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EXECUTIVE SUMMARY

The North Trend Pump Test Plan was submitted by Crow Butte Resources, Inc. (CBR) to
the Nebraska Department of Environmental Quality (NDEQ) in June 2006. in accordance
with the Plan, CBR installed the necessary wells and performed a pump test to evaluate
hydrogeologic conditions in the vicinity of the proposed North Trend expansion area. The
pump test was designed to assess:

e The degree of hydrologic communication between the Basal Chadron Production
Zone pumping well and the surrounding Production Zone monitor wells;

e The presence or absence of hydrologic boundaries within the Production Zone
aquifer over the test area;

e The hydrologic characteristics of the Production Zone aquifer within the test area;
and,

¢ The degree of hydrologic isolation between the Production Zone and the overlying
aquifers.

The Production Zone in North Trend is the Basal Chadron Sandstone. The majority of the
wells monitored during this test were completed in the Basal Chadron. The exact definition
of the “overlying aquifer” at North Trend is somewhat difficult to determine. As such, to
assess hydrogeologic isolation between the Production Zone and the overlying sands,
overlying monitor wells were installed in both a Mid/Upper Chadron sand and a sandy clay
within the base of the shallow Brule Formation. Because the production zone (Basal
Chadron sand) is underlain by the Pierre Shale, no underlying monitoring wells were
installed.

Initial testing activities at North Trend commenced in 2004. However, the resuits from
those tests were not definitive. For this reason, CBR conducted a longer test with
additional monitoring wells in June and July 2006. For the test, 13 wells were monitored
using automated equipment. The test was conducted by pumping well COW-5 at 16.4 gpm
for 357 hours (14.9 days). More than 110 feet of drawdown was achieved in the pumping
well during testing. All of the Basal Chadron wells showed adequate drawdown (e.g.,
greater than 1.3 feet), which confirms hydrologic communication within the Production Zone
sand.

The nearest overlying sand monitor well (MCOW-3) was approximately 43 feet away from
the pumping well; the nearest shallow aquifer monitor well (BOW-2) was located 32 feet
from the pumping well. No significant water level changes due to the pump test were
observed in the overlying or shallow monitor wells.

In summary, the pump test was performed in accordance with the Hydrologic Test Plan
submitted by CBR to NDEQ. The testing objectives were met. The test results
demonstrate:

o The Basal Chadron monitor wells are in communication with the Basal Chadron
Production Zone throughout the North Trend test area;

o The Basal Chadron Sandstone has been adequately characterized with respect to
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majority of the proposed North Trend permit area;

a Adequate confinement exists between the Basal Chadron sand Production Zone
and the overlying Mid/Upper Chadron sand, and the overlying Brule Formation
throughout the central portion of Section 27 of the proposed North Trend permit
area; and,

o While additional future testing will be necessary prior to mining in part of the
proposed permit area, the 2006 testing is sufficient to proceed with Class lI
permitting and a NRC license application for North Trend.

Because the 2004 and 2005 testing results were inconclusive, additional confirmatory
testing may be required to further assess confinement conditions in the extreme southern
portion of Section 27 and the northern portion of Section 34. Consistent with NRC
requirements regarding demonstration of confinement on a local scale, this testing would
be conducted on a welifield scale with multiple monitoring locations.

The radius of influence for the test is approximately 7,500 feet. However, since no
monitoring wells were located in the northern portion of the proposed permit area,
additional testing may be required prior to development operations in Sections 15, 21 and
the northern portion of Section 22. Such testing would be consistent with the sequential
pump tests performed to expand operations in the current Class Ill permit area.
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1.0 INTRODUCTION
1.1 BACKGROUND

The Crow Butte Project is an in-situ uranium mine located southeast of Crawford,
Nebraska. The mine was developed to recover uranium from the Basal Chadron
Sandstone. During the initial permitting and subsequent development of the mine, CBR
performed four pump tests (referred to as Tests #1 through #4) in the current Class Il
permit area (Permit NE0122611) (Figure 1-1) to: (1) confirm the confinement of the ore-
bearing horizon; and (2) assess the hydraulic characteristics of the Basal Chadron
Sandstone.

As part of the permitting activities for the proposed North Trend (NT) expansion area, CBR
performed a series of groundwater pump tests (referred to collectively as Test #5) during
2004 and 2005. The tests were performed by pumping a well completed in the Basal
Chadron Sandstone and monitoring groundwater levels in six wells in the Basal Chadron
Sandstone, two wells in an overlying Upper/Middle Chadron sand, and one well in the
overlying Brule Formation. The testing operations, field operations, and general results for
the 2004 and 2005 testing are summarized on Table 1-1.

The results of the 2004 and 2005 tests were inconclusive (Petrotek, 2005) with regard to
confinement between the Basal Chadron and the overlying Upper/Middle Chadron sand.
Based on testing results and discussions with Nebraska Department of Environmental
Quality (NDEQ) staff, CBR elected to: (1) install additional monitor wells in the
Upper/Middle Chadron sand and the Brule Formation; and (2) conduct another pump test,
referred to as Test #6 (Figure 1-2).

This report has been prepared to: (1) document the methods used to perform Test #6; and
(2) present the results from those tests.

1.2 REGULATORY REQUIREMENTS

Prior to initiation of ISL mining operations, the Nebraska Department of Environmental
Quality (NDEQ) Underground Injection Control regulations require the following.

Hydrologic Testing

= Monitor well installation and performance of pump test(s) to assess site conditions.
» Analysis of pump test data.
s  Submittal of a Hydrologic Test Report for NDEQ review and approval.

Baseline Water Quality

» Collection and analysis of baseline water quality samples and statistical analysis of
ground water quality data.

» Calculation of Upper Control Limits (UCL). Restoration Target Values (RTV) shall
also be calculated at this time, although the approved operations plan does not
require establishing the RTVs until
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restoration.

» Submittal of baseline water quality data, statistical analysis for outliers, and the
calculated UCLs for review and approval. The RTVs should also be submitted at
this time. These data may be submitted with the Hydrologic Test Report, or as a
separate submittal.

Upon review and approval of the Hydrologic Test Report and the proposed UCLs, NDEQ
will provide CBR the authority to commence mining operations in the proposed North Trend
area. Additional approval must be granted from the Nuclear Regulatory Commission.

This report will address only the hydrologic testing activities and results. Baseline water
quality data and subsequent discussion will be submitted under a separate cover.

1.3 PURPOSE AND OBJECTIVES

The purpose of this report is to demonstrate that the majority of the proposed North Trend
permit area has been sufficiently evaluated with respect to hydrogeologic conditions and is
suitable for ISL mining.

The objective of this report is to present the information required by NDEQ for a Hydrologic
Test Report. In accordance with State regulations and CBR’s existing permit, the following
information is included:

e A description and maps of the proposed permit area;
e Geological cross-sections, including data from new monitor wells;

¢ Isopach maps of the Production Zone, Overlying confining unit and overlying
sands;

e A description of hydrologic testing, including well completion reports;

e Discussion of the hydrologic test results including raw pump test data, type curve
matches, potentiometric surface maps, water level graphs, drawdown maps, and
other hydrologic data with interpretation and conclusions, as appropriate; and,

¢ Verification, based on the test data, that: (1) the monitor wells are in
communication with the Production Zone; and (2) there is adequate confinement
between the Basal Chadron Production Zone and the overlying sands
(Upper/Middle Chadron sand and Brule Formation).

1.4 REPORT ORGANIZATION

This report includes eight sections, the first being this introduction. The site-specific
hydrogeologic conditions are discussed in Section 2. Information related to the monitor
well locations and completions is included in Section 3. Section 4 presents the hydrologic
(pump) test design and procedures; the analytical methods and test results for the Basal
Chadron Sandstone Production Zone are discussed in Section 5. Results from monitor
wells completed in the overlying aquifers are presented in Section 6. Conclusions from the

testing and analysis and references are included
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‘ in Sections 7 and 8, respectively.

Field activities for the North Trend pump test were jointly performed by CBR and Petrotek
personnel. The test analysis was performed, and this report written by Petrotek.
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20 SITE CHARACTERIZATION

Ore-grade uranium deposits underlying the North Trend site are located in the Basal
Chadron Sandstone, which ranges from 10 to 50 feet in thickness (typically 20-30 feet of
net sand), and occurs at depths from 500 to 700 feet below ground surface (bgs). The
Upper/Middle Chadron Formation and the Brule Formation, consisting predominantly of
clay, claystone, and siltstone, form a confining layer above the Basal Chadron Sandstone.
Based on drilling data to date, the gross thickness of this confining layer averages
approximately 580 feet across the proposed North Trend permit area.

21 STRATIGRAPHY

Specific to the North Trend area, the stratigraphic sequence of interest, in descending order
follows: alluvial sediments with occasional perched water, Brule Formation (including a
sandy clay that typically is considered the shallowest overlying aquifer), Upper Chadron
(upper confining layer), Upper/Middle Chadron sand (overlying aquifer, 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, no underlying monitoring zone exists. The general
stratigraphy underlying the North Trend site, based on data from well CPW-2, is
summarized in Table 2-1.

The Basal Chadron production zone lies upon a marked regional unconformity on the top of
the Pierre Shale. Regionally, deposition of the Basal Chadron has been assigned to large,
high-energy braided streams. 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 Upper/Middle Chadron
sand.

Isopach maps of the Upper/Middle Chadron sand, the Upper/Middle Chadron confining unit
(including the Upper/Middle Chadron sand), and Basal Chadron Sandstone Production
Zone are shown in Figures 2-1 through 2-3, respectively. The available data (Figure 2-1)
suggest that the Upper/Middie Chadron sand is continuous across the site, yet the regional
depositional model suggests that the sand may occur intermittently. Additional drilling data
in the future will enhance the understanding of the Upper/Middle Chadron sand distribution.
The cross-sections, isopach and structure maps were generated with the PETRA software
package using a select drill -hole data, geologic picks and logs provided by CBR. A
structure map of the top of Pierre Shale is presented in Figure 2-4; the top of Basal
Chadron Sandstone structure map is shown on Figure 2-5.

The locations of six geologic cross-sections through the North Trend area are depicted on
Figure 2-6. Figures 2-7 through 2-12 (Cross-sections A-A’, B-B', C-C’, D1-D1’, D2-D2’ and
E-E’, respectively) show the geological cross-sections in detail. The cross-sections
demonstrate that the Basal Chadron Production Zone is stratigraphically isolated from the
overlying Upper/Middle Chadron sand and the water-bearing portion of the Brule Formation
by a low permeability-confining unit (and the Upper/Middie Chadron). Figures 2-12 through
2-16 present 3-D views of the Brule, Upper/Middle Chadron sand, Basal Chadron
Sandstone, and Pierre Shale and the relation between those units.
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22 STRUCTURE

Previous drilling at the Crow Butte project identified a structural feature referred to as the
White River Fault located between the current permit area and the proposed North Trend
permit area. The feature is oriented NE-SW along the drainage of the White River (Figure
1-1). The general location of the feature is shown on Figures 2-11 and 2-12. The vertical
movement along the feature appears to be approximately 200 feet, upthrown to the south-
southeast. The dip of the fault, and the potential strike-slip displacement, has not been
defined. However, based on the data presented in Figures 2-11 through 2-15, it is possible
Lhalt the referenced structural feature also could be a fold (e.g., a monocline), as discussed
elow.

The cross-sections show that the Basal Chadron Sandstone is pervasive and correlatable
throughout the area. The White River Fault has been mapped to occur in the SE corner of
Section 34, T32N R52W. Structure contour maps constructed on the Pierre show there to
be a distinct SW-NE trending high in this area, verified through cross-sections. The
presence of the White River Fault has been identified in site literature, and the feature does
coincide with the location of the White River. Further, the feature also coincides with Pre-
Chadron paleotopographic highs on the Pierre shale. All of these data suggests that a
structural feature is present in this area that has been expressed as both structural (e.g.,
Pierre surface) and stratigraphic (Chadron thickness variations) changes.

In the area where the White River Fault is suspected to occur (Figure 1-1), the Chadron (or
Chadron/Lower Brule, depending upon interpretation) notably thins across the mapped
fault. Also, the Chadron appears to thicken to the west and north of the fault area, and
intermittent sandstones of the Middle Chadron are more readily identifiable in these thicker
areas, based on available data. Structure contour maps of the Pierre surface show there to
be lows in areas of Chadron thickening, and highs where the Chadron thins. This is
consistent with historical interpretations in the CBR permitting documents that suggest (1)
an erosional paleotopographic surface of the Pierre Shale prior to deposition of the
Chadron Formation, and (2) structural folding/faulting which occurred prior to or during
deposition of the Chadron.

Previous maps by CBR and others show that the White River Fault to transect the Chadron
and upper units suggesting that fault movement affected both the Pierre surface and
overlying deposition of the Chadron. However, available cross-section correlations could
also be made without showing the fault to explicitly transect these upper units. Cross-
section data do not conclusively show an expression of this fault through the Chadron and
upper units, although there is certainly a feature present in the area that caused uplift in
southeastern Section 34. As aresult, the presence or absence of the White River Fault as
previously mapped is not explicitly verified in new cross-sections, although there is definite
evidence that a structural feature is present that impacted both the paleotopographic Pierre
surface and thickness of overlying units.

Additional information related to the characterization of the surface and subsurface geology
in the vicinity of the Crow Butte Project has been presented in the report: “Application and
Supporting Environmental Report for State of Nebraska Underground Injection Control
Program Commercial Permit’ (Ferret of Nebraska, 1987).
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2.3 OVERLYING UNITS: BRULE FORMATION, UPPER CHADRON, UPPER/MID
CHADRON SAND, AND MIDDLE CHADRON

The shallowest overlying aquifer is considered to be a sandy clay in the base of the Brule
Formation. This zone provides water for domestic and livestock use in the North Trend
area. The Brule consists of interbedded silt, clay and sandstone.

The Brule is underiain by the Upper Chadron Formation, which consists of approximately
200 feet of silt and clay. The Upper/Middle Chadron sand occurs, intermittently, below the
Upper Chadron, and is underlain by approximately 250 to 300 feet of clay, claystone, and
siltstone. The lower portion of the Middle Chadron is characterized by brick red clay.

Because NRC NUREG 1569 specifically states that monitoring above the production zone
must be in the nearest overlying sand, during 2004 and 2005 testing, CBR elected to
monitor a sandy zone referred to as the Upper/Middle Chadron sand (Figures 2-2 to 2-12).
This sand is separated from the Basal Chadron Sandstone (production zone) by
approximately 250 to 300 feet of the Middle Chadron. The continuity of this sand, with
regard to justification for detailed monitoring, is questionable. However, the sand does
occur with sufficient frequency to justify at least some monitoring.

2.4 PRODUCTION ZONE: BASAL CHADRON SANDSTONE

The production zone at North Trend is the Basal Chadron Sandstone. The Basal Chadron
is a continuous sandstone unit across the North Trend proposed permit area. However, the
sand thickness is variable, ranging from 10 to 50 feet, with an average thickness of 20to 30
feet (Figure 2-3). The Basal Chadron has been described by CBR as interbedded arkosic
sandstone and clay.

2.5 UNDERLYING UNIT: PIERRE SHALE

The Basal Chadron Sandstone is unconformably underlain by approximately 1,000 feet of
Cretaceous Pierre Shale of marine deposition. The Pierre and underlying Graneros and
Greenhorn shales compose approximately 2,500 feet of lower confining interval below the
Basal Chadron. There are no significant sandstone units within the Pierre underlying the
North Trend location.

2.6 SUMMARY OF PREVIOUS TESTING RESULTS

As discussed previously, a series of preliminary pump tests were conducted at North Trend
during 2004 and 2005 (collectively referred to as Test #5) (Table 1-1). Results from the
previous North Trend tests and exploratory drilling conducted to date at North Trend
indicate the stratigraphy at North Trend is more complex and anisotropic than that
encountered in the current mining area. A summary of results from the previous North
Tr<1a_n<lij Iaq;ifer tests, and a comparison to results from the current mining area is presented
in Table 2-2.
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3.0 MONITORWELL LOCATIONS, INSTALLATION AND COMPLETION
31 WELL LOCATIONS

North Trend monitor wells were located in accordance to planned development of the North
Trend proposed permit area. In this regard, CBR anticipates that initial mining activities will
be conducted in the central part of Section 27 (Figure 1-2).

3.2 WELL INSTALLATION AND COMPLETION

Prior to the 2004 testing operations, CBR installed five new wells (CPW-1, COW-1, COW-2,
COW-3, and COW-4) in the Basal Chadron Sandstone (Figure 1-2). CPW-1 was installed
specifically for use as a pumping well and the remainder of the wells were installed as
observation wells. One pre-existing Basal Chadron well (RC-2) also was used as a
monitoring location. In addition, new wells were instalied in the monitoring zone within the
Brule Formation (BOW2004, later referred to as BOW-1) and the Upper/Middle Chadron
Formation (MCOW2004, later referred to as MCOW-1).

The original pumping well (CPW-1) was plugged and abandoned due to casing problems,
and, prior to the initial test in 2004, was replaced with CPW-2. Subsequently, two
additional wells (MCOW-2 and COW-5) were installed in the Upper/Middle Chadron and
Basal Chadron, respectively.

To specifically address a request from NDEQ for additional monitoring locations, prior to the
2006 testing operations CBR installed two additional wells in the Upper/Middie Chadron
sand (MCOW-3 and MCOW-4), and one new well in the Brule Formation (BOW-2) (see
Table 1-1 for the sequence of well installation).

All of the wells used for the 2006 pump test are located in Sections 27 and 34, Township 32
North, Range 52 West (Figure 1-2), and were constructed with 4.5-inch nominal diameter
casing. The wells were developed using standard water well construction techniques, such
as air lifting, pumping, and/or surging. Completion reports for each well are provided in
Appendix A. Specific data related to well location, construction, completion interval, and
initial water levels are provided in Table 3-1.

In addition to the pumping well, a total of six production zone (Basal Chadron) monitor wells
(identified as COW wells) were installed and monitored; overlying wells included four
Upper/Middle Chadron wells (MCOW wells) and two Brule Formation wells (BOW wells). A
summary of well completion data is included Table 3-1 and in Appendix A. The monitor
wells were drilled and completed consistent with CBR’s NDEQ permit for the current mining
area. .

Historically, due to limited productivity of the completion intervals, it is has been difficult to
obtain a “static’ water level in the Upper/Middle Chadron monitoring wells after drilling,
completion and MIT operations. For this reason, and because the MCOW wells will be only
used for water-level monitoring purposes at this time, CBR did not perform mechanical
integrity tests (MITs) on the following wells: MCOWS2 (after surface repairs), MCOW3 and
MCOW4.d CBR plans to MIT those wells after testing operations at North Trend are
completed.

Because water levels in the Upper/Middle Chadron wells recover slowly (e.g., less than
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the water levels in the MCOW wells were not equilibrated prior the initiation of equipment
setup for the pump test. Based on historic information, 3-9 months of recovery would have
been necessary for the water levels to stabilize. For this reason, the water levels in the
MCOW wells were artificially “equilibrated” by adding Brule Formation water to a level that
roughly approximated static conditions. Background monitoring indicated that this effort
was largely successful; however, slight background recovery trends were observed in
MCOW-3 and MCOW-4.

3.3 ABANDONMENT OF EXISTING WELLS

According to CBR records, historic exploration wells in the North Trend area were properly
plugged and abandoned. As such, no historic wells were abandoned pnor to the initial
North Trend testing in 2004.

Following the initial testing at North Trend in 2004, CBR re-abandoned two historic
exploration wells in the immediate vicinity (e.g., within 10 feet) of CPW-2004-2. In early
2006, CBR contracted a water well driller to abandon a former exploration well that had
been turned over to a local landowner for use as a water supply well. That well was
located in the SE ¥4 NE V4 of Section 27.
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40 PUMP TEST DESIGN AND PROCEDURES
4.1 TEST DESIGN

CBR conducted the 2006 North Trend pump test in the Basal Chadron with the following
objectives:

e Demonstrate hydraulic communication between the Production Zone (Basal
Chadron) pumping well and the surrounding monitor wells (COW wells);

¢ Assess the hydrologic characteristics of the Production Zone aquifer within the test
area,

o Evaluate the presence or absence of hydrologic boundaries in the Production Zone
within the North Trend test area; and,

¢ Demonstrate sufficient hydrologic isolation exists between the Production Zone and
the Overlying (Upper/Middle Chadron) sand for the purposes of ISL mining.

Figure 1-2 presents the proposed permit area outline and the locations of the pumping and
observation (monitor) wells used during the North Trend hydrologic testing operations. The
pumping well (COW-5) was screened across the entire thickness of the Basal Chadron
Production Zone (Table 3-1).

A step-rate test was performed on COW-5 on June 8, 2006. Based on evaluation of the
those data, it was anticipated that a pumping rate on the order of 20 gpm would be needed
to: (1) operate the well with approximately 140 feet of drawdown; and (2) achieve 1 to 2
feet of drawdown in the most distant COW wells within a reasonable time (e.g., less than 15
days). Based on these assumptions, the radius of influence for the test was estimated to
be approximately 7,500 feet.

The general testing procedures were as follows.

o Install automated monitoring equipment in the wells to be used in the test. Verify
setting depths and head readings with manual water level measurements.

o Measure and record background water levels at least every 12 hours for a minimum
of 96 hours prior to the test.

o Run the pumping well at a constant rate (or as close as practical). Record water
levels and barometric pressure throughout the background, pumping, and recovery
periods.

4.2 EQUIPMENT LAYOUT

The test was performed using a 3.0 Hp electrical submersible pump powered by a portable

generator; the pump was set at an approximate depth of 230 feet in well COW-5. Flow

from the pump was controlied with a manual diaphragm valve. Surface flow monitoring

equipment included two Halliburton Model MC-2 flow/totalizer meters. Discharge water

was land applied to a pasture located approximately 1,500 feet to the east of the pumping
well via a 2-inch diameter plastic line.
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Water levels in each well were measured and recorded with In-Situ LevelTROLL
transducer/dataloggers. The pressure rating for the transducers ranged from 30 to 100 psi.
The equipment was programmed to automatically calibrate prior to the test, take an initial
reference (head) reading prior to the start of the test, and measure and record water levels
according to a linear schedule (e.g., every 15 minutes for background monitoring, and the
pumping and recovery periods). A summary of the monitoring equipment used for each
well is presented in Table 4-1.

Because the Basal Chadron Sandstone exhibits artesian head above ground surface at
most locations in the NT area, pressure transducers were connected directly to the sample
port on the wellhead for each well, or the transducer cable was placed in the well, and the
wellhead connection sealed. For this reason, initial water levels for the Basal Chadron
wells, reported as feet below top of casing, have negative values (e.g., above the top of
casing).

CBR personnel installed the monitoring equipment prior to testing and provided day-to-day
data downloads. Prior to the test, Petrotek personnel verified the datalogger programming
and equipment layout, subsequently started the test, and supervised testing for the first 36
hours. Thereafter, CBR collected data daily and transferred the data to Petrotek for review.

The monitor wells used for the test, distance from each monitor well to the pumping well,
and the drawdown observed are presented in Table 4-2. A summary of the wells used for
observation points during the North Trend testing follows.

Well Designation Number/ Monitored
Overlying Brule Formation (BOW wells) 2/2
Overlying Mid/Upper Chadron Sand (MCOW wells) 4/4
Production Zone Basal Chadron Sand (COW, CPW, RC-2 wells) 6/6
Basal Chadron Sand Pumping Well (COW-5) 11

Total 13/13

The distances of the respective monitor wells from the pumping well range from 2,291 to
6,635 feet (COW completions in the Basal Chadron Sandstone), 43 to 2,323 feet (overlying
Upper/Middle MCOW completions), and 32 to 2,302 feet (overlying BOW completions)
(Tables 3-1 and 4-2).

4.3 POTENTIOMETRIC SURFACE OF THE BASAL CHADRON SANDSTONE

Figure 4-1 is a potentiometric surface map of the Basal Chadron sand Production Zone
within the North Trend area based on water level measurements on June 26, 2006. Based
on those data, the direction of groundwater flow within the Basal Chadron is predominantly
to the east with the ground water gradient at approximately 0.0016 ft/ft (8.5 ft/mile). Water
level data used for preparation of this map are presented in Table 3-1.

Since the production rate of the Upper/Middie Chadron sand is very low (e.g., less than
0.004 gpm), and the water levels in several of the MCOW wells had not equilibrated, a
potentiometric surface map of the Upper/Middle Chadron sand is not presented.
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44 BACKGROUND MONITORING, TEST PROCEDURES AND DATA COLLECTION

The majority of the testing equipment (e.g., pump, flow meters, LevelTROLLs) was installed
and checked for proper operation in mid-June, 2006. The background monitoring period for
the 2006 North Trend pump test began on June 17, 2006. Water levels were recorded
every 15 minutes for 10.4 days. In this regard, the background monitoring duration and

fI[equency significantly exceeded the minimum requirements specified in the Hydrologic
est Plan.

The pump test was performed by pumping COW-5 at an average rate of 16.4 gpm from
1030 hours on June 28, 2006 until 0700 hours on July 13, 2006. The total pumping
duration was 356.5 hours (14.9 days). The drawdown achieved in the pumping well was
111 feet; drawdown in the Basal Chadron monitor wells ranged from 1.4 to 10.0feet (Table
4-2). Water levels were automatically measured and recorded every 15 minutes during the
pumping and recovery periods. Pumping rate data for the pump test are shown on Table 4-
3. Water-level recovery was monitored for 14 days. A CD containing the water level data
is included in Appendix C.
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5.0 ANALYTICAL METHODS AND TEST RESULTS ~ PRODUCTION ZONE
51 ANALYTICAL METHODS

Drawdown data collected from the monitor wells were graphically analyzed to determine
Transmissivity and Storativity. The primary analysis method used was Theis (1935) based
on a confined aquifer thickness of 26 feet (Figure 2-3). The use of the Cooper & Jacob
time-drawdown (1946) method was considered. However, because of the formation
characteristics and large observation well distances, the ‘u’ assumption limitation (< 0.01)
inherent to the Cooper & Jacob method was not satisfied for any of the wells. Because
field conditions prevented installation of a check valve above the pump, no Theis Recovery
(1935) analysis for the pumping well was performed.

The test data were analyzed using the Theis method because this method is
mathematically valid for all distances and times. The significant assumptions inherent in
this method include:

» The aquifer is confined and has apparent infinite extent;

» The aquifer is homogeneous and isotropic, and of uniform effective thickness
over the area influenced by pumping;

» The piezometric surface is horizontal prior to pumping;
» The well is pumped at a constant rate;

» The pumping well is fully penetrating; and,

» Well diameter is small, so well storage is negligible.

These assumptions are reasonably satisfied, with the exception of the uniform thickness of
the aquifer (Figure 2-3). Locally, the Basal Chadron Sandstone at North Trend is not
homogeneous and isotropic; however, over the scale of the pump test, it can be treated in
this manner.

Leaky aquifer solutions such as presented by Hantush (1955) were not applicable to the
data from the Basal Chadron Sandstone or overlying (Upper/Middle Chadron sand and
Brule Formation) completions. Likewise, because none of the monitor wells were
completed within the confining units, a Neuman-Witherspoon (1972) analysis was not
performed. The software used to graphically analyze the data was AquiferTest Pro
(Waterloo Hydrogeologic, Inc., 2005).

Water level stability data collected during the pre-test and post-test periods along with
barometric pressure were used to assess the background trends. No significant recharge
or trend corrections were warranted for any of the BOW, COW or CPW wells. As
discussed previously, two of the MCOW wells were recovering foliowing development (air
lifting) and subsequent recharge to approximate “static” levels. Regardless, the recovery
trend was minimal during the pumping period.
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5.2 BACKGROUND TRENDS

Water level stability data were collected prior to the start of the pump test. Plots of the
background data for the COW and CPW wells are shown in Figures 5-1 through 5-6.
Background levels for the overlying wells are presented in Figures 5- 11 through 5-16.

5.3 TEST RESULTS
5.3.1 Drawdown

Drawdown over time during the test for the Basal Chadron Sandstone wells is shown on
Figures 5-1 through 5-6. The potentiometric surface over time for the Basal Chadron
monitor wells during the pumping period is shown in Figures 5-7 through 5-9.

5.3.2 Analytical Results

Transmissivity (T) results from the Theis analysis range from 42 to 75 ft%/d, with an average
T value of 60 ft/d. Based on an  average thickness of 26 feet, the average hydraulic
conductivity (K) is 2.3 ft/d (8.1 x 10 cm/s) (Table 5-1). Assuming a water viscosity of 1.35
cp (50 degrees F) and a density of 1.0, this equates to a permeablllty of approx gnately
1,100 millidarcies (md). Storativity (S) 'values range from 2.3 x 10™ to 8.4 x 10>. The
average S value was 5.3 x 10°. A comparison of the 2006 testing resuilts to those from
2004 and 2005, as well as the historical results for the current Class il area, is presented in
Table 5-2.

Type curve matches for all of the Basal Chadron monitor wells included in the pump test
are provided in Appendix B. Water level data for all monitor wells from background through
pumping and recovery are included in Appendix C on a CD ROM.

Barometric pressure corrections based on the Barometric Efficiency method (Freeze and
Cherry, 1979) did not appear to significantly improve the data analysis; therefore no
barometric pressure corrections were applied to the data.

5.4 DIRECTIONAL PERMEABILITY

The transmissivity results correlate reasonably well with the thickness of the Basal Chadron
at North Trend. In general, higher T values are reported in the areas of thicker and/or
cleaner sand. The test data do not indicate a strong trend in directional permeability
(Figure 5-10). On a regional scale, the observed variation in T is not expected to
significantly impact ISL mining and has no apparent regulatory implications.

5.5 RADIUS OF INFLUENCE

The test results suggest a radius of influence for the test of approximately 7,500 feet.
Hence, the entire portion of Sections 27 and 34 within the proposed permit area have been
evaluated as well as the southern portion of Section 22 (Figure 1-2). As noted previously,
additional testing likely would be required prior to initiation of operations in the northern
portion of Sections 21 and 22 and the southern portion of Section 15.
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no clear evidence of the White River Fault was observed. Based on Figures 5-7 through 5-
9, the drawdown cone around COW-5 is somewhat distended towards the east, which
could be a manifestation of the White River Fault/Fold. However, the number of data points
are limited and specific interpretation is difficult.

Historically, the exact fault location has not been specifically defined (e.g., within 500 feet).
CBR historically has mapped the fault as shown on Figure 1-2. In this regard, the pumping
well (COW-5) is located approximately 5,400 feet northwest of the fault iocation on Figure
1-2; monitor well COW-2 is located approximately 2,100 feet northwest of the fauit location.
Based on the radius of influence of the test, it is plausible that the fault, if it impacts the
regional hydrology, would have been detected. Future testing as part of mine development
is expected to provide additional definition of the fault location, whether the feature is a faulit
or a fold, and hydrologic impacts of the feature, if any.
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6.0 TEST RESULTS — CONFINING UNITS

Confining unit vertical hydraulic conductivity has been well established within CBR’s current

-Class Il permit area. Few data (e.g., laboratory analyses or detailed pump test data)

regarding the vertical hydraulic conductivity of the confining units are available for the North
Trend area; however, the data from the current permit area appear to be reasonably
analogous to North Trend.

Plots of water levels in the overlying (MCOW and BOW) completions for the background
monitoring, pumping, and recovery periods are presented in Figures 5-11 through 5-16.
The water levels are compared to barometric pressure for the entire period.

No water-level change of significance was observed in the overlying MCOW completions as
a result of pumping the COW-5 well completed in the Basal Chadron Sandstone. Review
of these data indicated that, while minor background trends are present, the nature of those
trends continues independently of the pump test. The nearest overlying MCOW monitor
well (MCOW-3) is approximately 43 feet away from the pumping well.

Similarly, no fluctuations of significance were observed in the overlying Brule Formation
wells (Figures 5-15 and 5-16). Water levels in BOW-1 decreased during the pumping
period. However, the trend of the decrease began before the pump in COW-5 was started,
and continued after the pump was shut off (Figure 5-15).

As noted previously, water levels in MCOW-3 and MCOW-4 were recovering to “static”

conditions. The recovery trend in those wells continued independently of pumping in the

Basal Chadron. The LevelTROLL in well MCOW-4 was repeatedly interfered with by

horses, resulting in both instantaneous increases and decreases in water levels. However,

tgﬁ gends following those events were constant, regardiess of pumping in the Basal
adron.

Potentiometric levels in the overlying Upper/Middie Chadron sand and Brule Formation are
approximately 100 feet and 80 feet lower, respectively, than those in the production (Basal
Chadron) Sand (Table 3-1), which further indicates the hydraulic isolation between the two
overlying sands and the Basal Chadron Sandstone.

As discussed previously, no underlying wells were installed because the production zone
(Basal Chadron Sandstone) is underlain by the Pierre Shale. '
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7.0 SUMMARY AND CONCLUSIONS

In accordance with the North Trend Hydrologic Test Plan, CBR installed the necessary
wells and performed a pump test to evaluate hydrogeologic conditions in the vicinity of
North Trend.

The pump test was performed in North Trend during June and July 2006. Well COW-5was
used as a pumping well during the test. More than 110 feet of drawdown was achieved in
the pumping well during testing, resuiting in sufficient stress in the Production Zone and the
confining layers for the purposes of the test and CBR’'s anticipated ISL permit
requirements.

All of the Basal Chadron monitor wells showed adequate drawdown (e.g., greater than 1.0
foot).

Analysis of the test data for the Production Zone wells resulted in an average transmissivity
of 60 ft?/day, an average hydraulic conductivity of 2.3 ft/day, and an average permeability
(assuming a water viscosity of 1.3§ cp and density of 1.0) of 1,110 millidarcies (md). The
average Storativity was 5.3 x 10”. The data analysis did not indicate the presence of
significant geologic boundaries within the Production Zone aquifer over the area evaluated
by the testing.

No water level changes of concern were observed in any of the overlying wells during the
testing. The nearest overlying monitor wells (MCOW-3 and BOW-2) were approximately 43
and 32 feet away, respectively, from the pumping well.

The testing results indicate that the transmissivity of the Basal Chadron Sandstone in the
NT area is relatively consistent, but the thickness and hydraulic conductivity vary with
direction and location. Based on the data evaluated to date, this variance may impact
mining operations (e.g., well spacing, completion interval, and injection/production rates),
but is not anticipated to impact regulatory issues.

In summary, the pump tests were performed in accordance with the Hydrologic Test Plan
submitted by CBR to NDEQ. The testing objectives were met. The test results
demonstrate:

< The Basal Chadron monitor well ring is in communication with the Basal Chadron
Production Zone throughout the North Trend test area;

<+ The Basal Chadron has been adequately characterized with respect to
hydrogeologic conditions within the test area at North Trend;

< Adequate conﬁnement exists between the Basal Chadron Production Zone and the
overlying MCOW and BOW sands throughout the majority of the proposed North
Trend permit area;

< Based on the 2004 and 2005 testing results, additional (wellfield-scale) testing to
further support overlying confinement may be warranted in the extreme southern
portion of Section 27,

< Additional (regional-scale) testing would likely be warranted in those portions of the
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. monitoring data were available (e.g., Section 15, 21 and 22). Such testing would be
consistent with the sequential pump tests performed to expand operations in the
current Class lll permit area; and,

+ Sufficient testing has been conducted to date at North Trend to proceed with a Class
ill permit application and a NRC license application.
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Table 1-1
‘ Crow Butte Resources, Inc.
Summary of North Trend Pump Tests and Field Operations: 2004 and 2005

- Stari-Date - .|Operations ' " . |Purpose/Description’ . |Result: . S e B
8/9/2004|Test 1 (old #5) |[Initial NT test to assess |Infiltration to Brule; possible hydraulic communication
hydraulics and provide [between Basal Chadron and Upper/Mid Chadron in
permitting data MCOW1
8/23/2004|Test 2 (old #5a) |Duplicate Test 1 Confirmed responses observed in Test 1
9/28/2004|MiTs and CPW-2, COW-3, MCOW-|AIll wells pass MIT; samples could not be obtained from
sampling 1, BOW-1 MCOW-1
12/8/04 to|Re-plugging CPW-1 CWP-1 drilled out and re-plugged
12/22/04
12/8/04 tofInstall new MCOW-2, COW-5 MCOW-2, COW-5 successfully installed
12/22/04{monitoring wells
12/8/04 to|Modify Extend line 2500’ to the |Line extended along drain and across field
12/22/04[discharge line _|east
3/9/2005|Test 3 Assess confinement Infiltration to Brule eliminated; drawdown in MCOW-1
(MCOW-2); assess during pumping
aquifer (COW-5)
4/13/2005|Re-abandon Holes T80 & T85 re- Holes tocated, re-drilled and re-plugged
exploration abandoned
holes
5/2/2005|Test 4a Evaluate whether No meaningful data obtained; significant background
meaningful data could be [trend in MCOW-1
obtained by flowing
CPW2
5/10/2005|Test 4b Pump CPW2; evaluate [Possible rain directly into wells; significant background
response in MCOW wells |trend in MCOW-1; generator ran out of fuel
5/24/2005|Test 4¢ As above " {No useful data; equipment problems
6/6/2005(Test 5a As above; 2 cycles MCOW?1 drawdown during both pumping periods;
pumping and recovery heavy rain - possible fiow directly into welis
6/24/2005|Test 5b Slug tests to test Slug tests confirmed that water levels in BOW and

hypothesis that rain
caused increase in water
levels during Test 5a

MCOWs had been effected by rain.
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Table 2-1
Crow Butte Resources, Inc.
Generalized Stratigraphic Section and Monitoring Well Completions within the
. Central Portion of the Proposed North Trend Permit Area

T beserption o
~ Topsofl and élluvial deposits; no Wéllé |
Brule Formation (interbedded silt and sandstone); BOW wells
110 - 290 Upper Chadron (silt and clay); no wells
Approx. 290-390 Upper/Mid Chadron Sand; MCOW wells
390 - 615 Middle Chadron (interbedded clay, claystone, and siltstone); no wells
615 — 659 Basal Chadron Sandstone (interbedded sandstone and clay); CPW
and COW wells
659 + Pierre Shale; no wells

North Trend Regional Hydrologic Test Report: Dec. 2006
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Table 2-2
Crow Butte Resources, inc.

Comparison of North Trend Test Resuits to Previous Testing Results
from the Existing Class Il Permit Area

.. .| Existing Class lll Permit Area: .} :\" " ' Tes
: | North Trend 200

- Tésts #1-#4.(mean) ..

i Test#5'

T PR Ch . oL (meari)‘,fr-;««:f‘fi7?-‘..'.
Transmissivity (f*/day) 363 103
Formation Thickness (feet) 39.0 19.8
Hyd. Cond. (fUday) 93 52
Storativity 9.7E-05 7.1E-05
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Crow Butte Resources, Inc.
North Trend Well Information

North Trend Regional Aquifer Test

e 1. . Elev. " [ Surface | Casing_ Hole -Casing | AL TR SR ate
‘| Distance | - P IR P iship | (ft; - | Elevation | "Stickup |Depth (ft;{Depth. (ft; o s_ci'qer'\./:"Scrgen Interval'{- Casing 0.D., Elevation |
toPW. 1  North. | East" " Section...-|” & Range | AMSL) | (ft; AMSL) {ft) bgs) . bgs) - sLength {ft) Jlfeet). | - (in) (ft; AMSL)
Basal Chadron Pumping Well
COW-5 (PW) 0.00 523,541.90 | 1,082,946.00 | T32N R52W 27 3,669.05| 3,667.65 1.40 740 708 653 708 55 22 45 3,704.85
Basal Chadron Observation Wells
COW-1 3,614.28 | 525,991.00 | 1,085,604.00 | T32N R52W 27 3.633.77| 3,632.57 1.20 580 557 537 557 20 10 4.5 3,699.81
COwW-2 4,001.38 | 519,632.50 | 1,083,799.00 [ T32N R52wW 34 3,654.52| 3,653.22 1.30 620 594 569 594 25 15 4.5 3,704.41
COW-3 3,315.00 { 521,315.40 | 1,080,490.00 | T32N R52W 27 3,685.33| 3,684.63 0.70 670 646 596 646 50 33 4.5 3,710.59
COwW-4 3,609.34 | 526,204.30 | 1,080,509.00 [ T32N R52wW 27 3,689.04| 3,687.94 1.10 670 645 585 645 60 41 4.5 3,705.30
CPW-2 2,291.19 | 521,626.30 | 1,081,689.00 | T32N R52W 27 3,676.92| 3,675.82 1.10 710 685 615 685 70 35 4.5 3,705.99
RC-2 6,634.66 [ 516,911.30 [ 1,082,714.00 | T32N R52W 34 3,651.22 | 3,648.42 2.80 630 630 572 630 58 25 4.5 3,703.93
|Brule Observation Wells
BOW-1 2,301.76 | 521,642.20 | 1,081,644.00 | T32N R52wW 27 3,677.39| 3,675.49 1.90 65 65 45 65 20 5 4.5 3,620.68
BOwW-2 31.78 523,534.20 | 1,082,915.00 | T32N R5§2W 27 3,668.73 | 3,667.93 0.80 59 59 22 59 37 10 4.5 3,608.57
|Middle Chadron Observation Wells
MCOW-1 2,268.07 | 521,627.10 | 1,081,729.00 | T32N R52wW 27 3,676.80| 3,675.50 1.30 380 350 305 350 45 5 4.5 3,607.29
MCOW-2 2,323.47 | 521,681.10 { 1,081,552.00 | T32N R52W 27 3,678.82| 3,677.52 1.30 370 360 315 360 45 7 4.5 3,606.83
MCOW-3 43.45 523,582.40 | 1,082,951.00 | T32N R52wW 27 3,668.85} 3,667.65 1.20 390 391 325 391 66 17 4.5 3,606.14
MCOW-4 1,280.16 | 523,634.60 | 1,081.671.00 [ T32N R52wW 27 3,681.66| 3,679.86 1.80 371 371 290 371 81 19 4.5 3,608.27
NTPT Hydrologic Test Report: Dec. 2006 .
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Equipment Layout: North Trend Regional Aquifer Test

Table 4-1

Crow Butte Resources, Inc.

<" Location™"

AD .

" Moniforing - |

Eqmpment

COW-5 (PW) | LevelTROLL 107167 100
COW-1 LevelTROLL 107145 30
COW-2 LevelTROLL 107156 30
COW-3 LevelTROLL 107139 30
COW-4 LevelTROLL 107140 30
CPW-2 LevelTROLL 107134 30

RC-2 LevelTROLL 107135 30
BOW-1 LevelTROLL 107058 30
BOW-2 LevelTROLL 107155 30

MCOW-1 LevelTROLL 107138 30
MCOW-2 LevelTROLL 107143 30
MCOW-3 LevelTROLL 107144 30
MCOW-4 LevelTROLL 107103 30
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Table 4-2

Crow Butte Resources, Inc.

North Trend Regional Aquifer Test
Distances to Pumping Well and Observed Drawdown

Start Date & Time:
End Date & Time:
Duration (hours) :

|_Ave

6/28/06 10:30
7/13/06 7:00

Pumping Rate (gpm):
G3

i

Pumping Well COW-5 (PW) 0.00 110.79
Basal Chadron Completions COW-1 3,614.28 10.08
COW-2 4,001.38 3.56
COW-3 3,315.00 4.18
CcCOow-4 3,609.34 7.25
CPW-2 2,291.19 9.27
RC-2 6,634.66 1.37
Brule Chadron Completions BOW-1 2,301.76 0.07
BOW-2 31.78 -0.02
Middle Chadron Completions MCOW-1 2,268.07 0.01
MCOW-2 2,323.47 0.00
MCOW-3 43.45 -0.12
MCOW-4 1,280.16 -0.59

Note: MCOW-4 drawdown estimated; equipment was disturbed during testing.

North Trend Regional Hydrologic Test Report: Dec. 2006

NTPT Tables 12-2006.xis

Page 1 of 1

PETROTEK



Tabie 4-3

Crow Butte Resources, (nc.
North Trend Regional Aquifer Test
Flow Rate vs. Time:

AR
‘Meter

Hallibuitan Méter

Y
; f-Averqg'e Rate

NTPT Hydrologic Test Report: Dec. 2008
NTPT Tables 12-2008.xis

Page 10of 1

ylng!’arg‘i.Rstsi ';:alcﬁléted.R’hti:‘ . )‘ Ini}ant R{lé;" C;Imlate;Ra'!sg . .
' * GPM ?o 'l Téfn:I Gaﬂl}‘on_'sz{ !r_gcrgmu‘r;w L(,Ballnr\\vs,) = GPM ; . GPM - ! s .

6/28/06 10:30 0 0 0 0 0 00 0 0 0.0 00 0.0
6/28/06 14:48 258 258 4,241 4,241 16.44 184 4,153 4,153 16.1 181 183
6/28/06 18:00 450 192 7.379 3.138 16.40 16.3 7,235 3,082 16 1 16.1 182
6/268/06 23:30 780 330 12,844 5,485 16.47 16.6 12.588 5,353 162 182 16.4
8/29/06 3:15 1005 225 18,552 3,708 18.47 185 16.207 3819 161 %1 183
6/29/06 7:57 1287 282 21.207 4.658 16.48 16.5 20.745 4,538 16 1 181 16.3
6/28/06 12:34 1564 277 25777 4570 16.48 185 25.210 4.465 181 181 18.3
6/29/06 18:00 1880 326 31,100 5,323 16.46 16.3 30,423 5213 18.0 18.8 16.2
6/29/08 23:15 2205 315 38,300 5,200 16.48 18.5 35,514 5091 18.2 18.2 18.3
8/30/06 3:10 2440 235 40,172 3,872 16.46 185 38,303 3.789 18.1 16.1 18.3
6/30/06 7.40 2710 270 44 685 4513 18.49 18.7 43,721 4418 16.4 18.4 16.5
6/30/06 14:15 3105 395 51,234 6,549 16.50 16.6 50,143 5,422 18.3 16.3 16.4
6/30/06 18.00 3330 225 54,923 3,689 18.49 16.4 53,758 3615 161 16.1 16.2
6/30/06 23:23 3653 323 60,357 5,434 18.52 16.8 59,090 5,332 165 16.5 16.7
7/1/06 3:10 3880 227 63,995 3,638 16.49 16.0 82,855 3,565 157 1587 1598

7/1/08 8:10 4180 300 66,899 4,904 16.48 183 67.459 4,804 18.0 16.0 162

7/1/06 12:05 4415 235 72,823 3,924 16.49 16.7 71.310 3851 164 164 16.5
7/1/08 15.20 4610 195 76.076 3,253 16.50 16.7 74.497 3.187 163 163 185
7/1/06 18:21 4791 181 79.068 2,992 16.50 16,5 77.423 2.926 162 162 16.3
711/06 23.15 5085 294 84,027 4,959 18.52 16.9 82.304 4.881 166 186 16.7
7/2/06 8:15 5685 800 93,967 6,940 16.53 186 92.048 8.744 162 162 16.4

7/2/06 9:40 5710 25 94,414 447 16.53 17.9 92,485 437 i7.8 17.5 17.7

7/2/08 12:01 5851 141 96,598 2,184 16.51 15.5 94 628 2.143 152 152 15.3
7/2/06 14:42 6012 181 89,378 2,778 16.53 17.3 97.351 2723 16.9 169 17.1
772106 16:21 6111 99 101,075 1,699 16.54 17.2 98,017 1.656 16.8 i6.8 17.0
7/2/06 23:10 6520 409 107,819 6,744 16.54 165 106,631 6814 16.2 16.2 183
7/3/06 3:20 6770 250 112,028 4,209 16.55 16.8 106,759 4128 16.5 16.5 187

7/3/06 8:35 7085 315 117211 5,183 16.54 185 114,839 5080 16.1 16.1 16.3

7/3/06 11:45 7275 190 120,292 3,081 16.53 182 117.861 3022 i58.9 159 16.1
7/3/06 1508 7478 203 123,665 3373 1654 18.6 121,167 3306 16.3 16.3 16.5
7/3/06 23:05 7955 A77 131,818 7.951 16.55 187 128.960 7.793 163 163 185
7/4/06 3.20 8210 255 135,757 4.141 16.54 16.2 133.018 4.058 159 159 18.1

7/4/06 12:06 8736 526 144,453 8,698 16.54 16.5 141537 8.519 162 182 16.4
714106 15:10 8920 184 147,740 3,287 16.56 7.9 144.758 3.221 175 175 17.7
77406 23:10 9400 480 155473 7,733 16.54 16.1 152.338 7.580 158 158 16.0
7/5/08 3:10 9640 240 159.527 4.054 16.55 16.9 156.309 3.971 16.5 1885 167

7/5/08 7-40 9910 270 164,088 4,659 16.56 16.9 180.773 4,482 16.5 16.5 16.7

7/5/08 14.09 10299 389 170.521 6,435 16.56 18.5 187.078 8.307 18.2 16.2 168.4
7/5/08 17:45 10%15 218 174,553 4.032 18.60 18.7 170,547 3.469 181 16.1 17.4
7/5/06 23:45 10875 360 180.025 5472 16.55 15.2 176.305 5.848 16.2 16.2 15.7
7/6/06 4:45 m7s 300 184,994 4.969 16.55 16.6 181,262 4,867 18.2 16.2 16.4

7/6/06 B:58 11428 253 189,187 4,193 16.55 18.6 186.371 4109 16.2 16.2 16.4

7/6/06 13:54 11724 298 194,083 4,896 18.55 16.5 190.173 4,802 18.2 16.2 16.4
7/6/06 15.20 11810 86 195,205 1.212 16.54 14.1 191.364 1191 13.8 13.8 14.0
7/6/06 22:35 12245 435 202.711 7.416 16.55 17.0 168.632 7,268 18.7 16.7 16.9
7/7/06 5.25 12655 410 208,402 6,691 16.55 16.3 205.190 8.558 180 16.0 18.2

7/7106 7.44 12794 139 211.722 2,320 16.55 16.7 207.480 2,270 163 163 18.5

717106 19:15 13485 691 223.092 11,370 16.54 16.5 218,599 11.139 i61 161 183
7/7/06 22:45 13695 210 226,477 3.385 1654 18.1 221,913 3.314 158 i58 16.0
7/8/06 6:25 14085 400 233.065 8.588 16.54 18.5 228,369 6.456 16.1 181 16.3

7/8/06 8:50 14300 205 236.430 3,365 16.53 184 231,670 3.301 16.1 161 18.3

7/8/06 14:00 14610 310 241,564 5134 18.53 188 238,703 5.033 18.2 16.2 16.4
7/8/08 17:25 14815 205 245677 4112 18.58 20.1 240.735 4.032 19.7 18.7 199
718108 22:25 15115 300 249,888 4.209 16.53 14.0 244,854 4119 13.7 13.7 138
7/9/08 5.40 15550 435 256,992 7,106 16.53 16.3 251,805 8.951 16.0 16.0 18.2

7/8/06 9:12 15762 212 260,548 3,556 16.53 16.8 255.284 3479 16.4 16.4 166

7/9/06 12:10 15840 178 283,490 2,942 16.53 16.5 258.115 283 158 159 16.2
7/9/06 15.00 16110 170 266,293 2,803 16.53 185 260.908 2.793 16.4 16.4 18.5
7/9/06 23.00 16590 480 274013 7.720 16.52 16.1 288.465 7.857 15.7 157 15.8
7/10/06 3.10 16840 250 278.239 4,226 16.52 16.9 272.805 4,140 16.8 16.8 18.7
7/10/06 7:53 17123 283 282.938 4,699 16.52 16.6 277.203 4,598 162 182 18.4
7/10/06 13:25 17455 332 288,460 5522 16.53 1686 282813 §.410 163 18.3 18.5
7/10/08 23:01 18031 576 297.871 8.411 16.52 16.3 201.825 $9.212 160 180 182
7/14/08 315 18285 254 302,214 4,343 16.53 17.1 296.076 4251 167 1687 16.8
7/11/06 13:55 18925 840 312,944 10.730 18.54 18.8 308,580 10,504 164 164 188
7/11/06 23:05 19475 550 322,075 8,131 18.54 186 315,530 8.950 163 18.3 16.4
7/12/06 3:30 19740 265 328,387 4,312 18.53 16.3 319,747 4.217 15.9 15.9 16.1
7/12/06 8:03 20013 273 330.987 4.600 - 16.54 16.8 324247 4.500 16.5 16.5 18.7
7/12/06 22:55 20905 892 345778 14,791 16.54 168 338,733 14,486 18.2 16.2 16.4
7/13/06 3:20 21170 265 350,147 4.369 16.54 165 . 343,012 4279 16.1 16.1 18.3
7/13/06 6:54 21384 214 353,744 3,597 16.54 16.8 346.532 3.520 16.4 16.4 18.6
7743106 7.00 21390 8 353,844 100 16.54 18.7 346.628 96 18.0 188 183
Average: 16.4
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Table 5-1

Crow Butte Resources, Inc.
Summary of 2006 Pump Test Results

coa i Test #6. 27 LT T R
S e ~.n 2 Analytical Method - - 0
-Analytical’'Results .. '~ 'Theis .~ Theis'Recovery .
Transmissivity (ft/day) NA *
COW-5 (PW) 0.00 Hyd. Cond. (ft/day) NA *
Storativity NA *
Transmissivity (ft/day) 42.0 NA
COW-1 3,614.28 Hyd. Cond. (ft/day) 16 NA
Storativity| 2.30E-05 NA
Transmissivity (ft*/day) 74.8 NA
COw-2 4,001.38 Hyd. Cond. (ft/day) 29 NA
Storativit 7.05E-05 NA
Transmissivity (f%/day) 715 NA
COwW-3 3,315.00 Hyd. Cond. (ft/day) 28 NA
Storativity, 8.40E-05 NA
Transmissivity (ft*/day) 51.7 NA
COwW-4 3,609.34 Hyd. Cond. (ft/day) 2.0 NA
Storativity 3.43E-05 NA
Transmissivity (ft/day) 60.7 NA
ChPw-2 2,291.19 Hyd. Cond. (ft/day) 23 NA
Storativity! 4.55E-05 NA
Transmissivity (ftz/dav) 58.2 NA
RC-2 6,634.66 Hyd. Cond. (ft/day) 2.2|. NA
Storativit 6.18E-05 NA

NA - Data not analyzed; pumping data were sufficient for analysis.
* Unable to analyze recovery data due to lack of check valve on top of pump.

North Trend Hydrologic Testing Report: Dec. 2006

NTPT Tables 12-2006.xls

Page 1 of 1

PETROTEK



Table 5-2
: Crow Butte Resources, Inc.
. Comparison of Historical Testing Results with 2006 North Trend Results

S e | Test#s | e L
oL o<l o 0| UExisting Class Il - | North Trend . | Test#6. North™
Permit Area Tests | 2004 & 2005 | "Trend 2006
L #wd(mean) | (mean). | (mean). '
Transmissivity (ft*/day) 363 103 50
Formation Thickness (feet) 39.0 19.8 26

Hyd. Cond. (ft/day) 9.3 5.2 2.3
Storativity 9.7E-05 7.1E-05 5.3E-05

North Trend Regionél Hydrologic Test Report: Dec. 2006
NTPT Tables 12-20086.xls Page 1 of 1 PETROTEK



North Trend Hydrologic Test Report
Crow Butte Resources, Inc.

FIGURES September 2006

4 ————

1-1  Project Location Map

1-2 Proposed North Trend Permit Area and Pump Test Monitoring Wells

2-1 Isopach Map: Overlying Upper/Mid Chadron Sand

2-2 Isopach Map: Middle Chadron Confining Unit

2-3 Isopach Map: Basal Chadron Production Sand

2-4 Structure Map: Pierre Shale Lower Confining Unit

2-5 Structure Map: Basal Chadron Sandstone

2-6 Cross-section Index: North Trend

2-7 Cross-section A-A’

2-8 Cross-section B-B’

2-9 Cross-section C-C’

2-10 Cross-section D1-D1’

2-11 Cross-section D2-D2’

2-12 Cross-section E-E’

2-13 Base of Brule and Top of Pierre Shale: 3-D view looking northeast

2-14 Base of Brule, Upper/Mid Chadron sand and Top of Basal Chadron Sandstone:
3-D view looking east

2-15 Base of Brule and Top of Basal Chadron Sandstone: 3-D view looking east-
northeast

2-16 Top of Upper/Mid Chadron sand: 3-D view looking east

4-1 Initial Potentiometric Surface Map: Basal Chadron Sandstone (Production
Zone) Wells (6/28/06)

5-1 Drawdown vs. Time in Basal Chadron Monitor Well COW-1 h

5-2 Drawdown vs. Time in Basal Chadron Monitor Well COW-2

5-3 Drawdown vs. Time in Basal Chadron Monitor Well COW-3

5-4 Drawdown vs. Time in Basal Chadron Monitor Well COW-4

North Trend Hydro Test No 6 Final 12-7-06 . 5-5 Drawdown vs. Time ibf;:!‘(:;a‘drin

a2 — 5




o

North Trend Hydrologic Test Report
Crow Butte Resources, Inc.

FIGURES ' September 2006

Monitor Well CPW-2

5-6 Drawdown vs. Time in Basal Chadron Monitor Well RC-2
5-7 Potentiometric Surface at Monitoring Locations — 5 Days of Pumping
5-8 Potentiometric Surface at Monitoring Locations — 10 Days of Pumping
5-9 Potentiometric Surface at Monitoring Locations — 14.9 Days of Pumping
5-10 North Trend Transmissivity Map
5-11 Depth to Water vs. Barometric Pressure in MCOW-1 (overlying sand) -
Background through Recovery
5-12 Depth to Water vs. Barometric Pressure in MCOW-2 (overlying sand) -
Background through Recovery
5-13 Depth to Water vs. Barometric Pressure in MCOW-3 (overlying sand) -
- Background through Recovery
5-14 Depth to Water vs. Barometric Pressure in MCOW-4 (overlying sand) -
Background through Recovery
5-15 Depth to Water vs. Barometric Pressure in BOW-1 (overlying sand) -
Background through Recovery
5-16 Depth to Water vs. Barometric Pressure in BOW-2 (overlying sand) -
Background through Recovery
North Trend Hydro Test No 6 Final 12-7-06 ﬂa D, b
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