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1 INTRODUCTION

Crow Butte Resources, Inc. (CBR) operates a uranium solution mine in Dawes County,
Nebraska. The permitted area includes approximately 2,800 acres in all or portions of
Sections 11, 12, and 13 of Township 31N, Range 52W and Sections 18, 19, 20, 29 and 30 of
Township 31N, Range 51W. The process plant is located in Section 19, Township 31 North,
Range 51 West. The wellfields for current mining operations are located in Sections 18 and
19.

Solution mining involves the injection of an oxidant- and carbonate-charged solution
("lixiviant") into the production zone aquifer through injection wells. With slight pH
adjustments, the reduced uranium is oxidized and dissolved by complexation with the
carbonate. The uranium-rich solution ("pregnant” lixiviant) is drawn to recovery wells where
it is pumped to the surface and transferred to the process plant. Injection and production
flows are carried to and from the process plant through underground pipelines.

The uranium is removed from the mining solution by adsorption onto ion exchange resin.
The now barren lixiviant is recharged with an oxidant and carbonate and is reinjected into the
production zone for additional uranium recovery. The production cycle is continued until the
ore zone is depleted to the point economic uranium recovery is no longer feasible.

During production, there is a constant movement of lixiviant through the aquifer from
outlying injection wells to internal recovery wells. The injection wells and recovery wells are
arranged in any of a number of geometric patterns depending upon the configuration of the
orebody and the aquifer permeability. Most often, wells are placed in five- or seven-spot
patterns. Monitoring wells, which are screened in appropriate stratigraphic horizons,
surround the wellfield pattern area to detect any lixiviant that may migrate out of the
production zone, either vertically or horizontally.

Following the completion of uranium recovery in a particular mining area, the affected
groundwater is restored to appropriate standards, which include preoperational baseline
conditions or pre-mining class-of-use limits. ' .

Currently, there are seven mine units, designated as Mine Units 1 through 7, at the Crow
Butte project. Of these seven mine units, Mine Units 1, 2 and 3 are in restoration and Mine
Units 4 through 7 are in production. Figure 1 shows the general location of the mine units
within the permitted area.
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2 MINE UNIT 1 MINING HISTORY

2.1 Mine Unit 1 Description

Mine Unit 1 encompasses 9.3 acres immediately adjacent to the main process plant. Mine
Unit 1 has an average screen thickness of approximately 20 feet and a porosity of 0.29. These
parameters result in an estimated pore volume for Mine Unit 1 of 17.2 million gallons.

The mine unit consisted of 38 patterns as designed with an average pattern size of 10,624
square feet. The original design of Mine Unit 1 consisted of 38 production wells, 72 injection
wells, 11 production zone monitor wells, and 3 shallow monitor wells. Included in this total
were five wells that were originally mined as part of the research and development operation
of the pilot plant beginning in 1986. Two additional production wells and four additional
injection wells were added to Mine Unit 1 in 1992.

Mine Unit 1 includes two wellhouses (Wellhouse 1 and 2) that serve to connect main trunk
lines from the process plant to injection and recovery wells. Figure 2 shows the location of
Mine Unit 1 and the associated wells and wellhouses.

2.2 Determination of Baseline Water Quality

CBR is required to determine pre-operational baseline groundwater quality in a mine unit
before mining. For Mine Unit 1, baseline groundwater quality determination was required at
a minimum density of one production or injection well per one acre. These selected wells are
designated as baseline restoration (BLR) wells. NDEQ requires a minimum of ten BLR wells
per mine unit. Figure 2 shows the location of the twelve BLR wells in Mine Unit 1. BLR
wells are shown in blue. A red circle depicts the 1-acre area for each well.

In addition to these restoration wells, License Condition 10.4A requires that one shallow
monitor well per five acres must be established in the upper aquifer (Brule). Perimeter
monitor wells are required in the production zone horizon (i.e., the Basal Chadron)
surrounding the mine unit at a distance of 300 feet or less from the mineralized zone and not
more than 400 feet apart.
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A minimum of three samples are collected at two-week intervals from each of the restoration,
shallow monitor, and perimeter monitor wells to determine baseline groundwater quality.
Based on the results of the shallow and perimeter monitor wells, upper control limits (UCLSs)
are established for each mine unit. The results of restoration well sampling are used to
establish the restoration goals for that mine unit.

For Mine Unit 1, twelve wells were used to determine baseline restoration goals. These wells
are designated PM-1 (PR-4), PM-4, PM-5, PT-5 (PR-2), PT-9 (PR-8), 1J-6, 1J-13, 1J-25, 1J-
28, 1J-45, PR-15, and PR-19 and are shown in Figure 2. Many of these wells were completed
before 1990 during operation of the pilot plant. Therefore, additional analytical data was
available to determine baseline for these wells. Table 1 provides specific information on each
well concerning the data that was used for determination of average baseline restoration
goals.

Table 1: Wells Used to Establish Mine Unit 1 Baseline Groundwater Quality

Well Number Formation Dates Sampled Number of Analyses
PT-5 Chadron 1985 4
PT-9 Chadron 1982 - 1984 7
PM-1 Chadron 1982 - 1990 25
PM-4 Chadron 1982 — 1990 25
PM-5 Chadron 1985 - 1990 19

1J-6 Chadron 1990 3
1J-13 Chadron 1990 3
1J-25 Chadron 1990 3
1J-28 Chadron 1990 3
1J-45 Chadron 1990 3

PR-15 Chadron 1990 3
PR-19 Chadron 1990 3




-

— ¢« — 7 [— 1

—

CROW BUTTE RESOURCES, INC. g%géq
Mine Unit 1 Restoration Report NS

PM-1 and PT-5 were relabeled later when they were used as mining wells. They became PR-
4 and PR-2 respectively. In addition by the end of mining, PT-9 had become non-functional
and was unable to be sampled. Therefore, CBR requested and received permission from
NDEQ and NRC to replace PT-9 with PR-8. Copies of the letters regarding this matter are
attached in Appendix 1.

CBR is required to determine the baseline groundwater quality for a list of 35 water quality
parameters. The baseline average for each well is determined for each parameter. These well
averages are then used to determine the overall mine unit average for each parameter. Table 2
lists each of the parameters and the average concentration for Mine Unit 1.

Table 2 also lists the standard deviation of the well averages for each parameter. Where a
standard deviation is not listed, this is due to analytical results that were less than the
reporting level for that parameter. In these cases, the numerical value of the reporting level
was used to determine the average. A tabular presentation of the baseline average for each
restoration well is contained in Appendix 2. Copies of the laboratory reports were previously
submitted to NRC.
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Table 2: Baseline Groundwater Quality Data for Mine Unit 1

Parameter Bzisgl-i::e MU-1 Standard Deviation
Alkalinity (mg/l) 294 20
Ammonium (mg/1) <0.37
Arsenic (mg/1) <0.002
Barium (mg/1) <0.1
Bicarbonate (mg/l) 344 26
Boron (mg/l) 0.93 0.04
Cadmium (mg/l) <0.006
Calcium (mg/1) 12.5 32
Carbonate (mg/1) 7.2 39
Chloride (mg/1) 203.9 38
Chromium (mg/1) <0.03
Copper (mg/l) <0.017
Fluoride (mg/1) 0.69 0.04
Iron (mg/1) <0.044
Lead (mg/l) <0.031
Magnesium (mg/1) 32 08
Manganese (mg/l) <0.011
Mercury (mg/l) <0.001
Molybdenum (mg/l) <0.069
Nickel (mg/1) <0.034
Nitrate (mg/1) <0.05
Nitrite (mg/1) <0.01
pH (Std. Units) 8.46 0.2
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Table 2: Baseline Groundwater Quality Data for Mine Unit 1

MuU-1

Parameter Baseline MU-1 Standard Deviation

Potassium (mg/1) 12.5 1.5
Radium-226 (pCi/L) 229.7 177.1
Selenium (mg/1) <0.003

Silica (mg/l) 16.7 35
Sodium (mg/1) 412 19.2
Specific Conductivity (pmho/cm) 1947 70
Sulfate (mg/1) 356 9.4
TDS (mg/) 1170.2 47.6
Uranium (mg/l) 0.092 0.089
Vanadium (mg/l) <0.066

Zinc (mg/l) <0.036
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2.3 Establishment of Restoration Goals

The goal of restoration is to reduce the concentration of mobilized constituents remaining in
the groundwater after the completion of mining. CBR is required to return groundwater
quality to baseline as a primary goal under SUA-1534,

If baseline concentrations for the monitored parameters cannot be achieved through the
reasonable application of best practicable technology, the NRC secondary goal is to return
the water quality to levels consistent with pre-mining class-of-use. These secondary
restoration goals are based upon standards set by the NDEQ in CBR’s UIC permit.

For those parameters that have a numerical groundwater standard established in Title 118 of
the NDEQ Rules and Regulations' or in other established documents, the UIC Permit
requires restoration to successfully return the groundwater to that standard. However, if the
baseline preoperational mean for the mine unit exceeds the standard for any parameter, the
restoration standard for that parameter is set at the baseline mean plus two standard
deviations. For those parameters where no standard is established in Title 118, the UIC
restoration standard is calculated from the baseline average. In the case of calcium,
potassium, magnesium and sodium, the restoration standard is set at one order of magnitude
above the baseline mean due to the ability of some major ions to vary by this amount
depending on the pH. Total carbonate is limited to 50 percent of the total dissolved solids'
(TDS) value. TDS is limited to the baseline mean plus one standard deviation.

If a groundwater parameter cannot be restored to its NRC primary or secondary goal after
reasonable restoration efforts, then it must be demonstrated that leaving the parameter atia
higher concentration would not be a threat to public health and safety and that, on a
parameter-by-parameter basis, water use would not be significantly degraded. Approval of
the use of an alternate standard for a parameter would require amendment of SUA-1534. «
Table 3 provides the restoration goals for Mine Unit 1. The baseline concentration (NRC
primary goal) is listed for each parameter. The wellfield standard deviation is also provided
since it is used to calculate some of the UIC standards for which there is no standard in Title
118. The restoration standard from the UIC Permit for each parameter is also listed. Where
no UIC Permit standard is listed, these parameters are included in CBR’s NRC Source
Materials License but are not considered a parameter of concern in the UIC permit. v

! Title 118 ~ Ground Water Quality Standards and Use Classification, NDEQ July 29, 1996.
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Table 3: Mine Unit 1 Restoration Goals

Parameter B(;ﬁﬂ::r:‘g::lg)e Standard Deviation UIC Permit Standard
Alkalinity 293 20 None
Ammonium (mg/1) <0.37 10
Arsenic (mg/l) <0.002 0.05
Barium (mg/1) <0.1 1.00
Bicarbonate (mg/1) 344 26 None
Boron (mg/1) 0.93 0.04 None
Cadmium (mg/1) <0.006 0.01
Calcium (mg/1) 12.5 3.2 125
Carbonate (mg/1) 7.2 39 None
Chloride (mg/1) 203.9 36.0 250
Chromium (mg/1) <0.03 None
Copper (mg/1) <0.017 1.00
Fluoride (mg/1) 0.69 0.04 4.00
Iron (mg/1) <0.044 0.30
Lead (mg/l) <0.031 0.05
Magnesium (mg/l) 32 0.8 32
Manganese (mg/l) <0.011 0.05
Mercury (mg/l) <0.001 0.002
Motybdenum (mg/1) <0.069 1.00
Nickel (mg/l) <0.034 0.15
Nitrate (mg/1) <0.05 10.0
Nitrite (mg/l) <0.01 None
pH (Std. Units) 8.46 0.2 6.5-8.5
10
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Table 3: Mine Unit 1 Restoration Goals

Parameter li;ﬁ'::;g;:ﬁe Standard Deviation UIC Permit Standard
Potassium (mg/l) : 12.5 1.5 125
Radium-226 (pCifl) 229.7 177.1 584
Selenium (mg/1) <0.003 0.01
Silica (mg/1) 16.7 35 None
Sodium (mg/1) 412 19.2 4122
SP°°€S;§:}::;‘)°“"“’ 1947 | 70 None
Sulfate (mg/1) 356 9.4 375
TDS (mg/l) 1170.2 47.6 1218
Uranium (mg/1) 0.092 0.089 5.0
Vanadium (mg/l) <0.066 0.2
Zinc (mg/1) <0.036 5.00

11
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2.4 History of Mining Activities

Commercial operation of Mine Unit 1 began in April 1991. Mining was completed in March
1994 and restoration was begun. During the course of mining and development of adjacent
areas, other Mine Units absorbed the original Mine Unit 1 perimeter monitor wells.

2.5 Mine Unit 1 Excursions

Mine Unit 1 did not have any shallow or perimeter monitor wells on excursion status during
mining or during restoration. As noted in Section 2.4, all perimeter monitor wells were
absorbed into adjacent Mine Units. Consequently, no additional wells need to be added to the
BLR well list as required in the UIC permit.

2.6 Determination of Post-Mining Water Quality

Before commencing restoration activities, CBR establishes post mining water quality data for
all of the required parameters. For Mine Unit 1, this consisted of sampling the designated
wells and having each sample analyzed for the water quality parameters.

Mine Unit 1 was shut in on March 14, 1994, The twelve restoration wells were sampled on
March 23, 1994. These samples were split with the NDEQ. Table 4 contains the results of the
post-mining water quality for Mine Unit 1. The laboratory reports for these samples are
contained in Appendix 3.

12
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Table 4: Post Mining Water Quality for Mine Unit 1
Restoration Well Sampling

[ pmM1 | Pm4 | pPms prs | s | w3 | was | was W45 | PR8 | PR1S | PR-19
Water Quality Parameters
Calcium (mg/l) | 879 87.1 80.8 819 81.6 93.9 89.4 89.6 89.9 85.4 86.7 98.3
Magnesium
2. ) : 8 . : : 24.8 232 2.1 23.8
(mgh) 6 20.6 227 23 21.4 239 22.5 7.1 3
Sodium (mg/l) 1154 942 1054 1144 1054 1174 un 182 1126 1144 172 1083
Potassium (mg/) | 32.7 263 30 30 272 313 30 313 327 30 30 286
Carbonate
0
— 0 0 0 0 0 0 0 0 0 0 0
Bicarbonate
|ima 1099 900 972 981 1057 1086 111 1207 1104 17 1170 959
Sulfate (mg/1) 1109 959 115 1240 1031 1209 119 112 1134 1S 1115 1283
Chloride (mgN) | 598 455 586 594 544 598 594 619 607 603 603 590
Ammonium
(mg) 0.33 0.67 0.14 0.33 0.44 0.07 <005 | <005 0.33 027 0.15 0.49
Nitrate (mg/l) 1.06 <0.1 0.97 0.99 1.29 0.74 0.86 13 1.25 1.46 1.6 0.46
Fluoride (mg/) | 037 0.26 0.54 0.45 0.45 037 0.38 045 0.43 0.43 0.4 0.35
TDS (mg/l) 3694 3121 3756 3851 3515 3899 3751 3886 3873 3820 3807 3765
Conductivity
(smbo/cam) 5843 4841 5590 5964 5445 6012 5807 6025 5916 5819 5940 5819
Alkalinity s
9

CaCO, (mz/) 901 738 797 804 866 890 911 989 905 95 959 786
pH (Std. units) 7.65 6.87 6.85 1.28 7.16 7.35 7.65 131 137 7.46 7.78 6.92

13
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Tab!le 4: Post Mining Water Quality for Mine Unit 1
Restoration Well Sampling

PM1 | PM4 | Pws | Prs | b6 | w13 | B2s | was 1145 PR8 | PRIS | PR19
Trace Metals
Arsenic 0.018 0.007 0018 | 0017 0.031 0.028 0.02 0.028 0.023 0.028 0.024 0011
Barium (mg/T) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Boron (mg/l) 117 1.4 1.09 1.36 1.06 1.26 113 119 115 123 1.25 117
Cadmium (mg) | <001 | <001 | <001 | <001 | <001 | <oo1 | <001 | <001 | <001 | <001 [ <001 | <001
Chromium (mgl)| <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 [ <005 | <005
Copper(mg/) | <001 | <001 0.05 <001 0.02 <001 | <001 <1 <001 | <001 | <001 | <001
Tron (mg/1) <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <0.05 0.38
Lead (mg/l) <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005 | <005
Manganese
. . . . 0.14 . . . ] ] <001 1

el 0.02 0.1 0.05 0.04 0.15 0.08 0.06 0.06 0.02 0.0 0.16
Mercury (mgfl) | <0001 | <0001 | <0001 | <0001 | <0001 | <0001 | <0001 | <0001 | <0001 [ <0001 | <0001 | <0.001
Molybdenum
g . ) . 47 . . . ) : 37
e 06 02 0.42 0.53 0 05 0.56 0.54 0.53 0.59 0.53 0.3
Nickel (mg/l) <005 | <005 | <005 | <005 | <0.05 0.12 0.12 0.12 <005 | <005 | <005 | <005
Selenium (mg/l) |  0.139 0.012 0.129 0.24 0.112 0.122 0.1 0.138 0.149 0.154 0.148 0.041
Vanadium (mg/)| 1 0.1 038 115 112 118 1.03 1.24 1.29 123 1.56 0.28
Zinc (mg/l) <001 0.14 0.11 0.01 0.1 0.01 0.02 <001 | <001 | <001 | <00t | <001

14
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Table 4: Post Mining Water Quality for Mine Unit 1
Restoration Well Sampling

PM1 | PM4 | PMS PTs | w6 | B3 | w2s | was 1345 PRS | PR1S | PR19
Radionnclides
Uranium (mg/) |  8.63 6.29 54.52 9.3 13.9 9.31 9.9 2.52 14.83 524 5.18 6.78
Ra-226 (pCifl) 370 126 329 1139 1113 1558 1258 1147 681 417 109 1182

15
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3 MINE UNIT 1 RESTORATION

Restoration activities include four steps that are designed to optimize restoration equipment
used in treating groundwater and to minimize the number of pore volumes circulated during
the restoration stage. CBR monitors the quality of selected wells during restoration to
determine the efficiency of the operations and to determine if additional techniques are
necessary.

3.1 Groundwater Transfer

During the groundwater transfer step, water may be transferred between the mine unit
commencing restoration and a mine unit commencing operations. Baseline quality water
from the mine unit starting production may be pumped and injected into the mine unit in
restoration. The hlgher TDS water from the mine unit in restoration may be recovered and
injected into the mine unit commencing production. The direct transfer of water will act to
lower the TDS in the mine unit being restored by displacing water affected by mining with
baseline quality water. ‘

The goal of groundwater transfer is to blend the water in the two mine units to conserve
process chemicals and reduce waste production. The recovered water may be passed through
ion exchange columns and filtration during this step if suspended solids are sufficient in
concentration to present a problem with blocking the injection well screens. For the
groundwater transfer to occur, a newly constructed mine unit must be ready to commehce
mining.

The ground water transfers took place in five stages. The first two transfers were conducted
independent of other restoration activities, while the last three were run concurrent with the
groundwater treatment stage. In four of the groundwater transfers, the transfers were in both
directions. This means baseline quality water from a new wellfield was pumped into Mine
Unit 1, while lixiviant was pumped out of Mine Unit 1 to a newly constructed wellfield. In
order to have a direct transfer of baseline quality water to Mine Unit 1, 2-inch high-density
polyethylene (HDPE) lines were laid above ground to each new wellfield that was ready for
start up. These lines were connected from the individual producers of the new welifield to the
injectors in Mine Unit 1. The producers from Mine Unit 1 were pumped through ion
exchange columns to remove residual uranium before pumping the solution to the injectors
of the new wellfield. During these operations, Mine Unit 1 flow rates were balanced to
prevent the migration of lixiviant from the surrounding mine units. As each producer in the
new wellfield showed signs of lixiviant breakthrough, they were shut in and new unaffected
wells were brought on line. This continued until all of the producers in the new wellfield had

16
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been affected. A producer was considered affected if it showed higher than baseline
conductivity or an increase in headgrade.

The fifth transfer was from one producer in Wellhouse 17. This transfer was a one-way
transfer where baseline quality water was pumped into Mine Unit 1. This transfer was used to
help balance Mine Unit 1 during a portion of the Reverse Osmosis (RO) phase of
groundwater treatment.

During the first transfer, the baseline water was pumped into the injection wells situated
along the boundaries between Mine Unit 1 and Mine Units 2 and 3. Successive transfers
worked inward towards the center of Mine Unit 1. Figures 3 through 6 show the wells used
during each transfer. The quality of the groundwater following each of the first four transfers
was tracked using six of the twelve BLR wells for Mine Unit 1. The parameters used were
chloride, sulfate, sodium, conductivity, and alkalinity. These parameters were chosen simply
because they could be assayed on site. They were used only as a general guide. The benefits
of the transfers can be seen in the average water quality data of the selected wells as
presented in Appendix 4. The groundwater transfers improved the quality of the water in
Mine Unit 1 without sending a large amount of water to the waste disposal system. - -

As noted, Mine Unit 1 was shut in on March 14, 1994. This corresponded with the approval
of mining operations in Mine Unit 4. In April and May 1994 groundwater sweep activities
were begun as described in Section 3.2. v

Data for the five steps of groundwater transfer are as follows:

o In late May and June of 1994, 3,640,590 gallons (0.21 pore volumes) were transferred

" between Mine Unit 1 and Wellhouse 10 in Mine Unit 4.

¢ In August and September of 1994, 2,942,980 gallons (0.17 pore volume) were transferred
between Mine Unit 1 and Wellhouse 11 in Mine Unit 4.

e In November and December of 1994, 3,314,915 gallons (0.19 pore volumes) were
transferred between Mine Unit 1 and Wellhouse 12 in Mine Unit 4.

¢ In April and May 1995, 4,217,689 gallons (0.25 pore volumes) were transferred between
Mine Unit 1 and Wellhouse 13 in Mine Unit 4.

¢ From May 1997 to July 1997, a total of 1,077,530 gallons (0. 06 pore volumes) were
transferred between Mine Unit 1 and P1100-17.

These separate groundwater transfer steps resulted in a total of 15,193,704 gallons or 089
pore volumes transferred from Mine Unit 1 to Mine Unit 4.

17 . : LR RS
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3.2 Groundwater Sweep

During groundwater sweep, water is pumped without injection from the wellfield causing an
influx of baseline quality water from the perimeter of the mining unit that sweeps the
affected portion of the aquifer. The cleaner baseline water has lower ion concentrations that
act to strip off the cations that have attached to the clays during mining. The plume of
affected water near the edge patterns of the wellfield is also drawn into the boundaries of the
mine unit.

During the groundwater sweep stage, one producer, 1J28P-1, was on line pumping at an
average flow rate of 13 gallons per minute (gpm). This well was an injection well, which had
been converted to a producer. The well was producing without injection. The main purpose
of this well was to control the migration of mining solutions from Mine Unit 1 to the north
and south of the mine unit. Ordinarily, groundwater sweep would be used to pull baseline
quality water inside the perimeter of the mine unit. This would be the method for restoring
any affected groundwater between the monitor wells and the wellfield. However, it is
apparent from the location map in Figure 1 that this type of approach would not work for
Mine Unit 1. At the time groundwater sweep was performed, Mine Unit 1 was surrounded on
three sides by active mine units. Any attempt to do a complete groundwater sweep for Mine
Unit 1 would only result in bringing in contaminated water from the other mine units. In
addition, all of the Mine Unit 1 monitor wells had been discontinued from service as
monitoring wells. They were removed from service as the other wellfields were brought on
line. Based on this situation, the groundwater sweep effort for Mine Unit 1 was kept to a
minimum.

The open areas to the north and south of Mine Unit 1 will require restoration at some point in
time. CBR’s future restoration plans include clean up of these areas with the restoration of
the mine units surrounding Mine Unit 1.

Active restoration of Mine Unit 1 began with groundwater sweep activities. In April and May
1994, a total of 1,139,299 gallons (0.06 pore volumes) of groundwater sweep was removed
from Mine Unit 1 production wells and sent to the plant production circuit. Additional
groundwater sweep to main production was also performed in July 1994. The total volume
for July 1994 was 569,650 gallons (0.03 pore volumes). These two periods of groundwater
sweep resulted in a total of 1,708,949 gallons (0.10 pore volumes) of groundwater sweep
during restoration of Mine Unit 1.
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3.3 Groundwater Treatment

Following groundwater sweep and the initial groundwater transfers, water is pumped from
production wells to treatment equipment and then reinjected into the wellfield. Ion exchange
and RO treatment equipment are utilized during this stage as shown in Figure 7. The ion
exchange step uses fixed bed downflow ion exchange columns located at the main plant.

Water recovered from restoration containing a significant amount of uranium may be passed
through the ion exchange system. The ion exchange columns exchange the majority of the
contained soluble uranium for chloride or sulfate. Once the solubilized uranium is removed, a
small amount of reductant is metered into the restoration wellfield injection to reduce any
pre-oxidized minerals. The concentration and type of trace elements encountered determine
the concentration of reductant injected into the formation. The goal of reductant addition is to
reduce those minerals that are solubilized by carbonate complexes to prevent build-up of
dissolved solids, which would increase the time required to complete restoration.

A portion of the restoration recovery water can be sent to the RO unit. The use of a RO unit
has several effects:

¢ Reduces the total dissolved solids in the contaminated groundwater;

e Reduces the quantity of water that must be removed from the aquifer to meet
restoration limits;

e Concentrates the dissolved contaminates in a smaller volume of brine to facilitate
waste disposal; and

¢ Enhances the exchange of ions from the formation due to the large difference in ion
concentration.
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Before the RO unit is used to process the water, the soluble uranium is removed by the
ion exchange system. The water is then filtered, the pH lowered for decarbonation to
prevent calcium carbonate plugging of the membranes (this step is needed for cellulose
acetate membranes only), and then pressurized by a pump. The RO unit contains
membranes that pass about 60 to 80 percent of the water through, leaving 60 to 90
percent of the dissolved salts in the water that will not pass the membrane. Table 5 shows
typical manufacturers specification data for removal of ion constituents. The clean water,
called permeate, is reinjected, sent to storage for use in the mining process, or sent to the
waste disposal system. The twenty to forty percent of water that is rejected, referred to as
the brine, contains the majority of dissolved salts that contaminate the groundwater and is
sent for disposal in the wastewater system. The brine stream that is bled to disposal also

- results in a groundwater sweep that pulls unaffected groundwater into the mine unit.

However, because other active mine units border Mine Unit 1 as discussed above, a large
groundwater sweep program was precluded. Therefore, Mine Unit 1 was operated as
close to balanced as possible during RO operations. Clean water from several different
sources was used to make up for the rejected brine.

The sodium sulfide reductant that may be added to the injection stream during this stage
will reduce the oxidation-reduction potential (Eh) of the aquifer. During mining
operations certain trace elements are oxidized. By adding a reductant, the Eh of the
aquifer is lowered thereby decreasing the solubility of these elements.

The number of pore volumes treated and re-injected during the groundwater treatment
stage depends on the efficiency of the RO unit in removing total dissolved solids and the
reductant in lowering the uranium and trace element concentrations.

The groundwater treatment stage of restoration evolved slowly over time as additional
equipment and piping were installed. Initially, groundwater treatment consisted of
circulating Mine Unit 1 water through ion exchange columns (IX). The second step was
to add treatment of the water with RO. The final step involved the addition of sodium
sulfide reductant to the injection stream to Mine Unit 1.
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Table 5: Typical Reverse Osmosis Membrane Rejection

NAME SYMBOL % REJECTION
Cations
Aluminum AP 99+
Ammonium NH,"! 88-95
Cadmium Cd*? 96-98
Calcium Ca*? 96-98
Copper Cu*? 98-99
Hardness Ca and Mg 96-98
Iron Fe? 98-99
Magnesium Mg*? 96-98
Manganese Mn*? 98-99
Mercury Hg* 96-98
Nickel Ni*? 98-99
Potassium K" 94-96
Silver Ag"! 94-96
Sodium Na* 94-96
Strontium Sr*? 96-99
Zinc Zn*? 98-99
Anions
Bicarbonate HCO;™ 95-96
Borate B407'2 35-70
Bromide Br! 94-96
Chloride cr! 94-95
Chromate CrO,2 90-98
Cyanide CN' 90-95
Ferrocyanide Fe(CN)s> 99+
Fluoride F! 94-96
Nitrate NO;™! 95
Phosphate PO,? 99+
Silicate Sio,™ 80-95
Sulfate SO, 99+
Sulfite SO;2 98-99
Thiosulfate S;052 99+
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The method employed by CBR during the restoration of Mine Unit 1 was restoration on a
pattern-by-pattern basis. In this method, the producer of each pattern in Mine Unit 1 was
brought on line to the restoration circuit and then permeate from the RO unit(s) (usually
with reductant added) was circulated to every injector in that pattern to recreate the
original flowpaths developed during mining. This was to ensure that the mining solutions
were displaced or diluted.

Full water quality analyses of seven of the first restored patterns showed that conductivity
could be used as a suitable indicator of successful restoration. The results from these
analyses are contained in Appendix 5. Therefore, when the conductivity of the producer
was reduced to below baseline conductivity, the pattern was considered restored.

The flowrates during groundwater treatment were balanced to prevent the migration of
lixiviant from the surrounding wellfields into Mine Unit 1. There were thirty-nine
original patterns in Mine Unit 1. The actual number of patterns restored was thirty-nine.
During mining, a few producers became unusable; therefore, injectors were used in their
place to restore the pattern.

3.3.1 Ion Exchange Treatment

Groundwater treatment in Mine Unit 1 began on September 12, 1994 with jon exchange
operations. Treatment through the ion exchange columns without RO operatlon was
performed through September 1995. Afier RO treatment was begun, ion exchange
treatment was continued for a portion of the restoration flow. During recirculation as
discussed in Section 3.4, ion exchange treatment was continued for residual uranium
removal. The total volume treated by ion exchange was 456,946,618 gallons (26.62 pore
volumes). The average treatment flow rate during this ion exchange phase was 420 gpm.

The purpose for groundwater treatment through the restoration ion exchange columns
was to reduce the amount of soluble uranium as much eas possible. This was performed
before beginning treatment with the RO unit(s). To do this, between 17 and 20 higher
headgrade producers were online throughout the wellfield. Figure 8 illustrates which
wells were online during the period with the highest flowrate. The results of this
operation can be seen in the drop in average headgrade. At the beginning in September of
1994, the average headgrade was approximately 22 ppm. At the end of this phase of
groundwater treatment, the average headgrade of the online producers had been lowered
to approximately 9 ppm.
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3.3.2 Ion Exchange and Reverse Osmosis Treatment

On September 28, 1995, treatment with RO was begun at a flow rate of 45 gpm.
Groundwater treatment operations with the ion exchange columns were also continued.
From October 1995 through July 1998, treatment with ion exchange and RO was
performed. During this period, a total of 103,413,312 gallons (6.02 pore volumes) were
treated through the RO units.

The unit used during the initial stage of restoration was a cellulose acetate membrane RO
with a 50-gpm capacity. This RO was designated RO Unit 1. The initial RO capacity
determined the method that CBR used to restore Mine Unit 1. Restoration was
accomplished on a pattern-by-pattern basis. The method consisted of restoring a pattern
and then moving to another pattern. By the end of groundwater treatment, all patterns in
Mine Unit 1 had been restored with RO permeate. Figure 9 shows the final Mine Unit 1
wellfield configuration and the patterns restored by RO. Table 6 lists each production
well, the total pore volumes of combined RO treatment for the associated pattern, and the
final conductivity.

The final configuration of Mine Unit 1 was the result of changes during mining
operations such as well reversals. A well reversal occurred when an injection well was
converted to a producer and vice versa. This type of reversal was necessary for some
patterns in restoration since the producer was no longer operational. Therefore, the
pattern was restored using an injector. An example of this is the pattern formed by PR-16.
When viewing Figure 9, it appears as if this pattern was not covered during RO
restoration. PR-16 developed problems during mining, which prevented it from being
used during restoration. IJ-33 was reversed with PR-16 to restore this pattern. Permeate
was added to the injectors on the opposite side of the pattern in order to pull the solution
across PR-16. This type of operation was used to restore PR-5 (1J-49 as producer) and
PR-14 (1J-56P as producer).

In other cases, if a reversal had been performed and the producer was still operational, it
was used as an injector to enhance restoration. PR-21, PR-32, and PR-38 are examples of
patterns restored in this manner.
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Table 6: Restoration Pattern Final RO Pore Volumes and Conductivity

Well Number Cumulative Pore Volume Final Conductivity (pmho/cm)
PR1 24 1813
PR2 25.8 1890
PR3 19 1803
PR4 58 867
PR6 6.6 1852
PR7 1.9 1730
PR8 149 712
PR9 29 1743
PR11 1.2 1646
PR12 39 1582

PR13a 39 1624
PR15 74 1834
PR17 5.6 1780
PRI18 48 1871
PR19 344 1748
PR20 9.9 1660
PR22 52 1858
PR23 19 1664
PR26 0.7 1651
PR27 129 1625
PR28 11.1 1799
PR29 213 1929
PR30 54 1842
PR31 10 1602
PR33 45 1200
PR34 84 1938
PR35 4.7 1702
PR36 7.5 1928
PR39 174 835
U7p 4.0 1373
M3p 204 2520
25p 52 1786
1)28p 45 1685
1J29p 1.1 1374
1J33p 20 931
1J45p 100 1637
49p 2.9 1738
1156p 15.6 2000
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The number of patterns in RO restoration at any given time was dependent upon RO flow
capacity. Therefore, when RO Unit 1 was brought on line, only two patterns were
selected for RO restoration. At the same time, 11 to 13 other patterns were online to ion
exchange treatment. As restoration progressed, new RO units were constructed.

Eventually RO Unit 1 was shut down and replaced with three thin film membrane RO
units. The flow capacity with these three new RO units was 200 gpm, so at the end of
groundwater treatment for Mine Unit 1, there were nine patterns in RO restoration.

In addition to newer and better RO units, new restoration pipelines were installed which
provided increased flow capacity and more versatile flow arrangements. This allowed for
more efficient RO operations. These improvements to the restoration system should
significantly reduce the number of pore volumes for the restoration of future mine units.

3.3.3 Reductant Addition

In April 1996 the addition of sodium sulfide as a reductant was begun in Mine Unit 1.
Groundwater treatment continued through the ion exchange and RO systems with
reductant addition through July 1998.

3.4 Wellfield Recirculation

At the completion of the groundwater treatment stages, wellfield recirculation may be
initiated. In order to homogenize the aquifer, pumping from the production wells and re-
injecting the recovered solution into injection wells can be performed to recirculate

" solutions.

Mine Unit 1 was placed in recirculation on August 19, 1998. Figure 10 depicts the wells
that were used to recirculate the mine unit. Recirculation was conducted until February
18, 1999 when the mine unit was placed in stabilization. A total of 48,946,046 gallons, or
2.85 pore volumes, was recirculated through the ion exchange system to provide final
uranium removal.
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3.5 Post Restoration Sampling

CBR obtained composite samples from the restoration wells on October 30, 1998. This
sampling indicated that, with the exception of vanadium, all parameters met either
baseline or UIC Permit restoration standards. CBR continued restoration activities to
reduce the vanadium concentrations.

All restoration wells were sampled on January 22, 1999 and analyzed for vanadium. The
analytical results indicated that the UIC Permit standard for vanadium had been met.

Table 7 provides the analytical data from the Mine Unit 1 post-restoration sampling. The
results for all parameters except vanadium are from the October 1998 composite
sampling. The vanadium results are from the January 1999 sampling. The table
segregates the parameters into those that were returned to baseline and those that
exceeded baseline but met the UIC Permit standards at the end of active restoration.

Based upon the results of the sampling performed in October 1998 and the vanadium

sampling performed in January 1999, CBR notified the NDEQ and NRC on February 17,
1999 of the initiation of the stabilization stage.
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Table 7: Mine Unit 1 Post-Restoration Analytical Results

Post-Restoration

Parameter li;ﬁ‘::f:g::’gf UIC Permit Standard w;t\e‘;eaaf:my
Parameters Returned to Baseline
Ammonium (mg/1) 0.37 10 0.08
Barium (mg/1) 0.1 1.00 <0.1
Boron (mg/1) 0.93 None 04
Cadmium (mg/1) 0.006 0.01 <0.005
Carbonate (mg/l) 7.2 None <1.0
Chloride (mg/l) 204 250 1124
Chromium (mg/1) <0.03 None - <005 ..
Copper (mg/l) 0.017 1.00 <0.01
Fluoride (mg/1) 0.69 4.00 0.55
Iron (mg/1) 0.044 0.30 <0.05
Lead (mg/1) 0.031 0.05 <0.05
Manganese (mg/l) 0.11 0.05 Pt or
Mercury (mg/1) 0.001 0.002 <0.001-
Molybdenum (mg/1) 0.069 1.00 <0.10
Nickel (mg/1) 0.034 0.15 <0.05
Nitrate (mg/l) 0.05 10.0 <0.10
Nitrite (mg/l) 0.01 None <0.1
pH (Std. Units) 85 65-8.5 7.95
Selenium (mg/1) 0.003 0.01 0.001
Silica (mg/) 16.7 None 13.6
Sodium (mg/1) 412.2 4122 315
smcéi'x‘;‘h‘::/g;‘;"ﬁ"“y 1947 None 1620
Sulfate (mg/1) 356.2 375 287
TDS (mg/h) 1170.2 1218

967
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Table 7: Mine Unit 1 Post-Restoration Analytical Results

Post-Restoration

Parameter B&ﬁ';:‘:;‘g;:’gf UIC Permit Standard Wn?e‘:gf:lity
Zinc (mg/1) 0.036 5.00 <0.01
Parameters Above Baseline but Meeting UIC Permit Standards
Arsenic (mg/l) 0.002 0.05 0.024
Radium-226 (pCi/l) 229.7 584 246.7
Vanadium (mg/l) 0.066 0.2 0.13
Calcium (mg/l) 12.5 125 16.0
Potassium (mg/l) 12.5 125 13.0
Magnesium (mg/l) 3.2 32 4.4
Uranium (mg/1) 0.092 5.0 0.963
Parameters Above Baseline With No UIC Permit Standards
Alkalinity (mg/1) 293 None 321
Bicarbonate (mg/1) 344 None 392
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4 STABILIZATION

Upon completion of restoration, a groundwater stabilization and monitoring program was
begun in which the restoration wells were sampled and assayed. Sampling frequency was
one sample per month for each well for a period of six months. The initial sample was
obtained on February 19, 1999 at the beginning of the stabilization phase. NDEQ
obtained split samples at the same time from all restoration wells for submittal to the
State of Nebraska Health and Human Services (HHS) Environmental Testing Laboratory.

Following collection of the initial samples at the beginning of the stabilization period,
CBR collected samples from each restoration well on a monthly basis. The samples were
submitted to Energy Laboratories in Casper, Wyoming for full water quality analysis.
Samples were collected on March 18, April 15, May 20, June 17, and July 15, 1999.

The analytical results during the stabilization period indicate that the mine unit average
for all parameters is below the baseline concentration or the UIC restoration standard and
are stable. Table 8 summarizes the results of each stabilization sample event. The table
shows the mine unit average for each parameter for each sample event. The minimum,
maximum, and average of the mine unit average data for each parameter are also shown.
A comparison of the restoration standards with the maximum of the mine unit average
data indicates that at no time during the stabilization period did the mine unit average
exceed the UIC Permit standard for any parameter.

Figure 11 depicts the mine unit average for each parameter from each of the six sampling
events. The values are shown as a percentage of the UIC Permit restoration standai'ds o

Copies of the stabilization laboratory summary reports for each of the BLR wells ls
mcluded in Appendix 6.
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Table 8: Mine Unit 1 Stabilization Analytical Results
Parameter | MU-1 | UIC Permit Six Sampting Perlods Stabilization | Stabilization | Stabilization | Stabilization | Stabilization | Stabitization
(me/) Baseline | Restoration . Sample#1 Sample#2 | Sample#3 | Sample#4 | Sample#5 | Sample #6
Average | Standard | Maximom | Minimam | Average 2/18/99 3/18/99 4/15/99 512099 6/17/99 15199
Alkalinity 293 None 363 331 347 331 337 342 349 363 360
Ammonium 0.37 10.00 0.18 0.07 0.12 0.07 0.10 0.13 0.08 0.15 0.18
Arsenic 0.002 0.050 0.020 0.016 0018 0.016 0.020 0.018 0.017 0.018 0.019
Barium 0.2 1.0 0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Bicarbonate 344 None 403 440 421 403 409 415 423 440 435
Boron 0.93 N/A 0.53 033 0.46 0.46 047 033 0.47 0.48 0.53
Cadmium 0.006 0.01 0.005 0.005 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium 12.5 125.0 2.1 16.6 19.9 16.6 19.1 193 203 2.1 212
Carbonate 7.2 None 2.7 1.2 1.9 12 1.5 1.6 20 2.1 2.7
Chioride 204 250 158 130 139 131 130 141 141 158 136
Chromium <0.03 None <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <005 <0.05
Copper 0.017 1.0 0.0 0.0 0.0 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fluoride 0.69 4.00 0.63 0.51 0.55 0.55 0.52 051 0.53 0.53 0.63
Tron 0.044 0.300 0.127 0.049 0.089 0.049 0.070 0.080 0.090 0.118 0.127
Lead 0.031 0.05 0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Magnesium 32 320 6.1 43 53 43 5.0 52 5.3 5.7 6.1
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Table 8: Mine Unit 1 Stabilization Analytical Resnlts

Parameter | MU-1 | UIC Permit Six Sampling Periods Stabilization | Stabilization | Stabilization | Stabitization | Stabilization | Stabifization
(me) Baseline | Restoration Sample #1 Sample#2 | Sample#3 | Sample#4 | Sample#5 | Sample#6
Average | Standard | Maximum | Minimam | Average 2/18/99 3/18/99 4/15/99 5/20/99 6/17199 mse9
Manganese | 0.011 0.050 0.024 0.017 0.021 0.017 0.020 0.020 0.020 0.024 0.023
Mercury 0.001 0.002 0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum | 0.069 1.000 0.110 0.075 0.098 0.075 0.09 0.090 0.110 0.110 0.110
Nickel 0.034 0.15 0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate 0.05 10.0 0.1 0.1 0.1 <0.1 <0.1 0.1 0.1 0.12 .1
Nitrite 0.01 None 0.1 0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1
pH (Std. Units) | 8.5 6.5-8.5 829 8.12 8.18 8.15 8.12 820 8.16 8.16 829
Potassium 12.5 125.0 14.7 1.7 132 1.7 12.6 133 12.8 147 144
R"(’;C““l}ﬁ“ 230 584 385 216 303 216 258 286 290 185 384
Selenium 0.003 0.01 0.003 0.001 0.002 0.001 0.002 0.002 0.001 0.002 0.003
Silica 16.7 None 15.4 136 14.4 13.6 15.1 15.4 14.7 138 137
Sodium 412 4122 376 332 352 332 346 355 345 376 360
Specific
Conductivity | 1947 None 1888 1702 1787 1702 1728 1758 1815 1888 1833
(umho/cm)
Sulfate 356 375 369 300 331 300 313 329 41 369 334
DS 1170 1218 1153 1026 1094 1026 1056 1097 1108 1153 1125
Uranium 0.09 5.00 233 1.09 .73 1.09 1.68 1.82 1.44 2.33 204
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Table 8: Mine Unit 1 Stabilization Analytical Resnits

Porameter | MU-1 | UIC Permit Six Sampling Periods Stabilization | Stabilization | Stabilization | Stabilization | Stabitization | Stabilization
(me/l) Baseline | Restoration Sample#1 Sample#2 | Sample#3 | Sample#4 | Sample#5 | Sample#6
Average | Standard | Maximum | Minimom | Average 2/18/99 318/99 41599 5/20/99 6/17/99 711599
Vanadium 0.07 0.20 0.12 0.10 0.11 0.12 0.10 0.10 0.11 0.10 0.10
Zinc 0.04 5.00 0.03 0.01 0.02 0.01 0.02 0.02 0.03 0.02 0.02
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5 EFFECTIVENESS OF MINE UNIT 1 RESTORATION

5.1 Restoration Summary

Restoration of Mine Unit 1 was conducted in accordance with the Restoration Plan
developed by CBR and incorporated by the NRC in SUA-1534. The restoration was
accomplished using a combination of each of the restoration steps identified in the plan.

A summary of the application of these steps is shown in Table 9.

Table 9: Restoration Summary

Total Pore
Restoration Step Date Begun Date Completed ‘Total Gallons Volumes
Groundwater 1
Transfer May 1994 July 1997 15,193,704 . 0.89
Gms""dwa‘“ April 1994 July 1994 1,708,949 0.09
weep
Groundwater Ion
Exchange September 1994 February 1999 456,946,618 26.62
Treatment
Groundwater
Reverse Osmosis October 1995 July 1998 103,413,312 6.02
Treatment
Wellfield
Recirculation August 1998 February 1999 48,946,046 2.85
Stabilization February 1999 August 1999 N/A N/A
Notes:

Groundwater Transfer was accomplished in five discreet steps during this time period.

2 Crow Butte Resources, Inc., Groundwater Restoration Plan, Revision I, November 26, 1996.
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5.2 Restoration Results

The results of the monitoring performed during the stabilization period indicate that CBR
has successfully completed restoration of Mine Unit 1 to a stable condition that meets
baseline concentrations or UIC Permit standards for all parameters. As shown in Table
10, seventeen of the monitored water quality parameters have been returned to an average
concentration that is below the baseline concentrations. All of the remaining monitored
parameters are below the UIC restoration standards established by the NDEQ.

The mine unit average for each parameter on each successive sampling event during the

stabilization period was below the appropriate standards. There are no important trends in
the data for any parameter as shown in Figure 11.
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Table 10: Mine Unit 1 Restoration Results

" Post-Mining Post-Restoration Stabhilization Period
Parametet | oirqualty |RestortonSundard | AV | Avermge | Avenge
Alkalinity 293 None 875 321 347
Ammonium 0.37 10 0277 0.08 0.12
Arsenic 0.002 0.05 0.021 0.024 0.017
Barium 0.1 1.00 <0.10 <0.10 <0.10
Bicarbonate 344 None 1068 392 421
Boron 0.93 N/A 1.22 0.4 0.46
Cadmium 0.006 0.01 <0.01 <0.005 <0.005
Calcium 12.5 125 83.7 16.0 19.9
Carbonate 72 None 0 <1.0 1.9
Chloride 204 250 583 124 139
Chromium <0.03 None <0.05 <0.05 <0.05
Copper 0.017 1.00 0.035 <0.01 <0.01
Fluoride 0.69 4.00 0.41 0.55 0.54
fron 0.044 0.30 0.078 <0.05 0.09
Lead 0.031 0.05 <0.05 <0.05 <0.01
Magnesium 32 32 23 44 53
Manganese 0.11 0.05 0.075 0.01 0.02
Mercury 0.001 0.002 <0.001 <0,001 <0.001
Molybdenum 0.069 1.00 0.487 <0.10 0.10
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Table 10;: Mine Unit 1 Restoration Resnlts

. . Post-Mining Post-Restoration Stabilization Period
Parameter Walt’::g::ﬁty Res to?alt?o:esrtl:n':! ard Average Average Average
) Water Quality Water Quality Water Quality
Nickel 0.034 0.15 0.068 <0.05 <0.01
Nitrate 0.05 100 1.01 <0.10 <0.11
Nitrite 0.01 None <0.10 <0.1
pH (Std. Units) 8.5 6.5-8.5 7.35 7.95 8.18
Potassium 125 125 30.0 13.0 13.2
Radium-226 (pCi/l) 229.7 584 786 246.7 303
Selenium 0.003 0.01 0.124 0.00t <0.002
Silica 16.7 None 13.6 144
Sodium 4122 4122 1117 315 352
S”?f;f;’/‘c‘fgfﬁ"i‘y 1947 None 5752 1620 1787
Sulfate 3562 375 1128 287 331
DS 11702 1218 3728 967 1094
Uranium 0.092 0.44 122 0.963 1.73
Vanadium 0.066 02 0.96 0.26 0.11
Zinc 0.036 5.00 0.038 <0.01 <0.02
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FERRET EXPLORA. JN COMPANY OF NEBRAS..A, INC.

P.0. Box 169 Office (308) 665-2216
Crawford, Nebraska 69339 FAX (308)665-2341

March 22, 1994

Mr. U. Gale Hutton

Hebraska Department of Environmental Quality
P.0O. Box 968922

Lincoln, Nebraska 68509-8922

Dear Gale:

In the Notice of Intent to Operate Mine Unit 1 submittal dated December 17,
1990, FEN deslgnated well PT-9 as a basellne restoration well. FEK has ceased mining
activities in Mine Unit 1 and i{s preparing to establish post-mining water quality by
sampling all designated restoration wells {n the mine unit. Well PT-9 has become non-
functional and FEN ls unable to obtain a water sample from the well, FEN proposes
to use the nearest well, PR-8 as & replacement for PT-9. Both wells are screened in

a simllar manner in the Chadron Sandstone.

Discussion with personnel from your office Indicated this i1s an acceptable
replacement well. FEN plans to sample all designated restoration wells In Mine uUnit
1 this week and split these samples with the Department. FEN also plans to plug PT-9
in accordance with the approved Plugging and Abandonment Plan. Should you have
any questlons regarding thie matter, please do not hesitate to contact me.

Sincerely,

7Hagel o

Ralph Knode
Vice President

b, sbe

VoK w\t\\s]mm
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216 Sixteenth Street Mall, Suite 810 (303) 825-2266
Denver, Colorado 80202 (303) 825-1644 - FAX

y A

March 21, 1994

Mr. Ramon Hall

U.8. Nuclear Regulatory Commission
Uranium Recovery Field Office

P.O. Box 25325

Denver, Colorado 80225

RE: Docket No. 40-8943
License No. SUA-1534

Dear Mr. Hall:

The cover letter to License Amendment No. 22 asked FEN to propose
appropriate revision to License SUA-1534 as a result of revision in
10 CFR Part 20 which became effective January 1, 1894,

The following changes are necessary to correct reference to 10 CFR
20. .

Old 10 CFR 20 New 10 CFR 20
License Condition 17 20.203 (e) (2) 20.1902(e)
License Condition 23 20.103 (a) (2) 20.1201

20.103 (b) (2) 20.1702
License Condition 30 20.203 (4) _ : 20.1003
License Condition 52 20.103 20.1204

In the Notice of Intent to Operate Mine Unit 1, submittal dated
December 17, 1990, FEN designated well PT-9 as a baseline
restoration well, FEN has ceased mining activities in Mine Unit 1
and is preparing to estahlish post mining water quality by sampling
all designated restoration wells in the Mine Unit. Well PT-9 has
become non-functional and is unable to be sampled. FEN proposes to
use the nearest well, PR-B as a replacement for PT-9. Both wells
are screened in a similar manner in the production zone. FEN
regquests that your agency approve PR-8 as a replacement restoration

well for PT-9, and reference to this letter be added to License
Condition 44 if necessary.



Mr. Ramon Hall
March 21, 1994
Page Two

FEN also requests that License Condition 11 be changed to allow the
disposal of waste byproduct material from the Crow Butte facility
at any mill tailings or other waste facility that is licensed by
USNRC or Agreement State to accept the material. This will allow
FEN more flexibility in waste disposal and eliminate the need for
a license amendment each time the name of the disposal facility
changes.

If you need any further information, please contact me.
Sincerely,

St ﬂ/oy‘

Stephen P. Collings
President
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Preoperational Baseline
Sampling Results
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* PT9 was replaced by PRS; See letter submitted March 21,1994,

ey

I SN | [ - I [ " | C [ [ . [ I
Mine Unit 1
weil number pm-1 pme4 pm-5 pt-5 (] pt-9 N-13 pr-15 pr-19 W25 N-28 145
2nd Well Number pr-4 pr-2 pr-8*
Wellfieid
Major lons blavg | blavg | blavg | blavg | blLavg | blavg | bi_avg | bl_avg | bl_avg | b_avg | bl_avg | bl_avg | Average
cajeium Ca mo 147 15.3 18.5 8.2 12.7 13.0 9.5 13.2 14.0 87 17.3 76 12.5
magnesium Mg mal 35 a8 3.9 23 3.1 21 28 39 38 25 46 22 3.2
sodium Na mgfl 402.5 398.68 4000 | 4548 429.7 407.7 | 401.7 398.7 | 406.7 | 4023 | 410.7 423.3 4122
potassium K mo/l 12.8 1.8 11.8 15.4 11.3 13.4 10.8 11.1 123 128 121 14.9 12.5
carbonate cos mg/l 6.8 34 6.5 17.4 58 13.6 56 5.9 49 58 42 7.1 7.2
blearbonate HCO3 mafl 370.4 3733 3654 | 2050 334.7 368.0 314.7 361.7 | 348.7 | 306.7 | 37.7 3147 344
suffate S04 mg/l 355.7 | 354.2 355.5 | 330.5 365.3 351.7 358.3 3523 | 3813 | 360.3 383.7 365.7 356
chioride (=] mg/t 186.8 182.4 188.5 316.5 218.7 186.6 190.3 180.3 188.7 204.3 189.3 218.0 204
ammonium NH4 mafl 0.38 0.40 0.38 0.39 0.41 0.44 0.35 0.53 028 0.39 0.32 0.19 0.37
nitrtte NO2 mg/l 0.01 0.008 0.01 0.00 0.01 0.01 0.01 0.03 0.01 0.02 0.01 0.01 0.01
nitrate NO3 mo/l 0.04 0.04 0.03 0.04 0.08 .10 0.03 0.05 0.03 0.13 0.02 0.02 0.05
p fluoride r mo/t 063 0.63 0.63 0.75 0.74 0.66 0.73 0.69 0.69 0.70 0.68 o7 0.69
’ siica 8102 mgfl 13.2 13.3 12,0 11.4 18.8 16.1 20 16.7 17.2 29 17.9 18.5 16.7
Non-Metals
totat diszotved sofids TDS mgfl 1156 1148 1147 1302 1196 1178 1129 1137 1154 1126 173 1197 | 1170.2
conductivity (vmholem) Cond umho/emy 1897 1871 1889 2136 19684 1866 1674 1867 1994 1970 1980 1951 1948.8
atkafinity as C2CO3 Alx moh 310.3 309.5 3020 | 2791 283.7 323.9 267.3 3067 | 2040 | 2810 311.7 2700 293.3
PH (st unts) pH std. units § 822 8.16 8.15 8.54 8.56 8.60 857 8.55 8.47 860 8.43 868 8.5
Trace Metals
atuminum A mofl 0.10 0.10 0.10 n/a 0.10 0.15 0.10 0.10 0.10 0.10 0.10 0.10 0.10
arseniq As mgf 0.002 0.002 0.001 0.004 | 0.001 0.007 0.004 | 0.001 0.001 | 0.001 0.001 0.001 0.002
bartem Ba mg/l 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
boron B mafl 0.93 0.94 0.90 0.89 0.91 0.94 0.94 0.91 0.94 0.93 0.95 0.92 0.92
cadmium cd mgn 0.001 0.c01 0.001 0.001 0.010 0.002 0.010 0.010 0.010 0.010 0.010 0.010 0.008
chromium " cr mo/l 0.00 0.00 0.01 0.01 0.05 0.00 0.05 0.05 0.05 0.05 0.05 0.05 0.03
copper Cu mafl 0.01 0.01 0.10 0.01 0.01 0.01 0.01 0.01 0.01 0.0t 0.01 0.01 0.017
: Iron Fa mg/l 0.03 0.03 0.03 0.03 0.08 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.044
tead ) mafl 0.01 0.01 0.01 0.01 0.05 0.01 0.05 0.05 0.05 0.05 0.05 0.05 0.031
; manganess Mn moAl 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.011
i mercury Hg moil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001
motybdenum Mo mofl 0.02 0.02 0.02 0.01 0.10 0.05 0.10 0.10 0.10 0.10 0.10 0.10 0.069
nickel M mofl 0.01 0.01 0.01 0.01 0.05 0.02 0.05 0.05 0.05 0.05 0.05 0.05 0.034
selenhm Se mg/l 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 a.00 0,003
| vanadium v mofl 0.01 0.01 0.01 0.01 0.10 0.085 0.10 0.10 0.10 0.10 0.10 0.10 0.068
i ne Zn mofl 010 | 009 0.10 0.03 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.01 0.026
Radiometrio . , o
uranium naturad (mgs) U-nat mgfl 0.0511 -4 0.0152 | 0.0378 | 0.0870 | 0.1083 { 0.3040 | 0.2412 0.0558 00381 | 0.0348 | 0.0504 | 0.0727 0.092
radtum 228 (pCIT) Ra2z8  pCll | 1292; | 689.| 3334 | 4878 | 156.7 | 4204 | 568.3 185 | 2507 | 1482 71083 | 831 | 2297 |
_{__radfum 228 precision __Ra228 precis 48 - 3.6 9.0 | 121~ 46 - | - A47. ]| 89 40 ] 64 48 1 39 .1 34 ] 887"

Page 1




vr ] Lv 3 T [ Sc | 6L | YL | 461 | %¢ ¢ | 6 | ¢ (] [13 13 3 [§3 0% 01 o1 [{] ¥l [} [ (33 e Gorey e St )
o9ti ] Lert ] ovil | onl | 9TV | cent |omst] oval | ot | 0291 | owt f et ]| g | ezt L st | swm ] Tw | o o oor | tos | ver | 9ur 065 Tl | vl sy ol ez
9900 | 9000} 00 | 200 | LS00 | 9500 | 200} TSOD | #200 | 3000 | €500 | oV | €00 | TSOO olv Goo | 100 | $00 | W00 | 00 | 900 | €00 | *00 | 100 | 800 oY | Vo wen  (16m) e oaean
. Sy
10> 1 010] 010 | o810 | @rlD | OCID | e010| &X10 | ©210 | 01D | 0 | oElo| osto | oo wio o f oY ] W> | OO | W= w> 0> W> | 00> | TW00 {T6Z00T0>]| Vem w2 3
to> f10>] 10> ] 0> Jio>} 40> JW>| 0> 1 0> ] w>| w>{w] w | w 10> W | W> | W> | 0] = w> 10> 1> | 5001 W> 155100 Ve 4 L
Wo>{100>) 100> | W0> | 00> | Wo> jico>] 80> | 100> | o> | 0> | wo>| 160> | o> Wwo> 100> | 1000 | 00> | 00> " Wo> | 00> | W> | We> | Wo> |[Liricoos] e e L
W0>]10>] w> ] w> | 0> > |>] 0> 0>]w | w |w] w ]| w 10> w> | > | w0 | 0> L 0> | W> | 0> | W> | 0> ICTWge] we @ g
oo | eoo| 00§ 10> | 00 | @00  0DV] OO0 | o0 | ®ov | oo0 | o0 | oo | G0 w290 oW | 600 | G0 | woo L 0> 10> 1 | w00 «00 | SET0e> | VA ey —pqhice
W00 > [ TO00 > | TH00> | > | 5000 | 000> | 1ea0>] 000> ] T00> | 000> | W00> fZa0> | Too0> | TWo0> | Tooo> | tooo> § wooo> | o> | we00 o= | 000> | 000> | S000°> | M00> | 000> |ZIZoooo>| Vee By oo
ttoo| oo 1100 | o0 | o100 | owo | 6iwo| &0 | 800 | 400 | 00 | 0> | s000 | w00 8000 400 § £000 ] (000 | £00> L o> | s> | w> » 000 1§56TI00>) VMa  wx omunihmn
$00> | s0> ] $00> | $00> | SOO> | SUO> [ 60> | 00> | $00> | $00> | 500> | 600> | §00> | $0> 6000 s> 1 $00> | $00> | 00> w %> | $00> w> | s> Wo> |LEBoce>| Vas d pooy
o> | 0> | o> @> | 0> | > {oewoo] 0> | 0> | 0> | wo0 | @> | 0> | ©> 0> ©w> 0> | 0> | a0 w 0> 0> 0> | > K00 |L3irEun>] Vam  s3 wan
o> ] 10> 10> 16> w> W> | W>] B> 10> 10> > | W 10> 10> 10> 0> 10> 0> [ 1] L] w> > 10> $000 $000 | £ES6000>] Wme © sacddon
$00> | 00> | so0~ | 00> | $00> | S00> | $00> | S00> | 00> | 00> | £00> | 600> | $00> | $00> so0 > 00> | 00> | so0> | s L 00> | $00> | w | wo> | wo>r || s O P
100~ 100>} Wo> | 10> | 00| 10> | 0> 00> | 100> | 00> | 00> | 0> ] 100> | Wo> 10> 10> | 100> | Wo> | oo " W | Wo> 1 > | 0> | o> |§LEie] sa [ P
0060 | cos0| 60 | 0960 | 6260 | 60 | 60| GiBO | OLLO | &es0 | 0160 | ess0) ol6v | wesD 73] 0160 | 0060 | Ol | ot " 0001 | 0680 | 060 | Gus0 | GesO 77" we g -y
1> > 1> 1> 1> 1> 1> i> 1> t> > 1> 1 1> > 1> > | £ d > »m G000 | 0000 | G0 | 00 | 000 |LLeléD>]| 1w L g
o> wo>| tw>1] Wo> | Wo>} We> | Wo>] 800 | 00> | Wo> | 100> § Wo>| 10> | 10> wo> 100> | 100> | 00> | %00> L ®@o> | 00> Ww> | Wo> 1000 |SLEl00D>| W wy S
1> 1> 1> 1> 1> (R I £ 1> 1> > w ol > 1> 1 1> ®w | oo > > " 1> » = |l | e gy Sna—
ey sy,
9L [ o8 | L3 | 9N | Wit | &8 | oos ] 6L | Z£s | orn | 0% | 3] €3 | e [~ ] as | 13 ] €3 | 3 13 -4 T8 | U3 | wy 193 Iz P 1d (mam puc) ppd
oM T OLIC] OFPIE | O%OL | 080C | O3 | O6s | O | omoc | ovoc | OTUE | oCU¢| owof | o oW O | OWX | EB6Z | over } oz | oekx | otze | owx | ows | oz £olg e Ny £0OrD 2 Ansrcge
0661 | oz6T | Ses! | o9el | Bl | 681 | emB | wesl | L6t | wel | e | sell ] 281 | ouat sasl tasl | wvdt | G5Bl | o6kl | eo | oeat | 6) | ST | k6l | owel 681 0D (avaan) &
Sl eott ] ss0r § il § Tead | 4601 | saot | mmot | moir | eety | szul | ezt jesti] st | et st oftl | wit | w11 | so11 ot | o | oesnt | o2 | et | ot [7134 W SO spuos peajamp ma
Sy
<30 - 3 1 e ] vajia} se Lot | gL ] st v | s | STl e ] oesl | oIm | sw (134} orl o9l ol | orl ost et [ s [
w0 | 250 os0 | 250 | ss0 | 950 j o | e50 | o | o | @0 | o | s | s0 veo Do | wo | 50 | wo %0 60 | 0 | @wo | wo | 490 (L 0] s g opuony
1> Jcto] oo | 10 ] wo | oo | se0| 00 | 100 | W0> | o0 | w>]| oo | 100 100 @o | 109 | 10> " » [ 22 » | 24 10> 10> "o | s goN [
> ) 00} 000 | 200 ] 0] wo | wo| WO | 00 | WO | 0 | WO | G0 | W00 wo w> | 10> § 100> ] w> 10> 10> 0> 0o | > WO | voso0w>] B  ZON saan
gso|oro] 6o} €0 | b0 | o [0 | STO | O | O | O [ O] 10 | $r0 o oo | 60 | o0 | wo Lo oo 70 | &0 | R0 [ 2] [Tx'] v gy [
o6l | oost | oter | oust | owi | oct |ousl | oat | oTa | osel | ossl |ous| oek | ot o ous1 | ol ] ovsl § owsl | ous | sest | oesl | 1SIZ | oo | ok 31 e D spuonp
oscows]| omt | 005t | OLLC | onE | OX ) OLSE | OXVE | OWSE | O%C | 02T | Owrf | OB ot o | ot | ovsr | oo | otee | ousc | over | o1ec | ouvss | omsx L95€ s 9Op g
O6GST | 048 ) OCBE | OWE | OSLE | OFSC { OSOC | O'198 | OWE | OT9E | OVRE | OLGE | OWLL | O6ES oLt 0L | OL2E | TLSE | OBLE ; OLst | OBLE | oOvef | OWE | ouif | owt roLE Vea 000 SO
oo | o0 | o0 0o 00 oo | #0 | 0o 00 t44 oo oo | ov r 00 (1] [ €x | ou o5 o [1] 00 | ou ot '3 ] we g0 (SR
tnjsujoujea s joujenj | yfounjoorujsunf sugen 26 96 sot | Lu | osl o o3 oLl o8l | om ot ['g 44 Wa oy [~ ]
0280 ) OwsE | 056 | Ovor | ovel | 0%l | owsc| omas | ovsr | oust | 0use | ovr| o€ir | O3S (37 ows | ot | ovec | o6ir | our | DXy | ovir | Oer | GoOir | oL swr | wa wapos
r t44 r (44 144 (11 (3] E43 [ 23 (11 134 113 Tr ir L3 £ iy 133 (119 7 114 t14 61 b 6T ['2 3 W By Samccbe
ss1jovi| ost | 2wl J oo [ om Jeu ]| 2wt J Z01L | P01 | L J L] €01 | $W 991 19 | 51 | s | o1 ot o o et | ont oL (348 vl o
IR | R | R an BN | R Jan | 81K | LR | 9K SIN | ¥R | £IR 40 1ne oiR [, »m R " N " m m 1] odulasy %301 Jofeyg
06 | oowiv| Gowef | 6690 | 6 WY | i [ Grid] S8w0 | sewe | sradv ] apwer | arwo] emr | sesiv] speepr | sswO | seme | sewa| viaiv ] seemr | eew0 | e | dv | ceo | zroe | g6pp =q
rid | pud | pod | pad | ol | oad Jped | pud | pud | oud | gl Tl | o | o rod poi | pad | ool | pud o red ol rod | pud ol ad Ry e QNS
pod |red | pd | oped |oped | opond Jped | opetad §opesd | ped | pod [ remd | pwd | el yoad toad ) oped | orwd | opwd |ogead | opead |opaad | pend §opead | oped poaisd By M
T3] sy
1 . J | _ B I ] 1 ] ]




0:
T
o100

0>
0>
o>
0>
®oo
000>
Zloo
00 >
£0>
ol00
S0 >
%0 >
(73

s
o
06!
it

Iyt

1>

0>
oo
[ 11
08¢
oyt

T
01

e

000>,

(233
1oo

wio
0>
100>
10>

<o

| (1hd

[13

v
0>
0o
0>
K00

00>

1o
®0>
0>
w>
€00 >
10>
060
>
00>
1>

1ns

oots

11

[ 4]

1§ 99sg9egggzess

100

L

o0

0100

o>

[x}

00

o>
100>
0>

Wod>
1Hov
500>
0>
1>
00>
100>

»
>
»

0t
o
&l
3

[ 31]
0
o>
>

oval
oex
0

e
[ 31

£51
oIk

6100

[ 13
o>

0100
00>
0>
10>
£00>
o>
(2
[
100>
»

un

10>

ol

ol

@00

1>
100>

7”1

[} <4

[11

o

0>

L4

6100

w>»

>
30>
[ (1]

oo
10>
£00>
00>
0i30
1 £
100>
1>

(2]
oLic

ovi

491500°0>

SLB1I00O>

413

i

3
A
J

;
i
|

n

[ hiafilals |

FRETRERTIRENER iig FETRRERRERRIREEY W]

ofsufBgoEfp.g




m—

s ] 65 | i ] 69 [{} (13 or | SM | 9% | or 13 113 (1] vs [13 %) [33 Y3 5 ol (3] 06 [ g ——— g
o1 | Pk oL 00 | otk | Swwt | Ovst | OIS | OTr | OUSE [ 7714 el SR | LU | LX T9 | vk TesT 0¥ | 068l ol L a3 nd vy (WD) 923 wmps
€500 | 1200 | 00| 3100 | 600 | ¥00 | 8200 | K0V| 00 | WoO 200 09 | SWO | 200 | D0 ®@lo | oo | Lo o | Lo £500 5 Vs we) (16w)Eacec uaenn
SasEopey
o0 | 000 | 61101 0110 | 600 | 0600 | G300 | 000 | 00 | Ce0T 0600 ®I10 | 10 | 0910 | GElD 0510 [ 3] 10> 0> fito 10> | 565600 1w w2 ;s
0> ] 10> J0>) B> 10> 10>] 10> 0>) W | W 10> 0> 1 0> | W] W w> w> 10> w> | W w> W9 | e 4 [ Y
Wo> | 00> J 0> 0> | W0 | o> | wo> | wo>| wo> | wo> o> W 1 o>} Wo> | W0>] W> | Wo> ] wo> | wo> | wo> | wWo> |8r0looe>] Ve ag ———
wr| w>{w>]ie>]w ] wr] w |Jw|w]| w 10> wlw|w]w 0> w> 10> w> | 10> 0> we s W pa
SO0 | 00 | (00| &00 | 0600 | 000 | CEOD | OO} GDO | GO0 ®oo w> @Ry | ®oo } 00 ROV ®ov 000 0> 0> 009 1 18600 | V8= o pakow
T00%> | WOV K0} 00 | G000 | G0 | L000T> oa0TH] T00> § 20000 | 20000 | 20000 | 2000V> | T000w> | Tonw> | 20000> | 00T | 20000 | 20000 | W00 | 200> | §20000> | v i Aaauns
€000 | 4000 § L6000 9000 | £000 | £000 §} S000 | SVOO] SUO> | S00> 00 $000 § S0 | 0D | 00 00 { 0> 00> 00> | 00> 000 | Er1900°0>] Vs oA eamafme
o> | $00> {S00>] SO> | $00> | 0> | $00> | o> 800> | S00 $00> 00> | $00> { 00> | $00> $00> | $00> $00> 6000 | $00> 00> 19.y500'0>| Ve o peoy
23 £> > £ £> [ £ | 34 [ £ © £ > [ 2] © £ > £© © > > o 0800 §1SCTE0e>| Vo ol wan
1> 1 1> [ %4 1> " 1> 1> > 1> > t [ ¢3 12> " » > &3 &3 t> 1> o> w Sondiiny
80> | 00> J$00>] $00> 1 00> | $00> | 500> | 500>] $00> | 0> £00> 0> 1 s> | to0> | 00> 0> 00> £00> s00> | 00> 00> 009> P D MVORE
@oo | Wo> {0>] 60> | 0> | 100> | 00> ] €00) 00> | Ko> 100> 100> | 00> | 100> § 100> 00> 100> 100> Wo> | o> w> | $3l00'e> | e n )
ese | 60 | o260 040 | w60 | 0GSO | 0580 | usO| wiLO | eesD ®ro 60 | 060 | 060D | OIS0 | OI60 | G280 | QIO'1 | 0 | G260 | G580 10690 (L] ] g
[} > 1> 1> [ k4 » 1> "> i> 1> 1> 1> > t> [ kg 1> 1> 1> 1> 1> |23 10> pau g [~
Wo> | Wo> | WO>| o> | o> | 100> | 100> | 0> WO | 100> 100> 100> { o> | Wo> | Wo> 100> > 100> W0o> § wo> 200 | 9Pr1o0e> | 1van » e
wliejieliejie |t ] 10 1] 1o | 1> “w o | e | 1 | 1o 1 1% w w "w L 1% van gy wnm—
S suly
w3 MWL || 93 Y3 i ] e | %L | 23 s 08 903 we 3] b ] 903 03 L4 ] oS [ 4] ”3 SIg jpommps 1 (wnm ps) 1
oM | OLIS [ O91C ) O0IL | O30f | 09X | OOC | O6sC | OOIE | O20€ 00Ig Ok ] OBX | 0% | O3 [} [} 3 [ ¥7 fWE | 03 0w oot o wy £OOrD & Aanneyys
«dl | o6t | w6l ] sl 081 (-2 1} L981 | o1 § €6t 1261 2051 seat el sl alst 061 (711} << 1) 96t 38l ozet <14 wogan puod) )&
*sul o1 &g el ®il [~} ot | estt | octi T il %l il ol -4 43 woll [ 11} ol oLt 9£T1 ol L1 e g1 SPHOS PRAKEMD P
SRSpoN
L] e jrr] 0 ol by 4 L £4} 86 £o1 f 241 14} 24 24 t £4] a1 <} f& 4] on 601 su it o s zotg s
we|{ Do o] w0 | 90 | wo | wo | o] w0 | oo ”0 190 | o0 »wo | oo 790 uv° £90 ue § so v [+ ) ous F spuony
we | L0 | WO | WO 100 00 00 1o j w> 0> 10> 1> 0o 0o 10> 10> 200 10> $00 0> w> £00°0> e goN Sz
w> | 0 | @0 | WO oo [ 100 wo ] W00 0o 100 0o 0o 0o [ 1 10> w> K> 000 000 100> 900> wa 20N spom
e} §r0 | 0> | 900 <2 o0 60 | or0 | O f 1] g o0 o0 24 wo oo oY sio D0 10> "o 18> [ ] LT
izt | oLl [osll] 0001 | ONLY | OGLI | OGLl | OGLI] QW61 | o6l 0081 ouwl | ol | ofLl | o8t ot [} ] 061 oK | O [ 131 $981 [ © spuoRp
ont] otet JOwsE] OUC | OLE | OvSS | OB9E | OovE | oL | Owe 009 orsE | ouor | oL | 00 [ 2134 oL owt 06t | Ovs (1241 [ 33 wa g NyEs
ot | ot | one} ons | ows | o6&t | ozLe | owse] Ot | oSt (1713 oree | OME [ 00 | OUE ot | oust ST og | OTNC [g313 +99f [ e ] QRN
[ &0 (44 ] 00 oo o0 00 00 (14 (2] 00 (1] 34 090 00 00 00 1] 06l " £y [ o 7+ ~] LT
oul Lun | su | | x4 {21 [41] [ 4] il il Lu &u 2 ot ot 6 20t (13} f 4] (31} f 1] ot 4 ¢ {s b1 L]
oMl | 0665 JOSEE] O0SE 1 O/or | OWSE | 066 | O0GE | 086 | OBGE os6E w6l | OLIr | ON6S | O'%6S 096t osor oo ovr | owor o6ir Ovor Pln L\ wnpos
| 4 Ir 134 ”r ir €t 1y [ 14 Tr [13 ir (19 iy Iy o [41 23 1 41 [13 [} 6% Nt [L_ . [
nmjeajsniy s | m 81 | v ] st [ 73] [ £ 09l oLl M oz 21 %! ol 1 orl 86 |34 Wa w [
gR ek Jean]sin | am ok | sIk [ne] an | UR U Ok | & MW | ] ™ 1] " m N | aSzaay oy Joispy
e | oy fosmi) o0 | ermy | eewiv ] aropd [arvO] sepy | sewiv ]| spwr | w0 e | ariv st | sewO | samr | coee | sevon| sewon | sewon | gsmp -
Em g QN
god | owd foud | gud | gomd | qwd | goad | pmd | owd | pud $-ud gted | gumd | gwd | gand | gl | poed | ogund | oed | qud | gud g-ud SeREnN 119N
- [ RE T
o ] ] ] ] ] ] ] )| i ] ] ]



1

% | ©c ] Or | 6L | L [ svr ] o5 (13 /a3 v | 4v ] e° T S | 66 | o6 [ T 43—
95 owr | 0K | ous | osx | oler | Oous | o9 | Pl 0661 | oost | ot | LwsE Ous | o9 ok | Teor | gLor | VM sTvi (06)orz emmpm
we &Z0 | &0 | »ro | w20 | soco| osto | o | 9050 «o0 | wiv | oitv | golv GO0 | €oID | 3200 | W00 | L800 | W wen (1) e wrean
benmn o |
#5100 }- 1] w> | 0> | moo| s> | s000 {995K09> G0 | oWV | 0100 | €109 we | oo | &0 | oo S8 | = w2 oz
o [0 ) oo | 000 | 1> | K00 | o0 | SERIOS> e | v | e | 15> we | e | e | e We | Wa 4 ampeaA
100> 0> woo | wo> | w> | wo> | wo> | Lesten> o | wow | Wwow | 1o W% | 10w | Wow | 0w | 10> | Ve eg .
[~ 1 w> w> | w> | 0> | 00>] 0> |eSioe we | 0o | 0w | o we | we | e | we We | e W —pe
v woo owo | w> | 1> | swo | 000 jiLeree> te | e | 1w | e @00 | 000 | ewo | 00 | Clo0 | Mim ey wm—pgijown
100'%> [+ 0> | 2000> | 6000>| 1000> | W00> | ToOGY> we | we | W | 1 000> | 000> [ T0000>| W00T> | Tooge» | Mm sy Amopm
we o> 200 | 0> § 10>} 1> | o003 |EECIZoG> we | e | e | We 0w | 000 ] we | e | poe | e ax ool
S0 > 0> 1 00> | 00| 00> | 0> JEERPOGG> ®w | 0o | 0 | S0 %0 | 5000 | 5000> | s000> | Soov> | MW gz ey
o> 1#0v w00 | 0> | 0> | s0> | o200 [L9isvow> 2w | 0o | 0 | g o | ow | o | oo we | e ey wa
we L10e W> | 0> | 10> ] 6000 | %000 | EE600%> 0w | we | wes | 10w we | we | e | e We | e o Sddoo
> | S0 0> ®0> | 500> § we | W0> | WO> | $E00Y ow | 00 | o> | Sgo> S0V | 4000 | S0 | S0 | S0 | e » Sm——axp
0 100> K>t o> [ > | 100> | 160> | SCT000> W | 0o | e | I W | Ko | Woo | woe | J00w> | 1w —“pe
1669 14} @0t | o0 |60 ] oo | 0650 | pvew oso | om0 | o160 | Lose ol | wso | 50| oo | Geg0 | Ve g wowq
e 1> 1> t> t1>| 1> {oto]| Tg e {1 | 1w | e e | e | e 1o 1% W g nmamg
009 000> $000> | fwoo> | too> | o000 | w100 | o0 W | oo | koo | tooe> 000> | 1000> | 100> | 000 | SEO00> | Wam ey Stasst
o> oclo V| 1> 10> | eoto| w | orlg e 1w | 1o | 1o L w w w (7 oy o
ey seu)
53 or | 9% | %Ky &2 | | oes | B 09s sy | o3| oo | 9% % | B3| e | uw 158 jonys }d (mmm ps) 3¢
¥/l OWL | O9cf | OMX | oolf Jowee] ovet | ozt | efIL 0US ) O | ofLs | LeRe otk | et § ooz | vms: el | 1sm v £00%D ™ Lnnpexy
riat a1 | o6l | okt | est [osst | ozat | oSt | 9eel 0 | s | wsl | vesl wet | Wl | oz | e 9EIT oy &
(24t of1L | sait ookt | ssu ool ekt | et | sLET s | o1 | &1 | weln un | w2 | on | et wet W GQL spwor paaps fuoy
eyvon
[y-4 ost | ot | ost | ot Jorx| ow1 | om; 191 o | s | o6l | g% on | su | 1ol 1 ww g 5
©e o { «wv | wo | owo | atv ] wo | e 999 wo | wo | 0 | oLe wo | ao | o | wo SL0 a g apuony
v 1o | 1> | oo ] 1t | 1o | w0 | o 133 e | We | §10 | K 0o | wo | wo | o 00 im  oN —am
W0 oo | 100> | 0o | we | we ] 0w | e | 10 we | e | e | e W | Wow | Wo | w0 | Igow> | Ve  zon oo
oo o] Ko | sio| wo | o] w0 | O ] 0 | o | %0 | W Z0 | 850 | 450 | sf0 60 | 1w eHN [~ Y
o6l o%el | o185 | ovet | oust § swi | ovsl | ovél | wwgl oux | ows | o | L9 oviz jowcf osec | ouc | svic | vim p spuiopp
80 oser | ot | ouet | ouse | oust| ovit | osex | L7NSC oust | oest | oat | £esc owt ot oo | ont | seer | 1w vog sy
Lris o | 019f | oust | osei | oals| ovst | oust | ouse osve | o9EL | o | L¥EY LU | svis | OBC | 966 | OWOE | w  fOOH oG
”75 o | os1 | oM > ] oou | o {374 A 2 tr 9% s” | ¥vs | o | 9ul it W g0 oo
vl o | oct [ost ] osi Jou]| oct | on1 rer su | on | oun | enn ™M § st | ool trl 5! Wae oy unmesiod
L3er ovir ] our | ovr | ovor } owr| Ouvst | Osr | Liop oar | ooer | o0tr | s or | osr | OUr | Ocor | gyor | vem ey Pom—
x4 [ 4 6l 14 91 o} T [ 14 ¥ 4 FA+ ot ”~ It 97 3 ot *1 x4 Vo Sy [
(13 ounjoot jozi] ot jom} os1 | ou [y wtjon | o] ol v oL L3 e Ve —peo
m 1.?5. Mmoo, Ml mim]| W 1R | sSusay -] wm 1R |o3ssaay " m m | sy o] 2o
06weN] sty | yemr | orwo | simr | oreiv] groer | Tree| pgeady Ogremp | 06wl | 060 | pémaap oo | SewoR | 3won | S5woN | gg-aaq] mg
gl | po | opal | gul gl | g | gl gad ted | zvd | 2w ™™ ~ad SRyl TPM NS
£1-11 ¢ | 6od | oo | 60 | o | 6 | o & 1 | o | o | on3 s | g | o s g-ud anquang] I
1) sujiy
] ] . ) IS . ] ] | ] 1 | ] ] ]



|

-
oy
p—
1
py
—
—
ey
oy
s
——
—
--}
gy
|
i

\line Unit 1

Well Nomber 1313 13 | g3 | ks preiS| pets | pnts | s ﬁ o | 9 pel9 | prl® 1-235 | u2s | DS | B2 1318
IND Well Number
Due Nov-90 | 008 | Nowso | Nowso Now.90| Oct90 | Nowsd | Newso New90] Oct90 | Now90 | Nows0 Nov-90] On98 | Newsd | Nowoo Now-90] Oar.p0
Msjor lons Averzge | /] 3 A |1 w2 ] A il w2 <] >¢1L ] W o A
caloium Ca owl 9.5 10 79 9.5 133 59 160 | f1s 149 140 120 | Ko 87 e | st e 173
oy Mg ol 3 30 22 3l kX ] 30 41 v i 18 17 42 23 28 20 28 46
soddivm Ne  my 401.7 2050 | <100 | woo J9T| 030 | 400 | me 408.7 | 4100 4100 | @00 4023 | w080 | s108 | 70 4107
ot X 10.6 1.0 10 | 97 1.1 100 1o | o3 123 130 120 | 120 128 | 130 | 130 § 123 12.1
earboneee CO3  mwi 56 41 74 52 59 50 71 7 49 13 [ 48 53 40 « 3 42
Decarbonate O3 myl | 3147 330 | 260 | NS0 3607 | 3600 | 3610 | e 37| 10 3490 | w80 3067 {10 | 7m0 | 20 ny
suifary SO4 gt 3583 3580 | 3680 | 3010 3523 | 3570 | 1520 | 3me Il 0 3620 | 3520 3603 | 3670 | smo0 { 30 Qa7
chionds A oyl 1903 1990 | 1930 | 1990 1803 | 1960 | 170 | (™o 1917 | 1910 1960 | 1990 2043 | e | 30 | 970 1893
amrorsan NHA  mwt 038 037 037 | o as3 | an 04 | B azs a3 02 | o 039 | a2 | ass | a> 032
navie NOZ oyl 0.0 <00t | <001 | <00t <«0,033{ <00t 005 | ass an <001 <ot | ot [<0.0164 <00t | <01 ] a0 <A
L NO3 mgl <0.03 008 a02 | <ot . 0.0% 0.04 009 | om o 002 003 | aos @13 | o33 | o002 | cos <40
fluonde L a3 0 | o2 | om 06| o | a7 | am () 059 073 | a3 070 | o6t | o | am a8
mlics Si02 awl 20 19.7 37 | A7 167 150 12 | N 172 1.2 136 | W7 29| a2 | 37 |2 17.9
Non-Metals
wenl dmsolved solids TDS  mg 1129 e | s | oux 11371 u» | us | na |- 115¢ 1136 42 | nes 1126 | nw | nun | us un
conducevity (ambarors)  Cond umhavcey 1974 014 1903 | 08 1867 | 17® 1939 | ey 19%4 0% 1962 | 1998 1970 | e | 191 | 19D 1980
Alkakinaty 28 C2003 Ak el 2673 280 | 2370 | 2570 3067 | 3040 | 3080 | ¥mo 240} 930 310 | 320 261.0 | 200 | 370 | M0 nL?
pH (sed umns) pH ndume 857 Tt 73 | s 858 | 38 683 | 18 847 83t 16 | a8 260 | 283 | 367 | s 343
Traes Metals
shuremen Al myl <01 al «at | @1 <A1 <«@.1 al | e <l <ot <0t | al 1| a1 | at | <1 <Al
arvems Ay mel 0.004 0008 | 0008 | 0004 <@001| <0001 | <000t | <aeot <00 acot <000 | a0 «0,001 | <oom | caom | aooy «<0.001 | <0001
L Ba ol .l @t <«as | @t <Al <0y <«@at | a1 <4} @l <01 | a) Al ] al | ar | <« <l
boren B ool 4937 arm | a9m | a9y a90 | asw | oo | Lme a3 | a0 09% | 1000 8.933 | os0s | aym | asw a9s3
cadewn Gl mel | A01 <00l | @0l | «anr <B01] <00t | <001 | am €001| <0t o0 | ot @0 | o0 | on | o0 <061
dvomeaum e mpt ] <08 | wo0s | <008 | <aos <005| 003 | <«a0s | aes ans| <«o0s | <00y | mos <005 | <00 | -a0s | <a0s 008} «
aopper Ca o | <001 <001 | <001 | «aot a0l | <0 | w0 | an A0l <00t <001 | <008 <001 | a0t | w0t | o0 <001 |
wen Fe ol 4,08 <008 | <00s | <008 ol <003 | 000 | «wes <005 o8 03 | @os <005 | «aos | aos | «aos A0S
tond P mgt | <008 <008 | <008 | 009 «003] <08 | <003 | @ 005! <005 <008 | @0 <005 | «os | a0s | <o <0.05
engmnese Mn gt «0,0t @0 | <ot | <oy 6013 a2 | coto | ame a0 <0t 00 | a0 <001 | o0t | @01 | <o 01
mevewy Hge omgl| <0001 | <00m | o0t | dom <BD001| 00m | <000 | ment «A001] <o | <o | HoM <0001 | <aom | oo | oo <A.001]{ oom
slytriaman Mo wpi a1 at ap | e <A1 <l @l | et <l @t ot | et A1 | a1 | at | a1 <}
nake) M o 0,08 @03 | <008 | <08 «005| <008 | aos | wes A0S | <aos <009 | axos <008 | 005 | w0t | a0 <a.ps
suleren S¢ mgl | <0001 | o0l | <noot | oot «8.001] <000t | «00f | ent «Q001| <00 | <aom | w00t «0.001 | <200y | coom | o «<,001{ <000t
vessdiem V. omt| <A} @l | a1 | e 1| @it | @1 | @ 1 Ql al | @ Al | a1 | a1 | = g
e Zn ot | <0133 | a0 | <00t | 0010 <B02] <ot | oo | aete @ @0 010 | aot0 ame | @an | an a7
Radiomewiq
vt (mgl) Ues oyl | 0241 alos | a2ms | a2t 6.056| 0034 | 00™ | oese ame | aos 02 | oes 0.035 | oos | ao2s | ocon 005
rnaenINEC) RS pCit | 5663 | 40 | «30 | 20 IRS | 287 156 | w1 30.7] 0 | 240 | 50 1482 | =0 | s | 1270 1023
s 0promeen__ Razpeome | 89 ) 120 | 7e | vo 1o ] 1y | e ] 1e L& |67 | 63 | 53 L 45 | o ) 37 | 3¢ Bt




i

{3 ;3 X3 &3 (=27
oSt | o5 | vs by} i osawi  (1d)
00 | 900 | 0500 €40 VA wo)  (16w) paEeo Wasmn
naswoTy
we | we | e e s W s
144 > 1 ) &3 Vi A [
e | Wwow | W | g |{ W w —op
oo | e | v S0 | We W —pw
1w | e 1% 1o we e wmanlon
Wwoe | we | woe | o | e By hmope
we | we | vo We | wa  way L]
©0e | 0 | 0> $0'9> s g3 ]
0% | 500> | S0t Soe | e ey wan
oo | o | wos We |Was Backios
o | w0 | sow S0 | e o SmaORp
we | we | e o> Lo -] wwape
G40 | 640 | olso (V741 (L ] L]
|1 | e o> 2 -——
100 | 00> | 000> | 100> | em  w omaen
e | 1 | 1 1§ wa gy - wam—_—t
ey
s | o3| w §98 P 3 (wmn ps) 1
o | ot | 0wz 00T | v xv 0N 88 Lvorreyyr
el | X | oost 1561 n puod) Apansey
wa | o | oau 7444 VB SCL  wpaos peap eoh
SN
m |z ] m 1} Vau  zomg L
ue | «v t90 e (L] a puony
we | oo Wo | .9910C>) a  gOR wan
we | e | W 109> s ZOR sunm
o | K0 | €0 | £LéT9> | MW yHN WK
owt l oz | omwe 08Iz | W o puoRp
ot | oust | owee LS9C | Ve 905 L]
OB | 000 | 06 | LPIE | Vs £OOH L]
Ly ré £9 L Vs 00 [T )
su | on on (344 [ | wmesmod
ooty | Ot oy [y iy sa N wawpos
11 4] 4] a4 e e
it} sy 6y 9L e —_e
R m R | aSusaay 9001 Jolep
05voR | 0ol 050 | Qgaop wa
BEmi A QNS
) | S § sl Sr=11 2eoumy] 1A




|-

CROW BUTTE RESOURCES, INC.

X
jv. %ﬂg

Appendix 3

Mine Unit 1 Post-Mining
Water Quality Sampling Results
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Report Dater 04~26-94
ELI #(s): 94:8712-873

MAJOR IONS mg:

Calclem
Magnestem
Sodism
Potassiom
Carbonate
Bleartonate
Sullate
Chlotide
Ammnonlym
Nitrite
Nitrate
Fluoride
Silies
TDS @ 1%0C
Cond (ymbo/em)
Alkalinity
pH (urlts)

TRACE METALS mp/t:
Aluminem
Arsenle
Batium
Boroa
Cadmivm
Chromium
Copper

Iron

Lead
Msaganese
Meteury
Molybdentm
Nickel
Seleniem
Vansdivm

. Ziae

RADIOMETRIC:

Usranfem
Ra226

METIIOD

EPA-200.7
EPA-200.7
EPA-200.7
EPA-258.1
EPA-310.1
EPA-310.1
EPA~378.3
EPA-325.3
EPA-350.1
EPA-354.1
EPA-1353.2
EPA-340.2
EPA-200.7
EPA-160.1
EPA-120.1
EPA-310.1
EPA-150.1

EPA-200.7
EPA-206.3
EPA~-200.7
EPA-200.7
EPA-200.7
EPA-~200.7
EPA-200.7
EPA-~-200.7
EPA-235.2
EPA-200.7
EPA-245.2
EPA-200.7
EPA-~-200.7
EPA-2703
EPA-200.7
EPA-200.7

METHOD

EPA-908.1
EPA-903.0

Dup #1
L 3

100
100
104
100
100
100
4]

98

92

100
100
108
102
100
100
100
100

100
109
100
103
100
100
100
100
100
100
100
100
100
100
99

100

Dup #1
1 ]

126
86

Duwp #2

%

%

USEPA-ESML-LV INTERCOMPARISON STUDY RESULTS

Radlometric
Uraniem
Re226
Ra228
QGross Alphks
Qross Beta

Method
EPA-%08.1
EPA~903.1
EPA-904.1
EPA-900.0
EPA-500.0

ELI Value

20.73
15.23
16.13
16.00
19.00

1_ Report Approved By: m L
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wla 94:8712-8723

Dup #2

Staadard

25.30
14.90
20.40
20.00
15.00

Ferret Exploration of Nebraska, Ine.

Spk #1
L

100
100
104
100
100
100
98
101
9t
1]
97
100
104

&0
98
103
100
94
93
9s
100
107
101
106
98
92
1o
101
100

Spk #1
”®

123
97

Ditferesce
~4.57
033
~4.27
-4.00
4900

Spk #2
%

Spk #2

%

ANALYST

PO
FO
PO
PO
RK
RK
RK
RR
RK
RK
RK
DC
cr
RCB
RCB
RK
RK

crp
FO
cr
(o 4
CP
CP
cr
CP
CcP
cp
FO
cr
CpP
PO
cP
Ccp

ARALYST

DB
DB

Analyst
DB
DB
DB
DB
DB

DATE
SAMPLE
ANALYZED
03-31-94
03-31-94
03-31-94
03-31-%4
03-28-9¢4
03-28-94
03-29-94
03~-30-94
04-05-94
04~04-9¢
04-01-94
03-30-9%4
04-01-94
03-31~-94
03-30-94
03-28-94
03-28 -9

04-01-94
08-06-94
ol-11-04
04-11-%¢
04~11-94
04-11-54
04-11-54
Ct-11-54
04-11-9¢
04-11-94
03~28-64'
04-01-54
04~01-94
04-07-93
04-01-9¢
04-01-84

DATE
SAMPLE

ANALYZED

03-30-94
04-05-94

Date
08-13-93
09--17-93
09-17-93
10~-29-93
10-29-93
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Appendix 4

Affect of Groundwater Transfer on Selected Parameters




Periodic Water Analysis
of Selected Wells in Mine Unit 1

Page 1 ol 1

1 Chioride Analysis (mg/l)
i
i | Sample Well
Date_ | JZEPA (SRTIE] —Wasp-z ] FREZ |2 K15 FRIB-1__ | Average
Basefine 204 189 218 167 180 189 165
. 03724184 594 618 607 €03 603 §90 €03
. |oTrRess 586 596 556 467 524 560 8§57
— 110/19/94 506 525 483 51¢ . 485 512 508
05/11/95 456 495 440 503 417 488 483
N
Sulfate Analysls (mg/l)
i | Sample Well ‘
] bate | 1I3EP-1 RFIEE] JAsF-2 | FPRE-Z PR 181 PR10-1____ | Average
aseline 360 364 366 352 352 361 359
| 03724/94 1,119 1,112 1,134 1,115 1115 1,283 1,146
07/06/84 1,333 1,181 1414 1,007 1117 1,361 1,237
10/18/04 1,139 1,148 1,086 1,118 1,088 1,148 1,121
05/11/95 953 1,042 873 1,055 838 057 953
|
- Sodium Analyslis {mg/l)
{ [Sample 7] 58 1 S
| | pate_|—wsrs B2 DUFE | —FPREI FRIET 3 Average |
aseline 402 411 423 408 389 407 408
03/24/94 1177 1,182 1,126 1,144 1.172 1,083 1,147
-07/06/34 1,308 1,260 1,276 070 1.199 1477 1,200
10/19/94 1,133 1477 1,122 1,133 1472 1,128 1,144
—105/11/85 1,012 1,111 962 1,100 852 1,243 ‘ 1.053
— Conductivity Analys!s {umhos/cm)
Sample Well
Dalpa DR E 1) D 11325] W2 —PREZ PRAST 1 PICIS-1_ JAverage)
._]Baseling 670 680 1,851 1,868 1,867 1594 1838
03/24/04 5807 6,025 5916 5818 §,940 5818 5,688
07/06/04 5,800 5630 5,760 4,750 5170 5470 5430
10/19/04 5,140 5,340 4580 5,130 5,090 5110 5,132
t _[05/11/85 4510 4,900 4,290 4,880 4,160 4,690 4572
- Atkalinity Analysis (mgfl)
Sample —___Well
Date 1 28PA [AFITE] U 5P-2 PRS2 R161 PRI9- Average |
| Basefine 261 312 270 324 307 294 285
03724194 911 989 905 €59 959 786 018
107706194 920 848 840 780 880 770 856
10/19/04 825 880 800 800 850 788 824
05/14/85 739 810 700 780 700 780 753
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CROW BUTTE RESOURCES, INC.

Appendix 5

Cohductivity Indicator Data




well sumber m pr8 miia pris w7 p? 2
date of sample (end of intizl restorntion) 2-Mor-96 11-Apr-96 2-May-96 7-Feb-96 19-Sep-95 S-Dec-96 22.Mav-97
NDEQ
Major lons Strnderd
calcivm Ca me 128 2.7 142 16 183 19.1 16.5 139
magnesium Mg meA 32 67 37 43 H 57 46 42
sodtum Na me 4120 402 21 308 352 13 344 306
potessivm K meft 123 146 95 111 127 124 s 98
earbonste co3 me/l 0 [ 0 0 [ 0 [] 0
bicarbounste RCO3 meA 585 20 298 31 310 366 i 354
suifate SO4 mefl 375 309 201 47 242 3 m 2
chioride Qa meft 250 256 163 180 236 200 123 12
smmoniom NH4 meil 10 <0.05 <0.08 <005 <005 ol 0.09 005
witrite NO2 mefl <0.10 <0.10 <0.10 <0.10 <10 <0.10 <010
nitrate NO3 mefl 10 (¥ 093 09 0.2 046 <0.10 210
fleoride | 4 mefl 4 1.02 087 a93 o 013 a9 a93
sitlen Si02 meft 15.5 13.3 174 136 18.7 175 162
Noa-Metels
totel (Hesolved solids m™s met 1n” naz 244 963 1066 1040 1016 906
coaductivity (wmbo/cm) Cond umho/cm 112 013 [ 274] 1558 1860 1754 170 120
alkafinity »3 C2CO3 Alk mel 344 24 m 254 300 314 290
pH (std units) [ std, units [£2.§ ] 187 197 2.84 818 1.7 196 301
Trace Metals
slwmiswm A mefl <10 .10 0,10 «<0.10 <0.10 <0.10 «<0.10
srvenie As mel 0.05 0034 0.029 0046 0.039 0.0%3 0.066 8033
bariem Ba mp 1 <0.10 <0.10 .10 «<0.10 <0.10 <0.10 <0.10
beren B me/t 0.69 0.67 068 084 065 067 0s?
ecadmiem Ccd mN oo <001 «0.01 <0.01 <001 .01 <00t <an
chromivm Cr meAl <0.05 <0.05 <0.0% «<0.05 <0.05 «<0.05 <005
copper Cn meA 1 <001 «<0.01 0.0 <0.01 <001 <001 a0t
irom Fe me 03 <005 <0,05 <0.05 <0.05 «<0.05 <0.05 <0.05
tead [ 4] meNl 0.08 <0.05 <0.05 <0.05 <0.03 <005 <005 <005
mangenese Ma meft 0.05 001 0.01 ’ 001 0.01 a02 002 00!
merenry Hg mel 0.002 <0001 <0001 <0001 <0001 .001 <0.001 <001
molybdenum Me mel 1 0.16 a2 o.11 ois 017 017 a2
Taa. ] et 015 <008 <0.08 <0.08 <0.08 0,08 <008 <008
seleniem Se mgfl 0.01 0.061 0.014 0018 0.021 0.022 0.009 ao1é
vanadium v meft 02 093 [ %] 0.66 0.75 0.52 054 [}¢}
Hee 2a mel 5 [.3}} 0.05 0.05 0.08 001 <0.01 <aot
Radiometrie
wranivm ssturst (meA) U-nat mA s L433 2361 1.509 0923 1981 474 258
_I&-B 226 (pCIN) Re-226 pCiA 584 35 66 08 563 127 m 263
radium 226 precision Re-226 precision 5.4 23 3.2 22 3.1 5.1 52
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MAILING: PO.BOX 3258 «
E-mail: energy@trib.com » FAX: (307) 234-1639 « PHONE: (307) 235-0515 « TOLL FREE: (886) 235-0515

ENERGY LABORATORIES, INC.
SHIPPING: 2393 SALT CREEK HIGHWAY

* CASPER, WY 82601
CASPER, WY 82602

LARORATORY ANALYSIS REPORT . CROW RUTTE. RESOURCES

uer 3 156 [ [
Round § Rownd 3 Rovad § Round 4 Round $
9316097 9930350 99-24339 $3-20347 99-30543
Weter Weter Water . Water . Waler
02-19-93 03-13-99 01.18-99 95-20-99 . 85.17.99
Msrch 13, 1999 Apstt 12, 1999 Mey ¢, 1999 Juee 8, 1959 July 8, 1999
. April 1S, 1999 . J 2
Units | Reporting Limit Resshs Resulty Results Results Results - Hejtlts .
Ca mefl 1.0 16.7 15,8 159 19.0 18.2 13.0
Mg wefL 1.0 [ [X] 3.0 5.0 48 34
Ns mell. 1.0 M7 354 333 243 352 383
K myrl 1.0 1.y [1X] 119 2.2 13.6 1.0
€0, mgL 1.0 < 1.0 <10 < 1.0 [X] s.2 64
11CO, me/l. 1.0 « a1) 31 4 [ 438
S0, mg/L 1.0 23 13 M2 m m 323
(=] [ 10 1 126 10 129 18 126
Nit, mg/l . 0.03 0.08 0.03 0.14 < 0.03 0.13 0.15
NO, me/L 0.10 < 810 < 0.10 < 0.10 < 0.10 < 0.0 < 8.10
NO, + NO,| merl. 0.10 < 0.10 < .10 < 0.10 < 0.10 < 0.10 < 0.10
P mg/l 0.10 0.61 0.64 0.69 0.70 [X]] .80
$10, mg/L 1.0 15.3 [1X] 16.4 176 15.6 14.4
R - Hon-Metali ]
Tuta? Dissolved Solids @ 180°C 18 g/l 2.0 1040 1030 1080 1080 1120 1060
Conductivity pmbwidcm) 1.0 1720 1240 1730 1780 1730 1800
ARkatinity €00, | wet 1.0 336 247 330 9 362 353
pit sid, unio 0.10 8.08 8.18 1] .37 [X3) 8.41
; 2 Teace Melals .
Atmimam Al merl, 0.10 <010 < 8.10 < 010 < f.10 < 0.10 < 0.10
JAssenic As wgil. 0.001 0.003 8.003 0.003 0.002 ©.002 €.001
[Bukim Bs g/l .10 < 0.10 < 8.10 < 0.10 < 0.10 < 0.10 < 0.10
Burun s me/L 0.10 0.44 ©.4) 0.30 0.45 0.44 0.94
[Cadmivm cd gt 0.003 < 0008 < 0.008 < 0.003 < 0.003 < 0.003 < §.005
[Chramivm Cr meft, 9.03 < 0.03 < 0.03 < 0.05 < 0.08 < 0.08 < 0.03
[Copper Cu me/l [T < 00t < 00) < 0.0 < 0.0 < 0.01 < 0.01
tron Fe el 0.01 0.0 < 0.01 0.01 < 0.0 0.0 0.01
{Lent ™ mpfl. 0.0 <001 < .01 < 0.01 < 0.0 < 0.0 < 0.01
[Manganese Mn wenl. 0.0 0.01 8.0 0.01 0.0 0.0t .01
Mercmy " mefl, 0.001 < 000 < 8.001 < 0.001 < 0.0m < 0.001 < 9.00
IMotybdenum Mo el 00! < 0.03° <00 0.0 0.0 0.03 0.03
[recker N mell 0.0! < 0.0 < 0.0) < 0.0 < 8.01 < 0.0 < 9.0
ISelentum Se we/l 0.001 0 o0 0.001 0.002 0.001 0.003 0.003
[Vanadium v mefl 00l 0.0 001 0.0 .01 0.0 0.0
|z In wel. 0.01 < 0.01 < 001 < 00! 0.0? < 8.0 < 0.01
Lo o0 Radlomietrks
{Urantum "y e/l 0 0003 0.208 0129 0.343 0.269 0.M47 0.014
Radtom 226 Wy pCVL 0.1 1”7 [0 124 [F1] 130 143
[Radium Ertee Estimme $ EX [X] 34 3.6 3.3 3.7
Quiality Assvrance Data Torget Rauge
ey 1.2 12.30 18 06 1773 18.09 12.69
wey 16.61 12.04 11.06 16.70 16.98 17.03
[WYDEQ A/C Balarce % 5-48 -1.80 0.76 -2.84 -3.07 -3.93 -1.73
Cak TDS me/l ) 1058 1 110t 1078 1096 1080
TDS AXC Balarce e, % 080-1.20 0.98 [X] 0.9 1.00 1.02 0.98
SMolyhdenum was aualyzed st 2 dewcution Hmit of @ 05t this Rewnd
ws] ereporsicHents 9 row_butthavehine pestrathmtijgt 19897 ake Log I Nn, 34403
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SHIPPING: 2393 SALT CREEK HIGHWAY e« CASPER, WY 82601
MAILING: P.O.BOX 3258 * CASPER, WY 82602
= E-mall: energy@trib.com ¢ FAX: (307) 234-1639 « PHONE: (307) 235-0515 » TOLL FREE: (888) 235-0515
]
—
LARORATORY ANALYSIS REPORT - CROW BUTTE RESOURCES
PR-1$ TR-1S FR-1S FR-t§ ___PRAS
Rownd § Rotnd 3 . Reund 3 Réund 4 Round § .
9916100 95-20859 9324261 9238321 $5.30843
Waler Water Waler Water Water
92-19.99 03-18.99 31599 ©3-20-95 851799
March 12,1999 | Aprit 12, 1999 AMay 6, 1999 June 8, 1999 July 8, 1999
Apilt 13, 1999 . . .
._§ Units | Reporting Ll Results Results Results Results Results . .. Results .
Cs mgit. 1.0 e 15.8 .4 11.2 10.8 1.2
Mg mg/L 1.9 1.7 3.1 3.2 26 2.6 3.3
Na g/l 1.0 D ¢ e 27 10 5]
K wa/L 1.0 10.9 1K} 120 1"ns 12.3 13.0
€O, | mpt 1.0 3.7 3.9 3.4 At 3. 1.5
HCo, | mpL 1.0 189 289 1] 338 154 37s
_ $0, e/l 1.0 160 156 163 152 155 133
| Chioride a_ | wen 1.0 i) %1 9.3 1.0 [ 710
L. JAwmonhmes N NI, | et 0.05 < 008 0.06 0.0 < 6.0 0.07 o1
Nitrke a3 N NO; | merl. 0.10 < 0.0 < 0.10 < 0.0 < 0.10 < 0.10 < 0.10
[Mitrate + Nizhe a1 K RO,y + NO,| mgrL 0.10 < 0.10 <o < 0.10 < 0.10 < 0.10 < 0.10
m e F ment. 0.10 0.51 0.47 0.49 0.58 0.59 0.68
| Isitics 5i0, | mgn. 10 1.6 u. 13.5 13.0 13.0 120
Syt
: " Non-Metals j 1 ,
| | [ToulDbolvedSoids@1to'c| Tos | men 1.0 &6 61 %0 75 638 €59 .
r |Condueitviey whola 1.0 1070 1110 10%0 1140 1100 1040
JAatiatry CaCOy | mpiL [X] 143 U1 44 18) 298 318
b hid. unit 0.10 8.3 X1 (3] .M 8.4 8.83
Al mefl, 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
As /L, ©.001 0.0} 0.030 0.034 0.041 0.013 0.043
Ba mg/l, 0.10 < 0.10 < 0.0 < 0.0 < 0.10 < 0.10 < 0.10 :
[ il 0.10 0.4t 8.0 0.15 0.40 0.40 0.43 :
7] well 0.008 < 0.003 < 0.008 < nuas < 0.003 < 0.005 < 0.003 '
[ mg/l. 0.0 < 0.03 < 0.08 < 0.0 < 0.03 < 0.05 < 0.05
Cu mp/L 0.01 < 0.01 < 0.0! < G < o.M < 0.01 < 8.0
Fe mgrt. 0.00 0.02 0.01 0.0 < 0.0 0.02 0.08
) mgfl. 0.01 < 0.0 < 8.0 < 0.0 < 0.01 < 0.01 < 001
Mn mefl 0.0t < 001 < 0.0 <o < 0.0 < 0.01 < 0.01
g wmgl, 0.001 < 0.004 < 0.00¢ < 0.001 < 0.001 < 8,001 < 0.001
Mo mgnt. 0.01 0.13 0.14 on .16 0.15 0.14
N mgl 0.01 < 0.01 < 0.01 < 0.0t < 0.0 < 0.0 < 0.0
Se mg/l 0.001 0.002 0.002 0.002 0.003 0.003 0.003
v mgnl. 0.00 0.32 0.19 ©.3) 0.42 0.33 0.31
Zn mp/l 0.0t 0.01 < 0.0 < 0.0t .01 0.01 < 0.0
nayy wmell. 0.00013 0.307 0.410 0.403 0.463 0.808 0.452
[Radtum 226 mg, | pcin, 0.2 1.8 150 9.3 30.4 5.8 3y
[Radtum Ervor Estimate & 0.7 1.3 8.7 1.7 1.3 X3
s Target Runge
weq 10,30 10.58 10.91 [TRT] 1084 1.9
| weq 10.23 10.57 10.53 10.52 nn [TRT]
|WYDEQ A/C Balance s .S 48 1.1 0.1 -1.87 2. .37 0.99
L~ [okT0s mgr o6 97 862 651 [12) M
{TDS AXC Balance dec. 3| 080.0.20 .94 1.01 1.0 1.0 0.9 0.99
s rAreports\clienns9Ficrew uttelhasefine tesnestion'pet VIS8 2h g bu No. 34403
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ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601
MAILING: P.O.BOX 3258 » CASPER, WY 82602

E-mall: eneigy@trib.com * FAX: (307) 234-1639 + PHONE: (307) 235-0515 « TOLL FREE: (888) 235-0515

LABDRATORY ANALYSIS REPORT - CROW BUTTE RESOURCES

< - Sample Iy PR-19 PR-1S R PR3 PR:1Y PR .
’ Ravnd: Rowsd § Round § Round ) Rownd & Round § . Reisd8 '
- Daborstory T 99-16101 99-20838 9321352 9913320 9330842 9935839 ...
" Bashple Matrin Water Weter Water Weter Water  Water: ..
i Gample Dater 021999 93-18.92 811593 €3-23-99 45-17-99 070898 ..
"7 ReportDater . March 12, 1999 Apt 13, 1999 May €, 1999 June 8, 1999 July 8, 1993 Augiist 13, 1999 .
Riviied Report Datés - Aprt 13, 1999 . . . Y
; ive, v Mlijor Tony Unlts | Reporting Ll Results Resolta Resuhs Results Results . Reduli§ . ..
[Catchum Ca wgrt, 1.0 26.4 7.8 3.7 3.0 51.2 610
Magoeshum Mg mgfl 1.0 ¢3 9 1.1 .8 102 15.0
[sadiom Ns mgrl 1.0 346 339 K] M3 [TE] 616
[Porasst K il 10 1.3 12.0 e 14.0 193 240
|carbonae €0, mg/t. 10 <10 < 1o < 1.0 <19 < 1.0 < 1.0
[Bicartonate 1CO, mg/l. 1.0 406 M 49 s I3 €07
[sutfaee S0, mg/t 1.0 310 M m 02 589 696
(Chtuside a e, 1.0 [1T] 11 m 10 263 313
Amemonium es N M, me/l 0.0 0.0 0.13 0.07 0.14 9.13 8.36
Ninhe ss N NO, my/L .10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 8.0
Nizate 4 Nizhe s N NO, + NO,| migrL 0.10 < 9.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.0
Fheeide r mg/L 0.10 [ X 0.42 0,40 [ X 0.07 .35
{SRica 510, mg/t, 1.0 [0 10.9 10.6 1.0 10.8 10.5
. i NodMetdls ;. .
Tota! Dissolved Salkls @ 150°C DS wefl 20 1060 1% 3200 1280 1240 2120
[Conductivky umhccm 1.0 1770 1820 1930 20% 2630 3300
ARsfinlty CoCO; | mgn. 1.0 " s 133 63 9 498
T sn). wnlts 0.10 .07 1.93 2.90 .98 1.9 .30
. TreieMetols
Aminom Al my/L 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
Arsenic As mg/l. .00 0.016 0.016 8.030 0.018 o.0i8 e.0i8
|eutum Ba me/L 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 8.0 < 0.10
| mg/L. 0.10 8.50 051 0.39 0.53 0.63 0.5
{Catmium [ mg/l. 9.008 < 8103 < 0.3 < 8,003 < 0,003 < 0.008 < 0.003
O miun v wel 0.03 < 0.08 < 0.0 < 0.0 < 0.08 < 0.03 < 0.0
|cpper Cw mgL. 0.01 < 00 < 0.0 < 0.0} < 0.0 < 0.00 < 6.0
Jiron Fe we/l 001 0.09 8.9 012 0.40 0.46 8.70
JLea2 *h el 0.0 < 0.0t < 8.0 < 001 < 0.0 < 0.0 < 80!
|Mangancse Mn my/L 0.01 0.03 8.0} 0.04 0.04 .06 0.09
{Mescory [ my/l 0.001 < 0.00t < 9.00} < 0.001 < 0.00 < 0.001 < 0.001
IMolybdenum Mo e/l 0.0 < 0.03° 008 .08 8.1l 0.14 0.13
INk!d Ni g/l 0.0t < 004 < 0.0 < 0.0 < 9.01 < 0.0 0.01
[Sctentam $e me/L 0,001 0.001 0.001 ©.002 $.002 0.003 0.004
[Vanadium v mg/L 0.0! 009 0.07 0.06 0.06 007 0.08
Zinc In my/l. 0.01 0.01 (1] 083 8.0? 0.04 0.04
"oy mg/l. 0,000} 1.08 1.54 1.66 1.19 1.0 4.7
ey pCIL [¥] 435 621 %0 e 1600 1910
1.8 1.2 83 [X 116 13.3
230 L - Qiality Assirance Daln Target Range
Anion ey 17.44 178 20.06 20.49 8.4 31.30
Cation ey 11.20 1792 19.1) 19.60 26.92 2.9
WYDEQ A/C Bafance % 5. 48 0.0 oM -2.37 2.2 -1.93 443
Cale TDS wgl 1009 106 120 1250 1728 2050
TDS AC Batarce he 5| 00.0.20 0.9 [X7] 0.9 1.03 1.0 1.03
*Molybdenum was snalyzed i w detcethon Bimit of © 05 G this Reamd.
my WeprtsicHents9crow ticthaveine restoratonips 1915539 xts toginNo, 344038
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ENERGY LABORATORIES, INC.
SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601

MAILING: PO.BOX 3258 + CASPER, WY 82602
LABORATORIES . >
e~ Cance samens ooty E-mall; energy@trib.com « FAX: (307) 234-1639 * PHONE: (307) 235-0515 » TOLL FREE: (888) 235-0515

LARDRATORY ANALYSIS REFORT - CRINY BUTTE RESOURCES

e 12380 [TXTY3 1.30.F 3389
Rt | el | e
99-1509% 93.1025¢ AT T N 93-2131% L 99-30838
Wetes Water Water Wsater Waler
81.19.9¢ $3.15.97 841599 o320 51193
March 11, 1999 Aprit 12, (923 May 6. 1999 June 8, 1999 July §, 1999
Api 13, 1999 . . .
i Unlts | Reporting Limi Resulty Resulty Results Reswlts Reswlts
Cs ey 1.0 1t 203 194 0.0 19.2
Mg well. 1.0 X .0 30 .y [
Ns myl 10 5 e 257 e 357
3 me/L 1.0 [X] 10.8 1.3 1.8 12.0
CO, werl, 1.0 <10 < 19 <10 <10 <10
110, L 1.0 203 as e 24 49 416
S0, mpl ] 19 3 310 n N2 299
[ wprl 1.0 "o [ 19 I 140 122
Nil, wyl 0.03 0.0 (X1 .11 .06 c.12 .14
Mitise as N NO, wgrl 0.10 < 0.10 < $.10 < .10 <810 <810 © < 0.10
[ritrate 4 Nishe s N NO, 4 NO, | went, 0.10 (30 < 0.18 < 6.10 < 0.10 < 6.10 < 0.10
{Fwaride F mg/L 0.10 (X 0.34 [X]] 0.56 0.89 0.63
Istka $I0, my/L 1.0 "o s 15.7 1.0 1.0 14.2
Lo NoaMetals - ]
freta! Dlssctved Satids @ 185°C 108 it 1.0 into 1050 080 1050 1060 1020
ICunducttvity smhokm| 10 1630 1740 1730 1130 100 . 1700 R
Afkalioiry 0, | wen. 10 " 0 I 3t TH - BEL
it 0d. wnhs 0.10 5.07 1.9 5. 512 [X1] [X]]
k]
. Trace Metals i
Akminum A el 0.10 <810 < 0.10 <010 < 0.0 < 8.10 < 0.10 j
Arsentc As "L 0.00) 8022 0.023 0026 0.623 o.027 . 0.2 i
[oxkm ™ mg/L .10 < 8.00 < 6.10 < 0.10 < 0.10 < 0.90 - : <010 i
Boren B mg/t 0.10 044 0.48 0.31 0.4 0.43 ) 483 ;
Cadmbom (7] el '©.003 < 0.008 < 0.0n3 < 0.003 < 0.003 < 0003 < 0.008
Jowomium Cr et 8.0 < 0.03 < €.0) < 803 < 0.3 < 0.03 Y
wgrl 0.01 < 0.0 <80 < 8.01 < 0.0 < 8.81 » <ool |
fron Fe well, 0.0 0.04 .04 0.0 .06 .00 006 z
JLess ™ well .01 < 8.01 <00 <001 < 001 <oo1 | -—<o0t - | °
IMangancse Ma g/l 0.0 an 0.6 (13 0.04 .04 0.01 i
Mercery g welt. 0.001 < 0001 < 8001 < 8.1 < 0007 ‘ < 0.001 < 0.001 !
| T — Mo gt 0.01 ons (11} 0.2 .10 [T ' 0.10 ;
| N gL ot X < 881 < 6.0 < 8.0 < 8.0 < 0.01 '
nlum Se men. 0.001 0.002 [ ©.003 ©.003 ©.00) ; ©.003
[venadium v mgiL 0.0! 0.1¢ [X] [X1] 0.14 0.14 Y X3
Tinc 20 g/l 0.01 X 0.02 ¢0) 0.03 0.02 - 0.01. .
1
1= i ... Radlotritricy o ;
{Utsnkum ) el 0.000) 0 46) 0.1%9 8.1 0.4356 0.756 : 8.710 !
|Radtom 136 xa | rCIL 0.2 10 ] 1 03 106 ; 1] |
(Radtum Erver Bntimate 2 43 [X} 44 [ 49 [T ;
- Quility Assurance Data Torgel Renge - +
mcq 16 41 1591 11.26 17.19 17,94 16.67
ey 1513 18 "nn 6.3 7.1 16.43
WYDEQ AXC Batarce 3 .48 0 9) a3y 009 .2.58 .06 0.66 ;
Colc TDS - g, [ Ts? 1067 1042 1098 - |-
{108 AIC Batance . S| 0%0.120 1.00 1 1.0 101 a9 1.00
9] rAreprwtiicents9%4 me Munsethascline sesnatbont 25433590 s g Yo N, 34203 :
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e LARDRATORY ANALYSIS REFORY . CROIY RUTTE. RESOURTES
" Sumpte itn 1)-38 ¢ 13239 13189 18187 13.38.p X
T Rewnd Rewnd § Roued 2 Reund 3 Rovnd & Rownd § L Rewidd
L abersinry 1ty 99.1609% 9310337 X 9330318 9330817 #IBI8AL . gy
Sample Matein Watee Water Weter Water Water . Water, :47 5 |
Simple Detes 01.19.93 03-18.99 84-15.99 €3-20.95 851799 . . _ OTI598 5 e
“Report Dutes Merch 12, 1999 April 12, 1993 May €, 1998 June 8, 1999 July £, 1999 ~ Awgutt ¥
ied Report Dates . Apr@ 18, 1999 . . - . i $ege it i
Lo R
Lo o Majertens . Untts_| Raporting Limk Rusults Reswhs Resulty Resulty Resblts . . Rebills .,
[Cekhum 33 mgrt 8 [ 15 181 19 169 18.0
Magnestum Mg e, 1.0 48 48 43 43 (X 43
Bodium Ns wrl 10 336 33 93 38 51 41
[Potasstum 3 mynh. .0 15.2 152 13.2 12,8 14.3 I
[Carbonse €0, mprL 1.0 <18 < 10 < 1.0 <10 <10 <10
[Bicarbonats 1nco, mgfl, [ M 410 09 42 413 £30
Jsuttate $0, met, 1.0 30 e NS s B3 302
outoride a mgf. 1.0 127 110 19 127 [ s
JAmmontum a3 N i, well 0.08 0.07 o.n o.i < 0.03 e.10 6.13
Nrhe s 8 NO, mgt 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.90
[Htote 4 Niahe as N NO, 4+ NO,| mp/L .10 <010 < 6.10 < 6.10 < 0.10 (13 < 0.0
{Feoride ¥ me/l .10 0.96 [X1] 0.53 .60 0.63 0.69
i $10, g/, 1.0 1.7 14.3 1.6 1.0 [1X] 13.6
Liie: . NoaMenati -
frotal Bissolved Sofids @ 130°C 108 m/L 1.0 1030 1030 1030 1040 1070 030
fo smhovcm 1.0 16%0 1610 18718 119 610 1710 -
[ARatinky C€eCO; | meil 1.0 344 397 336 36 349 133 )
1 0, wnkts .10 L.10 1.97 8.05 (7] 513 ..s .
1
i
i a0+ Tisice Metals ' ‘
Atsmlnam Al merl 0.10 < 810 < 0.8 < 0.10 < 8,10 < .10 < 0.0 ;
Niseric As it 6.001 8.00 [T 8.023 0.023 0.028 , 9.972 I
[Batum B mert, 8.10 < 8.10 < 0.10 < 0.10 < 0.10 < €.10 < 0.0 .'
{Bwon [] mgn. 0.0 (10 .. (X1 [X1] 0.50 .64 &
[Cadmbum cd il 0.003 < 8003 < 8003 < 8.003 < 8.008 < 8.033 < 0.008 i
[Chromium Cr "yt 0.03 < 0.03 < 888 < 9.03 < 8.03 < 0.0% < 0.0 5
[Crpper s il .01 < 0.01 < o0t < 801 < 901 < 901 < 0.0 . i
| Fe mgrl 0.01 el 0.0 .06 ©.03 0.03 0.0 :
JLeat ™ wyft, .01 < 08! < 801 < 0.0t < 0.0 < 0.01 < 6.0 ;
Manganese Mn gl 0.01 [TH s.02 0.0 0.02 0.0 0.62
Mercury g [ .00 < 8.001 < 0.00% < 8.001 < 0.001 < 0.00¢ < 4.001 .
IMotyhdenum Mo me/l 0.01 607 e.10 6.10 8.1 [XT] 010 - :
Hickel N el 8.00 < 0.0} < 80 < 9.0 < 801 < 60l < 0.03° :
[setentum [ well 8.001 ©.001 £.002 0.003 9.002 0.002 0.003 i
[Vanadtum v mert, 8.01 0.0t $.0? .07 0.0 0.09 0.90 :
{2inc n weil (X7 <en 0.0 .0 .01 (1] (% !
,
Yen mg/l. 0.0003 0.151 Led 8.965 8.456 1.1 1.26 !
[radium 226 "y, VL 0.2 239 218 1% 223 232 102 :
(Radtum Erroe Estlinate & 3.4 44 [X] [X] 43 43 ;
" (Jiafty Assmrance Data Target Reage s
ey 16.93 16.49 17.0? 1.io 17.81 6.1
ey 16.32 16 48 15.93 1383 16.85 16.81
WYDEQ A’C Bslarce 3 3. 3 a9 819 1.8) 3.1 2.7 .93 ;
Cake TDS my/l, 1013 to1s 107 1038 [TTH] 026 ;
{108 AC Batance dc. %] 080-120 .00 1.8) 1.01 1.81 (X2 1.00 ;
] oot Bents9eme_unicthanhine seanenthwtlj23pA 18540 ok
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ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601
MAILING: P.O.BOX 3258 *« CASPER, WY 82602

E-msli: energy@trib.com * FAX: {307) 234-1639 « PHONE: {307) 235-0515 * TOLL FREE: (888) 235-051%

1]
h.. LARORATORY ANALYSIS RETFORT - CROAY BUTTE RESOURCES o eed
2+ Binple B yar T une 1393 [T A
_ L Rendr Rownd § Round § Rownd 3 Rouad & Round §
— Lahoritory It 93.16106 93.10250 9334180 9338322 #3.30548
Eample Matrix: Water Waler Woler Waler Witer ... .
Sampht Dater 81.19.99 431392 041599 43-20-99 061199
; Repoid Detti Mucch 02, 1993 Aprit 12, 1999 May 6, 1999 . Junt 1, 1999 July §, 4959
: b5ed Report Gistes . Apri 33, 1999 . . .
= % o L, 2o g
5 Easte ot Mugor fons . ] Units § Reporting Limk Sesults Results Resulis Results Resolts .
“ . [Catctum 3 mgi, 1.0 180 1.7 0.1 1.0 209
—  |Mignesium Mg mgrl 1.0 [X] 3.2 5.3 3.3 X
Isodtum Ns myrt, 10 N2 30 334 333 367
IPenssium 3 wel 1.0 11.3 1.3 [TX] 1.0 1.3
; [Crbonate 0, me/l. 1.0 < I8 [X < 1.0 [x] [X
| |Blcarborate 1200, | mgn L0 402 419 41 428 439
= Iseifats 30, gl 1.8 306 326 13 351 333
JChiocide =] mgt 1.0 10 123 15 138 143
t - |Ammontem s N Nily, | mt 0.0 0.0 0.13 [X]] o.13 0.26
{ fiiske s N NO, mgrL .10 < 0.10 < 8.10 < 010 < 0,10 < 8.10
~—  INinate + Nluhens N NO, + NOy| mgrL 0.10 < 0.10 < 8.10 < 0.10 < .10 0.23
[Fleoride r wy/l. 0.10 0.99 0.61 0.6) [X1] 0.62
: Istica $I0y meft. 1.0 140 15.8 14.2 15.0 1.8
_.l LT an Nonbesls
[Total Dissolved Sotids @ 180°C |  TDS e/l 1.0 1060 1080 nie ) 120 1080
. . [conduvly pmbole 1.0 1120 170 1350 1820 1760 1380
! JARatiatiy €100, | mpiL 1.0 %0 350 34 353 369 368 '
M.l pt htd, wnlt 0.10 5.8 1.3 8.1 t.31 .39 8.40 .
Dt Teace Melsls - . “
. Ataminum Al il 0.10 < 0.10 < 0.0 < 8.10 < 0,10 < 0.1 < 9.10 n
i Arsenic At wgil. ©.001 ©.008 0.002 .07 0.013 €.016 e8|
— [oaiem B wil, .10 < 0.10 < 0.10 < 8.10 < 0.10 < C.10 < 0.10 r
JBoron [ meL e.10 0.0 0.01 .28 .43 0.45 0.5¢
| | cd mgiL 0.008 < 0.008 < 0.003 < 0.005 < 6.008 < 0.003 < 0.008 ]
} Khwomlum [7] mg/t 0.03 < 0.03 < 0.03 < 0.03 < 0.05 < 0.05 < 0.05 RS
,.l {Copper Ce mgit, 0.0l < 0.01 < 8.08 < 0.01 < 0.0 < 0.01 < 0.01 E
Jtion fe | warL 0.01 001 0.10 o.1) 0.05 0,07 0.05 |
lLens ™ mgnl. 0.0 < 0.0 < 0.6 < 0.0 < 0.01 < 0.0 < 8.01 ]
o JManganese Mo | mgt 0.01 0.0 .62 0.0 0.2 0.0 fa ;
i [Mescury g mgt .00 < 0.000 < .00 < 0.00¢ < 0.00t < 0.001 < €.001 !
b [Wotybtemm Mo met .00 < 0.03° .10 6.13 o. 0.19 0.1 :
—zrno. N mg/l [ X.1) < 0.01 < 8.01 < 0.01 < 0.01 < 0.0} < 0.0
. [Setentum [ wgrt, 0.001 0.901 0. 0.00 0.001 0.001 9.001
& 'Varadiom v wt 0.0 0.0 0.0) o.02 0.02 0.02 0.02
L (e Zn gL o0l < 0.0 < 8.0 < 0.0 6.0 < 8.0 < 0.0
. g | ment 0.000) 0.241 1.2 1.60 149 1.5 1.3
ﬁ [radium 226 T = 0.2 316 [ 764 170 920 [17]
[Redium Ervor Estimate 2 Y] 16 1] 8.7 8.7 9.1
§ Target Range
! meq 16.36 11.97 18.01 1".15 [1X3] 1748
- ICulon meq 15.89 16.98 [1X]] 16.56 17.8¢ 16,88
[WYDEQ AC Batace 3 3. 48 2.0 .18 2.30 -4.85 EX]) -1.63
jcake TS mg/l, 1012 059 1098 1096 1146 1065
- {TDS AXC Balance dee, X]  0.00-0.20 1.08 1.0 1.0t 1.00 [X7] 1.01
-
*RMolybdenum was analyzed ot 8 detection Hmit of 0.05 for s Round.
b ) eileepunteichemts 9TVcrior_humebborselt hontiI 3138342 2t Tog fuNa, 54003
— COMPLETE ANALYTICAL SERVICES
L.
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ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK HIGHWAY » CASPER, WY 82601
MAILING: P.O.BOX 3258 * CASPER, WY 82602

E-mall: energy@Iirib.com ¢ FAX: (307) 234-1639 « PHONE: (307) 235-0515 « TOLL FREE: (888) 235-0515

| LABORATORY ANALYSIS REFORT - CROW BUTTE RESOURCES
— M-S M-3 ™-$ M-S PALS
Round ¢ Reund 3 Round 3 Round 4 Round §
) $9.16102 9930858 99-3036¢ 99-3832) $9.30848
! Water Water Water Water Watlr
: 01.19.99 $3-18-99 [IXTR] €3-20-99 . 864799
- Mareh 12, 1999 Aprit 13, 1999 Mayp 6, 1999 June 8, 1999 Joly 8, 1999 Augist 13,
. Apeit 18, 1999 - ] . $righod gt
" | Uniiz | Reporting Limit Resuls Resuhts Resuhts Reswitd_ Riawitd Revle_:
Ca mert 10 13.6 19. 9.6 380 39.4 210
Mg me/l 1.0 3.8 3.3 X 10.1 10.8 1.0
N mpl. 1.0 3Ny w 466 m 8§33 [T
K weil. 10 1.4 1.0 19.1 2.0 23.0 19.0
- €0, wl. 1.0 < 1.0 < 18 < 1.0 <10 < 1.0 < 1.0
nco, | mpit 1.9 41 46 491 Y S60 433
] S0, e/l 1.0 6 [ 439 M §95 437
‘L_ %] e/l 1.0 12 152 01 226 267 18
L, weiL 0.0 < 0.08 0.07 0.12 0.03 0.17 0.16
NO, we/l 0.10 < 0.10 < 0.19 < 0.10 < 0.10 < 0.10 < 0.10
. [Miusie + Nighe ms N NO, + RO,| mgrl 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
[ F mg/l, 0.10 0.42 0.39 0.38 0.39 .39 0.46
L fstics [ mg/l 1.0 13.3 [TX] 16.7 15.0 [1X] 164
. NonMeak -
[Total Dissolved Solids @ 180°C | DS mpil 1.0 1070 180 1460 1610 1760 (2]
» uctivky mhole 19 e 190 2% 2360 2680 213N
[Atkatintiy CoCOy | gl 1.0 3) FTH 406 426 439 396
Ien id, wnlt 0.10 8.2 8.08 8.32 - 3.0¢ 8.1 (A1)
e i FraceMelpls . .
— {Atominum Al mg/l. 0.10 < 0,10 < 0.1o < 0.10 < 0.10 < 0.10 < 0.0
JAusenkc As mgt. 0.001 0.013 0.089 0.013 0.012 0.012 0.013
|pukm Ba e/l e.10 < 0.10 < 0.10 < 0.10 < .10 < 0.10 < 0.10
IBoton [ my/l, 0.10 0.8 0.34 0.46 0.60 0.6¢ 0.63
| [Cetmbum cd wg/l 0.003 < 0.003 < o.ms < 0.003 < 0.008 < 0.008 < 0,008
[Chrombum [ mpfl, 0.08 < 0,08 < 008 < 0.03 < 0.03 < 0.03 < 0.03
| Copper Ce mg/L 0.01 < 0.0 < 0.01 < 8.00 < 0.0 < 0.01 0.0
iron Fe mp/L 0.0 < 0.0 0.0 .03 0.06 0.06 0.04
JLead ) wy/L 0.01 < 0.0t < 0.01 < 6.01 < 0.0 < 0.01 < 6.01
heei IManganese Ma we/l 0,01 < 0.0t 8.0 0.03 0.03 0.0¢ 0.02
[Mercury [ wgrl 0.001 < .00 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
i IMolybdenum Mo wg/l, ¢.01 < 0.03° 0.0 0.0 .05 0.07 0.08
Nicke! N “my/t 0.01 < 0.0 < 0.0 < 0.01 < 0.01 < 0.0 < 8.0
L_ISetentum Se mg/l 0.001 ©.001 8,003 0.003 0.002 ©.00) ©.003
Varadium v wgiL 0.0t 0.10 8.19 0.1 0.20 (1] 0.
e 2] mg/ 0.0 0.01 .0 0.02 0.04 0.09 0.02
1w 2 o Radiometiles
{Usantom Hayy mg/t 0.000) 3.0) .63 $.26 s.0 9.38 654
[Radlum 226 Tpa pCiN. 0.2 3.8 5.3 (11 172 202 1
! ‘|Radlum Erroc Estimute & 1.1 1.3 3.9 4.0 4.1 3.9
— 317 Quality Asturance Data Target Range
Anlon meq 16.98 189 0.3 13.61 9.1 M
; [Cation meq 16.56 18.70 2.97 240,02 21.62 n.82
i |wYDEQ A/C Balance 3 $.48 -1.27 N.84 o8 A -1.6% 164
L— Cake TDS mg/l 1042 nn 149 1561 1786 3%
TDS A/C Balance dec. 8§ 0.90-0.20 1.0) 10! 101 1.0) 0.99 1.0¢
L *Molybdenum way snatyzed ot 8 detection fimh of 0.03 for this Round.
wmef erireporactienn 99crow_hutiethatcline revieestionipen- 13394324 t.og Ta Mo, 3840

r— -
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ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601
MAILING: P.O.BOX 3258 « CASPER, WY 82602

E-mall: energy@lrib.com ¢ FAX: (307) 234-1639 » PHONE: (307) 235-0515 * TOLL FREE: (888) 235-0515

LARORATORY ANALYSIS REFORT : CROW BUTTE RESOURCES e
3 Ghmphe 1Dt A4 M4 -4 ™4 rA14
— Y Reundi Round | Round 3 Round 3 Rownd £ Rotnd
éberstery ID1 95-16107 9920354 334388 $3.13324 . 99.30849 -
Bhrapli Matrtei Water Waler Water Water . Water
 Bsenple Dater - 02.19.97 03.13.97 159y $3.10.99 L S6-1T99
! i i+511 Report Dater . March 32, 19939 Apft 12, 1999 Riay 6, 1999 June 8, 1999 . July 8, 1999
— I vlied Report Dater Aprht 15, 1999 . .. .
T . Mior Tony | Untts | Reporting Limh Results Resnita Reswlts Resvits Results
— [Calclum Cs mg/t, 1.0 16.1 1X] 170 15.0 15.3
[Magnestum Mg mg/l [X] 4.4 [X] X 44 4.2
m Ma wy/l 10 I 350 M3 Ny N
. [Pousitom 3 g/l 1.0 10 13.4 1.1 1.0 1.0
[Cattomate €O, mg/t. 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
™ IBlubonate 1co, | mgn 1.0 419 [ 39 3% 393
[Suttaee S0, meA. 1.0 X0 7 o 06 29
i [Choride (=] mgL 1.0 144 136 133 123 1%
[Ammontum as N Nil, mgL 0.0 0.10 (X} .1 0.09 0.14
— INRhe B NO, merL 0.10 < 0.10 < 0.10 < 6.10 < 0.10 < 0.10 < 0.10
Ihiteate 4 Nihe ss N NO, + NO,| mgnL .10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
. [Fleorlde ¥ mg. 0.10 0.50 0.47 [X]] 0.50 0.51 .60
b Istics 10, me/L 1.0 12,3 "n.y IX] o 1.3 1.9
-
e Hoo-Mdis™
. [vota Dissolved Sofids @ 180°C |  TDS mgL 20 1080 1060 1050 997 [T [
Conduetivity pmhole 1.0 1% 1750 110 1670 1310 1600
JAtattahy C€C0; | mgrt 1.0 32 k13 N 3N n F13)
bt hid. enk 0.10 .23 3.3 8.26 5.16 .18 8.28
; Cra . Trhce Mials .
| |Atumimum A mgt. 0.10 < 0.10 < 0.10 < 0.10 < 8.10 < 610 < 0.%0
i~ Iassenic Ay wg/l 0.001 < 0.0 < 0.00¢ .00} < 0.001 < ©.001 < 0.00t
Bariom [ wy/l .10 < 0.10 < 0.10 < 0,10 < .10 < 0.10 < 0.0
|Boson [] merl. 0.10 0.49 0.50 0.33 0.49 .47 0.45
1 [Csdmbum cd mg/L ©.008 < 0.003 < 0.00§ < 0.008 < 0.005 < 0.008 < 0.008
L [Ciwomium Cr el [X7] < 0.0 < 0.08 < 0.0 < 0.08 < 0.0 < 0.03
| Copper Ce e/l 0.00 < 0.0 < 0.01 < 0.0 < 0.08 < 0.0 < 0.0}
Jtroa [ we/l 0.00 v.03 0.03 0.03 0.06 8.06 0.08
b fesd " mg/L 0.0 < 0. < 0.01 < 0.0 < 0.01 < 0.0 < 0.0
| . [Manganese Mn wy/l 0.0 0.02 002 0.02 0.02 o.m [T
= IMescory [ wg/l 0,001 <-0.010 < 0.008 < 8.1 < 0.001 < 8.00 < 0.001
IMolyNenun Mo mg/l, om .10 0.12 0.12 0.93 6.18 9.7
{ Nicke NI well. 0.0 < 0.01 < 0.0 < 0.0 < 0.0t < 0.0 < 0.01
i [Selenkum Se mg/l ©0.001 < 0.001 0.002 ©.00! < 0.0 < 0.001 ©.001
s [Voradlum v wyil 0.0 < 0.10" < 6.0 < 0.0 < 0.0 < 0.0t < 0.0
2inc Zn wgrL 0.0 < 0.0 8.0 0.0 < 0.0 0.00 0.0
Nuyy mgnt, 0.000) 6.112 0.158 0.122 0.103 0.129 0.1%
g, | ponn. 0.2 1 ” 134 160 161 157
[ [Redlum Error Estimate & [X 3.9 4.1 29 3.6 3.9
I oS Quallty Assurance Dsts . Target Kange
= fAnkon mey 12.38 113 16.88 16.43 16.3¢ 15.45
[Cutlon meq 16.03 16.91 16.61 18.32 5.4 18,16
i [WYDEQ A/C Batance X 3. 48 404 £.78 4.1 -3.51 -3.13 4.9
|cste 305 mgrL 19 [ 1032 993 933 3
108 AKC Balarce dec. 3| 0.00.1.20 1.04 ) 1.0 1.00 0.9 1.0
[ *Vanadiem was snalyzed ot 8 detection Fimie of 6.10 for this Roand.
[

1 reportsclients¥icrr brmelhasel bndpen 33344 1ts _ Log t Na. 4403
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ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK FHIGHWAY ¢ CASPER, WY 82601
MAILING: PO.BOX 3258 « CASPER, WY 82602

E-mall: energy@trib.com » FAX: (307) 234-1639 « PHONE: (307) 235-0515 » TOLL FREE: (686} 235-0518

LABORATORY ANALYSIS REFORT - CROMW BUTTE RESOURCES
[L.L] [ RS me Ty
Round | Reund 3 Reund 3 Nound & Round §
99-08103 93-20833 933436 9321327 93-30581
Water Water Water VWater . - Witer .
01199 01399 41399 3-10-99 051799 -
Misch 12, 1999 Aprk 12, 1999 May 6, 1999 June 8, 1999 ., July §,1999 .
éd Repert Dotar . Apth 13, 1993 . . . .
{atdnie., Ui, 8lafer Jonk . .] Unkt3 | Reportlog Limht Results Results Regults RisoMis . . Results
[Calctum Ca _mgt, [X] 15.0 18.2 17.4 1.0 .y
{Magrestum Mg mgn. 1.0 3.9 [X] [X] [X] 4.7
[Sodium Na mgl 1.0 m 35 33 366 387
Jrotasstom X mgl. 1.0 10.9 1. 1.4 120 1n.e
{cutomte [ mgfl 1.0 < 1.0 < 1.0 < 1.0 <10 < 1.0
[Bicarborie Heo, | mgn. 10 431 a9 403 a. 43
| S0, mg/L 1.0 31 353 M) 363 3¢
[Cutorkde [+] mgl 10 157 150 143 152 16¢
{Ammontum s 8 Nty gfl. 0.08 .13 0.02 0.17 0.13 .18 0.2
INishe s B NO; | wgil. 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 6.0 < 0.10
{Htirate + Nicke as N NO, 4+ NOy| werl, 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
{Fiocide v wel. 0.10 0.39 0.33 (X3 0.52 [X]] . (1]
[Sincs 50, | wmn 1.0 1.6 1.3 15.2 1.0 1.7 1.3
250 NonMetalh .
Tolal Dlssolved Sclids @ 180°C | TOS wpll 20 1160 1160 1130 1160 1% 1160
Conducitviy pmhole 1.0 1960 100 180 1820 1920 [T
[Aatinhy 0, | m 1.0 333 2 3] Me 358 389
i hid, wnit 0.10 .4 5.00 8.10 .07 8.0 1.2
.o .. .Tewct Mctsls . o
Aluminum Al g/l 0.10 < 0.10 < 8.10 < .10 < 0.10 . < 0.40 < 0.10
[Aryenkc As we/l, ©.001 0.015 s.n2 8.024 [T 0.023 0.02¢
Iputum Ba myA. .10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
JBocon ] myr 0.10 0.47 0.50 8.32 047 0.47 0.44
Csdmtem [Z] wgl 0.00% < 0.003 < 0.008 < 6.003 < 0.003 , < 0.008 < 0.008
Cheomlum Cr me/l. 0.0 < 0.08 < 0,03 < 0.08 < 0.03 < 0.05 < 0.08 .
[Copper Cv oyl 0.0 < 0.0 < 0.0 < 0.0 < 0.0 < 0.0 < 0.0
Jiron Fe mg/L 0.0 0.12 0.17 .13 0.13 0.25 0.20
[tes2 ™ m 0.01 < 0.0 < 0.0t < 0.0 < 0.0t < .01 < 6,01
. Manganese Mn weil, 0.0 0.02 o.n 0.02 0.02 0.02 0.02
IMercmy g mgr 0.00) < 0.0M < 0.1 < 0.00) < 0.001 < 0,001 < 0.001
IMolybdesum Mo mg/L 0.0 .05 0.07 0.08 0.09 0.09 0.07
[teichet N . c.ot < 0.0 < 0.0 < 0.01 < 0.0 < o < 0.0
[Setentum ™ L 0.1 0.001 0.1} 0.003 0.003 ©.00{ 0.004
Vanadiom v mgil, 0.0 0.7 .08 o.u3 0.05 0.03 0.04
Zlnc Zn wel. 0.01 < 0.01 0.0 0.03 0.02 0.02 0.02
L: il i i o Radiomelrks .
|Urantum ) mp/l 0.000) 118 1.0 1.62 1.0 1.56 153
{Radium 226 T IS 0.2 06 1w 188 199 206 192
[Radlum Ervor Estimate & [X] [X] [X] 4.4 [X] 4.3
s «. QUisilly Asurante Data Turget Renge
weq 1583 1.1 12.83 15.90 19.75 18.20
| meq 11.51 18.0) 1.9 1743 18.33 .41
" {WYDEQ A/C Balaice [ Y] 2.9 an 0.1 391 314 1,08
[cae TOS gl 1% 1se 13 146 1203 1122
[TDS AZC Batance dke. %] 0.80.0.20 1.0 L 1.03 Lo 0.9 103
o] v:hreprsicent9crme huttelhanetive restarsthontpt Y333, ok Log tu No. 3820
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ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALY CREEK HIGHWAY + CASPER, WY 82601
MAILING: P.O.BOX 3258 * CASPER, WY 82602

E-mall: energy@trib.com « FAX: (307) 234-1639 » PHONE: (307) 235-0515 + TOLL FREE: (888) 235-0516

LABORATORIES

Bifings » Caspar » Gitlatte » Napld Clty

e

LARORATORY ANALYSIS REFORT . CROW SUTTE RESOURCES
[T pAse u4se ua3y uas ¥y
Reund t Round 3 Round 3 Round § Rauid §
9316108 9320831 9314370 9721318 9330348
Water Waler Waler Weter Weter
01.19-99 $3-15.93 841399 03-10-9¢ . 069799
Mareh 12, 1993 Aprh 13, 1992 May 6, 1993 June §, 1999 . July 8, 1999
Aptd 15, 1999 . - .
— e s, Major téns Unfts § Reporting Liml Results Resnks Resulty Resnlts Resultd
[Catelum Ca [ 1.9 16.6 X 1.6 1.0 187
[Magnestom Mg mg/l 1.0 4.3 [X] 4.1 [X] 3
Isodiom Na wg/L 1.9 342 319 389 M 388
. [reasthum K mg/L 1.0 1.2 [1X3 13.1 11.8 13.9
Cubonate €0, g/l 1.0 < 1.0 < 1.0 <10 < 1.0 <10
[Bicarborate Nneoy | ment 1.0 404 [ 402 3% 40)
" [sutrate S0, mgL 1.0 304 n Ny 39 n1
" [Chlorkde 3] meA. 1.0 139 13§ 140 145 149
" JAmmontum 1 N NIt mp/L 0.03 0.03 0.06 0.06 < 0.08 8.09
[NRrtie s N NO, wg/L 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
¢ INfate 4 Nihe a3 N NO, + NOy[ mpnL 0.10 < 8.10 < 0.10 0.12 < 0.10 < .10
. [Fivoride P mg/L 0.10 0.58 0.55 0.54 0.89 0.56
b IShks $i0, g/l 1.0 15.7 1.2 18.1 12,0 1.8
%ot bt Hou-Metdls . .
Total Dissolved Sollds @ 183°C | TDS myL 1.0 1060 100 1070 1090 1030 1090
[Condueriviy pmhole 1.0 1790 190 1130 1760 1710 730
JARatinhy €aC0; | mprt 1.0 333 F31 3% 313 3% )38
lent ktd. wnit (X 1.9 1.99 8.7 8.0 5.0 .27
i gn i, Tedte Rfelals | .
~= |Aluminom Al mgl. .10 < 8.10 < 0.10 < 0.10 < 0.10 < 110 < 0.10
Arsenk As met, 0.001 0.013 0.033 0.037 0.031 0.033 0033
Barbam B mgfl. 8.10 < 8.10 < 0.10 < 0.10 < 0.10 < .10 < €.10
IBoton B mgt. e.10 0.54 0.53 0.39 0.51 0.93 0.5}
L [Crdmlum [¥] mg/t 0.003 < 0.00% < 9.003 < 0.008 < 0.003 < 6.005 < 0.005
{Cvombim Cr wghl. 0.03 < 6.03 < 0.03 < 8.08 < 0.08 < 0.03 < 0.03
[Copper Ce mgil. 0.08 < 0.0 < 9.01 < 0.0 < .01 < U.01 < 0.0
- Hion Te myiL 0.0 0.0 8.10 .10 0.12 6.26 0.20
- flasd s g/l 0.0 < 0.01 < 0. < 0.0 < 0.0 < 0.0 < 0.01
— {Manganese Mn mgil. 0.01 0.0 . 0.01 8.02 0.03 8.02
[Mercory g we/l .00 < 0.001 < 0.001 < ©0.008 < 0.001 < 0.001 < 0.001
* [Motybdenom Mo g/l 0.0 0.16 (XT3 0.13 0.16 .16 0.6
" [Nlexet N myl 0.01 < 0.0 < 0.0 < 0.0 < 0.0 < 0.0 < .01
— [Selentum Se myil 0.001 0.002 B.002 0,002 8.001 0.002 0.002
Venadivm [ ng/L 0.0 0.12 0.22 0.1 0.1 0.18 0.18
. 2inc Zn mp/L 0.0t < 0.0t 0.0y .03 0.02 0.0 0.02
b | SiE 0 Radiometida
JUsantum Wy mg/l. 0.0003 0.932 1.20 118 0.828 1.16 L
 [Radiom 226 Mgy | prvt 0.2 [ ol [TH) a8 309 437
. |Radtom Eror Estimare £ 1.2 6.2 6.2 6.7 X 6.7
Nt ~
L e soeil Quatity Assursnce Data Target Renge
Anlon ey 16.93 n.m 1.0 1n.n 18.05 16.%0
Catlon meq 16.39 16 8) 16.93 16.12 12,96 16.64
[WYDEQ A/C Batance 13 5. 48 -1.60 .52 0.7 -4.88 -2.86 0.7
= {Calc TDS gl 1037 1084 s o711 (14 1044
{TD5 A/C Batance dec. 3| 0.80.0.20 1.0 1.0 L] 1.0 .91 1.04
o
e eMeeportrlctiens ®crow_buticYhaseline rectormrhe ISpA 33596 ol g In Ne. 34503
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ENERGY LABORATORIES, INC.

- . SIHPPING: 2393 SALT CREEK HIGHWAY » CASPER, WY B2601
LABORATORIES Mn_.w__“,_wa .mc. Mn_vm 3258 ._q>m.>mnm:. WY 82602 .
ml Siigs +Covoer < Gitete < T2 G s gy @ lrib.com :{307) 234-1639 » .vzozm. (307) 235-0515 » TOLL FREE: (888) 235-0515
LARORATORY ANALYSIS REFORT . CROW BUTTE RESOURCES
LIRS AU & 1L
— Simple 1y rISFR-2 r1.$TR-3 TSR3 TS rR.2 rT-$ PR3 FTSPRS .
: Kounds Ronnd | Round 8 Round Round & Round § oo, ROUKA 8.4 i
- Libérstery ID: . 9316108 $9.20832 9924361 93-13328 - 95-30330 L. 9938847 5 o
..urfa.. Atatrine Water Water Waler Water Water |
: Simple Dstes 81-19.99 93.93.9% 041593 €3-20.9¢9 05-17-89
—_ Riport Dafes Morch 11, 1999 Aptit 12, 1995 May §, 1999 June 8, 1999 July 8, 1999 .-
¢1sed Riport Dater- . Aptit 15, 193¢ . . R

_ N o e e

_r| {7 de i i Melbe tons | Units | Reposting Lhnht  Results Results Reduks Results Resalls L Results 250 G
[Catetom [ mel, 19 1.8 15.4 s [TX] 1".e 11
{Magnestum Mg wyil, 1.0 3.3 4.3 4.2 4.0 4.0 4.4
Isodiom N wg/t 1.0 36 333 360 30 358 351

v Jrotystum ) K mgil 1.0 10,9 1.2 ne "1 1.2 12.0

— ICarbonste Co, men, Lo < 1.8 < 16 <10 <10 < 10 <18
|Bicasbonate Heo, | mert 1.0 403 O [31] 40 403 1
. {Sotfue $0, mgil. 1.0 302 13 e 331 356 334
Joutoride =] gL 1.0 17 127 11 138 141 126
L_ [Ammentom as N NI\, we/l. 0.0% ©.02 0.06 0.09 0.08 .09 0.14
[tetute o NO, ng/l. 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
 [Niate + Nivke as N N0, + NOy| wgrt, 0.10 < 0.10 < 0.10 < 0.18 < .10 < 0.10 < 0.90
|Fiuocide r mg/l 0.10 0.58 0.49 0.51 0.50 0.49 0.53

- Isitica 510, wgil 1.0 1X] 16.2 16.8 1.8 4.2 1.2

VTR L Non-Medals
Yota! Dissolved Solids @ 180°C | DS mp/L 2.0 1070 1060 1080 104 10% 1050
Conduciivhy pmhose 1.0 1790 1740 1760 179% 1740 1750

—~—  [ARatinky RN e 1.0 32 3 3¢3 s n 319

bty hed. unh 0,10 8.06 8.6 .22 .13 8.09 8.17
o Tesce Mlétals .

s [Aluminem Al mgn, 0.10 < 0,10 < 810 < 0.10 < .10 < 0.10 < 0.10
JAnenic As mgfl, 0.0t [XT] 0.011 0.014 ©.010 0.012 0.013
{Barlum Ba e/, 0.10 < 0.10 < 0.0 < 0.10 < 0.10 < 0.10 < 0.10
Jtaron B mefl .10 0.41 0.42 0.27 0.39 0.99 0.3
Cadmtum cd mehl 0.003 < 0.008 < 0.008 < 0.008 < 0.003 < 0.008 < 0.005

= JChromiem [<] mg/l 0.0 < 0.03 < 0.03 < 0.08 < 0.05 < .03 < 0.05
Copper Cu mgrl 0.0 < €.0 < 0.0 < 0.0 < 0.0t < 0.0 < 0.0

|tron Fe mg. 0.0 0.07 0.03 0.04 0.07 ©.07 0.07
. Jlead ™ mg/L c.0 < 0.01 < 8.0 < 0.0 < £.0) < 0.0 < .01

L [Mungrness Mn  § mgn. c.0 e.0l 0.01 0.0 ©.01 0.01 e.0!
IMercury M mgl. ©.001 < 0.001 < 8.001 < 0.00) < 8.001 < 0.001 < £.001
|Motybdenum Mo mgil 0.01 0.03 0.06 0.03 0.07 ©.07 0.08
| [ NI wg/l 0.01 < 0.0 < 0.0 < 0.0t < 0.01 < 0.0 < 0.01
ISclealom Se mgfL 0.001 0.001 0.002 0,002 0.001 0.002 0.002

- {Vanadiem v meiL 0.1 .09 0.08 0.09 0.07 0.07 0.06
Zinc Zn mgfl 0.0 < 0.00 0.0) 0.02 0.03 0.02 0.02

: o Radlometrles - .

— {Utsniem "oy g/l 0.003 2,08 136 L1 1.63 2.36 2.40
[Radtom 226 Tieg, | pCWL. 0.2 163 24) 23 239 26 259
[Radium Biror Estimate & 3.5 4.7 [X] [X] 4.3 47

e .. Qislny Assurance Date Torget Range

mey 18.53 17.06 17.67 1.1 18.06 17.13
meq 16.27 1687 11.0? 16.52 16.83 16.66
WYDEQ A/C Balance % 543 8.81 0.56 .1 -3.84 -3.52 -1.37
{Cale TDS mg/l. 1020 1039 e 1082 1108 1057
{TDS AXC Balance dc. X1 080-1.20 .08 1. 0.99 1.0 0.99 0.9

n—

] ebreportsicems 99wy butic\bhaselive seshoathontptSpe N3SEI2 st Vg In Noo. 34303
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ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601
MAILING: P.O.BOX 3258 « CASPER, WY 82602

E-mall: energy@lilb.com *» FAX: (307) 234-1639 » PHONE: (307) 235-0515 * TOLL FREE: (888) 235-0515

LARORATORY ANALYSIS REFORT - CROW BUTTE RESOURCES

— 5 Esnpro tin R TRA@MD | FRLEMLD) TRA (P} R4 (M0
: : - Reund: Revnd § Round 3 Round 3§ Round § . Round§
. Labsratery It #3.16108 73-30060 9724867 9918328 . 99.30583
: : F53 Bilinpth Matiixt . Water Water Waler Water Water
__ Bammple Dater T 01-19-99 93-18.99 641399 952093 .. 061199
LA S ieport Datet ' ‘ March 13, 1992 Aptil 93, 1999 hiay 6, 1999 June 8, 1999 Sty 8, 1999
Rirhied kepore bater. - - Apiit 18, 1999 . . e ;
" T . R . -, L e i Sadvar B
Units | Reporting Umk | . Resuhts Resuks Results Resuhs Résults’ . .. caREsuld i
Ca g/l 1.0 X 0. 10.4 19.6 [N 14.0
Mg mgl. .0 .4 3.6 5.4 [X] 3 4.1
Ns mgil, 1.0 31 361 369 3 35 37
3 wg/l 1.0 "ne N2 1.8 150 m 1.0
€0, miL 1.0 < 1.0 <18 2.7 < 10 < 1.0 < 1.0
Weo, | mgrl 1.0 ) a2 A [T 3] 393
! $0, mgfl 1.0 3Ny 3 37 37 354 ns
i [onloride o wprl 1.0 10 150 192 1% 134 16.0
— [Ammontum as ¥ Nt ngfl 0.0 0.07 (X1 a1 0.08 .18 0.13
[toihe as N, ngil 0.10 < nio < 8.10 < 0.10 < 0.10 < 0.10 < 0.10
1 INtuse + Kiche st N NO, + RO,| men, 0.10 < 0.10 < 0.18 < 0.10 < 8.10 < 0.10 < 0.10
i [Fivocide [ . 0.10 0.59 ) 0.43 0.42 0.44 v.43 0.1
i [Silka sio, | mgnt. 1.0 1.5 17,9 1.0 10 1.9 18
Yol Lo Non-Metsls
Tots! Dissolved Solids @ 180°C | DS ng/l 2.0 1060 130 140 o O B )
Conductivity wmhale 1.0 110 180 1810 1830 2420 1340
" |ARatishy CaCO; | ngL 1.0 339 362 32 37 3 m
bt ksd, wnit 0.10 8.2 8.0 $.% t.18 . 8.1
. TeaceMeals .
== [Atomningm Al mgrl, 0.10 < 6.10 < 0.10 < 8.10 < 0.10 < b.10" ‘g 00
Arsentc As [T 9.001 0.008 0.004 0.003 0.002 0.001 0,002
Bartum [ gL 0.10 < .10 < 0,10 < 0.10 < 0.10 < 0.10 < 0.10
- [Borom B A, 0.10 0.42 (X1 0.26 0.37 ©.36 0.33
L [Cadmtom cd mp/L 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 6.003 < 0.005

Chrombum Cr wgn. .03 < 0.03 < 008 < 0.03 < 005 < 0.0% < 0.05
(Copper Ce mgn. 0.0 < 0.01 < 00! < o0l < 001 < 001 < 8.0
hon e wg/L 0.0 0.01 °.0) 0.0 < 0.0 0.05 0.0
{Lead ™ wgll 0.1 < 0.0 < 0.8} < 0.0 < 0.0t < 0.0¢ < 0.0

" [Manganese Ma | mgnt 0.0 0.0l 0.0 on 8.02 on 0.0t
[tercury Mg mgn 0.001 < 0.008 < 0.001 < 0.000 < 0.001 < 0.001 < 0.00
Motybdemm Mo wyil 0.0 < 0.05° 0.0 0.0% 0.00 0.07 0.0
[raicxet 1] mg/L 0.08 < 0.0t < .01 < 0.0 < 0.0} < .01 < 0.0!

b {Selentum S¢ merl 0.001 0.001 v.001 8.001 < 0.001 0.001 8.001
[Vamadium v mgL 0.0 0.04 0.0 0.0 0.02 0.0 0.01

Zinc Zn 1 0.01 < 0.00 0.0 0.0 0.0 0.0 < 0.0

L s, Rediometils

[urentum ] welt. 0.0003 1.6 3.43 . 4.0 3.88 3.56
JRediom 226 i*gs | prl. 0.1 03 168 133 153 166 9.0
[Radiom Error Estimate & 3.1 IX] 3.8 3t iR} EX]

TV iia,a5. . Quiality Assurance Data Target Range )

Anfon meg 16.96 1812 n.n 18.46 18.86 13.42
Jowion mey 16.33 1. 1ne 16.90 nn 1.4
JWYDEQ A/C Balance B3 5. 48 -1.81 -0.38 .88 -4.40 -1.97 -1.05

b— [Cale TDS wgl. 109 (111 110 " 14s 16
[10S A/C Batance dec. X| 0.0-LID 1.0 100 1.0 1.0 0.52 1.0
*Molybdenum was smalyzed ot 8 detection limis of 0 05 for this Round.

i} rreportsichenes ot bunetbaseling sestoration'pr 355480k 1.0g e Mo, S4403
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CROW BUTTE RESOURCES, INC. ‘ﬁ%s

Appendix 7

NDEQ Acceptance of Mine Unit 1 Restoration



"STATE OF NEBRASKA

DEPARTMENT OF ENVIRONMENTAL QUALITY
Suite 400, The Atrium

1200 'N’ Street

P.0O. Box 98922

Linceln, Nebraska 68509-8922

Phone {402) 471-2186

"Mike Johanns NOV 18 1399

Governor

Mr. Steve Collings
: Crow Butte Resources, Inc.
- 1670 Broadway, Suite 3450
Denver, CO 80202

— Dear Mr. Collings:

As per the Departments request for a submittal of monitoring well locations for the boundaries of mine
: units 2 and 3, the locations were presented via telephone on October 22, 1999 by Mr, Michael Griffin of CBR.
= Three production/injection wells (PRS, 1713, and PR15) which meet the screened interval requirements were
proposed for this purpose. Wells PR8 and PR15 would monitor the boundary of Mine Unit 2 and well 1713 would
monitor the boundary of Mine Unit 3. It was also proposed that sampling of the three monitoring wells would be
- completed at the time restoration was completed for each Mine Unit.

The Department has reviewed this proposal and determined that the location and construction of the
proposed monitoring wells is acceptable. However, sampling of these three monitoring wells should be the same as
the current production zone monitoring well schedule (biweekly) for each Mine Unit.

1 The Department hereby accepts the restoration of Mine Unit 1. All production/injection and monitoring
- wells associated with Mine Unit 1 may be abandoned according to Title 122, Chapter 36 and Tilte 178, Chapter 12.

: If you have any questions concerning this matter, please contact David Miesbach of my staff at (402) 471-
- 0096. Thank-you.

! Sincerely,
L Q—/
!
L Michael Linde
Director

ML/ML/dIm

dave/cbr/letter/muldon2.doc

pc: Dave Carlson, NDEQ
— 1-Mike Griffin, CBR

An Equal Opportuntty/Affirmative Action Employer
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