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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.

I
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2 MINE UNIT 1 MINING HISTORY 

2.1 Mine Unit I 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 I 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 

L of the pilot plant beginning in 1986. Two additional production wells and four additional 
injection wells were added to Mine Unit 1 in 1992.  

L Mine Unit I 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 

L Mine Unit 1 and the associated wells and wellhouses.  

L 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 often 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.

3
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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 (UCLs) 
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-I (PR-4), PM-4, PM-5, PT-5 (PR-2), PT-9 (PR-8), IJ-6, IJ-13, IJ-25, IJ
28, IJ-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 I 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 

IJ-6 Chadron 1990 3 

IJ-13 Chadron 1990 3 

IJ-25 Chadron 1990 3 

IJ-28 Chadron 1990 3 

IJ-45 Chadron 1990 3 

PR-15 Chadron 1990 3 

PR-19 Chadron 1990 3

5
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L 

PM-I 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.  

K 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.

6
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Table 2: Baseline Groundwater Quality Data for Mine Unit 1

Parameter MU-I MU-I Standard Deviation 

Baseline 

Alkalinity (mg/l) 294 20 

Ammonium (mg/I) <0.37 

Arsenic (mg/I) <0.002 

Barium (mg/I) <0.1 

Bicarbonate (mg/i) 344 26 

Boron (mg/i) 0.93 0.04 

Cadmium (mg/l) <0.006 

Calcium (mg/I) 12.5 3.2 

Carbonate (mg/I) 7.2 3.9 

Chloride (mg/I) 203.9 38 

Chromium (mg/I) <0.03 

Copper (mg/i) <0.017 

Fluoride (mg/I) 0.69 0.04 

Iron (mg/l) <0.044 

Lead (mg/I) <0.031 

Magnesium (mg/l) 3.2 0.8 

Manganese (mg/I) <0.011 

Mercury (mg/I) <0.001 

Molybdenum (mg/I) <0.069 

Nickel (mg/I) <0.034 

Nitrate (mg/I) <0.05 

Nitrite (mg/l) <0.01 

pH (Std. Units) 8.46 0.2
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Table 2: Baseline Groundwater Quality Data for Mine Unit 1

Parameter MU-I MU-1 Standard Deviation 
Parameter __Baseline 

Potassium (mg/I) 12.5 1.5 

Radium-226 (pCi/L) 229.7 177.1 

Selenium (mg/I) <0.003 

Silica (mg/I) 16.7 3.5 

Sodium (mg/I) 412 19.2 

Specific Conductivity (pimho/cm) 1947 70 

Sulfate (mg/I) 356 9.4 

TDS (mg/I) 1170.2 47.6 

Uranium (mg/I) 0.092 0.089 

Vanadium (mg/I) <0.066 

Zinc (mg/I) <0.036

8
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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 parametei 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 UJIC 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.  

Title 118 - Ground Water Quality Standards and Use Classification, NDEQ July 29, 1996.

9
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Table 3: Mine Unit 1 Restoration Goals 

Parameter Baseline Average Standard Deviation UIC Permit Standard Parameter(Priary" Goal) 

Alkalinity 293 20 None 

Ammonium (mg/I) <0.37 10 

Arsenic (mg/l) <0.002 0.05 

Barium (mg/1) <0.1 1.00 

Bicarbonate (mg/I) 344 26 None 

Boron (mg/I) 0.93 0.04 None 

Cadmium (mg/I) <0.006 0.01 

Calcium (mg/I) 12.5 3.2 125 

Carbonate (mg/I) 7.2 3.9 None 

Chloride (mg/I) 203.9 36.0 250 

Chromium (mg/I) <0.03 None 

Copper (mg/l) <0.017 1.00 

Fluoride (mg/I) 0.69 0.04 4.00 

Iron (mg/i) <0.044 0.30 

Lead (mg/I) <0.031 0.05 

Magnesium (mg/I) 3.2 0.8 32 

Manganese (mg/I) <0.011 0.05 

Mercury (mg/I) <0.001 0.002 

Molybdenum (mg/I) <0.069 1.00 

Nickel (mg/i) <0.034 0.15 

Nitrate (mg/I) <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 Baseline Average Standard Deviation UIC Permit Standard Parnmter Pri ary Goal) 

Potassium (mg/I) 12.5 1.5 125 

Radium-226 (pCi/I) 229.7 177.1 584 

Selenium (mg/l) <0.003 0.01 

Silica (mg/l) 16.7 3.5 None 

Sodium (mg/1) 412 19.2 4122 

Specific Conductivity 1947 70 None 
(ttmho/cm) 

Sulfate (mg/I) 356 9.4 375 

TDS (mg/I) 1170.2 47.6 1218 

Uranium (mg/i) 0.092 0.089 5.0 

Vanadium (mg/l) <0.066 0.2 

Zinc (mg/I) <0.036 5.00

11
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2.4 History of Mining Activities 

Commercial operation of Mine Unit I 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 I 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 

L BLR well list as required in the UIC permit.  

L 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 

L 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

PM-I PM.4 PM-5 PT-5 I J-6 I J-13 IJ-25 L&-28 1,-45 PR-8 PR-15 PR-19 

Water Quality Parameters 

Calcium (mg/i) 87.9 87.1 80.8 87.9 87.6 93.9 89.4 89.6 89.9 85.4 86.7 98.3 

Magnesium 22.6 20.6 22.7 23.8 21.4 23.9 22.5 23.1 24.8 23.2 23.1 23.8 (mo~) 

Sodium (mg/1) 1154 942 1054 1144 1054 1174 1177 1182 1126 1144 1172 1083 

Potassium (mg/I) 32.7 26.3 30 30 27.2 31.3 30 31.3 32.7 30 30 28.6 

Carbonate 0 0 0 0 0 0 0 0 0 0 0 0 
(rn/l) 
Bicarbonate 1099 900 972 981 1057 1086 1111 1207 1104 1170 1170 959 (mg/) 
Sulfate (mg/1) 1109 959 1115 1240 1031 1209 1119 1112 1134 I115 1115 1283 

Chloride (mg/I) 598 455 586 594 544 598 594 619 607 603 603 590 
Ammonium 0.33 0.67 0.14 0.33 0.44 0.07 < 0.05 < 0.05 0.33 0.27 0.15 0.49 

Nitrate (mg/l) 1.06 < 0.1 0.97 0.99 1.29 0.74 0.86 1.3 1.25 1.46 1.6 0.46 

Fluoride (mg/i) 0.37 0.26 0.54 0.45 0.45 0.37 0.38 0.45 0.43 0.43 0.4 0.35 

TDS (mg/I) 3694 3121 3756 3851 3515 3899 3751 3886 3873 3820 3807 3765 

pmhductivity 5843 4841 5590 5964 5445 6012 5807 6025 5916 5819 5940 5819 

Alkalinity as 901 738 797 804 866 890 911 989 905 959 959 786 

pH (Std. units) 7.65 6.87 6.85 7.28 7.16 7.35 7.65 7.81 737 7.46 7.78 6.92

13
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Table 4: Post Mining Water Quality for Mine Unit 1 
Restoration Well Sampling

FM-i Pm-4 Pmz I PT- Lm6 u-13 1 11-25 1.1-2 1.1-45 I M-8 PM-i0 PR1-19 

Trace Metals 

Arsenic 0.018 0.007 0.018 0.017 0.031 0.028 0.02 0.028 0.023 0.028 0.024 0.011 

Barium (mg/l) <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/) 1.17 1.44 1.09 1.36 1.06 1.26 1.13 1.19 1.15 1.23 1.25 1.17 

Cadmium (mg/I) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Chromium (mg/I) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Copper (mg/I) < 0.01 < 0.01 0.05 < 0.01 0.02 < 0.01 < 0.01 < 1 < 0.01 < 0.01 < 0.01 < 0.01 

Iron (mgI) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 0.38 

Lead (mg/I) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Manganese 0.02 0.11 0.05 0.04 0.14 0.15 0.08 0.06 0.06 0.02 < 0.01 0.16 
(mg/I) 

Mercury (mg/1) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Molybdenum 0.6 0.2 0.42 0.53 0.47 0.5 0.56 0.54 0.53 0.59 0.53 0.37 

Nickel (mg/I) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 0.12 0.12 0.12 < 0.05 < 0.05 < 0.05 < 0.05 

Selenium (mg/I) 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/I) 1 0.1 0.38 1.15 1.12 1.18 1.03 1.24 1.29 1.23 1.56 0.28 

Zinc (mg/I) < 0.01 0.14 0.11 0.01 0.11 0.01 0.02 < 0.01 < 0.01 <0.01 < 0.01 < 0.01

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

15
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PM-I PM4 PM-, I l-5 IJM LJ-13 IJ-25 IJ-28 IJ.45 PR.-8 PR-1I PR-19 

Radionucides

Uranium (mg/I) 8.63 6.29 54.52 9.3 13.9 9.31 9.9 2.52 14.83 5.24 5.18 6.78

Ra-226(pCI•I) 370 126 329 1139 1113 1558 1258 1147 681 417 109 118
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3 MINE UNIT I 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 higher 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 miningwith 
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 commetice 
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 wellfield to the 
injectors in Mine Unit 1. The producers from Mine Unit I 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 I 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. 'I, 

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

* In late May and June of 1994, 3,640,590 gallons (0.21 pore volumes) were transferred 
between Mine Unit I 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 I and Wellhouse 11 in Mine Unit 4.  

* In November and December of 1994, 3,314,915 gallons (0.19 pore volumes) w'*re 
transferred between Mine Unit I 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 I 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 I and P1100-17.  

These separate groundwater transfer steps resulted in a total of 15,193,704 gallons or 0.89 
pore volumes transferred from Mine Unit 1 to Mine Unit 4.
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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, IJ28P-I, 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 welifield. 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 I 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 I was kept to a 
minimum.  

The open areas to the north and south of Mine Unit I 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 I 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 
S.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.

22



CROW BUTTE RESOURCES, INC.  

Mine Unit I Restoration Report 

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; 

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

"* 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 

Aluminum 
Ammonium 
Cadmium 
Calcium 
Copper 

Hardness 
Iron 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Silver 

Sodium 
Strontium 

Zinc

SYMBOL 

Cations 

NI-14+l 

Cd+2 

Cu÷2 

Ca and Mg 
FeW2 

Mg+2 

Mn+2 
Hg+2 

Ni+2 
K+1 

Ag+' 
Nae 
Sr+2 
Zn+2

% REJECTION 

99+ 

88-95 
96-98 
96-98 
98-99 
96-98 
98-99 
96-98 
98-99 
96-98 
98-99 
94-96 
94-96 
94-96 
96-99 
98-99

Bicarbonate 
Borate 

Bromide 
Chloride 

Chromate 
Cyanide 

Ferrocyanide 
Fluoride 
Nitrate 

Phosphate 
Silicate 
Sulfate 
Sulfite 

Thiosulfate

Anions 
HC03"i 
B407"2 

Br-I 

Cl-1 

CrO4 "2 

CN-1 
Fe(CN)6"3 

F-1 
NO3 1 
PO4"3 

SiOj21 

S703"2

95-96 
35-70 
94-96 
94-95 
90-98 
90-95 
99+ 

94-96 
95 

99+ 

80-95 
99+ 

98-99 
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 ion exchange 
operations. Treatment through the ion exchange columns without RO operation was 
performed through September 1995. After 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 as possible. This was perforlmed 
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 

S6-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 I 
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 

L final conductivity.  

The final configuration of Mine Unit I 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 

L 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 (IJ-49 as producer) and 
PR-14 (IJ-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 (gmho/cm)

PRI 
PR2 
PR3 
PR4 
PR6 
PR7 
PR8 
PR9 

PRI I 
PRI2 

PRI3a 
PRI5 
PRI7 
PRI8 
PRI9 
PR20 
PR22 
PR23 
PR26 
PR27 
PR28 
PR29 
PR30 
PR31 
PR33 
PR34 
PR35 
PR36 
PR39 
IJ7p 
Ul 3p 
LJ25p 
IJ28p 
IJ2 9p 
U33p 
IJ45p 
U49p 
U56p

2.4 
25.8 
1.9 
5.8 
6.6 
1.9 
14.9 
2.9 
1.2 
3.9 
3.9 
7A 
5.6 
4.8 
34.4 
9.9 
5.2 
1.9 
0.7 
12.9 
11.1 
21.3 
5A 
1.0 
4.5 
8.4 
4.7 
7.5 
17.4 
4.0 

20.4 
5.2 
4.5 
1.1 
2.0 
10.0 
2.9 
15.6

1813 
1890 
1803 
867 
1852 
1730 
712 
1743 
1646 
1582 
1624 
1834 
1780 
1871 
1748 
1660 
1858 
1664 
1651 
1625 
1799 
1929 
1842 
1602 
1200 
1938 
1702 
1928 
835 
1373 
2520 
1786 
1685 
1374 
931 
1637 
1738 
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 I 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 I Post-Restoration Analytical Results

S Baseline Average Post-Restoration 
Parameter (Primary Goal) UIC Permit Standard Average 

I I Water Quality 

Parameters Returned to Baseline 

Ammonium (mg/I) 0.37 10 0.08 

Barium (mg/l) 0.1 1.00 <0.1 

Boron (mg/l) 0.93 None 0.4 

Cadmium (mg/l) 0.006 0.01 <0.005 

Carbonate (mg/I) 7.2 None <1.0 

Chloride (mg/I) 204 250 124 

Chromium (mg/I) <0.03 None <0.05 

Copper (mg/l) 0.017 1.00 <0.01 

Fluoride (mg/I) 0.69 4.00 0.55 

Iron (mg/I) 0.044 0.30 <0.05 

Lead (mg/I) 0.031 0.05 <0.05 

Manganese (mg/I) 0.11 0.05 '0.01.  

Mercury (mg/I) 0.001 0.002 <0.001I 

Molybdenum (mg/I) 0.069 1.00 <0.10 

Nickel (mg/I) 0.034 0.15 <0.05 

Nitrate (mg/I) 0.05 10.0 <0.10 

Nitrite (mg/I) 0.01 None <0.1 

pH (Std. Units) 8.5 6.5 - 8.5 7.95 

Selenium (mg/I) 0.003 0.01 0.001 

Silica (mg/I) 16.7 None 13.6 

Sodium (mg/i) 412.2 4122 315 

Specific Conductivity 1947 None 1620 
(pmho/cm)_______________________ 

Sulfate (mg/I) 356.2 375 287 

TDS (mg/I) 1170.2 1218 967
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Table 7: Mine Unit 1 Post-Restoration Analytical Results

Baselne AvragePost-Restoration 
Parameter Baseline Average UIC Permit Standard Average 

(Primary Goal) Water Quality 

Zinc (mg/i) 0.036 5.00 <0.01 

Parameters Above Baseline but Meeting UIC Permit Standards 

Arsenic (mg/I) 0.002 0.05 0.024 

Radium-226 (pCi/I) 229.7 584 246.7 

Vanadium (mg/i) 0.066 0.2 0.13 

Calcium (mg/l) 12.5 125 16.0 

Potassium (mg/i) 12.5 125 13.0 

Magnesium (mg/i) 3.2 32 4.4 

Uranium (mg/i) 0.092 5.0 0.963 

Parameters Above Baseline With No UIC Permit Standards 

Alkalinity (mg/I) 293 None 321 

Bicarbonate (mg/l) 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 standards.  

Copies of the stabilization laboratory summary reports for each of the BLR wells ii 
included in Appendix 6. 6:'

38



F- r-- FT fl - T- F r - - F- I 17 II 1 I V� W r

CROW BUTTE RESOURCES, INC.  

Mine Unit 1 Restoration Report

Table 8: Mine Unit 1 Stabilization Analytical Results

Parameter BU-i UIC Permit Six SamplingPerods Stabilization Stabilization Stabilimtion Stabilization Stabilization Stabilization 
Baseline Restoration Sample # I Sample # 2 Sample # 3 Sample#4 Sample#5 Sample#6 

(0agl4) Average Standard Maximum Minimum Average 2/18/99 3/18/99 4/15-99 5W10/99 6/17/99 7/15/99 

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 0.018 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 0.33 0.46 0.46 0.47 0.33 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 22.1 16.6 19.9 16.6 19.1 19.8 20.3 22.1 21.2 

Carbonate 7.2 None 2.7 1.2 1.9 1.2 1.5 1.6 2.0 2.1 2.7 

Chloride 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 <0.05 <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 0.51 0.53 0.53 0.63 

Iron 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 3.2 32.0 6.1 4.3 5.3 4.3 5.0 5.2 5.3 5.7 6.1
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Table 8: Mine Unit 1 Stabilization Analytical Results

Parameter MU-1 UIC Permit Six Sampling Periods Stablization Stabilization Stabilization Stabilization Stabilization Stalfization 
Baseline Restoration Sample # 1 Sample # 2 Sample # 3 Sample # 4 Sample # 5 Sample # 6 

(mgfl) Average Standard Maximum Minimum Average 2/18/99 3/18/99 4/15/99 5/20/99 6/17/99 7/15/99 

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 0.090 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 <0.1 

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 8.29 8.12 8.18 8.15 8.12 8.20 8.16 8.16 8.29 

Potassium 12.5 125.0 14.7 11.7 13.2 11.7 12.6 13.3 12.8 14.7 14A 
Radium-226293534 

Radiu2 230 584 385 216 303 216 258 286 290 385 384 

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 13.6 14.4 13.6 15.1 15.4 14.7 13.8 13.7 

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 (pmhocm)I 

Sulfate 356 375 369 300 331 300 313 329 341 369 334 

TDS 1170 1218 1153 1026 1094 1026 1056 1097 1108 1153 1125 

Uranium 0.09 5.00 2.33 1.09 1.73 1.09 1.68 1.82 1.44 2.33 2.04
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CROW BUTTE RESOURCES, INC.  

Mine Unit I Restoration Report

Table 8: Mine Unit 1 Stabilization Analytical Results

Parameter U ic Prit Six Samplng Periods Stabilization Stabilization Stabilization Stabilization Stabilization Stabilization 
Baseline Restoration Sample # 1 Sample # 2 Sample # 3 Sample # 4 Sample # 5 Sample # 6 

(nag/) Average Standard Maximum Minimum Average 2/18/99 3/18/99 4/15/99 5/20/99 6/17/99 7/15"99 

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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Mine Unit 1 Restoration Report
t===.

Restoration Step Date Begun Date Completed Total Gallons
Total Pore 
Volumes

Groundwater May 1994 July 19972 15,193,704 0.89 
Transfer 

Groundwater April 1994 July 1994 1,708,949 0.09 
Sweep 

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 August 1998 February 1999 48,946,046 2.85 

Recirculation 

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 1, November 26, 1996.
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5 EFFECTIVENESS OF MINE UNIT I RESTORATION 

5.1 Restoration Summary 

Restoration of Mine Unit I was conducted in accordance with the Restoration Plan2 

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



CROW BUTTE RESOURCES, INC.  

Mine Unit 1 Restoration Report 

5.2 Restoration Results 

The results of the monitoring performed during the stabilization period indicate that CBR 
has successfully completed restoration of Mine Unit I 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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CROW BUTTE RESOURCES, INC.  

Mine Unit 1 Restoration Report

Table 10: Mine Unit 1 Restoration Results

Baseline UIC Permit Post-Mining Post-Restoration Stabilization Period 
Water Quality Restoration Standard Average Average Average 

Parameter_ _ WaterQlity_ Restorationtandar Water Quality Water Quality Water Quality 
Alkalinity 293 None 875 321 347 

Ammonium 0.37 10 0.277 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 88.7 16.0 19.9 

Carbonate 7.2 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 

Iron 0.044 0.30 0.078 <0.05 0.09 

Lead 0.031 0.05 <0.05 <0.05 <0.01 

Magnesium 3.2 32 23 4.4 5.3 

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 Results 

Post-Mining Post-Restoration Stabilization Period 
Parameter Baseline UIC Stanidt Average Average Average 

rWater Quality Restoraton Standard Water Quality Water Quality Water Quality 

Nickel 0.034 0.15 0.068 <0.05 <0.01 

Nitrate 0.05 10.0 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 12.5 125 30.0 13.0 13.2 

Radium-226 (pCi/l) 229.7 584 786 246.7 303 

Selenium 0.003 0.01 0.124 0.001 <0.002 

Silica 16.7 None 13.6 14.4 

Sodium 412.2 4122 1117 315 352 

Specific Conductivity 1947 None 5752 1620 1787 
(imho/cm) ,, 

Sulfate 356.2 375 1128 287 331 

TDS 1170.2 1218 3728 967 1094 

Uranium 0.092 0.44 12.2 0.963 1.73 

Vanadium 0.066 0.2 0.96 0.26 0.11 

Zinc 0.036 5.00 0.038 <0.01 <0.02
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FERRET EXPLORAl JN COMPANY OF NEBRAS.-A, INC.  

P.O. Box 169 Office (308) 665-2215 

Crawford, Nebraska 69339 FAX (308) 665-2341 

March 22, 1994 

Mr. U. Gale Hutton 
Nebraska Department of Environmental Quality 
P.O. Box 98922 
Lincoln, Nebraska 68509-8922 

Dear Gale: 

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 I and is preparing to establish post-mining water quality by 

sampling all designated restoration wells In the mine unit. Well PT-9 has become non

functional and FEN Is unable to obtain a water sample from the well. FEN proposes 

to use the nearest well, PR-6 as a replacement for PT-9. Both wells are screened In 

a similar manner In the Chadron Sandstone.  

Discussion with personnel from your office Indicated this Is an acceptable 

replacement well. FEB plans to sample all designated restoration wells In Mine Unit 

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 questions regarding this matter, please do not hesitate to contact me.  

Sincerely, 

Ralph Knode 
Vice President



a FERRET EXPLORAiiON COMPANY OF NEBRALCA, INC. '4X

216 Sixteenth Street Mall, Suite 810 
Denver, Colorado 80202

(303) 825-2266 
(303) 825-1544 - FAX

March 21, 1994 

Mr. Ramon Hall 
U.S. 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, 1994.  

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

License Condition 17 

License Condition 23 

License Condition 30 

License Condition 52

Old 10 CFR 20 

20.203 (e) (2) 

20.103 (a) (2) 

20.103 (b) (2)

20.203 (d)

20.103

New 10 CFR 20

20.1902(e) 

20.1201

20.1702 

20.1003 

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 establish 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-8 as a replacement for PT-9. Both wells 
are screened In a similar manner in the production zone. FEN 
requests 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.



I.

S,' 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, 

Stephen P. Collings 
President
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Appendix 3 

Mine Unit 1 Post-Mining 
Water Quality Sampling Results
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Ca Ion hi•lI va ents W Q t/c I I 
Ca cutte~aT6r '1 
TDS Balance A/C 

Report Approved By: .ad.  
kmk 6112few

jm--ý

RADIQMETRIC cill: 
a ec Bjt K; ýrajyum u (Mg/1) alli : 8 um d t ral 

um 2 r on. 101



T ORI mES

ENERGY LABORATORlIES, INC.  
P.O. BOX 3256 * CASPER. WY 82602 * PHONE 13071 235-0515 254 NORTH CENTER. SUITE 1OO * CASPER. WY 92601 * FAX 13071 234-1639

FERRET EXPLORATION OF NEBRASKAF, INC.  
PROJECT: HU-1 Initial Restoration
Sample Identification: 

ample rate: 
e grt Date: 

Laoratory I.D. •: 
MAJOR IONS mg: 1 
Ca- CalC Um 
Mg - Maunesium

rte )onate

nA NET- Cur Cinu : Itural (mg/i) 1 2

aullityAlloraoe Data: 
CaCn jmien af HuN1 ival ent WDQ / a.  

TDS Balance A/C 
Report Approved By: ARO.  
kmk 67L2fa-

IJ-28 

94-8715

161 
1.3s 
10A

<0.10 

<.00 

<0.01 
<0. 0 (0.06 

Y:1181 <0.01

II: �
a

COMPLETE ENVIPONNMFNTAI. ANALYTICAL sFR•VFs



ENERGY ENERGY LABORATORIES, INC.*PHE 07 P.O. BOX 3258 * CASPER. WY 92602 aPOE1012501 
41 ,!RAgRt 254 NORTH CENTER. SUITE 100 *CASPER. WY 192601 *FAX f3071 234-1639 

FERRET EXPLORATION OF KEBRASKA, INC.  
PROJECT: MU-i Initial Restoration 

- Sample Identification: PR-15 
Sample Date: 
Rprt Date: 
Loratory I.D. M: -716 

~AJOR OfN 09l:1 

g Vag~esium; 
PotaspTum0.  

C03 C a 1bonate C3 Barbonate 

_ 10- Hiic 

L B- or~e 601 

L H AmmonIum 0.  
aNa! ~tite < IL 

~It&J uImjliis raln (og/i) 3680 
QuaityIsur jum ceDaa 
(;ton IiJcunit a 1946 

Catiorn Ni~~u aet 

u Ceor pperodBy O

r-rlr', rTr rt-ijjrnr-jgerf,1-A1 A!gAI VTIr AI -rlrve-r,-
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ENERGY 
IASORATURItS

E1NERGY LABORATORIES, INC.  
P.O. BOX 3258 * CASPER. WY 62602 0 PHONE 13071 235-0515 
254 NORTH CENTER. SUITE 100 * CASPER. WY 82601 e FAX 13071 234-1639

FERRET EXPLORATION OF NEBRASKA, INC.  

PROJECT: MU-i Initial Restoration
Sample Identification: 

Lauoratory I.D. ~ 
- MAJOR IONS nmg:1 

Ca - Caicium 

C3- B~arbonate 
~y--Cu1Zais 

_rie 

2 ~-Toa IcaIssolyed 
TSS IToa Yu ~ec 

E ,jtanded 
AZk7--Cj4IaT n ycauCa

IYAS ETAS gfi: 

Ba - Bariu 

Fe B rot 

Se - Seanium 
r - Vnamium 

Zn - Zngae

rA PETDIC pCit iY I:trl(g1 
eallum299'Pecil n g/ 11)i

Catuon'TD1 

Report Approved By: 
kmwk 6712fra

t~d.JL2 ~y 05

L 
L

frn1-qrI FTF Ft1%,1rr,-t1Ir?.TAI At lAIY TICAI CrI,11r-rr*

PR-8 

94 -8718 

<0.10 

<0. 108 0 J28 

<8:801 
<8: 820



zABENEIRUG7Y /F OARRATORIIES/

ENERGY LABORATORIES, INC.  
P.O. BOX 3258 9 CASPER. WY 82602 e PHONE 13071 235-0515 
254 NORTH CENTER. SUITE 1O0 0 CASPER. WY 92601 e FAX 13071 234-1630

FERRET EXPLORATION OF NEBRASKA, INC.  
L PROJECT: MU-1 Initial Restoration 

Sample Identification: PT 
S•enplpae : Vt 
peprut Date: 8 -- Laboratory I.D. 4: 
MAJOR IYNJ mg:1 

Ca - Pa c ss C0 - V anesiaLe 
K - Po assium go 
C03_- W ronate

ite

-5 

iHi11

.0

20

<0.  ,oi II 
<0 

811 1!8I8
tin - hiinc 0.0U 
_IADMHETOIC pCi/:.  

-nal -ranium iatura1 (mg/i) 9 30 
1ga 6- du 12 
kuifum2 2brec'slon 
Oulity .uratce Data: 
An 0F jquiyal yntfs 
WD / 
TDS Ba•ance A/C I i.o 
Report Approved By: e-.  
kyk 0712rfo



D ENERGY LABORATORIES, INC.  
- I &I V P.O. BOX 3258 e CASPER. WY 82602 9 PHOIUE 13071 235-0515 

1ABORATORIES 254 NORTH CENTER. SUITE 100 * CASPER. WY 82601 * FAX 13071 234-1629 

"-. FERRET EXPLORATION OF NEBRASKA, INC.  
-1PROJECT: -1 Initial Restoration 

Sample Identification: IJ-45 
Samcp I Date: 1fp 
Repbrt Date: 
Laboratory I.D. if; 
10AJORI)H; mg:1 

Og8Y SK -Potassium 32.7? 
C03 - arnate 

C3 - B ra bonate 
SC1 Chloride 0 

94-Airtuojium03 
NOj : g~rite NO - rt e•M 

F Fluoll e 0143 
SSi02 -Si ica 'I3) 

S-10R o T a so 
- i I gy CaCah 

L- pH (sta units) 7.7 
ICE.ET.ALS mg/l: i-• imnum <0.10 
As - Arsenic 0.023 

L Ba Bar o n 

Cr - Cromium 
L Eu - Copper 1 

nI fanganese<.0 

L g- 9ealaenue < 8: 

L Zn - Zinc <0.01 

L 6MZOETRIC Ci/h:.  
una- Uranium •atural (mg/l) 14 63 

a - dum2 reso 

Lua litt Feurance Data: 
anionIgJiuilal~nf 
Caton Hi~i iva ena L WD e /ca0 

TDS Baa.nce A/C / , 

Report Approved By: e.- .08 

kink 7•712•r

COMPI FTF FNVIPrFnIMAF#ITAM AMA! YTICAl QPI7l'/r-r



- EffERGY 
£AIIJNATURIFS

ENERGY LABORATORIES, INC.  
P.O. BOX 3258 * CASPER. WY 82602 9 PHONE 13071 235"0515 
254 NORTH CENTER. SUITE OO 0 CASPER, WY 82601 e FAX 13071 234-1639

"FERRET EXPLORATION OF NEBRASKA, INC.  
PROJECT: MU-1 Initial Restoration 

Sample Identification: PH 

Samgle Date: 
Peport Date: 
Laboratory I.D. 1: 
MAJOR C10Y1 mg:0 • -C u ceum 80 

- K -Potusium 
___3 ear onate

37 

9B

-5 

.0 

30 

65

(0. 1 

<0:8 

JAi*il
- vanadiwn 8: H 

Zn - Zinc 0.  
_•IETRIC Ci/:. (m/i 

,6-ranu ate (mg/1)2 e24.52 

QU lity Aurance Data: 
An.n F!ialunts .7 
Cationn 1aaiva ent C Qcu / ýea Tr. , 
TDS Balance A/C .10 

Report Approved By: 4 Ld.  
knmk 6712fra
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LNERGY ENERGY LABORATORIES, INC.  
P.O. BOX 3258 9 CASPER. WY 92602 9 PHONE 13071 235-0515 
254 NORTH CENTER. SUITE 1OO * CASPER. WY 82601 * FAX 13071 234-1639

- FERRET EXPLORATION OF NEBRASKA, INC.  
PROJECT: MW-1 Initial Restoration 

Sample Identification: PH 

elgrt Date: 8 
Loratory I.D. ff: 
P- AJORITNJ mg: I 
:a- g:auesum 87 i 

-- Poaest7um 

Fon umn 
02- trite 
.03. rate

-1 

-8720

.9 

.7 

81 

36 

ý1

<°:1% 

<0. 15 
<0.01 <0.8 
<0.0 

<8:861 
<81f 0.39 
<0.0•

WI fTflIC Ci/ 
90 Ur~um'Atural (mg/i) 6 

1,10 u -2 cr son 
( litv 1ssuraqce Data: 
Ano al ent 
Cat1o.nnQ1i1Jzuiva ent 
CaU~ Cu Sea TD.r./ 9 TDS Ba ance A/C .1.03 

Report Approved By: f.1.  
kmjk S71armw

('4 4P-I FTr 4rofl%/It 4t-e T ~t A•tAI VTI " -r -*Al-

h



"- iENCR 
Sl -IAEoRFGRElS/

ENERGY LABORATORIES, INC.  
P.O. BOX 3259 9 CASPER. WY 92602 s PHONE 13071 235-O5t5 254-NORTH CENTER. SUITE 100 * CASPER. WY 92601 9 FAX 13071 234-1639

FERRET EXPLORATION OF NEBJRASKA, INC.

PROJECT: MU-1 Initial Restoratii 
Sample Identification: 
1mpl[ Bate: 

epr• a e: 
aboratory I.D. ff:

RFDIOMETJ.i /.: 
UM - 6uranium Nhtura, (mg/1) 
aj - Rd~umCJ uml( 22, re sionJ .

PH-4 

•7.1 

<015 

<8:?Y 

<0. I 
<0.  j341 
<0.0 
<0.0 
<0. 0 
<0.0 < 0 

1.:! Y 

2*1

77j 19 

ý0 
1.05 

IM4ýReport Approved By: of".  
kmk 6712fer

an



TAORA HIFS/

ENERGY LABORATORIES, INC.  
P0. KOX 3256 * CASPER. WY 82602 * PHONE 13071 235-0515 
254 NORTH CENTER. SUITE 100 0 CASPER. WY 82601 9 FAX 13071 234-1639

FERRET EXPLORATION OF NEBRASKAr INC.  

PROJECT: MU-1 Initial Restoration Samples

De ~ 

8:18 

8:6g jisl

Limit

- DI ETRIC fi/ : 
ro u itural(mg/i) a 1:2Hlrcin 2 

. lit iurance Data: n R umalu.tt 

WD al.  
Caflulted TDrinj/l . DS Ba ance. A/C 

Report Approved By: 
kimk 871l2ro

0.10 

0:8! 

0.0 

8: 9003

Acceptable Range 

-5 - 45 
0.90-1.10

COMPI.ETE ENVIRONMENTAl. ANALYTICAL SERVICES

It -Aý



QUALITY ASSURANCE REPORT 
Rupert Dater 04 -2,8-94 
ELI #(t): 94:8712-9723

Fervet Exploration of Nebraska. Inc.

MAJOR IONS Ing~t: 

Calcium 
Magnesium 

~'*Sodium 

Carbonate 
. p Biartboate 

Av- Sufte 
Chloride 
Ammonium 

* Nitrite 
-Nitrate 

Fluoride 
-Silica 

Alkalinity 
PH (units) 

TRACE METALS g: 

L Aluminum 
AreIONC 
Barium 
Boron 

L Cadmium 
Chromium 
Copper 
Iron LLead 

L Mauetgeuca 
Mercury 
Molybdenum 
Nickel 

SSelenium 
Vanadium 
Zinc

RADIOMETRNO.  

Uraniuam 
R*226

Dup #I DuP #2 Spw to Sp3it2 
METHbOD % Ie

EPA-200.7 
ELPA-200.7 
EPA-200.7 
EPA-25.1.  
EPA-Sb0.1 
EPA-310.1 
EPA-373.3 
EPA-325.3 
EFA-3S0.1 
EPA-354.1 
EFA-3S3.2 
EPA-340.2 
EPA-200.7 
EPA-160.1 
EPA-120.1 
EPA-3I0.1 
EPA-150.1 

EPA-200.7 
EPA-206.3 
EPA-200.7 
EPA-200.7 
EPA-200.7 
EPA-200.7 
EI'A-200.7 
EPA-200.7 
EPA-239.2 
EPA-200.7 
EPA-245.2 
EPA-200.7 
EPA-200.7 
EPA-270.3 
EPA-200.7 
EPA-200.7

100 
too 
1114 
100 
100 
100 
93 
93 
92 

100 
t00 
105 
102 
100 
100 
100 
to0 

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

100

100 
too 
104 
100 
too 
100 
92 

101 
98 
85 
97 
100 
104 

100 

to 
'3 
103 
100 
94 
'3 
9S 
t00 
107 
lot 
106 
99 
92 
110 
101 
too

DATE 
ANALYST SAMPLE 

ANALYZED 
PG 0131-9I
Po OS-31-94 
PG 03-31-94 
to 03-3I-9H 
RK 03-23-04 
RK 03-23-94 

RK 03-29-9H 
RK 03-30-94 
RK 04-05-H4 
RK 04-04-H4 
RK 04-0t-H4 
DC 03-30-H4 
CF 04-01-H4 
RCB 03-31-H4 
RCB 03-30-94 
RK 03-23-94 
RK 03-28-H4

CP 

CP 
CP 
CF 
CID 
CP 
CP 
CF 
CP 

CP 
CF 

CP 
CF

Dup #I Dup 02 Spit #I Spi 12 
METHOD 99T 9

EPA-PUS.! 
EPA-903.0

126 
36

123 
97

04-01-94 
04-06-H4 
04-Il-H4 
04-Il-9H 
04-Il-H4 
04-11-94 
04-11-H4 
04-1l-9H 
04-11-H4 
04-I1-9H 
03-23 -H4 
04-01-H4 
04-01-H4 
04-07-H, 
04-01-H4 
04-01-H4

DATE 
AN4ALYST SAMPLE 

ANALYZED 
DR 03-30-H4 
DB 04-05-H4

USEPA-ESML-LV INTERCOMPARISON STUDY RESULTS

Uranium 
R&226 
R1228 
Gros Alp&& 
Gross Bela

Method 
EPA-905.1 
EPA-903.l1 
EPA-904.1 
EPA-900.0 
EPA-900.0

ELI Value 
20.73 
15.23 
16.13 
16.00 
19.00

LReport Approved 13/ZB /L...........

ws ~94:8712-8723

Standard 
25.3 
14.90 
20.40 
20.00 
15.00

Differeace 
-4.57 

0.33 
-4.27 
-4.00 

4.00

Analyst 
JDB 
DB 
DR 
DR 
no

Date 
08-13-93 
09-17-93 
09-17-93 
10-29-93 
10-29-93

ITTi7



CROW BUTTE RESOURCES, INC.

Appendix 4 

Affect of Groundwater Transfer on Selected Parameters



Page 1 of I
Periodic Water Analysis 

of Selected Wells In Mine Unit I

[sample Well 
Date 25P.1 IJ i 1J 45P-2 PH 8-2 PH 16-1 1 Pit 101 Average 

Baseline 204 189 2118 8s? 180 186 95 
03124194 594 619 607 603 603 590 603 
07/06/94 596 596 596 467 524 560 557 
10/19/94 506 525 493 519 495 512 S08 
05111/95 458 495 440 503 417 468 483 

Sutfate Analysis (mgII) 

Date ' 2IS-M IJ 28P.1 IJ 45P-2 PR 8-1 PA 16-1 PR 10.- Average 
Baseline 360 384 366 352 352 381 359 
03/24/94 1,119 1,112 1,134 1.115 1,115 1,283 1,146 
07/06194 1,333 1.191 1,414 t,007 1.117 1,361 1,237 
10/19194 1,139 1,148 1,086 1,119 1,088 1,148 1,121 

10511195 953 1,042 873 1,055 838 057 953 

Sodium Analysis |mgIl) 

L Date Well 

Baseline 402 411 423 408 399 407 
03124194 1,177 1,182 1,126 1,144 1,172 1,083 1,147 
07/06/94 1,309 1.260 1,276 979 1.199 1,t77 1,200 
10119194 1,133 1.177 11,22 1,133 1,172 1.128 11,144 

_,10511195 1,012 1,1162 1100 952 1.243 1,063

Chloride Analysis (mg~t)

Alkalinity Analysis Imgtl) 

Sample Well 
Date U 25P-1 w 28apI. 45P-2 1 PR 8-1 1 PR 16-1 PR 14-1 Averau 
aiseline 261 312 270 324 307 294 295 

03/24194 911 p89 905 959 959 786 918 
07/06194 920 948 840 780 880 770 856 
10119/94 825 880 800 800 850 788 824 
051/1195 739 810 700 780 700 700 753

0e
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CROW BUTTE RESOURCES, INC.

Appendix 5 

Conductivity Indicator Data





CROW BUTTE RESOURCES, INC.

Appendix 6 

Stabilization Water Quality 
Sampling Results
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ENERGY LABORATORIES, INC.  
SH41PPING: 2393 SALT CREEK HIGHWAY o CASPER. WY 8260t 

________________ MAILING: P.O. BOX 3258 aCSE.WY 82602POE(3)23-55*TLFE: 812555 
Buints .Conecav e - Rm a *Npid City E-al ngy rbco FA:(0)2413 PH N:(0)250 5oTOLRE:88)3-56

*.~11ARONATORY AWALTSIS UrF.10RTT CROW II03Wj R9FSMINCIM 

8pit 33M 111.9 IPP.19 IltRIf PA11.9 pR-lI 13.33 
Reveal RovdEaed Ioa3 Roaned a Round 4 Roued I .R~d ""l.rtoy3h11.1101 W__01131_ "49612 "49.326 9112313412 9941.39'1% 

am kpla 13ful, Woert Water Water water Water . .Wuft: 

.Sdmpi Dole: 423.9 *~3~I 0-81 3-20-if I ui.1 73* 
*Reportlee . aie, 32. 3999 Apilli1. 3M91 a 637. 1111 Jn S..om 1101s9u hap ILtli. d &9 

frad B~oorsDallis AprilIS.3 IM ____ .  

* .. . M ~IAjot lave Unsits Repotiyf ngliit Rawlts Beulong Results UNeuis Results ftmh 
aturn co. M 1.0 26.4 27.3 100.7 33.0 53.2 97A 

Itlarnseaho 169 easts. 1.0 63 #1 7.? Is 13.2 18.0 
Sudkum "a seen. 1.0 344 339 318 313 163 

Kesau iC egl. 3.0 11.3 12.0 13.6 34.0 30.5 24.0 
=Mabonow COO tegll. 1.0 -10 slc1.0 -c1.0 -c1.0 -c3.0 lc3.0

Olmtmumm KIn), weill 1.0 406 411 42) 434 534 40? 
sqairsi 311, "gL I.0 320 341 391 401 559 496 
C~witsud n1 Mgtn. 3.0 343 141 131 170 263 313 
Ananunlu a, NiN M IgM. 0.03 &0.0 0.is 0.37 0.14 0.211 06x "N1ift as I NO, W41LI 0.30 le0.30 lc0.10 40.10 (e0.30 l(0.30 l40.30 Ilgase '+ 141lichu NOIf NO. -cht 00(0.10 c 0.10 (0 .3 (01 (.0 03 I'hwh P ni--.0.0-.4 0.42 0.40.1.7035 
PRICS 5), I eight. 1 . 9.8 30.9 30.0 31.0 30.5 30.5 

ltubltswsa wds al @180-c Tin's eight. 2.0 300ow3 30 32111 1740 A2320 
Cneiswtve 1__LpedK*n 1.0 Ism0 Osl 30 9.0 ?09 260 3W 

AImCaCO, e"It. 3.0 333 3.11 112 363 430 49"3 
I...l.U`w * ''

I I Wi. unitsE 0.30 1.01 3 7.20 I 1.00 3 �m 3 am I we. I S- ..... -.-

TraeksMetals' 
Alami tha At mg/L 0.13) 0.10 -4 0.10 (c0.10 40310 < 0.30 4c 0.3 
Auninle As Ingn. 0.0111 0.016 0.036c 0.020 0.013 "i0s 0.035 
portium 119 inht. 0.10 40.30 (c0.30 (0.10 4c 0.30 < quo0 4 0.30 
themf 0 e~g/I. 0,30 0.30 0.H 0.3" 0.31 0.63 0.933 

malllo cd eight. 0WON 916103 (0a1X13 -4 0.005I (0.1103 lc0.0013 40.003 
Clirslu Ci re iglI. 0.03 l(0.135 (c0.05 (09.00 (c0.03 4c0.03 4c0.05 
cm-pe ru eogmI 0.03 0.03 4c9(0c001 ( 0.03 4c0.01 403 (0.0 
Iran. Fm aght. 0.03 0.09 6.19 0.23 01.40 0.40 0.10 
t.ejd 93. finn. 0.03 (c0.03- (0.01 (0.03 < 0.03 4c 0.03 lc5.03 
Mangamsea MR nigIL 0.03 0.03 0.03 0.01 0.04 0.06 0.09 
Maenvry fit mnih. 0.003 -4 0.003 4C 0.003 -(0.003 4c 0.003 4 0,003 404.003 
Imolydamu It. eiht 0.03 < 9.03.00 6.08 6.13 0.14 0.33 

=Nckkl NI eigh. 0.03 ( 0.03 (c0.03 <40.01 (c9.03 < 0.03 0.03 
Stslmse miht 000 00 0002 6.0 6.1102 0!.0003 111004 

mualtmV eng. 0.01 009O 0.07 0.06 0 .08 00 41.011 
Un mnnght. 0.03 0.01 004 0031 0.0? 0.04 0.61 

" tI lass/L 0.0003 1.03 1 .54 I 306 1 1.19 I .70 41 
&Ran ZIG 2RS Kill. 1~h 0.2 439 62.1 730 1 7?i 360033 

Radius. Erro Exsalmat I j 7.3 7.2 0.3 1 8.3 11.6 3.  

QaliAftbtraum Vain Ttarg Roar 
Ad.nieq 17.44 73 20.08 20.49 20.47 33.30

ca D WL16 11 231250 1723 1100 
TOS A/IC Balance dec. S 0.60.3.20 0.9 .02 0.901 1.02 3.03 1.03 

"*M4$sslekam Was analyzed &1 ia ctcllah limit of 005 Pr bhu Uslowm.

anJ rWepw Hessgqilcr.s3.cge)lst.eltne ucet atu.ws�su39s.13539 ci.
lug In No. 34403
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L~~7 ENERGY LABOrIAl-ORES, INC.  
SI UPPING: 2393 SALT CnEEK 11101WAY e CASPER, WY 82601 

: * MAILING* P.O. BOX 3250 o CASPER, WY 62602 E -aI: nrgy~lrlb.com a F-AX: (307) 234.1639 * PHIONE: (307) 235-0595 e TOLL FREE: (896) 235.0506 mmtngt *cetper - ai"*"*i - nhpid Chy

LAMORAAIRY ANA3.NS1? arrrouct CR3 stm~ m~ottmcis 

'I hpI ilt Mt.3 32 ti183 3141.? 1i2 . 43431 
J.sornd souind 3 Roveid a Roemid Moe A.. . sa ea 

3mph leit,, Wle, aleWattr Water wager Wu 
t4~~ * 8Aq~k3.1111.3-.191 63111-11 114-111-10 6:.141-11192135 

........... Rpmibnt, 5IL Apr 12.L It" stay I. 36M June 6. It"3 Jul R.30 It"' 

g,,a ON&. 19.,2, mm 

__ _ __ _ __ _ _ 
3M. .2______1%____ In&_ Reo ~ ________ 

19. ae mg~l. 1.0 31. loS 360.0 139 .9- .0 4.1 
18k rbna tic on fl. 3.0 4.3 4.3 420 4. 4.  

3.0 393 341 sic il12 357 34 

P ru m s m ~ M1 engfL 3.03 0.03 30.13 33.1 11.0 tit.  

cog Mogm 1%+ ) n . 0.10 oil6 - .1.0 0.10 43.10 - .10. 4.30 

Ausnovietlms Nil uL 0039 0.53 .1 63) 0.K6 0.32 6.34 

33kma SKI, Z34 3.6 34.0 - 14.1 33.? 34.0 34.0 3 4.2

P, kNeu.6tcs , I

tebivk 3)u3.dSeidO W 31 031 1.0 31610 3050 3014300 NO0 1020

1 .143 6.23 1 3 2 3.3 3.31 

Abmilnan Al "ll. 6.30 c~a (o8 .30 (0.30 10.30 (0 .30(03 
iencAS mg54. t.wo 603 .433 0.626 0.025 .2 6.027 

variuns us mg4 0.30 (C6.30 (6 .30 (0.30 (6 .30 (6.30 (6.20c 
3,mgU .g. 0.30 0.4 .46 0.31 0.44 11.44 63 

Caimlem Cd mg4l. 1.1 (103(.003 (Ct ol to C0.003 -- 1.003ý (6.003 (0.G0M 
Cr wall, 0.65 -(0.03 A0.6 4C663 -(6.63 (0.63 (6.0 I 
C's fgIL 660 (6.61 (03(.3 (60 68 160 

- -ee gel 41.. 003 6.04 u.0 6,0 6.43686 
fres 33. gIg4 0.03 (0.63 (603 0 (6.03 (60 .86 41(.06 

?mgg Ime mgf. 0.03 4163 6 a .04 00 .01 6.040.3 
gi If/ . 9!.0 .. 9 (030 (030 two0 (00 110.101 -(0? Ct o 4.1033 

?4kh3 N 01:11. 0.03 ( .63 (30 0.( .63 (6.03160 
alu S ag4 0.6013 .030 -C.603 6.601 49.601- 3.303 

Vuimilm 
9 14 0 .36 0.16 0.3 6.34 0.34 63 

Zinc Zn ,g. 6.03 (0< al0.02 030.0 06 60 

0hnu t mf .0m.1 0403 0.139 6.734 1 0.456, 0.756 0.3

S Qu's1Ii Auvmoce We. Tenrri Riesge 

I .613.3 3661 1.113 432. 37.22 36.43 L AMCgac 110sms .s a .6913 .03 06N 2.15 z8hz ~ 7 

ON.6 I o 0661.1 O

IM Im $6. W4O]
L ~ ~ %v~~ egrj3nll teda~2~?3.,

COMPLETE ANALYTICAL SERVICES

L-

L



ENERG(Y LABOIIATOIIIES, INC.  
SHIPPING: 2393 SALT cnEEK 11hI11WAY 9 CASPEn, WY 82601 L n MAILING: P.O. BO0X 3258 * CASPER. WY 82602 J94-7mE-mail: energy~trlb.com * FAX: (307) 234-1639 * PHIONE: (307) 235-051 5 * TOLL FREE: (688) 235"515 unnot * C*8aWg -012116"a * flood CHIt 

~~ iiii ~U-19 r 11-3-1, ,uisne24.  

L. ~ F ~ .Emus, 
Noad Nomaud 2 anl 0s Itsu wd l "S

11111ftah it.t. Ma I t". Apra It. 233 stay 6 Cit" June 6. 1113 1 .2 soi t" An 
tva_ _ _ _ IM 

A140t~~~~ ~ ~ ~ ~ ~ ~ ~ saex*.etLt Kv~ ehe Rml Itau RW 
co avft IItoI_1_.__. - 1 Mg ______ 1.0u1N _ .______.__.____4.  "ph ? IKI ___ 1.633 3 " 3f 31J4 K wf ______.0 __ 13i.21. .2-2. - - 1.34.  

Bkbwf agii~n Mg ag12. 1.0 4.0 4.6 4.S 4.1 4.2 4.1 L4 MuleL 2hIn .0 30 3111 M3 323 "31 in1 

Make __________ K..!1!! -g0. 03e:2.12 < 3. &t :2m .1 0 -C. 24.  
___________ 0,at .10 -(2. 0 4. ti(-2.10 42. ti.0 as$& 

Phihs ag1. .1 06 .31 6.52 6.60 6.63 0.69 Inic, 3120 ug12. --. a 1 23.1 24.3 2.24.6 332.

Ifen~ittahj *. 

Al a11h@ 4 M2~ me13 aug1. L.0 I030 I0w0 t0w0 104 070 23 
pf~llskal 1.0 1690 luo 1 610 2120 ?a 260ilo0.9 

Coco, IaMitt. 2.0 344ý 33? 1 s6it 346 34 14 s .2ix
I ImIdUnlul 0.20 9 6.20 191 I 6.00 I 6.22 I u.2s 1 6.22 9

AhlanAl aug12 0.20 (02 (0.2 <&o(0.20 -(0.10 -(0.10 00 Atomic AS aug12 awl0 1.030 0.m2 6.025 &023 6.023 . .0? "*arm Be aug11. 0.10 (0 .20 (0.20 (02 (02 (0.2 (03 
gui4 0 1u12 -.0606.263 6.12 -0 .10 o:.64 

Cd aug11. 41.003 C 0113 (000 el a .003 4!04.103 I(0.003 (:.0OW 
0r4fl .03 (00 &4006 3 4 6.03 &0.0 (0.0 (.0 

cm 6.03. (c 0.02 (06 (602 'I(DI0.02 (0 .01 -0.0a.  
to melf. 0.02 110 41.94 0.06 0.03 0.03 &W0 

________ III awi12. 0.02 -00 So04.01 46.01 -0.0 (0.0 -(0.02U 
U"uu Mn ? 0.02 6.62 6.12 0.02 0.02 0.03 0.02 
hgo ofgf2. 0.001 (0 .001 (0.002 o:00 (0.00 (0a ~ I.002 (0.awl 

PqI4dLu Ma6g2 .02 &.0 0.20 0.20 al2l 0.ll .20 
M2 m42 ulI. 0.02 (0.02 -C~ (el0.02 (0.02 6.02 00 
so~im menug1. 0.00 0.002.k003 6.002 a o aW0&W &W03 

Vmdlv Wil au12 .02 I.E 0.01 0.01 an0 0.03 .2 
Zine 2. aug12 0.02 -C6 $11.02N 0.02 .6.0 f02 0.ll 

91.1 Iau l2I .213 0.713 1 .1.2 aI 1.0 .0 .12 102.5 ' 

WI'm lUsat Kidmatc 9.4 4.4 4.? 4.1 4.5 4.3 

0"11, f2a1A-amrom Date Target Ktsuct 
Anumaiq 10.93 16.49 11.01 11.20 27.82 16.22 "CWitu 1u 0.32 2044 20.3 23.33 26.13 26.42 

WYD AIMCIalance % -3-45 .201 4.013 .2.93 3.711 .2.12 .0 
Qk iIDS au1.21 022 2031 1032 1023322 

&VS Bl alm"c dcc. % 6.0-.20 li .00 I.03 2.0 2.62 1 .a" 2.00

I ft4S*3WW5W�uhI5tt*21WWfrE.Wlt2a0j2i$l33I2,k 

L tagIs em114401.
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ENERGY LABOnATORIES, INC.  
ShItPPING: 2393 SALT CREEK IhIGIhWAY a CASPER, WY 62601 

- ~MAILING: P.O. BOX 3256 * CASPER, WY 92602 
________________ E-mall: ensvgy~lrlb.com a FAX: (307) 234-1639 a PHONE: (307) 235-0516 * TOLL FREE: (888) 235-0615 

Oflifuige -Coasper .Olsoiu -nalod Clip 

I.AvnitAinkV ANAISItS ItrV3otv . cRlOW Suli WZoUnCIs 

tmsiet 3IM. 9156.34 -loss$IS. 5 

Ii. ,.dmde.63,ag Water Wooer water Water .Wellst __ ".4___ 

~ ,.~..* R.~iae hoiu, Iarh2. 1199 A-fttI. 3it" Star 6, 1199 Sa. m ItbI 319 

%.. .. .to Apai..  

A'~ M~olam"s. Voh UuI OKnuhan Rouak Ranuk Rauli emud 
cdlern Ce mgfl. 3.0 33.6 19.3 39.6 23.0 39.4 2.  

magnesham &ig mgfL 3.0 3.1 235 -23. 10.1 30.3 .  
Sodam Ifs 3I, .0 349 337 .466 47? 535 441 
rseanium IC molt. 3.0 14.4 31.0 319.2 20.0 23.1 19.6 
Carbolem 4705 mIN1. 3.0 c .0 c 3.0 -c3.0 c3.0 -c3.0 (3.0 
Blcaafonata 11(0, mgfl. 3.0 413 436 491 sit 560 4133 
Sufate me0 mgfL 1 3.0 N0633 439 314 593 43? 

Toltre (3 3. .0 332 in 23 2 267 134 
L ArnnioluIsi UN "pit m~t1. 0.03 0.@001 0.320.2 0.01110~1 0.16 

lea Nt n .0.0 <0.0c0.60 e:0.30 0.30 6: .60 
Nkrate + Il0tr: as N1 NO,10 4 3tOs on/L 0.30 ( 0.30 < 0.10 (0.10 (:0.60 (0.10 -(01.10 

Floagidc F mail. 0.30 0.42 0.39 0.39 0.39 10.39 10.46 1 

L otmsvdS44aIm ls "f. 201010 111 4W 1610 376032 L 1h~ ~ 13 mI .0 343 331 0 426 439 3116 
pit Iid. vnlt 0.10 82 .5 1 82 .891 

L Alhih,:.. .rac ldt Al sitlt. 0.10 - 0.10 <0.10 (0.30 c0&30 -c0.10 40.3: 
Aucuic As mgL. 11.001 0.013 0.013 0.013 0.012 0.012 0.013 
Oflarhu 11a ____ __ 0etI___:_.0___._e:010- 61 0 

Boma a Well. 0.30 0.43 0.3-4 0.46 0.40 0.64 &as3 

L £lumu Cd malL 0.003 e:0.003 0.003 <0.005 e (0.310 (0.003 (0.003 
Ni P111it. 0.03 <(0.03 ( 0.0s; (6.03 (c0.03 -(0.03 u0.0 

CIS mr Co 1 0.03 e 0.03 "1 0.0 8 .01 ( 0.01 ec 0.03 0.03 
hem_________ re "Ingt. 0.03 0c .0t 0.01 0.03 0.00 0.06 Lo04 
Law _________ _________.0 (0.63 0.01 (0.03 e:0.03 (c0.03 (0.03I 

___ue 14 of. 00 c00 0.01 .0 0.03 ac0t 0.02 

mercur sit.!L. mgtt. 0.003 __1100 _ - .01 ___0_0.019111 1.0 L Mtjtdemm Uo~ grig1. 0.03 < 0.0* 0.03 0.06 0.06 0.09 M.  
vmlfet31 0.03 (06.01 (:0.03 (c0.03 (08.03 40.01 (01.011 

S e.enm M& a owlt 0.001 0.00 3 0.002 0.0030020.30.3 
Vanadium mg&t 000.0 11.19 0.33 0.20 &.17 0.4 

ZtcZ"V Iggmt/ 0.01 0.03 0.02 0.02 0.04 0.03 00 

LUlanlarm :Rdmidb "lu ImtlL 011103 3.03 JA 3.3 .26 I .01 I 933 I 63 

Rad~um 226 I3 41. 022. 3. 3 7 0 1 

- ''~ Oh31l Astren, Vo. ITarget RosntI

L
~A"i mwq 3_6.93 11.91 23.3? 23.62 29.32 2224 

coi 16.36 13.70 22.9? 24.02 27.62 21.32 
IWYV3Q A/C Balane .343 .1.21 .0.54 I CU I -2.23 I 463 I .3.4 

-Cale TERS ragmt 1012 3371 3449 6363 6756 1310 
133 A/C Balance dlec. IC 0.11D- .1.0 3.03 1.03 3.01 3.03 0.9" 3.0S

L 34o3)4ldnw Vam samlyzed 01 da iecam I1mh of 0.03 For libltRaound.

la .n In N. 3440
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i~y~r~~y7ENERGY LABORIATORIIES, INC.  
SHIPPING: 2393 SALT CREEKIHIGHIWAY a CASPER.WY 62601 

MAILING: P0O. BOX 3258 a CASPERWY 92602 
_______Caper___________ Ch E-mail: energy~lrlb.com * FAX: (30?) 234-1639 * PH-ONE: (307) 235-0515 *TOLL FREE: (888) 235-05%5 

LABORATORY ANALYSIS13 R0KR CROW BhUM RESOURCES 

-., Suein, 631: 694 14 651.4 6514 r6364 tAI.4 , 

~ ~ ~) Keusidi Roundii IoundS 2 Itsndi Raad llRnsj ) ~ d 

M::10 tipe kloalow Wager Water L Water Water water 

56010f Daele - 2.111-97 93.18.99 "S1."1 63-201911 .1 4"6.9.  

A.: er gllaoMrt?, 12, 919 Apill 12. IM9 Ms? 6, 199 June 1. to" )i . Iet" ,s, ij~i 
Keehed Kepert 0.6.. ____________ ~April Is. I99_______. .:54) i.  

-*.;. Stiler hins Units Reporting 6.366 Kuli Results Results RsleRsh ~ ui 

willnsC: .g. s.0 14.2 18.2 61.0 13.0 13.3 63.2 

11,ssls Mg8t .0 4.4 9.3 4.8 4.4 4.2 4.1 

"a N. uitL 1.0 334 330 343 319 319 314 

IuhnK .nI. 1.0 12.0 13.1 13.2 12.0 13.6 63.0 

cot~s an. IL 1.0 1 41.0 43 .0 e:1.0 16.0 o:3.0 -c1.0 

Dicarbomic IlCO, mgIL 3.6 429 421 399 396 393 393 

I ti ar r t S O . i ng fI . 1 .0 3 0 0 3 117 3 0 4 3 0w 2 9 8 2 7 6 

PCucimme CI will. 6.0 144 136 133 123 129 112 

Amnehsn il. MgIL 0.03 0.60 0.33 0.33 6.09 0.64 ILI? 

Nitrite u No, mgtri 0.60 '40.10 (c0.60 -c 6.10 -4 0.60 4c 0.60 o:0.10 

Wowal 4 "itue ea NO,014 "of g CILo 0.10 -4 0.60 -40E10 40.6 0.60 4C!0 t0.10 4.0 

FlisoeF I mg/1 0.6100 0.411 0.30.003 0.6D 

[Saksc 360,h 1nt . 2.3 1 3.1 14.4 1 34.0 3 2.3 1 62.11 

Total DisSOlv Bonlds 0 330C 103 mg/L 2.6 logo1 lOG 1030 1 1917 982 960 1 

Condysesh*7 pinhole 6.0 619 3730 IM 16610 Isl0 ism 

Alkallinity, g. . 332 346 ill 323 323 323 

pi1 uItd. milk 0.10 3 .28 3.23 1 3.26 3.63.6323 

Alumi3num AlI night 0.10 -4 0.10 o: 0.10 o:6.10 4c 2.10 o: 0.30 o: 6.60 

Atseftle As wm'L 0.00 -4 2.1)(1 4:660 0.001 4w -. 60 .1 .0.01 -4 0.60 

*szhmi fas esalt 0.60 4 0.10 -4 0.60 4: 6.60 4 6.60 40.6 c4IO 0.60 

"f"gl S 5,1. 0.60 0.49 0.30 0.33 0.49 0.4? 0.46 

Cadmium Cd usgfL 0.603 - 0.=3 e: 0.0 o: 0.003 C C0.03 4 0.603 C C.603 

Clucoeunlot Cr "Ill. 0.03 4 0.03 <40.03 o:0.03 40 .03 o:6.03 4C6.03 

capper CIS sn&g 6.01 -4 0.01 o: 6.06 o: 0.01 o: .01 o: 6.06 4 6.06 

Iwoe Fe tglft 6.03 .0 0.03 600.03 6.06 6.66 4.03 

Lewd ft wsill 0.01 -4 O.lI 4C 6040.01 4 0 1011.06 - C.06 -c M01 

masigeosea MIN Irt 0.06 0.02 0.02 0.02 0.02 6.311 0.01 

16111M fit "llftL 6.60 4 09.011 4 0.003 -4 &MI' 1.0 1 4 c 6.00 1 060 -C 6.101 

kfolybdenum me "gSr. 0.06 0.60 0.12 0.62 m 0.336.6 0.61 

Nkdl Hi inigli 6.01 '4 0.66 o: 0.03 o: 0.01 o: 6.061.0 4 0.064:CA 

Sekolui So ight. 0.003I 'c 0.0 0.11N2 0.60 o: Coal -C 9.031 &.60 

VarutmsslanV ml 0.03 4 0.10* -4 .0.6 4 0.03 -4 0.66 o: 0.06 0.01 

Zinc l2a nigot 0.06 4c 0.01 6.02 0.0o4.6 0.01 Co0d 

Ihanlusmr I ""U nigh. 01 0 0.6712 mis 0.631.22 0.103 9 .629 

Ilwdmsasnl1 I"'Ra pn I _ 0ci .I F 614 1 73 1 634 160 161 Is 

Waim neEro Esuimnate :1 4.4 3.9 4.2 1 .63 

QaljAussaimctae .it Target t Rage 

Anion fmsq 61.33 67.33 16.63 16.43 16.34 63.43 

55 nse 16.013 66.93 16.61 13.32 13.34 13.16 

WYDEQ AIC Baansee .3. 43 .4.51 .0.13 .0.12 .3.51 .3.33 41.92 

Vali M1) wilnigt.lJ 61033 6032 993" 969 94S

lDSAIC Balance dmc % 6.10. 6.20 6.01 3.2 1.31 3.110 0."9 6.01

wawin es asolyled eta dicirthlos flints of 0.60 fin lish RoundE.  

.1 oiie0eu.Is .3,neslornu3l i
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L ENERGY LABORATORIES, INC.  
HIPIN: 293SALT CnEEK IhIGHWAY o CASPER, WY 92601 

MAILING: P.O. BOX 3258 9 CASPER. WY 92602 
E-mail: energyglrlb.com a FAX: (307) 234-1639 * PHONE: (307) 235-0515S TOLL FREE: (898) 235.0516 

111i11reli 'Couep - 0114ane * Rolapd Oil 

I.ARtOAIORY ANAL?6II3 RMPORT - CROW SUM1V RFSOURCIFS.  

V-dS 1343 13.45 r-4 
S..Roofm eud I Ranuit Round 3 RItd souldd 

~ ,~d.SmleIWolet Wooer Wolff Witter Watt 

Do 2dnh3.. 2.19." 13-113109 "is."39 3SM6-?9 
~ ~. ~ ~p~u D~g. Strch 12. It79 ApuI 13. IM9 IT"y ADAM pie. 99 Juy6 19974.  

ft#~~~~h1Ji Repoe .11. _________ 0Ap9- -SUI _______ M.''*-4 

ItjyI..Units Ij~t~mfl~n ii Runslia Remnl Rans~l Reentlis Rermilti ý . .  
calcium C. 011/1- 3.0 16.6 16.1 37.6 17.0 16.1 _ 1 114 
Mgmoeilum KIg mg/I. 1.0 4.3 4.1 1.7 5.0 4.g S.2 
Sodiumn "a ingIle 1.0 342 349 333 334 353 343 

- rowuselem R m~g/I 1.0 12.2 12.3 13.1 12.6 13.t 14.0 
Corbomutc COB wi/ll 3.0 (3 10 -c1.0 'c1.0 -3. IA-c1.0 (1.0 

a a aabom ulc I33W, mg /I. 1.0 40M 404 40 2 399 403 412 

MOWld Cl mog/. 3.0 339 136 340 346 149 127 
[A Amuuln UK NMl, mg/I. 0.01 0.03 0.06 0.06 (0 .05 &.09 L.IZ 
NNi~uk a N NO, mg/I. 0.10 (c0.10 (0.30 < 0.10 <(0.10 c(0.30 11.114 

t4IcrAt 4 Ni9u O* .0(.10 (03 .2 03 0.10 11.10 

L _______________1_1. 13. 1: 17. ___.__ 31.0 33.3 16.0

IT"j buseslnad IolldaO 180-C I rOs gLI 2.0 1 low/ 1 107111 1 30ow I 309 I I03 I toga I
-i -19 .037 0 31 40 1 17 s0 316 R i30 I73 R i T Coos i ( aIL~ . 332 -332 1 330 1 323 33) 3I8= 

pi d. vnist 0 .10 7.96 .9 3.31 3.00D 1 .01 1 .27 1 

Abminmm Al mg/I. 6.30 (0.10 (c0.10 '(0.10 (0.10 (0 .30 0.10 
Amaic- As 0MOIL tw0.023 61.033 0.037 0.031 9.033 4.113s 
Baerhat *as i 0.10 -(6.10 (c0.10 (0 I.30 '(0.110 -(6.10 -c64.110 
Davis B mg/I. 6.10 6.34 0.35 0.3 0.53 0.33 0.33 
Codmium rd mgit. 0.00 (c0.00S ' 0.003 (000 (6.00 (30 tow-.Lo00to 
Cliusersium Cr mg/I. 0.05 4 6.6(,03 (0.0 (03 cw4.05 (0 .03 c(0.63 
Copper C11 ei/I. 0.01 < 0.03 49.01 c 0.03 ( 0.01 (0 .03 (c6.62 
Iran I n'. 0.03 0.10 0.10 0.10 0.12 0.26 l.20 
le2d_ lb mfl. 01.03 (0 .03 0.01 (0 .03 (0.03 (0.031 (0.03 
Mangiemste 51. mg/I. 0.03 0.01 Lill2 41.012 6.02 0.03 0.02 
Macy its mg/I. 0.001 < 0.00 'c 0.003 4600 (0.00 (000 &M(40.1=003 

wldirlydcneme Mue mg/L 1 0.03 0.36 1 0.36 1 0.13 0 .16 1 0.16 1 0.116 1 
M~CuI NI m3ii. 0.01 (c 0.03 (0.01 (c0.03 (0.03 (0.03 '(0.01 

selentmo St ng/I. 0.003 0.002 0Omit 0.1102 0.11111 0.0 062 
veradleme v mg/I. 0.63 0.22 6.22 0.22 0.23 0.36 6.13 
Zinc zn I./I. 0.03 1 (- 0.03 33.03 0.03 0.02 0.03 0.02

L-e:.. ifs tor 1"t & 1gI 0=tX3 0.932 1210 1 3i.33 0.821 1.36 1 

"dum26""Nee pCi/I. 0.2 43431 441 466 509 1 7 L~ ~ ~~A 6a~mUs.Euut . .2 6.2 L7? 6.54.  

77*77 fI7- Awsurnce 37.3. Targel Rong.e 

lAnions mq 36."9 I 3633 1.93 173677 I s3."6 16.E10 LifAlon ____ 63693 10 16.23 16.7 33.06 3&6.  
WTDEQ A/C tabrsew % .3 ' .1.6 -0.32 .0.734934-.56 .0.77 
Cole; TDS mg/I. 1037 305A 1063s 307, 1107 

ODS A/C 11silence ace. % 0.3(3 3 .20 3.02 3.02 1.112 3.02 0.95 1.04

L msfinnpw~lc~n.Wk~whintl.,M&dhw se~sx~j~~iI* ml
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~J~y ENERGY LABORATOR1IES, INC.  
SI UIPPING: 2393 SALT CREEK 1 1101 IWAY a CASPER. WY 62601 

Fse i r-HreENT71" MAILING: P.O. BOX 3258 a CASPER, WY 82602 
~!iI~i~Z~lI7 E-mail: energy~lrlb.com a rAX: 1307) 234-1639 * PHONE: (307) 235-0515 9 TOLL FREE: (695) 235-0515

Ilhuilit Cooper * Ott~lete * nopilM Clt

I.A1IORAIOMF ANALYSIS IMP1ORT 4 CROW SIIfl AKOMURC93

t;btaoc vailt 

'~ . Ukh~p1beta.ta

PK. Id 1341) VRJVI.jL.. 1.41341 MAd (121,1-11 ro 1on _ _ 1 '6meU1'4314,

- Water Wolff I Wolff____ Water Water 1 fl~ c 

62.39.101 113-11199J1111- IIIS 113.2-w" I 06.17-1 J 
Ateme 12. IMl April 12.59IM sta 1131 UIfi in 3 I June 1 . 119, ub6 1",j~ 

AptEl Is.99 __ __ __ _ I _____

Units Repoelfeg UmUI It"qihs KnollsmtiRu~tRsul ~u 

CON wom Ca _._ 16.1 11.S 20.4 19.6 

Iagulm Mg1 .0 4.4 116 3.6 11.3 5.d 4.2 

Sodlum ph AIL. 1..0 13.0 312.4 II. 4 l 

Pcftauwu K .f. 1.0 11.9 13.2 3.301.41.0 
Iuat c ol. 10e .0 -c .0 9.? __ .c5. M .  

icanrbonate UIWO$ MfL 3.0 41) 442 444 460 463 39 

Sulfate so, argetL 1.0 319 343 337 341 334 223 

ChimUB. 471 artL .0 124 130 132 130 134 1145,01 

Ammoulove asH t4114 mglfL 0.03 0.01 0.01 0.11 0.03 0.11 Us1 

Mak~eal NC) of 111 0.10 11.10 -(1.10 02.10 (0.10 -c0.10 -c0.10 

Malta *"U~rbea NO, 1,1 " , migInn. 1 0.10 -c0.10 Ic0.10 4cU e:0.10 e:0.0 t0.o 

fluorlde F aigtU. 0.10 0390.46. 0.4 0.43 0.1 

Silic 51 gih. 1.0 34.3 11.9 19.0 pis0 Is9 4 

1.aDI~zald 301l&ds1@UC T13s ngliL 2.0 ~Iwo 1130 1 1140 132 93t 243 

z;ZOndudiy " nal 3 .0 1700 low. oilO I63 2420 1340 

Alkaflly CaO1ml .0 339 342 312 2139,4 321 

11t t 0 Itd. hit 0to0 3.21 11.20 11.34 3.6.21 3.23

AInn .of mn Adu At ~1 0.10 (0.10 (01 (0.1 e0:1 CI <. too0.30I 

Ancocle As a'g1L 0.001 0.004 0.0 .03002o.b ______ 

Darken Be CIgL. COI 0.10 (0.t c 0.10 ( 0.10 -(0.10 (0.1 (0.10 

Borten a uV. 0.10 0.42 6.411- 0.26 11.37 6.34 0.33 

rloi d nl. 003(.230.3 (0.003 -c0.003 (08.1103 -(0.00 

clurcemume cr might. A e 0.03 e;D 0.03 (0.03 c0.03(03(.0 

copper ________ Co mghl. 0.01 -c 0.01 4( 0.01 (c 0.01 ( 0.01 -c 0.01(.0 

ben Fe aogtL 0.01 0.03 0.03 0.04 (0.01 0.03 G.AS 

Lewd fb mgfL. 0.01 (:0.01 c D.al -c0.01 -(0.01 ( 0.01 c 0.03 

I11%angnce II.1 vaight 0.01 0.01 0.02 0.111 0.02 0.02 00 

6tmacwy fi mg aIt 0Coal 11.001 Cwt0 e: 9.001 -. 00 Col 0.001 (0.001 

Molyidmui 1.0 rL Mo0t (.03, 0.03 0.0*00 0.01 0. 0* ol 

Morrou MI inIL 0.01C 00 0.01 c 0.3 .01 c 0.01 (0.01 

Seknlun se ufufl. O.001 0.001 Lw00 0.ODI (08.00 1 41 .1101 

Vanmdium v rL 0.01 0.04 0.02 0.01 0.02 0.01 0.01 

Zinc Zn A.gI. 0.01 8 .01 0.01 0.01 0.02 0.01 ( 0.03 

5snon" mgt .10 .234 .14 403.33.36 

Rtadiumt 226 wits 7i-n. 0. I0 I6 Its "A 669.  

Raim nr simt 3.1 3.6 3.11 3.3 3.1 3.  

Anion6. 11 1. 12 1____._____ 13.44 33 13.42 

Calien Iq________ 1.31."1 17.39 369 11 31 

WYOEQA/C Balance !1.. Is .1.81 .13 03 44 29 .1.1 

Cate TDS inh1039 11111 1124 111 1.334 

IDSA/C Balance dcc. 5 CLIO30.3.20 1.02 1.01 1.01 1.03 0.32 10

Mo? M10enum arm a ulyzrd at a rdeftecon 111"N f @00 asft thi ROOMd.

Ug.f to... 54103
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CROW BUTTE RESOURCES, INC.

Appendix 7 

NDEQ Acceptance of Mine Unit 1 Restoration



-STATE OF NEBRASKA 
L- -i T DEPARTMENT oF ENVIRONMENTAL QUALITY 

Suite 400. The Atrium 
1200 'N' Street 

"P.O. Box 98922 

. Linccln. Nebraska 68509-8922 
Phone (402) 471-2186 

Mike Johanns 1 8 1999 
Gouemor 

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 CBRL 

"Three production/injection wells (PR8, IJ13, and PRIS) which meet the screened interval requirements were 

proposed for this purpose. Wells PR8 and PRIS would monitor the boundary of Mine Unit 2 and well IJ13 would 

monitor the boundary of Mine Unit 3. It was also proposed that sampling of the three monitoring wells would be 
L 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 

L 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.  

The Department hereby accepts the restoration of Mine Unit I. All production/injection and monitoring 
wells associated with Mine Unit I 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.  

ASincerely, 

L Director 

ML/MIJdlm 
davelcbrletter/tmu I don2.doc 

pc: Dave Carlson, NDEQ L Mike Griffin, CBR 

L 
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