oligocene in age and consists of the Chamberlain Pass
Formation overlain by the Chadron Formation, which is, in turn, overlain by the Brule
Formation. Geologic maps (e.g., Figure 2.6-1) show this unit to be present as bedrock in the
general CBR and North Trend area, noting that members of the White River Group outcrop as
a band at the base of the Pine Ridge, which occurs about six miles southeast of Crawford,
Nebraska. In northwest Nebraska, it rests unconformably on pedagogically modified Pierre
Shale. The bulk of the White River Group is composed of airfall and reworked volcaniclastics
derived from sources in Nevada and Utah (Larson and Evanoff, 1998; Terry and LaGarry,
1998).

The history of stratigraphic nomenclature for the White River Group of Nebraska and South
Dakota has had various interpretations as described by Harksen and Macdonald (1969). The
following stratigraphic nomenclature represents a preservation of formal and informal
members based on nomenclature by Schultz and Stout (1955) with representation of more
recent nomenclature of the Chamberlain Pass Formation (Basal Chadron Sandstone) (Terry
and LaGarry, 1998; Terry, 1998; LaGarry, 1998; Hoganson et al., 1998).

2.6.1.5 Chadron Formation

The Chamberlain Pass Formation (herein referred to as the Basal Chadron Sandstone for
continuity with historical permitting) is a coarse-grained, arkosic sandstone with frequent
interbedded thin silt and clay lenses of varying thickness and continuity that lies on a marked
regional unconformity with the underlying Yellow Mounds Paleosol (Terry, 1998). In some
locations, the basal contact with the Pierre Shale consists of a very coarse, very poorly sorted
conglomerate that was deposited in deeper entrenched valleys. This conglomerate consists of
well rounded, predominantly quartz and chalcedony cobbles ranging up to six inches across.
Vertebrate fossils from the Basal Chadron Sandstone in northwestern Nebraska and South
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Dakota indicate a late Eocene age (Chadronian) (Clark et al., 1967; LaGarry, 1996;
Lillegraven, 1970; Vondra, 1958). Regionally, the unit thickness ranges in thickness from 0 to
250 feet.

The Upper Interior Paleosol, occurring as a persistent clay horizon, typically brick red in
color, generally marks the upper limit of the Basal Chadron Sandstone. The Upper Interior
Paleosol represents pedagogically modified distal overbank deposits of a distinct fluvial
system developed on the surface of the Basal Chadron Sandstone, which predates deposition
of the overlying Chadron Formation. Similar to the Yellow Mounds Paleosol, the Upper
Interior Paleosol could not be consistently interpreted based solely on geophysical logs. For
simplicity, this unit is not shown on cross-sections or in three-dimensional geologic modeling.
However, a review of existing geophysical logs and driller's notes indicates that this red clay
horizon was often encountered during drilling activities, confirming its presence within the
North Trend Area.

The Eocene-Oligocene Chadron Formation conformably overlies the pedagogically modified
Basal Chadron Sandstone. Witzel (1974) describes the Chadron Formation as representing a
variety of.depositional facies including channel, flood plain, pond and upland environments,
characterized regionally by lateral and vertical heterogeneity. Typically, the Chadron
Formation is composed of siltstone, mudstone, and claystone, which is green-hued with

* minor, intermittent sandstone units in the middle of the formation (Singler and Picard, 1980).
Regionally, the vertical thickness of the Chadron Formation varies greatly. In outcrop, the
Chadron Formation varies in thickness from 135 to 205 feet (Singler and Picard, 1980). More
recently, the maximum thickness of the Chadron Formation within the North Trend Area was
estimated to be approximately 600 feet based on an extensive review of available geophysical
boring logs. The Chadron Formation was subdivided into two members: the underlying
Peanut Peak Member and the overlying Big Cottonwood Creek Member (Terry, 1998; Terry
and LaGarry, 1998). The Peanut Peak Member (herein referred to as the Middle Chadron for
continuity with historical permitting) is described as a clay-rich interval that grades from brick
red to grey in color with interbedded bentonitic clay and sands. A light green-gray "sticky"
clay within this unit serves as an excellent marker bed in drill cuttings and has been observed
in virtually all regional test holes both within the North Trend Area and the CSA to the south.
The upper boundary of this member is an intertonguing contact with the overlying Big
Cottonwood Creek Member, or it is a local unconformity where intermittent sandstones fill
valleys and depressions (Terry and LaGarry, 1998).

The Big Cottonwood Creek Member (herein referred to as the Upper/Middle Chadron and
Upper Chadron) is composed primarily of volcaniclastic overbank silty claystones
interbedded with tabular and lenticular channel sandstones, lacustrine limestones, pedagogic
calcretes, marls, volcanic ashes and gypsum (Terry and LaGarry, 1998). The Upper/Middle
Chadron consists of an intermittent, water-bearing sand. The Upper Chadron consists of light
green-gray bentonitic clay grading downward to green and frequently red clay. The upper

* boundary of this member is recognized by a lithologic change from pedagogically modified
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green, red and pink volcaniclastic silty claystones of the Upper Chadron to thinly interbedded
and less pedagogically modified brown, orange, and tan volcaniclastic clayey siltstones and
sheet sandstones of the Orella Member of the overlying Brule Formation (Terry and LaGarry,
1998).

2.6.1.6 Brule Formation

The Brule Formation lies conformably on top of the Chadron Formation and consists of
interbedded siltstone, mudstone, and claystone with occasional sandstone. The formation was
originally subdivided by Swinehart (1985) and later revised by LaGarry (1998) into three
members, from oldest to youngest: the Orella Member, the Whitney Member and
overlying"brown siltstone" member. The contact between the Brule Formation and underlying
Chadron Formation is sometimes difficult to ascertain, as the contact between the two
formations is intertonguing (LaGarry, 1998). The contact is recognized regionally as the
lithologic change from thinly interbedded and less pedagogically modified brown, orange and
tan volcaniclastic clayey siltstones and sheet sandstones of the Orella Member to
pedagogically modified green, red, and pink volcaniclastic silty claystones of the Upper
Chadron (Terry and LaGarry, 1998). The contact cannot be consistently selected in drill
cuttings or electric logs. The Brule Formation is reported to range in thickness up to 1,150
feet, as a result of inclusion of the "brown siltstone" member (Swinehart et al., 1985).

The Orella Member consists of pale brown, brown, and brownish-orange volcaniclastic
overbank clayey siltstones and silty claystones, brown and bluish-green overbank sheet
sandstones, and volcanic ash. The Orella was deposited in a fluvial setting with some eolian
activity (Singler and Picard, 1980)' Occasional thick, fine- to medium-grained, channelized
sandstones occur throughout the Orella Member. These sandstones appear to have very
limited lateral extent. Witzel states that the Orella Member is about 200 feet thick in Dawes
County and can be subdivided further into 3 subunits. The Lower Orella Member is about 90
feet thick at a maximum, and is characterized by greenish to brownish buff silty clay with
abundant fossil remains. Nodular sandy siltstone occurs at the base. The Middle Orella
Member was deposited unconformably on the Lower Orella Member and reaches a maximum
thickness of about 146 feet. This subunit is characterized by channel deposits in its lower
portions, consisting of coarse, cross-bedded arkosic sands (Witzel, 1974). The Middle Orella
Member is capped by a major paleosol complex. The Upper Orella Member varies in
thickness from 34 to 53 feet and contains channel and floodplain facies.

The Whitney Member of the Brule is comprised of fairly massive buff to brown siltstones,
primarily eolian in origin (Singler and Picard, 1980). Several volcanic ash horizons have been
reported in outcrops (Swinehart et al, 1985). Some moderate to well-defined channel sands
are present in the upper part of the Whitney Member. These channels sands are commonly
water-bearing in the otherwise generally impermeable Brule Formation deposits. Witzel states
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that the Whitney Member attains a maximum thickness of about 270 feet in Dawes County
and is more uniform in lithology than the underlying Orella Member. The contact between the
overlying Whitney Member and the underlying Orella Member is intertonguing. As with the
Orella Member, the Whitney Member is also be subdivided into Upper, Middle, and Lower
subunits, distinguished by intervening volcanic ash layers. The Lower Whitney Member is
about 90 feet thick and is described as a massive sandstone unit that is capped by about 8 feet
of ash. The Middle Whitney Member is lithologically similar to the Lower and is about 76
feet thick. The Middle Whitney Member is capped by about a three-feet thick upper ash unit.

The "brown siltstones" member has been recognized by Swinehart and others in northwest
Nebraska (Swinehart et al, 1985). The member consists of pale brown and brown, nodular,
cross-bedded eolian volcaniclastic siltstones and sandy siltstones. Fine to medium-grained
sandstones occur locally at or near the base. The contact with the underlying Whitney
Member varies from gradational to a sharp unconformity where the brown siltstone fills
valleys and depressions.

; I

2.6.1.7 Arikaree Group

The Arikaree-Ogallala Groups are absent in the immediate North Trend project area.
However, a general description for each group follows because they do occur on a regional
scale.

The Miocene Arikaree Group includes three sandstone formations that form the Pine Ridge
escarpment, which trends from west to east across northwest Nebraska.

2.6.1.8 Gering Formation

The Miocene Gering Sandstone is the oldest formation of the Arikaree Group, and lies
unconformably on the Brule Formation. The Gering is predominantly buff to brown, fine-
grained sandstones and siltstones. These represent channel and flood plain deposits. Thickness
of the Gering Formation ranges from 100 to 200 feet (Witzel, 1974).

2.6.1.9 Monroe Creek Formation

The Monroe Creek Formation overlies the Gering and is the middle unit of the Arikaree
Group. The Monroe Creek Formation is lithologically similar to the Gering with buff to
brown fine-grained sandstone. The unique characteristic of the Monroe Creek is the presence
of large "pipy" concretions. These concretions consist of fine-grained sand similar to the rest
of the formation with calcium carbonate cement and are extremely hard and resistant to
weathering. The reported thickness of the Monroe Creek Formation is 280 to 360 feet (Lugn,
1938, in Witzel, 1974).
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2.6.1.10 Harrison Formation

The Harrison Formation is the youngest unit of the Arikaree Group. It is described as
lithologically similar to the Gering and Monroe Creek Formations, with fine-grained
unconsolidated sands, buff to light gray in color. The Harrison Formation is also noted for its
abundance of fossil remains (Witzel, 1974).

2.6.1.11 Ogallala Group

The Miocene Ogallala Group overlies the Arikaree Group and is the outcropping unit south of
the Pine Ridge. The Ogallala Group is composed primarily of sandstones that are coarser-
grained, poorly sorted and contain only small amounts of volcanic material compared to the
underlying Arikaree Group rocks (Souders,. 1981). Some siltstone and mudstone is
interbedded with the sandstones and gravels.

The Ogallala Group is the principal aquifer where it is present in northwest Nebraska. The
Arikaree Group is the principal water-bearing geologic unit in Sioux, Dawes, and Box Butte
Counties.

2.6.1.12 Regional Structure

Figure 2.6-1 presents structural features identified on the bedrock geology map and Figure
2.6-4 is a regional structural feature map. The most prominent structural expression in
northwest Nebraska is the Chadron Arch. This anticlinal feature strikes roughly northwest-
southeast along the northeastern boundary of Dawes County. The only surficial expression of
the Chadron Arch is the outcropping of pre-Pierre Cretaceous rocks in the northeastern comer
of Dawes County (Figure 2.6-1), as well as small portions of Sheridan County, Nebraska, and
Shannon County, South Dakota.

The Black Hills lie north of Sioux and Dawes Counties in southwestern South Dakota.
Together with the Chadron Arch, the Black Hills Uplift has produced many of the prominent
structural features presently observed in the area today. As a result of the uplift, formations
underlying the area dip gently to the south. The Tertiary deposits dip slightly less than the
older Mesozoic and Paleozoic Formations (Witzel, 1974).

The Crow Butte Basal Chadron ore body, lies in what has been named the Crawford Basin
(DeGraw, 1969). DeGraw made detailed studies of the pre-Tertiary subsurface in western
Nebraska using primarily deep oil test hole information. He was able to substantiate known
structural features and propose several structures not earlier recognized. The Crawford Basin
was defined by DeGraw as. being a triangular asymmetrical basin bounded by the Toadstool
Park Fault on the northwest, the Chadron Arch and Bordeaux Fault to the east and the
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Cochran Arch and Pine Ridge Fault to the south (DeGraw, 1969). The town of Crawford is
located near the axis of the Crawford Basin which is about 50 miles long in an east-west
direction and about 25 to 30 miles wide at Crawford.

Figure 2.6-5 presents structural features identified previously by others and also new features
proposed by DeGraw associated with the Crawford Basin. The geologic map of northwest
Nebraska reproduced from the State Geologic Map, Figure 2.6-1 illustrates the recognized
faulting in northwest Nebraska, but the Bordeaux Fault, Pine Ridge Fault, and Toadstool Park
Fault proposed by DeGraw (1969) are not presented .on the State Geologic Map. The
Toadstool Park Fault has been noted on outcrop at one location in T33N, R53W, to have a
displacement of about 60 feet (Singler and Picard, 1980).

Six northeast trending faults are identified or proposed in Sioux and Dawes Counties (Figure
2.6-5). All of.these faults are downthrown to the north. One of these faults, the White River
Fault, follows the White River north of Crawford and was postulated during the exploration
drilling phase of the Crow Butte Project (Collings and Knode, 1984). The only other fault
illustrated, the White Clay Fault, terminates the Arikaree Group rocks on the east from White
Clay to about six miles east of Gordon (Nebraska Geological Survey, 1986).

The Cochran Arch was also proposed by DeGraw (1969) on the basis of subsurface data. The
Cochran Arch trends east-west through Sioux and Dawes Counties, parallel to the Pine Ridge.
Fault proposed by DeGraw. Structural features subparallel to the Cochran Arch have been
recognized based on CBR drill hole data. The existence of the Cochran Arch may explain the
structural high south of Crawford.

The synclinal axis of the Crawford Basin trends roughly east-west and plunges to the west
into what CBR informally calls the Inner Crawford Basin located west of the CSA (Collings
and Knode, 1984). The Inner Crawford Basin is characterized by an increase in the thickness
of the Chadron Sandstone.

2.6.2 North Trend Area Geology

2.6.2.1 Introduction

A local stratigraphic column, representative of both the North Trend and the Commercial
Study Area (CSA), has been prepared and is shown as Table 2.6-2. The stratigraphic
nomenclature of Swinehart et al (1985) and Crow Butte Resources are shown on the column.

The general stratigraphy underlying the North Trend site, based on data from well CPW-2, is
summarized in Table 2.6-2. Note that the nomenclature differs somewhat from that used by
Witzel (1974) and has been modified consistent with the units used by CBR for the Crow
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Table 2.6-2: Stratigraphic Chart for North Trend Expansion Area

SDepth (feet; bgs Decito
0 -25 Topsoil and alluvial deposits; no wells

2Brule Formation (interbedded silt and
25 -110 sandstone); BOW wells

110 - 290 Upper Chadron (silt and clay); no wells
Approx. 290-390 Upper/Middle Chadron Sand; MCOW wells

Middle Chadron (interbedded clay, claystone,390 - 1615 and siltstone); no wells

Basal Chadron Sandstone (interbedded615 - 659 sandstone and clay); CPW and COW wells

659 + Pierre Shale; no wells

CBR SUA-1534 Application Amendment/North
Trend Expansion Area/Teclnical Report/Section 2.6

2.6-10 Revised February 27, 2009



Ir11 f~I DT VI"I' Q) 1' C ' 1T 1 '
VIN VV JU I Ed2 XIr~ 3~UIWIAI4

Technical Report
North Trend Expansion Area

Butte area, including North Trend. All maps and figures generated specific to the North Trend
area are based upon data provided by CBR. The database used to construct figures and cross-
sections extends approximately one section beyond the North Trend Expansion Area
boundaries, but geologic picks are not consistently available for all locations.

Specific to the North Trend Area, the stratigraphic sequence of interest, in descending order is
as follows: alluvial sediments with occasional perched water, Brule Formation (including a

.sandy clay that is considered the shallowest overlying aquifer), Upper Chadron (upper
confining layer), Upper/Middle Chadron sand (overlying sand, where present), Middle
Chadron (upper confining layer), Basal Chadron Sandstone (production zone) and Pierre
Shale (underlying confining layer). Because no sands occur for over 1,000 feet below the top
of the Pierre Shale, site-specific analysis of these deeper intervals is not presented.

The locations of 14 geologic cross-sections through the North Trend Area are depicted on
Figure 2.6-6. Of these 14 cross-sections that were constructed to assess,site geology, nine are
included as representative sections of the North Trend Area, constructed both parallel and
perpendicular to local dip. Figures 2.6-7 through 2.6-15 (Cross-sections A-A', B-B', C-C',
DI-DI', D2-D2' and E-E', I-I', K-K', and M-M', respectively) show the geological cross-
sections in detail. The cross-sections illustrate that the Basal Chadron Sandstone is
stratigraphically isolated from the overlying Upper/Middle Chadron sand and the water-
bearing portion of the Brule Formation by the overlying low permeability Middle Chadron
confining unit and the Upper Chadron confining unit, respectively. These sections also
demonstrate the continuity of the Basal Chadron Sandstone and the excellent confinement
provided by not only the overlying Chadron and Brule Formations, but also by the underlying
Pierre Shale. The cross-sections, isopach and structure maps were generated with the PETRA
software package using select drill hole data, geologic picks and logs provided by CBR.

In an effort to better characterize the spatial distribution and geologic relationships between
the alluvium, Eocene-Oligocene strata of the North Trend Area, and the White River
Fault/Fold located south of the North Trend Area, a three-dimensional geologic model was
developed using Mining Visualization Software (MVS) version 9.12 based on ah extensive
review of existing exploration hole data (more than 130 borehole geophysical logs) from the
North Trend Area. Figures 2.6-16 through 2.6-18 present three-dimensional depictions of the
Basal Chadron Sandstone, Upper/Middle Chadron, the Brule Formation and the relationship
between those units relative to the Basal Chadron Sandstone. Figure 2.6-19 depicts the three-
dimensional structural relief of the Pierre Shale within the North Trend Area and across the
White River Fault/Fold structure.

The geology of the Pierre Shale, Chadron Formation and Brule Formation specific to the
North Trend Area is discussed below.
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2.6.2.2 Pierre Shale - Lower Confinement

The Pierre Shale is a black marine shale and is the oldest formation typically encountered in
CBR test holes associated with Class III operations. The Pierre Shale is the confining bed
below the Basal Chadron Sandstone, which is the host for uranium mineralization (Figures
2.6-7 through 2.6-14.) The description provided under regional stratigraphy also describes the
Pierre Shale within the North Trend area. The ancient soil horizon known as the Yellow
Mounds Paleosol has been eroded throughout most of the North Trend Area. Figure 2.6-15 is
a structure contour map of the top of the Pierre Shale for the North Trend Area.

The character of the entire Pierre Shale can be observed in nearby oil and gas well
geophysical logs, from two wells, the Heckman No. 1 and Soester No. 1. The Heckman No. 1
hole is about six miles southeast (Section 24, T3 IN, R52W) of the North Trend area. The log
from Heckman No. 1 is believed to be representative of the Pierre Shale within the Crow
Butte Area, including North Trend. At the location of Heckman No. 1, the base of the
Chadron Formation is at a depth of 525 feet. The Pierre Shale is 1,565 feet thick and rests on
the Niobrara Formation at 2,090 feet. The spontaneous potential and resistivity curves for this
hole qualitatively indicate a lack of permeable, water-bearing zones within the Pierre Shale.
The Soester No. 1 well is located within the North Trend Permit Area, in Section 34, T32N,
R52W. At this location, the Pierre Shale is 1,265 feet thick and also shows no indication of
permeable (water-bearing) zones. At the Soester No. 1 well location, the top of the Pierre
occurs at a depth of 645 feet, and the base is encountered 1,910 feet below ground surface.

X-ray diffraction analyses of a single drill cutting sample (Sample 13) of the Pierre Shale
collected by CBR at borehole T-775 in the North Trend Area indicate a composition
composed primarily of smectite with minor amounts of quartz, plagioclase, potassium
feldspar, and illite mica (Table 2.6-3). Particle grain size distribution analyses indicate the
sample was predominantly composed of approximately 58 percent clay particles (Table 2.6-
4). X-ray diffraction analyses of two core samples from the CSA indicate that the Pierre Shale
is primarily comprised of quartz and montmorillonite with minor kaolinite-chlorite and mica
illite (Table 2.6-5). The black marine shale is an ideal confining bed with measured vertical
hydraulic conductivity in the CSA of less than 10-1° cm/sec. The electric log characteristics of
the Pierre Shale and overlying units are shown on logs included on the cross sections, and
illustrate the impermeable nature of the Pierre Shale.

There are no significant sandstone units within the Pierre Shale underlying the North Trend
Area. In addition, spontaneous potential and resistivity curves for two deep oil and gas wells
that completely penetrate the Pierre Shale in the vicinity of the North Trend area (Heckman
No. 1 and Soester-Wulfoil), qualitatively indicate a lack of permeable, water-bearing zones
within the Pierre Shale.

X-ray diffraction analyses of a single drill cutting sample (Sample 14) collected from the
Yellow Mounds Paleosol by CBR at borehole T-775 in the North Trend Area indicate a

CBR SUA-1534 Application Aunendment/North 2.6-12 Revised February 27, 2009
Trend Expansion Area/Teclnical Report/Section 2.6



f
1

T t I 7T~ TT"'E T~T~ c 1T rc X-: ~TA1%J'
%-A"JFVV DU I 112. ,)u•J , , U W 11 .

Technical Report
North Trend Expansion Area

composition composed primarily of smectite with minor amounts of quartz, plagioclase and
illite mica.(Table 2.6-3). Particle grain size distribution analyses indicate the sample was
predominantly composed of approximately 68 percent clay-sized particles (Table 2.6-4).

2.6.2.3 Basal Chadron Sandstone - Mining Unit

The depositional contact between the overlying Basal Chadron Sandstone (production zone)
and the underlying Pierre Shale represents a marked regional unconformity in the North Trend
Area. Regionally, deposition of the Basal Chadron Sandstone has been assigned to large,
high-energy braided streams and this appears to also be characteristic of the North Trend area.
In this regard, the Basal Chadron is lenticular with numerous facies changes occurring within
short distances. A similar, but lower-energy depositional environment appears to account for
the spatial variability of the overlying, intermittent sand of the Upper/Middle Chadron.

The Basal Chadron Sandstone is a coarse-grained arkosic sandstone with frequent interbedded
thin clay beds and clay galls. Occasionally, the Basal Chadron Sandstone grades upward to
fine grained sandstone containing varying amounts of interstitial clay material and persistent
clay interbeds. A persistent clay horizon (the Upper Interior Paleosol), typically brick red in
color, generally marks the upper limit of the Basal Chadron Sandstone. The Basal Chadron
Sandstone is the host member and mining unit of the Crow Butte ore deposit; no other.
commercial uranium mineralization has, been identified in the overlying units.

Stratigraphic thickness of the Basal Chadron Sandstone within the North Trend Area ranges
from approximately 20 to 170 feet. An isopach map of the Basal Chadron Sandstone is
presented in Figure 2.6-21. The stratigraphically thickest portion of the unit occurs west of the
North Trend Area boundary. Three distinct sandstone facies are present in the thickest*
portions of this unit, whereas only two sandstone facies appear to be present on the outermost.
edges of the North Trend Area. The unit thins significantly to the north-northwest and to. the.
east of the basin trough where only two sandstone facies appear to be present on the
outermost edges of the North Trend Area. The unit occurs at depths ranging from about 300 to
700 feet bgs and was encountered at all exploration holes. A. structure contour map of the top
of the Basal Chadron Sandstone is shown in Figure 2.6-22.

Thin section examination of Basal Chadron Sandstone samples collected in the CSA indicates
a composition of 50% monocrystalline quartz, 30 to 40% undifferentiated feldspar,
plagioclase feldspar and microcline feldspar (Table 2.6-5). The remainder includes
polycrystalline quartz, chert, chalcedonic quartz, various heavy minerals and pyrite. X-ray
diffraction analyses indicate that the Basal Chadron Sandstone is 75% quartz with the
remainder K2feldspar- and plagioclase.
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Table 2.6-3: Estimated Weight Percent as Determined. by X-Ray Diffraction
(North Trend Area)

Yellow
Middle Chadron Piere Mounds• Shale

Paleosol
Phase Sample Sample Sample. Sample Sample Sample Sample Sample

1 3 5 7 9 11 13 14

380- 390- 480:- 490- 580- 590- 700- 690-700
385 ft 395 ft 485 ft 495 ft 585 ft 595 ft 710 ft ft

Quartz 26 12 8 10 8 13 24 25
Cristobalite .... . 5 2 9 12 ....

Plagioclase Feldspar 6 6 5 7 4 3 11 8
K-Feldspar 3 4 2 2 2 2 5 4

Calcite 1 2 18 17 20 2 2 trc
Dolomite trc 8 7 5 -- 1 1 trc

Gypsum -- trc 2 3 .. ......

Pyrite ............ 1 --

Hornblende ...... trc trc -- ....

Kaolinite trc .......... 2 2

Chlorite 1 .... . ...... 1 I
Illite/Mica 5 4 3 2 1 trc 5 8

Mixed-Layered
Illite/Smectite. 58 64 50 52 56 67 48 52.

% Illite Layers in M. L.

Illite/Smectite 10-30% 0-10% 0-10% 0-10% 5-15% 0-10% 10-20% 20-30%
TOTAL 100 100 100 100 100 100 100 * 100
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Table 2.6-4: Grain Size Distribution Analyses (North Trend Area)

Mean Median Particle Size Distribution, wt. percent Silt
Sample Depth Grain Grain Size Sand Size &

ID (ft) Size Mediu
(mm) Gravel Coarse m Fine Silt Clay Clay

380-
Sample 1 385 Clay 0.004 0.00 0.00 0.00 0.00 38.74 61.26 100.00

390-
Sample 3 395 Silt 0.006 0.00 0.00 0.00 0.00 54.47 45.53 100.00

480-
Sample 5 485 Silt 0.006 0.00 0.00 0.00 0.00 54.49 45.51 100.00

490-
Sample 7 495 Silt 0.005 0.00 0.00 0.00 0.00 47.67 52.33 100.00

580-
Sample 9 585 Silt 0.006 0.00 0.00 0.00 0.00 60.57 39.43 100.00
Sample 590-

11 595 Silt 0.005 0.00 0.00 0.00 0.00 48.26 51.74 100.00
Sample 700-

13 710 Silt 0.004 0.00 0.00 0.00 0.00 42.05 57.95 100.00
Sample 690-

14 700 Clay 0.003 0.00 0.00 0.00 0.00 32.06 67.94 100.00
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Table 2.6-5: Estimated Weight Percent as Determined by X-Ray Diffraction
(CSA)

Quartz

K Feldspar 2 13 4

Plagioclase 1 9.5 1

Kaolinite-Chlorite -- <1 9

Montmorillonite 44 <1 32

Mica-Illite 1 <1 15

Calcite 22 -- 1.5

Fluorite 0.5 -- -

Amorphous 7 1 10.5

Unidentified -- <1 I

TOTAL 100 100 100
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Core samples and outcrops of the Basal Chadron Sandstone exhibit numerous clay galls up to
a few inches in diameter, frequent thin silt and clay lenses of varying thickness and continuity,
and occasionally a sequence of upward fining sand. These probably represent flood plain or
low velocity deposits which normally occur during fluvial sedimentation.

2.6.2.3.1 Geochemical Description of the Mineralized Zone

Hansley, et al (1989) conducted detailed geochemical analysis of the Crow Butte uranium ore
to assess both ore genesis and composition. The Crow Butte deposits, including North Trend,
are roll-type deposits with coffinite being the predominant uranium mineral species present.
The origin of the uranium is in-situ rhyolitic ash material within the Basal Chadron. Coffinite
is associated with pyrite, and high silica activity due to dissolution of the rhyolitic ash which
favored formation of coffinite over uraninite in most parts of this sandstone. In addition,
smectite is present in the samples examined, with the most common minerals in the sandstone
being quartz, plagioclase, K-feldspar, coffinite, pyrite, marcasite, calcite, illite/smectite and
tyuyamunite. The heavy mineral portion of the samples contained several minerals including
those above as well as garnet, magnetite, marcasite, and illmenite. Vanadium was detected in
the samples primarily as an amorphous species presumed to have originated from the in-situ
ash. Hansley et al state that at least some uranium and vanadium remain bound to amorphous
volcanic material and/or smectite rather than as discrete mineral phases.

Petrographic data obtained and examined by Hansley et al (1989) suggest that uranium
mineralization occurred before lithification of the Basal Chadron Sandstone. Hansley states:
"Dissolution of abundant rhyolitic volcanic ash produced U- and Si- rich ground waters that
were channeled through permeable sandstone at the base of the Chadron by relatively
impermeable overlying and underlying beds. The precipitation of early authigenic pyrite
created a reducing environment favorable for precipitation and accumulation of U in the
basal sandstone. The U has remained in a reduced state, as evidenced by the fact that the
unoxidized minerals, coffinite and uraninite, comprise the bulk of the ore."

The ore body ranges in grade from less than 0.05% to greater than 0.5%U 30 8, with an average
grade estimated at 0.26% equivalent U30 8 and 0.31% chemical U30 8. Table 2.6-5 presents the
mineralogical composition of the Basal Chadron Sandstone interval.

2.6.2.4 Middle Chadron - Upper Confinement

The Middle Chadron represents a thick, upper confining unit that directly overlies the Basal
Chadron Sandstone. The unit is described as a clay-rich interval that grades from brick red to
grey in color with interbedded bentonitic clay. Within the North Trend Area, the unit ranges
in stratigraphic thickness from about 200 to 300 feet. An isopach of the Middle Chadron
confining unit is presented in Figure 2.6-23.
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Six drill cutting samples (Samples 1, 3, 5, 7, 9 and 11) were collected by CBR at borehole T-
775 in the North Trend Area from low permeability intervals that occur in the upper, middle,
and lower portions of the Middle Chadron from approximately 380 to 600 feet bgs (Table
2.6-3). X-ray diffraction analyses indicate all samples were composed primarily of smectite
with minor varying amounts of feldspar, quartz, calcite, dolomite, and illite mica. Particle
grain size analyses indicate all six samples were silty claystones or clayey siltstones with a
relatively even mixture of silt- and clay-sized particles (Table' 2.6-4). Three samples (Samples
1, 7 and 11) were predominantly clay-sized particles ranging from 52 percent to 61percent
clay. Three samples (Samples 3, 5, and 9) were predominantly silt-sized particles ranging
from 54 percent to 61 percent silt.

2.6.2.5 Upper Chadron - Upper Confinement

A brief discussion of the Upper/Middle Chadron is included in, this section in order to
illustrate the relationship of this unit to the underlying and overlying confining units. The
Upper/Middle Chadron consists of a very fine to fine-grained, well-sorted, poorly cemented
sandstone that is similar in appearance to the Basal Chadron Sandstone. The sandstone unit
occurs above the Middle Chadron confining unit and below the Upper Chadron confining
unit. The depositional environment of this unit was similar, but of lower energy, to the
depositional environment of the Basal Chadron Sandstone. Extensive review of available
boring log records indicate that the intermittent sand is completely absent south of the North
Trend Area in the vicinity of the fold structure (see Figure 2.6-17). Geophysical logs for the
intermittent sand indicate a facies change toward the southeast. The available data, maps and
figures included herein indicate that the intermittent sand ranges from 0 to 70 feet thick in the
North Trend Area (Figure 2.6-24).

The Upper Chadron confining unit represents a distinct and rapid facies change from the
underlying intermittent Sand of the Upper/Middle Chadron and is the youngest member of the
White River Group. The Upper Chadron is composed of light green-gray bentonitic clay
grading downward to green and frequently red clay. The unit ranges in stratigraphic thickness
from about 110 to over 350 feet and is continuous across the North Trend Permit Area. An
isopach map of the Upper Chadron is presented in Figure 2.6-25. X-ray diffraction analyses of
the red clay indicate that it is primarily comprised of montmorillonite and calcite (Table 2.6-
5). This portion of the Chadron Formation often contains gray-white bentonitic clay interbeds,
The light green-gray "sticky" clay of the Upper Chadron serves as an excellent marker bed in
drill cuttings and has been observed in virtually all drill holes within the Crow Butte Area,
including North Trend.
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2.6.2.6 Brule Formation - Upper Monitoring Unit

The Brule Formation lies conformably on top of the Chadron Formation and is
unconformably overlain by sandstones of the Arikaree Group. The Brule Formation outcrops
throughout most of the Crow Butte Area. The overall thickness of the Brule Formation within
the North Trend Area is approximately 50 to 100 feet. The majority of the Brule Formation
present at the North Trend Area consists of the Orella Member, as the entire "brown siltstone"
member and most of the Whitney Member have been erosionally removed. The Orella
Member consists primarily of pale brown, brown, and brownish-orange volcaniclastic
overbank clayey siltstones and silty claystones, brown and bluish-green overbank sheet
sandstones, and volcanic ash.

Occasional thick, fine- to medium-grained,. channelized sandstones occur throughout the
Orella Member. These sandstones appear to have Very limited lateral extent, and although
they are water-bearing, the sandstone units do not always produce usable amounts of water.
The lowest of these water bearing sandstones would be monitored by shallow monitor wells
during mining. This unit may correlate with the Brown Siltstone beds recognized by
Swinehart et al (1985).

The contact between the Brule Formation and underlying Chadron Formation is sometimes
difficult to ascertain, as the contact between the two formations is intertonguing and cannot be
consistently picked in drill cuttings or electric logs (LaGarry, 1998). However, due to the
presence of sandstone units in the lower part of the Brule Formation within the North Trend
Area, the Brule Formation is not considered part of the uppermost confining unit.

2.6.2.7 North Trend Area Structure

Figures 2.6-20 and 2.6-22 present structure contour maps of the top of the Pierre Shale and
Basal Chadron Sandstone, respectively, in the North Trend Area. Cross-sections presented in
Figures 2.6-7 through 2.6-15 illustrate local structural trends across the North Trend Area (see
Figure 2.6-6 for cross-section locations). The structure at the top of the Pierre dips to the
south in the North Trend Permit Area through Sections 22 and 27, with dip changing and
steepening to the northwest in southern portions of Section 34 (Figures 2.6-19)

Previous drilling identified a structural feature referred to as the White River Fault located
between the current permit area and the proposed North Trend permit area (Collings and
Knode, 1984). The White River Fault generally follows the NE-SW drainage of the White
River north of Crawford (Figure 2.6-5). The general location of the feature is shown on
Figures 2.6-20 and 2.6-22, as well as in depictions of the three-dimensional geological
modeling in Figures 2.6-16 through 2.6-19. The fault is manifested in the vicinity of the North
Trend Area as a significant northeast-trending, subsurface monocline. Structure contour maps
of the top of the Pierre Shale and Basal Chadron Sandstone further support the existence of
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this fold structure. Deep data are limited, but confirm that the structural relief across the
feature ranges from 300 to 500 vertical feet, depending on location, and is upthrown on the
south-southeast side

"Detailed fault kinematics of the White River Fault were poorly understood by previous
workers (DeGraw, 1969; Swinehart et al., 1985)." In order to decipher whether geological
units have been cut by the White River Fault at depth, consistent observations of structurally
thinned, structurally thickened (e.g., repeated stratigraphic sections), missing stratigraphic
sections or linear features associated with a fault rupture must be observed regardless of fault
kinematics (e.g., reverse slip, oblique strike-slip, normal slip) in the vicinity of the fold
structure. Based on an extensive review of geophysical logs in a three-dimensional context,
none of the above conditions were observed that could not be associated with other geological
processes (e.g., erosional denudation or topographic highs associated with fold development).
Instead, all of the stratigraphic units within the North Trend Area are well-correlated
southward across the monoclinal strticture with no apparent truncation of units on the north
limb of the fold, with the exception of the Upper/Middle Chadron. Therefore, available
drilling and logging data in the North Trend Area suggest that, while this fault may occur at
depth, it most likely does not continue upsection through the Pierre Shale into the Basal
Chadron Sandstone, Chadron Formation and Brule Formation. It is possible that the fault is
manifested at the surface by a fault-propagation fold generated by a "blind" fault at depth
(i.e., a fault that loses displacement or "tips out" prior to rupturing the surface or the highest
stratigraphic unit) (Suppe, 1983). This scenario would be consistent with the compressive
stresses required to generate the fold structure.

Multiple lines of evidence support the inference that the White River Fault does not cut
upsection into the Basal Chadron Sandstone (or younger overlying units) and, therefore, does
not affect the hydraulic confinement of the Basal Chadron Sandstone aquifer. There is an
absence of obvious linear features on the top surface of the Pierre Shale and Basal Chadron
Sandstone that are typically associated with fault displacement, which would indicate a fault
rupture (Figures 2.6-16 through 2.6-19). Based on geophysical logging, there is adequate
spatial resolution of continuous geophysical signatures across the steep fold limb for two
important marker beds (Pierre Shale and Basal Chadron Sandstone) that indicate these
geologic beds are not offset due to faulting (Figure 2.6-16, lower right panel; Figure 2.6-19).

2.6.2.7.1 Timing of Fold Development

Based on observations from drilling and logging data in the White River Group, the Basal
Chadron Sandstone is present at all exploration holes within the North Trend Area and CSA
and can be correlated across the fold structure (Figures 2.6-16, 2.6-21, and 2.6-22). Though
localized thickening of this unit occurs within the North Trend Area (e.g., Sections 27 and
28), there is high spatial correlation between topographic lows on the eroded surface of the
Pierre Shale and the thickest sections of the Basal Chadron Sandstone, suggesting that the
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paleotopography of the eroded Pierre Shale was partly responsible for the basin fill
architecture (Figures 2.6-19 and 2.6-21). As depicted in the lower left panel on Figure 2.6-16,
the observed eastward thinning (i.e., localized westward thickening) of Basal Chadron
Sandstone in the vicinity of the North Trend Area may be attributed to the following:

* reduced eastward sediment accommodation related to regional basin subsidence as
indicated by regional westward thickening

* differential uplift associated with initial activity of the White River Fault

* elevated paleotopography east of the North Trend Area, or

* any combination of the above

Though some degree of structural thinning appears to have occurred on the limb of the fold,
the Basal Chadron Sandstone maintains a relatively consistent range in stratigraphic thickness
between the southernmost portion of the North Trend Area and the top of the fold structure
indicating: (1) little, if any, elevated topography existed along the fold structure during
deposition of the unit and (2) the absence of any significant erosional denudation on the
northwest limb and axis of the foldstructure (Figures 26.-16 and 2.6-21). The nature of the
large, high-energy braided streams that deposited this unit also suggests little topography
existed near the fold structure. A review of geophysical logs indicates that the character of the
sandstone is different on the fold limb and uplifted side to the south compared to the
sandstone in the central North Trend Area, which is likely related to the depositional
environment. Following deposition, this unit was dramatically folded by deformation related
to displacement on the White River Fault at depth. Based on these observations, it is possible
that initial displacement on the White River Fault predated deposition of the Basal Chadron
Sandstone. However, any uplift associated with fold development in the vicinity of the North
Trend Area was minimal. Therefore, deposition of the Basal Chadron Sandstone is inferred to
predate most, if not all, of the fold development.

Though the Middle Chadron can be correlated throughout the North Trend Area and across
the fold structure, noticeable thinning of the unit towards the southeast is spatially coincident
with the entire length of the fold axis, indicating reduced sediment accommodation in the
vicinity of the fold structure. The Middle Chadron is also folded with up to 650 vertical feet
of structural relief between the North Trend Area and the uplifted fold axis. The three-
dimensional geometry of the Middle Chadron strongly suggests that fold development was
not only synchronous with deposition, but continued following deposition of this unit.

The Upper/Middle Chadron appears to have been either erosionally denudated or not
deposited along the entire length of the fold structure south of the North Trend Area (Figures
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2.6-7 through 2.6-15, 2.6-17 and 2.6-24). Multiple scenarios could explain the absence of this
unit to the south. One scenario involves isolated deposition of the Upper/Middle Chadron to
the north of the fold structure. In this scenario, sufficient topographic relief was present to the
south by the time the Upper/Middle Chadron was deposited as a result of uplift associated
with the fold structure, effectively creating a localized, topographic barrier to fluvial
sedimentation to the south. A second scenario would involve deposition of the Upper/Middle
Chadron across the fold structure with a limited southward extent (as indicated by the absence
of the Upper/Middle Chadron in the CSA), followed by uplift and erosional removal of the
Upper/Middle Chadron along the fold axis prior to deposition of the overlying Upper
Chadron. Both scenarios indicate the presence of an erosional unconformity to varying
degrees between the Middle Chadron and Upper Chadron in the vicinity of the fold. Available
data preclude a distinction between the suggested depositional environments. Based on
indications that folding was coincident with the deposition of units stratigraphically above
(discussed below) and below, it is inferred that folding was coincident with deposition of the
Upper/Middle Chadron.

Similar to the Middle Chadron, the Upper Chadron is noticeably thin along the entire length
of the fold axis to the east and southeast of the North Trend Area, indicating a similar
reduction in sediment accommodation in the vicinity of the fold (Figures 2.6-7 through 2.6-15
and 2.6-25). The unit exhibits less pronounced folding compared to stratigraphically lower
and geologically older units (i.e., Middle Chadron, Basal Chadron Sandstone and Pierre
Shale), nevertheless indicating that continued folding also post-dates deposition of this unit.
This geometry can be explained by the cumulative effect of continued folding synchronous
with deposition where underlying units are progressively more deformed with depth. The
most pronounced thickening occurs north of the fold structure and west of the North Trend
Area (Figure 2.6-25). Based on available data, localized northward thickening is likely the
result of reduced sediment accommodated near the fold structure related to fold development.
Based on regional studies, westward thickening of the Upper Chadron was likely the result of
increased sediment accommodation from regional basin subsidence and/or synclinal folding
of the Crawford Basin (DeGraw, 1969; Clark, 1975; Stanley and Benson, 1979; Swinehart et
al., 1985).

In contrast to members of the underlying Chadron Formation, Basal Chadron Sandstone and
Pierre Shale, the Brule Formation does not appear to be significantly folded. The Brule
Formation generally maintains a consistent approximately 100. dip to the northeast across the
area. Thickness variations are mostly attributable to exposure and subsequent erosion of the
unit prior to deposition of the overlying colluvial and alluvial cover materials. Pervasive
fracturing of the Brule Formation due to structural modification by the monocline is unlikely,
as the unit experienced a low magnitude. of very broad, concentric folding (Figure 2.6-18).

In summary, deposition of the entire Chadron Formation (Middle, Upper/Middle and Upper)
appears to be coincident with continued or episodic fold development in the vicinity of
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Crawford. It is possible that fold development was coincident with the deposition of the Basal
Chadron Sandstone; however, any topographic uplift associated with fold development pre-
dating deposition of the Basal Chadron Sandstone was minimal. Available data suggest that
the White River Fault was active during the late Eocene and possibly early Oligocene, and not
entirely during the Oligocene as previously reported. The decreased sediment accommodation
across the fold structure (i.e., southward thinning stratigraphic units) observed in some
stratigraphic units (Middle Chadron, Upper/Middle Chadron, and Upper Chadron) is likely
related to topographic uplift south of the North Trend Area along the fold structure and
possible regional basin subsidence to the west. Viewed in this context, it is apparent that the
depositional environments of selected members of the White River Group (exclusive of the
Basal Chadron Sandstone and Brule Formation) were impacted by the growing fold structure
southeast of the North Trend Area.

2.6.2.8 Conclusions- Site Geology and Confining Strata

The North Trend ore body represents a situation favorable for in-situ mining of uranium; the
successful historic and continuing mining operations in the current Class III Permit area
immediately southeast of North Trend within the same geologic setting further verifies this
conclusion. Figures 2.6-7 through 2.6-15 and 2.6-21 present the location and lateral continuity
of the Basal Chadron Sandstone mined interval, showing that this interval is laterally
continuous throughout the North Trend Area, with thick portions occurring along a North-
South trend in Sections 22,.27, and 34, as well as in Sections 28 and 33 west of the North
Trend property boundary. The lower confining bed is the Pierre Shale and is over 1,000 feet
in thickness. The Pierre Shale is a thick, homogenous black shale with very low permeability
and is one of the most laterally extensive formations of northwest Nebraska.

The upper confinement is composed of the Middle Chadron and Upper Chadron units
underlying the intermittent Brule Formation sandstones. The Middle Chadron confining unit
Includes. a clay-rich interval that grades from brick red to grey in color with interbedded
bentonitic clay. The Upper Chadron is an impermeable clay grading upward into several
hundred feet of siltstones and claystones of the Brule Formation. These units separate the
mining zone (Basal Chadron Sandstone) from the nearest overlying water bearing unit with
several hundred feet of clay and siltstones. The Middle and Upper Chadron clays also have a
large lateral extent and have been observed in all holes within the North Trend Area. The total
thickness of the upper confining units ranges from approximately 300 to over 650 feet within
the North Trend Area.

From Tables 2.6-3 and 2.6-5, it is evident that the upper and lower confining beds (Upper
Chadron, Middle Chadron and Pierre Shale) contain significant percentages of
montmorillonite clay and other clays and/or calcite. Grain size distribution analyses of
samples collected from the upper and lower confining units indicate predominantly clay-sized

* particles. These observations indicate that both the upper and lower confinements are
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significantly less permeable than the ore zone and essentially impermeable. Additionally, core
and hydrologic data from the CSA indicate that the vertical hydraulic conductivity of the
confining shales and clays overlying and underlying the Basal Chadron Sandstone are on the
order of 10-l0 cm/sec, or lower. The geologic information presented in this application clearly
demonstrates the lateral continuity of the overlying and underlying confining zones on both
regional and local scales, as well as the lateral occurrence and distribution of the Basal
Chadron Sandstone mined interval.

2.6.3 Seismology

The Crow Butte Project Area, including the North Trend area, is in northwest Nebraska
within the Stable Interior of the United States. The project area along with most of Nebraska
and the surrounding region is in seismic risk Zone 1 on the Seismic Risk Map for the United
States, and is therefore in an area of low Seismic Hazard (Figure 2.6-26) as presented by the
USGS. Most of the central United States is within seismic risk Zone 1 and only minor damage
is expected from earthquakes which occur within this area. The closest Zone 2 area is in the
southeastern part of Nebraska within the eastern part of the central Nebraska Basin (Burchett,
1990) about 300 miles southeast from the proposed North Trend Expansion Area.

Although the project area is within an area of low seismic risk, occasional earthquakes have
been reported. Over 1100 earthquakes have been catalogued within the Stable Interior of the
U.S. since 1699 by Docekal (1970). This study noted several earthquake epicenters within
northwest Nebraska. All but two of these earthquakes were classified within the lowest
category, Intensity I-IV, on the Modified Mercalli Intensity Scale of 1931.

Figure 2.6-27 is a seismicity map of Nebraska prepared by the USGS for the 1990-2001 time
period. (http://earthquake.usgs.gov/regional/states/nebraska/seismicity.php). The location of
the principal structural features of Nebraska including the Chadron and Cambridge Arches are
shown in Figure 2.6-5. The earthquakes which have been recorded along these two structural
features are tabulated in Table 2.6-6.

The strongest earthquake in northwest Nebraska (No. 21) occurred July 30, 1934 with an
intensity of VI and was centered near Chadron. This earthquake resulted in damaged
chimneys, plaster, and china. Earthquake No. 26 occurred on March 24, 1938 near Fort
Robinson. This earthquake had an intensity of IV; no additional information is available. An
Intensity IV earthquake should be felt indoors by many and cause dishes, windows, and doors
to be disturbed. Earthquake No. 30 occurred on March 9, 1963 near Chadron. This
earthquake was reported to last about a second and was not accompanied by any damage or
noise and was not even noticed by many of the residents of Chadron. Earthquake No. 32
occurred on March 28, 1964 near Merriman. The vibrations from this earthquake lasted about
a minute and caused much alarm but no major damage occurred. Books were knocked off
shelves and closet and cupboard doors swung open. On May 7, 1978 an earthquake (No. 40)
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Table 2.6-6: Earthquakes in Nebraska

Ce~itrModlitied
Dal 'aiid 1Longitude mercsa1Ii ouc

'rime North' Deg-rees Wes( (NIMN)
IntensityN

March 17, 14:00 North Platte 41.133 100.75 IV A
1884

Dec. 16, 1916 ----- Stapleton 41.55 100.467 II-IlI A

Sept. 24, 1924 5:00 Gothenburg 40.95. 100.133 IV A

Aug. 8, 1933

30-Jul-34

24-Mar-38

9-Mar-63

28-Mar-64

7-May-78

6-May-83

1-Jan-87

8-Feb-89

1:20

7:11

9:25

4:21

10:06

0:15

2:02

23:16

Scottsbluff

Chadron

Fort Robinson

Chadron

Merriman

SW Cherry
County

NE Sheridan
County

Crawford

Merriman

41.867

42.85

42.683

42.85

42.8

42.26

42.96

42.79

42.8

1.03.667

103

103.417

103

101.667

101.95

102.2

103.48

101.6

IV-V

VI

IV

II-I"I

VII

V

III

III

IV

Sources: A = Docekal, 1970
B = National Earthquake Information- Service
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with Intensity V occurred in southwestern Cherry County, also near the Chadron Arch. No
major damage was reported from this earthquake.

Although the risk of major earthquakes in Nebraska is slight (Burchett, 1990), some low to
moderate tectonic activity has occurred (Rothe, 1981). This tectonic movement is also
suggested by geomorphic and sedimentation patterns during the Pleistocene (Rothe, 1981),
which reflect such movement. Recent seismicity on the Cambridge Arch appears to be related
to secondary recovery in the Sleepy Hollow oil field (Rothe et al, 1981). Deeper events,
however, suggest current low level tectonic activity on the Chadron and Cambridge Arches.
This activity is not expected to affect the mining operations in the North Trend Area.

The most recent earthquake recorded in Nebraska occurred February 1, 2006. The epicenter
was about 20 miles east-northeast of Ainsworth, Nebraska, and was therefore over 200"miles
east of Crawford. This earthquake had a recorded magnitude' of 2.9, but was not felt at
Crawford or the Crow Butte/North Trend area. According to the USGS
(http://folkworm.ceri.memphis.edu/recenteqs/) no earthquakes have been felt in Nebraska
since the February 1, 2006 event.

2.6.4 Inventory of Economically Significant and Energy Related Deposits and
Artificial Penetrations Inventory

According to the Nebraska Department of Economic Development website (www.neded.org)
there has been no oil and gas production from Dawes County from 1994-2004. The only non-
fuel mineral produced in Dawes County is sand and gravel. Based on data up to 2005, coal is
not produced anywhere in Nebraska (http://tonto.eia.doe.gov/FTPROOT/coal/05842005.pdf).

Other than the monitoring wells installed by CBR and discussed in Section 2.7 (see Figure
2.7-11), there is only one deep penetration well that transects the Brule and Chadron in the
North Trend Permit Area. This well, the Soester No. 1, is located in Section 34, Township 32
North, Range 52 West. Plugging information for this well shows that the well reached total
depth (TD) on September 3, 1977 with a total depth of 2006 feet. The well was subsequently
abandoned, with the borehole filled with mud-laden fluid and cement emplaced from 124 ft to
ground surface. This information shows that appropriate action was taken to properly abandon
this well in accordance with regulatory requirements and common practice in place at the time
of abandonment.

2.6.5 Soils

The Crow Butte North Trend Project Area is located in the semiarid west-central portion of
Dawes County, Nebraska, just north of the City of Crawford. For the proposed project, an
investigation was made of the local soils. Soils data for the North Trend Project Area was
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obtained from the United States Department of Agriculture (USDA), Natural Resource
Conservation Service (NRCS), Soil Survey of Dawes County, Nebraska, published in
February 1977.

The project area is bounded on the south by the White River and is located in the White River
watershed. The terrain is generally flat with gentle rolling hills. Natural vegetation is
dominated by drought tolerant short-grass prairie and large areas of mixed-grass prairie, but
they have been largely replaced by agricultural crops within the project area.

Dawes County soils were formed by weathering of materials of the underlying geologic
formations or of materials deposited by wind and water. The Brule Formation is widely
exposed on lower slopes, is soft and weathered rapidly producing the Epping, Kadoka, Deota,
Schamber and Mitchell soils. As this material weathered, it produced the Epping, Kadoka
variant, Keota, and Mitchell soils. Overlying Tertiary-age bedrock at higher elevations is the
Arikaree Group. This massive sandstone contains layers of compacted silt and clay. Soils
formed from this fine grained material are Alliance,t Busher, Canyon, Oglala, Tassel and
Rosebud. Sandstone mixed with loess formed soils such as Bayard, Bridget and Vetal formed
in colluvial and alluvial materials.

Soil association is a landscape that has a distinctive proportional pattern of soils, consisting of
one or more major soils and at least one minor soil. Three soil associations exist within the
Project Area: Kadoka-Keith-Mitchell, Busher-Tassel-Vetal, and Tripp-Haverson-Glenberg.

The Kadoka-Keith-Mitchell soils are deep, nearly level to steep, well drained silty soils that
formed in loess and in material weathered from siltstones, on uplands and foot slopes.
Typically this association consists of undulating to rolling uplands that are dissected by many
spring-fed creeks. Areas of this association are mostly west of the project area. Approximate
percentages of soils in this association are Kadoka at 28 percent, Keith 23 percent and
Mitchell at 18 percent. Minor soils and land types make up the remaining 31 percent. Minor
soils in this series are Bridget, Duroc, Epping, Ulysses, Keota, and Schamber series, and areas
of loamy alluvial land and badland.

The Busher-Tassel-Vetal soils are deep and shallow, very gently sloping to steep, well drained
to somewhat excessively drained sandy soils that formed in colluvium and in material
weathered from sandstone.. These sandy soils are found on undulating to hilly uplands which
are crossed by numerous creeks and intermittent drainageways. Approximate percentages of
soils in this association are Busher 35 percent, Tassel 32 percent and Vetal 15 percent. Minor
soils and land types make up the remaining 18 percent. These include the Bayard, Jayem and
Sarben soil types and sandy alluvial land.

The Tripp-Haverson-Glenberg soils are deep and shallow, very gently sloping to steep, well-
drained to somewhat excessively-drained sandy soils that formed in colluvium and in material
weathered from sandstone on uplands and foot slopes. These soils are found in undulating
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and hilly uplands that are crossed by numerous creeks and intermittent drainageways.
Approximate percentages of soils in this association area: Busher soils at 35 percent, Tassel
soils at 32 percent, and Vetal soils at 15 percent. Minor soils and land types make up the
remaining 18 percent. Minor soils in this association are soils in the Bayard, Jayem, and
Sarben series and areas of sandy alluvial land and rock outcrop.

In certain areas, the soil material is so rocky, shallow, severely eroded or variable that it has
not been classified by soil series. These areas are called land types and are given descriptive
names. An example of this is "sandy alluvial land" found within the Busher-Tassel-Vetal
association.

Certain of the mapping units are composed of soil complexes or undifferentiated soil groups.
A soil complex consists of areas of two or more soils so intricately mixed or so small in size
that they cannot be shown separately on the soil map. Undifferentiated soil groups are made
up of two or more soils that could be delineated individually but are shown as one unit
because, for the purpose of the soil survey, there is little value in separating them. The name
given uses the two dominant soil series represented in the group. Four of the mapping units
within the restricted area belong to this category, where the names of dominant soils are
joined by "and".

Soils Mapping Unit Descriptions

Table 2.6-7 summarizes those soils found within the North Trend Project Area. The first
capital letter is the initial one of the soil name. The lower case letter that follows separates
mapping units having names that begin with the same letter except that it does not separate
sloping or eroded phases. The second capital letter indicates the class of the. slope. Symbols
without a slope letter are for soils that have a slope range of 0 to 2 percent or miscellaneous
land types that have a wide range of slopes. A final number 2 in the symbol indicates that the
soil is eroded. Those soils are also shown on Figure 2.6-28.

Bg - Bridget silt loam, 0 to 1 percent slopes
The Bridget component makes up 100 percent of the map unit. Slopes are 0 to 1 percent. This
component is on hillslopes on uplands. The parent material consists of loamy colluvium.
Depth to a root restrictive layer is greater than 60 inches. The natural drainage class is well
drained. Water movement in the most restrictive layer is moderately high. Available water to
a depth of 60 inches is very high. Shrink-swell potential is low. This soil is not flooded. It is
not ponded. There is no zone of water saturation within a depth of 72 inches. Organic matter
content in the surface horizon is about 2 percent. This component is in the R064XY036NE
Loamy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 2c. Irrigated
land capability classification is 1. This soil does not meet hydric criteria. The calcium
carbonate equivalent within 40 inches, typically, does not exceed 6 percent.
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Table 2.6-7: Summary of Soil Resources within the Project Area
Map Map Unit Name % of Project
Unit I Area

Bg Bridget silt loam, 0 to 1 percent slopes 1.22%
BgB Bridget silt loam, 1 to 3 percent slopes 0.30%
BuD Busher loamy very fine sand, 5 to 9 percent slopes 0.00%
BuD2 Busher loamy very fine sand, 5 to 9 percent slopes, eroded 0.11%
DuB Duroc very fine sandy loam, 1 to 3 percent slopes 6.30%

Glenberg loamy very fine sand, occasionally flooded, 0 to 3
GoB percent slopes 0.35%
HbB Haverson silt loam, occasionally flooded, 0 to 3 percent slopes 0.27%
JmC Jayem loamy very fine sand, I to 5 percent slopes 9.15%
JvD Jayem and Vetal loamy very fine sands, 5 to 9 percent slopes 0.22%
KaD Kadoka silt loam, deep variant, 3 to 9 percent slopes 5.27%
KaD2 Kadoka silt loam, deep variant, 3 to 9 percent slopes, eroded 1.04%
KeB Keith silt loam, 1 to 3 percent slopes 29.43%
KeD Keith silt loam, 3 to 9 percent slopes 1.68%
KfD Keith and Ulysses silt loams, 3 to 9 percent slopes 9.79%
KoB Keota silt loam, 1 to 3 percent slopes 0.44%
KpD Keota-Epping silt loams, 3 to 9 percent slopes 3.05%
Lo Loamy alluvial land 0.69%
OgF Oglala loam, 9 to 30 percent slopes 0.50%
OhF Oglala-Canyon loams, 9 to 20 percent slopes. 0.26%
Sn Sandy alluvial land 0.92%
SrC Sarben fine sandy loam, 1 to 5 percent slopes 11.47%
SrD Sarben fine sandy loam, 5 to 9 percent slopes 0.91%
SrF Sarben fine sandy loam, 9 to 30 percent slopes 0.08%
SvF Sarben and Vetal loamy very fine sands, 9 to 30 percent slopes 4.01%
VeC Vetal and Bayard soils, 1 to 5 percent slopes 12.55%

Soil blowing can be a hazard in cultivated areas. A large acreage of this soil is cultivated and

is dryfarmed with wheat and alfalfa being the principal crops.

BgB - Bridget silt loam, 1 to 3 percent slopes

The Bridget component makes up 99 percent of the map unit. Slopes are 1 to 3 percent. This
component is on hillslopes on uplands. The parent material consists of loamy colluvium..
Depth to a root restrictive layer is greater than 60 inches. The natural drainage class is well
drained. Water movement in the most restrictive layer is moderately high. Available water to
a depth of 60 inches is very high. Shrink-swell potential is low. This soil is not flooded. It is
not ponded. There is no zone of water saturation within a depth of 72 inches. Organic matter
content in the surface horizon is about 2 percent. This component is in the R064XY036NE
Loamy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 2e. Irrigated
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land capability classification is 2e. This soil does not meet hydric criteria. The calcium
carbonate equivalent within 40 inches, typically, does not exceed 6 percent.

Water and wind erosion are hazards in areas where the soil surface is unprotected. Nearly all
areas of this soil are dryfarmed to wheat, oats, or alfalfa. Native grass areas are used for
grazing and hay.

BuD - Busher loamy very fine sand, 5 to 9 percent slopes

The Busher component makes up 100 percent of the map unit. Slopes are 5 to 9 percent. This
component is on hillslopes on uplands. The parent material consists of residuum weathered
from sandstone. Depth to a root restrictive layer, bedrock, paralithic, is 40 to 60 inches. The
natural drainage class is well drained. Water movement in the most restrictive layer is high.
Available water to a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is
not flooded. It is not ponded. There is no zone of water saturation within a depth of 72 inches.
Organic matter content in the surface horizon is about 2 percent. This component is in the
R064XY032NE Sandy 17-20" P.z. ecological site. Nonirrigated land capability classification
is 4e. Irrigated land capability classification is 4e. This soil does not meet hydric criteria. The
calcium carbonate equivalent within 40 inches, typically, does not exceed 3 percent.

Water and wind erosion are hazards in areas where the soil surface is unprotected. Most areas
of this soil are native grass used for grazing and hay production. A few areas are dryfarmed to
wheat, alfalfa, and oats.

BuD2 - Busher loamy very fine sand, 5 to 9 percent slopes, eroded

The Busher component makes up 99 percent of the map unit. Slopes are 5 to 9 percent. This
component is on hillslopes on uplands. The parent material consists of residuum weathered
from sandstone. Depth to a root restrictive layer, bedrock, paralithic, is 40 to 60 inches. The
natural drainage class is well drained. Water movement in the most restrictive layer is high.
Available water to a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is
not flooded. It is not ponded. There is no zone of water saturation within a depth of 72 inches.
Organic matter content in the surface horizon is about 2 percent. This component is in the
R064XY032NE Sandy 17-20" P.z. ecological site. Nonirrigated land capability classification
is 4e. Irrigated land capability classification is 4e. This soil does not meet hydric criteria. The
calcium carbonate equivalent within 40 inches, typically, does not exceed 3 percent.

Water and wind erosion are serious hazards where the soil surface is unprotected. Nearly all
areas of this soil are dryfarmed to wheat, alfalfa, and oats. A few areas are seeded to grass and
used for grazing or hay production.
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DuB - Duroc very fine sandy loam, 1 to 3 percent slopes

The Duroc component makes .up 99 percent of the map unit. Slopes are I to 3 percent. This
component is on swales on uplands. The parent material consists of alluvium. Depth to a root
restrictive layer is greater than 60 inches. The natural drainage class is well drained. Water
movement in the most restrictive layer is moderately high. Available water to a depth of 60
inches is high. Shrink-swell potential is moderate. This soil is not flooded. It is not ponded.
There is no zone of water saturation within a depth of 72 inches. Organic matter content in the
surface horizon is about 2 percent. This component is in the R064XY036NE Loamy 17 - 20"
P.z. ecological site. Nonirrigated land capability classification is 2e. Irrigated land capability
classification is 2e. This soil does not meet hydric criteria. The calcium carbonate equivalent
within 40 inches, typically, does not exceed 5 percent.

Much of the soil is suited for irrigation and cultivated; however, the area is mostly dryfarmed
to wheat, oats, or alfalfa. The rest of the acreage is in native and tame grasses used for grazing
or hay production.

GoB - Glenberg loamy very fine sand, occasionally flooded, 0 to 3 percent slopes

The Glenberg component makes up 100 percent of the map unit. Slopes are 0 to 3 percent.
This component is on flood plains on valleys. The parent material consists .of stratified
calcareous alluvium. Depth to a root restrictive layer is greater than 60 inches. The natural
drainage class is well drained. Water movement in the most restrictive layer is high. Available
water to a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is
occasionally flooded. It is not ponded. There is no zone ofmwater saturation within a depth of
72 inches. Organic matter content in the surface horizon is about 1 percent. This component is
in the R064XY029NE Sandy Lowland ecological site. Nonirrigated land capability
classification is 4w. Irrigated land capability classification is 3w. This soil does not meet
hydric criteria. The calcium carbonate equivalent within 40 inches, typically, does not exceed
6 percent.

Soil blowing is a hazard if the soil is cultivated and the surface is not protected. Small areas of
this soil are cultivated with Alfalfa being the main dryfarmed crop. The rest of the area is in
native or tame grasses used for grazing or hay production.

HbB - Haverson silt loam, occasionally flooded, 0 to 3 percent slopes

The Haverson component makes up 100 percent of the map unit. Slopes are 0 to 3 percent.
This component is on flood plains on valleys. The .parent material consists of stratified
calcareous alluvium. Depth to a root restrictive layer is greater than 60 inches. The natural
drainage class is well drained. Water movement in the most restrictive layer is moderately
high. Available water to a depth of 60 inches is high. Shrink-swell potential is low. This soil
is occasionally flooded. It is not ponded. There is no zone of water saturation within a depth
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of 72 inches. Organic matter content in the surface horizon is about 1 percent. This
component is in the R064XY026NE Loamy Overflow ecological site. Nonirrigated land
capability classification is 2w. Irrigated land capability classification is 2w. This soil does not
meet hydric criteria. The calcium carbonate equivalent within 40 inches, typically, does not
exceed 6 percent.

Approximately half the acreage of this soil is in crops with the other half in range. Alfalfa is
the main crop. Trees and shrubs cover some areas.

JmC - Jayem loamy very fine sand,. 1 to 5 percent slopes

The Jayem component makes up 99 percent of the map unit. Slopes are 1 to 5 percent. This
component is on hillslopes on uplands. The parent material consists of sandy and silty eolian
deposits. Depth to a root restrictive layer is greater than 60 inches. The natural drainage class
is well drained. Water movement in the most restrictive layer is high. Available water to a
depth of 60 inches is moderate. Shrink-swell potential is low. This soil is not flooded. It is not
ponded. There is no zone of water saturation within a depth of 72 inches. Organic matter
content in the surface horizon is about 2 percent. This component is in the R064XY032NE
Sandy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 3e. Irrigated
land capability classification is 3e. This soil does not meet hydric criteria. The calcium
carbonate equivalent within 40 inches, typically, does not exceed 1 percent.
Soil blowing is a hazard if the soil surface is left unprotected. Most of the acreage of this soil
is in native grass, which is used for grazing or hay. The rest of the acreage is cultivated with
wheat or alfalfa being the main crops.

JvD - Jayem and Vetal loamy very fine sands, 5 to 9 percent slopes

The Vetal component makes up 50 percent of the map unit. Slopes are 5 to 9 percent. This
component is on hillslopes on uplands. The parent material consists of loamy alluvium over
eolian deposits. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is high. Available water to
a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is not flooded. It is
not ponded. There is no zone of water saturation within a depth of 72 inches. Organic matter
content in the surface horizon is about 2 percent. This component is in the R064XY032NE
Sandy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 4e. Irrigated
land capability classification is 4e. This soil does not meet hydric criteria. The calcium
carbonate equivalent within 40 inches, typically, does not exceed 3 percent.

Water and wind erosion are hazards in cultivated areas where the soil surface is left
unprotected. Most areas are in native grasses used for grazing and hay production. A small
acreage is cultivated to wheat, alfalfa, and oats.

KaD - Kadoka silt loam, deep variant, 3 to 9 percent slopes .
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The Thirtynine component makes up 99 percent of the map unit. Slopes are 3 to 9 percent.
This component is on hillslopes on uplands. The parent material consists of alluvium derived
from siltstone. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is moderately high.
Available water to a depth of 60 inches is very high. Shrink-swell potential is moderate. This
soil is not flooded. It is not ponded. There is no zone of water saturation within a depth of 72
inches. Organic matter content in the surface horizon is about 3 percent. This component is in
the R064XY036NE Loamy 17-20" P.z. ecological site. Nonirrigated land capability
classification is 3e. Irrigated land capability classification is 3e. This soil does not meet hydric
criteria. The calcium carbonate equivalent within 40 inches, typically, does not exceed 8
percent.

Water and wind erosion are hazards in cultivated areas where the soil surface is left
unprotected. Most acreage of this soil is used for range with small areas used for hay
production.

KaD2 - Kadoka silt loam, deep variant, 3 to 9 percent slopes, eroded

The Thirtynine component makes up 99 percent of the map unit. Slopes are 3 to 9 percent.
This component is on hillslopes on uplands. The parent material consists of alluvium derived
from siltstone. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is moderately high.
Available water to a depth of 60 inches is very high. Shrink-swell potential is moderate. This
soil is not flooded. It is not ponded. There is no zone of water saturation within a depth of 72
inches. Organic matter content in the surface horizon is about 3 percent. This component is in
the R064XY036NE Loamy 17-20" P.z. ecological site. Nonirrigated land capability
classification is 3e. Irrigated land capability classification is 3e. This soil does not meet hydric
criteria. The calcium carbonate equivalent within 40 inches, typically, does not exceed 8
percent.

Water erosion is the main hazard. Nearly all the acreage of this soil is cultivated to wheat,
alfalfa, or oats. A few areas are seeded to grass, which is used for grazing or hay production.

KeB - Keith silt loam, 1 to 3 percent slopes

The Keith component makes up 99 percent of the map unit. Slopes are 1 to 3 percent. This
component is on plains on uplands. The parent material consists 'of loess. Depth to a root
restrictive layer is greater than 60 inches. The natural drainage class is well drained. Water
movement in the most restrictive layer is moderately high. Available water to a depth of 60
inches is very high. Shrink-swell potential is low. This soil is not flooded. It is not ponded.
There is no zone of water saturation within a depth of 72 inches. Organic matter content in the
surface horizon is about 2 percent. This component is in the R064XY036NE Loamy 17 - 20"
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P.z. ecological site. Nonirrigated land capability classification is 2e. Irrigated land capability
classification is 2e. This soil does not meet hydric criteria. The calcium carbonate equivalent
within 40 inches, typically, does not exceed 6 percent.

Soil erosion is the main hazard with modest water erosion potential in some areas. This soil is
used for both crops and range. Winter wheat, alfalfa, and oats are the principal dryfarmed
crops. Some areas are in grass and are used for grazing or hay production.

KeD - Keith silt loam, 3 to 9 percent slopes

The Keith component makes up 99 percent of the map unit. Slopes are 3 to 9 percent. This
component is on hillslopes on uplands. The parent material consists of loess. Depth to a root
restrictive layer is greater than 60 inches. The natural drainage class is well drained. Water
movement in the most restrictive layer is moderately high. Available water to a depth of 60
inches is very high. Shrink-swell potential is low. This soil is not flooded. It is not ponded.
There is no zone of water saturation within a depth of 72 inches. Organic matter content in the
surface horizon is about 2 percent. This component is in the R064XY036NE Loamy 17 - 20"
P.z. ecological site. Nonirrigated land capability classification is 3e. Irrigated land capability
classification is 3e. This soil does not meet hydric criteria. The calcium carbonate equivalent
within 40 inches, typically, does not exceed 6 percent.

Water erosion is the main hazard, with soil erosion a concern of management. A small
acreage of this soil is used for crops, but most areas are in native grass and are used for
grazing or hay production.

KID - Keith and Ulysses silt loams, 3 to 9 percent slopes

The Keith component makes up 50 percent of the map unit. Slopes are 3 to 9 percent. This
component is on hillslopes on uplands. The parent material consists of loess. Depth to a root
restrictive layer is greater than 60 inches. The natural drainage class is well drained. Water
movement in the most restrictive layer is moderately high. Available water to a depth of 60
inches is very high. Shrink-swell potential is low. This soil is not flooded. It is not ponded.
There is no zone of water saturation within a depth of 72 inches. Organic matter content in the
surface horizon is about 2 percent. This component is in the R064XY036NE Loamy 17 - 20"
P.z. ecological site. Nonirrigated land capability classification is 3e. Irrigated land capability
classification is 3e. This soil does not meet hydric criteria. The calcium carbonate equivalent
within 40 inches, typically, does not exceed 6 percent.

The Ulysses component makes up 49 percent of the map unit. Slopes are 3 to 6 percent. This
component is on hillslopes on uplands. The parent material consists of calcareous loess. Depth
to a root restrictive layer is greater than 60 inches. The natural drainage class is well drained.
Water movement in the most restrictive layer is moderately high. Available water to a depth
of 60 inches is high. Shrink-swell potential is low. This soil is not flooded. It is not ponded.
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There is no zone of water saturation within a depth of 72 inches. Organic matter content in the
surface horizon is about 2 percent. This component is in the R064XY036NE Loamy 17 - 20"
P.z. ecological site. Nonirrigated land capability classification is 3e. Irrigated land capability
classification is 3e. This soil does not meet hydric criteria. The calcium carbonate equivalent
within 40 inches, typically, does not exceed 8 percent.

Water erosion is a hazard, along with the controlling of soil blowing. Nearly all of the acreage
of this soil is used for crops such as wheat, alfalfa, and oats. Only a few areas are irrigated
and a small acreage is seeded to tame grasses used for grazing or hay production.
KoB - Keota silt loam, 1 to 3 percent slopes

The Keota component makes up 99 percent of the map unit. Slopes are 1 to 3 percent. This
component is on interfluves on ,uplands. The parent material consists of calcareous loamy
residuum weathered from siltstone. Depth to a root restrictive layer, bedrock, paralithic, is 20
to 40 inches. The natural drainage class is well drained. Water movement in the most
restrictive layer is moderately high. Available water to a depth of 60 inches is low. Shrink-
swell potential is low. This soil is not flooded. It is not ponded. There is no zone of water
saturation within a depth of 72 inches. Organic matter content in the surface horizon is about
1 percent. This component is in the R064XY037NE Thin Upland ecologicalsite. Nonirrigated
land capability classification is 3e. Irrigated land capability classification is 3e. This soil does
not meet hydric criteria. The calcium carbonate equivalent within 40 inches, typically, does
not exceed 5 percent.

Soil blowing and water erosion are hazards. Much of the acreage of this soil is cultivated or
has been seeded to grass. Wheat is the principal dryfarmed crop. Areas of grass are used for
grazing or hay production.

KpD - Keota-Epping silt loams, 3 to 9 percent slopes

The Keota component makes up 70 percent of the map unit. Slopes are 3 to 6 percent. This
component is on hillslopes on uplands. The parent material consists of calcareous •loamy
residuum weathered from siltstone. Depth to a root restrictive layer, bedrock, paralithic, is 20
to 40 inches. The natural drainage class is well drained. Water movement in the, most
restrictive layer is moderately high. Available water to a depth of 60 inches is low. Shrink-
swell potential is low. This soil is not flooded. It is not ponded. There is no zone of water
saturation within a depth of 72 inches. Organic matter content in the surface horizon is about
1 percent. This component is in the R064XY037NE Thin Upland ecological site. Nonirrigated
land capability classification is 4e. Irrigated land capability classification is 4e. This soil does
not meet hydric criteria. The calcium carbonate equivalent within 40 inches, typically, does
not exceed 5 percent.

The Epping component makes up 29 percent of the map unit. Slopes are 3 to 9 percent. This
component is. on ridges on uplands. The parent, material consists of loamy residuum
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weathered from siltstone. Depth to a root restrictive layer, bedrock, paralithic, is 10 to 20
inches. The natural drainage class is well drained. Water movement in the most restrictive
layer is moderately high. Available water to a depth of 60 inches is very low. Shrink-swell
potential is low. This soil is not flooded. It is not ponded. There is no zone of water saturation
within a depth of 72 inches. Organic matter content in the surface horizon is about 1 percent.
This component is in the R064XY04ONE Shallow ecological site. Nonirrigated land
capability classification is 6s. This soil does not meet hydric criteria. The calcium carbonate
equivalent within 40 inches, typically, does not exceed 6 percent.

Water erosion and soil blowing are hazards. Most of the acreage of this mapping unit is used
for dryfarmed crops such as wheat, oats or alfalfa. The rest of the acreage is in native tame
grasses, which are used for grazing or hay production.

Lo - Loamy alluvial land

The Haverson component makes up 98 percent of the map unit. Slopes are 0 to 3 percent. This
component is on flood plains on valleys. The parent material consists of stratified calcareous
alluvium. Depth to a root restrictive layer is greater than 60 inches. The natural drainage class
is well drained. Water movement in the most restrictive layer is moderately high. Available
water to a depth of 60 inches is high. Shrink-swell potential is low. This soil is frequently
flooded. It is not ponded. There is no zone of water saturation within a depth of 72 inches.
Organic matter content in the surface horizon is about 1 percent. This component is in the
R064XY026NE Loamy Overflow ecological site. Nonirrigated land capability classification
is 6w. This soil does not meet hydric criteria. The calcium carbonate equivalent within 40
inches, typically, does not exceed 6 percent.

Most areas of this land type are used for grazing but grass in a few areas is cut for hay. The
hazard of flooding and deposition of sediment generally makes this land type unsuited to
cultivation. The native vegetation is mostly grasses, and some areas support trees or shrubs.
Most areas provide good food and cover for wildlife.

OgF - Oglala loam, 9 to 30 percent slopes

The Oglala component makes up 100 percent of the map unit. Slopes are 9 to 30 percent. This
component is on hillslopes on uplands. The parent material consists of loamy residuum
weathered from soft, fine-grained sandstone. Depth to a root restrictive layer, bedrock,
paralithic, is 40 to 60 inches. The natural drainage class is well drained. Water movement in
the most restrictive layer is moderately high. Available water to a depth of 60 inches is low.
Shrink-swell potential is low. This soil is not flooded. It is not ponded. There is no zone of
water saturation within a depth of 72 inches. Organic matter content in the surface horizon is
about 2 percent. This component is in the R064XY036NE Loamy 17 - 20" P.z. ecological
site. Nonirrigated land capability classification is 6e. This soil does not meet hydric criteria.
The calcium carbonate equivalent within 40 inches, typically, does not exceed 3 percent.
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Soil blowing and water erosion are hazards if the soil surface is not protected. Nearly all the
acreage of this soil is in native grass. A few areas are seeded to tame grasses. This soil is
unsuited to cultivation because of the steepness of the slopes.
OhF - Oglala-Canvon loams, 9 to 20 percent slopes

The Oglala component makes up 70 percent of the map unit. Slopes are 9 to 20 percent. This
component is on hillslopes on uplands. The parent material consists of loamy residuum
weathered from soft fine grained sandstone. Depth to a root restrictive layer, bedrock,
paralithic, is 40 to 60 inches. The natural drainage class is well drained. Water movement in
the most restrictive layer is moderately high. Available water to a depth of 60 inches is low.
Shrink7 swell potential is low. This soil is not flooded. It is not ponded. There is no zone of
water saturation within a depth of 72 inches. Organic matter content in the surface horizon is
about 2 percent. This component is in the R064XY036NE Loamy 17 - 20" P.z. ecological
site. Nonirrigated land capability classification is 6e. This soil does not meet hydric criteria.
The calcium carbonate equivalent within 40 inches, typically, does not exceed 3 percent..

The Canyon component makes up 30 percent of the map unit. Slopes are 9 to 20 percent. This

component is on ridges on uplands. The parent material consists of calcareous loamy
residuum weathered from limestone and sandstone. Depth to a root restrictive layer, bedrock,
paralithic, is 6 to 20 inches. The natural drainage class is well drained. Water movement in the
most restrictive layer is moderately high. Available water to a depth.of 60 inches is very low.
Shrink-swell potential is low. This soil is not flooded. It is not ponded. There is no zone of
water saturation within a depth of 72 inches. Organic matter content in the surface horizon is
about 2 percent. This component is in the R064XY040NE Shallow ecological site.
Nonirrigated land capability classification is 6s. This soil does not meet hydric criteria. The
calcium carbonate equivalent within 40 inches, typically, does not exceed 6 percent.

Water erosion is a hazard if the cover of native grass.is removed from these soils. Nearly all
the acreage of this unit is in native grass and is used mostly for grazing. Nearly all of the areas
that were cultivated have been seeded to grass. These soils are not suited to cultivation.

SrC -.Sarben fine sandy loam, 1 to 5 percent slopes

The Sarben component makes up 100 percent of the map unit. Slopes are 1 to 5 percent. This
component is on hillslopes on uplands. The parent material consists of sandy and loamy
eolian deposits. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is high. Available water to
a depth of 60 inches is moderate. Shrink-swell potential is. low. This soil is not flooded. It is
not ponded. There is no zone Of water saturation within. a depth of 72 inches. Organic matter
content in the surface horizon is about 1 percent. This component is in the R064XY032NE
Sandy 17 - 20"
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P.z. ecological site. Nonirrigated land capability classification is 3e. Irrigated land capability
classification is 2e. This soil does not meet hydric criteria. The calcium carbonate equivalent
within 40 inches, typically, does not exceed 6 percent.

Water erosion is a hazard in some areas but wind erosion is the main hazard. Nearly all. the
acreage of this soil is in cultivated crops such as wheat, alfalfa, and oats. Some areas are
seeded to tame grass used for grazing or hay production.

SrD - Sarben fine sandy loam, 5 to 9 percent slopes

The Sarben component makes up 99 percent of the map unit. Slopes are 5 to 9 percent. This
component is on hilislopes on uplands. The parent material consists of sandy and loamy
eolian deposits. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is high. Available water to
a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is not flooded. It is
not ponded. There is no zone of water saturation within a depth of 72 inches. Organic matter
content in the surface horizon is about 1 percent. This component is in the R064XY032NE
Sandy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 4e. Irrigated
land capability classification is 4e. This soil does not meet hydric criteria. The calcium
carbonate equivalent within 40 inches, typically, does not exceed 6 percent. ,

Water and wind erosion is a hazard in areas with disturbed surface. Nearly all the acreage of
this soil is in cultivated crops; wheat, alfalfa, or oats. Some areas are seeded to tame grass
used for grazing or hay production..

SrF - Sarben fine sandy loam, 9 to 30 percent slopes

The Sarben component makes up 100 percent of the map unit. Slopes are 9 to 30 percent. This
component is on hillslopes on uplands. The parent material consists of sandy and loamy
eolian deposits. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is high. Available water to
a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is not flooded. It is
not ponded. There is no zone of water saturation within a depth of 72 inches. Organic matter
content in the surface horizon is about 1 percent. This component is in the R064XY032NE
Sandy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 6e. This soil
does not meet hydric criteria. The calcium carbonate equivalent within 40 inches, typically,
does not exceed 6 percent.

Water erosion and soil blowing are major hazards if the soil surface is left unprotected. This
soil is generally too steep and too erodible for cultivation but where it occurs in areas with
soils that are suited to crops, it is cultivated along with those soils. Some areas are seeded to
tame grass used for grazing or hay production.
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SvF - Sarben and Vetal loamy very fine sands, 9 to 30 percent slopes

The Sarben component makes up 70 percent of the map unit. Slopes are 9 to 30 percent. This
component is on hillslopes on uplands. The parent material consists of sandy and loamy
eolian deposits. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is high. Available water to
a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is not flooded. It is
not ponded. There is no Zone of water saturation within a depth of 72 inches. Organic matter
content in the surface horizon is about 1 percent. This component is in the R064XY032NE
Sandy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 6e. This soil
does not meet hydric criteria. The calcium carbonate equivalent within 40 inches, typically,
does not exceed 6 percent.

The Vetal component makes up 30 percent of the map unit. Slopes are 9 to 10 percent. This
component is on hillslopes on uplands. The parent material consists of loamy alluvium over
eolian deposits. Depth to a root restrictive layer is greater than 60 inches. The natural drainage
class is well drained. Water movement in the most restrictive layer is high. Available water to
a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is not flooded. It is
not ponded. There is no zone of Water saturation within a depth of 72 inches. Organic matter

* content in the surface horizon is about 2 percent. This component is in the R064XY032NE
Sandy 17 - 20" P.z. ecological site. Nonirrigated land capability classification is 4e. This soil
does not meet hydric criteria. The calcium carbonate equivalent within 40 inches, typically,
does not exceed 3 percent.

Water erosion and soil blowing are hazards if the soil surface is not protected. All the acreage
of this mapping unit is in native .grass used for grazing or hay production. This unit is too
steep for the commonly grown crops.

VeC - Vetal and Bayard soils, 1 to 5 percent slopes

The Vetal component makes up 50 percent of the map unit. Slopes are 1 to 5 percent. This
component is on stream terraces on valleys. The parent material consists of loamy alluvium
over eolian deposits. Depth to a root restrictive layer is greater than 60 inches. The natural
drainage class is well drained. Water movement in the most restrictive layer is high. Available
water to a depth of 60 inches is moderate. Shrink-swell potential is low. This soil is not
flooded. It is not ponded. There is no zone of water saturation within a depth of 72 inches.
Organic matter content in the surface horizon is about 2 percent. This component is in the
R064XY032NE Sandy 17 - 20" P.z. ecological site. Nonirrigated land capability classification
is 3e. Irrigated land capability classification is 3e. This soil does not meet hydric criteria. The
calcium carbonate equivalent within 40 inches, typically, does not exceed 3 percent.

The Bayard component makes up 49 percent of the map unit. Slopes are 1 to'5 percent. This
component is on stream terraces on valleys. The parent material consists of colluvial-alluvial
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sediments from calcareous sandstone. Depth to a root restrictive layer is greater than 60
inches. The natural drainage class is well drained. Water movement in the most restrictive
layer is high. Available water to a. depth of 60 inches is high. Shrink-swell potential is low.
This soil is not flooded. It is not ponded. There is no zone of water saturation within a depth
of 72 inches. Organic matter content in the surface horizon is about 2 percent. This
component is in the R064XY032NE Sandy 17 - 20" P.z. ecological site. Nonirrigated land
capability classification is 3e. Irrigated land capability classification is 3e. This soil does not
meet hydric criteria. The calcium carbonate equivalent within 40 inches, typically, does not
exceed 6 percent.

Soil blowing is a hazard if the soil surface is not protected. About half the acreage of these
soils is in crops and half is in range. Wheat, alfalfa and oats are the principal crops. Some
areas are seeded to tame grasses used for hay production. Areas of native grass are used for
grazing or the grass is cut for hay production.
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Oil and Gas Test Wells in the Vicinity of the CSA and North Trend

Bunch No. 1, Section 5, Township 31 North, Range 51 West
Heckman No. 1, Section 24, Township 31 North, Range 52 West
Amer No. 1, Section 26, Township 31 North, Range 52 West
Roby No. 1, Section 3.1, Township 31 North, Range 51 West
Soester No. 1, Section 34, Township 32 North, Range 52 West
True State; S6ction 36, Township 32 North, Range 52 West
San Jacinto No. 1 Federal, Section 17, Township 31 North, Range 52 West
CBR Deep Disposal Well, Section 19, Township 31 North, Range 51 West
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