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GROUND-WATER PUMPING TEST 43
- DATA EVALUATION REPORT
CROW BUTTE RESQURCES, INC.

1.0 INTRODUCTION

Crow Butte Resources, Inc. (CBR) operates an in-situ uranium mine {the Crow Butte
Project) in Dawes County, Nebraska. Authorization to operate the mine sccording to the
Underground Injection Control (UIC) regulations has been granted to CBR (UIC Permit Number
NE 0122611) by the Nebraska Department of Environmental Quality (NDEQ). Pant IO,
Paragraph A of the permit specifies that, prior to mine development within the existing permi

area, ground-water pumping tests shall be conducted to demonstrate the integrity of the confining
layer sbove the mining zone. Based on the pumping rate, test duration, snd formation
characteristics, the Radius of Influence {ROT) (i.e., the area aver which drawdown occure) can be
determined for a given test. The permit also specifies that a pumping test must be conducted

prior to wellfield construction in areas outside the ROI from previous pumping tests.

In accordance with the permit, CBR performed a ground-water pumping test {Test #3)
from September 9th through September 15th, 1996 af the Crow Butte Project. The test consisted
of pumping one well completed in the Chadron Sandstone and monitoring ground-water levels in
three wells in the Chadron Sandstone, and in one well in the overlying Brule Formation. This test
is the third In a series of long-term pumping tests conducted in the Chadron Sandstone between

1982 and present.

This report has been prepared (1) to document the methods used to perform Test #3, and
{2} to present the results from that test with regard to ROL confinement, and the hydraulic

charactenistics of the mining zone,



1.1 BACKGROUND

The Crow Butte Project is an in-situ vranium mine located southeast of Crawford,
WNebraska. The mine was developed to recover uranium from the Chadron Sandstone. During the
initial permitting and development of the mine, CBR performed two pumping tests {referred to as
Tests #1 and #2) in the central portion of the permit area to (1) confirm the confinement of the
ore-bearing horizon and (2} assess the hydraulic characteristics of the Chadron Sandstone. Based
on the test results, 2 ROT was established for each test.

CBR is proceeding with development activities in the northern portion of the permit area
{i.e, to the north of the area covered under the ROI from Tests #1 and #2). As noted, this new
development requires that an additional pumping test be performed.

1.2 SITE CHARACTERIZATION

Ore-grade uranium deposits underlying the site are gﬁg@ééménaﬁﬁy located in the Chadron
Sandstone, which averages 50 feet in thickness (typically 35 feet net sand), and occurs at 2 depths
ranging from 400 to 1,200 feet. The Upper Chadron Formaticn and the Brule Formation,
consisting predominantly of clay, claystone, and siltstone, form 2 confining layer above the
Chadron Sandstone. The thickness of this confining Iaver averages 300 feet across the site. The
general stratigraphy underlying the site is summarized in Table 1. The depth of the respective

formations indicated on Table 1 are representative of the northern portion of the permit area,

TABLE 1
GENERALIZED STRATIGRAPHIC SECTION WITHIN THE
NORTHERN PORTION OF THE FERMIT AREA

Dopth {feet) Description

0-30 Topsoil and alluvial deposits

36-110 Brule Formation (interbedded silistons, sandstone)

110 -350 Chadron Formation (interbedded clay, claystone, and silistone)
350 - 460 Chadron Sandsione (interbedded sandstone and clay}

400 + Pierre Shale




Additional detailed information related to the characterization of the surface and subsurface
geology in the vicinity of the Crow Butte Project has been gs'ég@szﬁgé in the report “dpplication
and Supporting Environmental Report for State of Nebraska Underground Injection €€3§§§?§§
Program Commercial Permit” (Ferret of Nebrasles, 1987).

1.3 SUMM

ARY OF PREVIOUS TESTING RE

SULTS

ied at the site. The
results from those tests indicate that the Chadron Sandstone is relatively homogeneous and

As noted, two previous ground-water pumping tests have been perform

isotropic (i.e., the hydraulic conductivity [permeability] is consistent with respect to direction and

location) within the permit area (Table 2,

TABLE 2

SUMMARY OF PREVIOUS PUMPING TEST RESULTS
Test #1 , #2
Date Conducted November, 1942 ' June, 1987
Test Duration (hours) 51 72
Pumping Rate (gpm) 23.8 47.2
Transmissivity {(f'/d) 400 380
Hydraulic Conductivity {f/d) ' 0.0 9.1
Storativity 1x 10 tx10¢
Radius of Influence (/) 4000 5,000




2.0 TEST #3 - BESCRIPT

2.1 WELL INSTALLATION

CBR installed three new wells (CPW94.1, COW96.1, and BOWYS6.1) 10 be used during
Test #3 (Table 3); two existing wells (A251/62 and RC-4) were also utilized (Figure 1), All of
the wells are located in Township 31 North, Range 52 West, and were constructed with 4.5-inch
nominal diameter casing. The nature and thickness of the subsurface formations encountered
during the installation of the new wells were consistent with other wells in the northem portion of

the permit ares, and with the stratigraphic section presented in Table 1.

TABLEZ

MONITORING WELL DNFORMATION
Weill Humber CPwWae.1 COWI1 RL-4 A251/62  BOWIRL
Location (Section) i3 13 12 13 i3
Lacation {1/4} MW NwW W NE NwW
Denth (13 430 438 kit &470 110
Formation Chadron 85 | Chadron 58 | Chadron S8 Chadmn 88 Brule
Dist. From Pumping Well (7t ] 469 870 1,987 7S5
Year Installed 19896 1966 1581 1983 1995
Scresn Interval (D 350 - 400 356 - 400 340 - 360 425 - 465 3060
Net Sand () 27 35 32 33 5

2.2 TESTING EQUIPMENT

The test was performed using a 5 Hp electrical submersible pump powered by 2 portable
generator, the pump was set at a depth of 200 feei in well CPW96.1. Flow from the pump was
controlled with a manual ball valve. Surface flow monitoring equipment included a Blancett Sow
meter with & digital readout (Halliburton Model MC-2), and a Badger Recordall turbine flow
meter. Discharge water was land applied to a pasture located approximately 1,300 fzet to the east
of the pumping well via 2 2-inch diameter high density polyethylene line.



Water levels in sach observation well were measured snd recorded with an integrated
pressure transducer and datalogger {referred 10 as a TROLL) manufactured by In-Situ, Inc. Bach
TROLL was programmed to automatically calibrate prior to the test, take an initial referenc

{(head) reading prior 1o the start of the test, and measure and record water levels sccording to a
logarithmic time schedule (ie., rapid measurement/recording during the early stages of the test,

and less frequent measurements thereafter).

The pressure rating for the TROLLs were either 13 psi (Model TRI300; wells COW96.1
and BOW96.1) or 30 psi (Model TR3I100, wells RC-4 and A251/62). Water levels in the
pumping well (CPW96.1) were measured manually with a battery-powered level meter.

2.3 TEST PROCEDURES

The testing equipment was installed and checked for proper operation on September 10,

1996. To assess the potential for fluctuations in background ground water levels, baseline level

information was collected during the night (Appendix A}

The test was started at 0930 hours on September 11, 1996, and continued until 1630
hours on September 13, resulting in & pumping duration of 35 hours. The recovery period
monitoring began at 1630 hours on September 13 and continued for 44 hours; the test was
termanated at 1400 hours on September 15th, The average pumping rate recorded by the surface
monitoring equipment was 51.2 gallons per minute (gpm); the two surface flow meters agreed 1o

within 1%,

The drawdown in the pumping well at the end of the pumping period was 65 feet. No
drawdown was observed in the Brule well (BOW396.1) (Appendix B). The drawdowns in the
Chadron observation wells (COWS6.1, RC-4, and A251/62) were 113, 9.2, and 4.5 feet,
respectively {Appendix C).



3.0 ANALYTICAL METHODS AND TEST RESULTS

3.1 ANALYTICAL METHODS

Conventional analytical techniques (i.e., log-log, semi-log, and distance-drawdown
methods developed by Theis, Jacob, and Cooper and Jacob, respectively} were used to evaluate
the response of the aquifer to pumping, and to assess the hydraulic charactenistics of the Chadron
Sandstone. The analyses were performed using the Aguifer Test software package (Waterloo
Hydrogeologic, Inc.). The analytical results are summarized in this section, and presented in
detail in Appendix C.

3.2 TESTING RESULTS

In general, the fest results demonstrate the integrity of the confining layer above the
mining zone, and indicate that the Chadron Sandstone is relatively homogeneous and isotropic
within the northern portion of the permit area. As expected, these resulis are consistent with
those from Tests #1 and #2.

The Radius of Influence (ROT) for Test #3 was evaluated based on a distance-drawdown
analysis of the drawdown data from wells COW98.1, RC-4, and A251/52 at the end of the
pumping period. Based on these date, the ROI for Test #3 iz about 5,700 feet (Figure 2). This

ROI covers all of the northern portion of the permit aves (Figure 3).

on Characteristics

The formation characteristics were evaluated with respect to transmissivity {T), hydraulic
conductivity (k), and storativity {8) (Table 4). The resulis from the three observation wells,

located st different distances and orientations with respect to the pumping well, are similar. In







addition these results (i.e, from Test #3) are consistent with the results from Tests #1 and #2
{Table 5}.

TABLE 4
SUMMARY OF PUMPING TEST RESULTS
CROW BUTTE RESOURCES, INC. - TEST #3
Log-Log Analysis Semi-log Analysis Recovery Anslvsis
{Observation Well {Theis Method) (Jacob Method) | (Theis-Jacob Method)]  Mean
COWS.1
Transemissivity (T, &%day)l 356 270 340 320
Hyd, Cond, {k; fi/day) 0. 7.5 9.7 22
Storativity 7.3x 107 16x10° 7 NA 12 x 197
RC-4
Transmissivity (T; fi%/day) 370 310 330 340
Byd. Cond. {k; Rdayy iL5 8.3 04 10.5
Storativity 5.9x10° 9.6 x 107 NA 7.8 x 107
A251/63 ' :
Transissivity (T, £%day)| 310 320 380 340
Hyd. Cond. (k; fi/day) 8.9 9.1 : 109 8.7
Storativity 7.7 x 16° 6.6 % 10° NA 7.2 % 107
IMean (28 wells)
Transmissivity (T, #/day) 340 300 356
Hyd. Cond. {k; f/day) 102 89 103
Storativity T8 x 10 1.1x107 HA

The results presented in Table 4 are based type-curve matches from the Aguifer Test
program. Consistent with accepted practices, the type-curve match points were derived from the
late-time data during both the pumping and recovery periods. An example of the fype curve
match for well COW96.1 (log-log and semi-log methods, respectively) is shown on Figures 4 and
§. The detailed analyses for each well, including both the pumping and recovery period
included in Appendix C,




TABLE §
COMPARISON OF RESULTS FROM TESTS #1, #2 AND #3 (Arithmetic Mean)
Test 41 ' # #3
Transmissivity {T; [*/day} 400 360 — 330
Hyd. Cond. (i f/day} 9.0 8.1 9.4
Storativity 1x10° x 107 9.0x10°
3.3 INTEGRITY OF THE CONFINING LAYER

As shown on Figures 6 and 7, no response to either the pumping or recovery peried was
observed in the cbservation well completed in the Brule Formation (BOW96.1). The minor
fluctuations observed can be attributed to barometric variations and changes in ambient
temperature. Such resulis are expected based on the results from Tests #1 and #2, and the fact
that the Chadron Sandstone and the Brule Formation are separsted by about 300 feet of clay,

claystone, and siltstone.

Test #3 was not performed 1o quantitatively assess the nature of the confining layer above
the Chadron Sandstone. However, it is expecied that the hydraulic characteristics of the confining
layer in the central portion of the permit area {presented in detall after Test #2 [Ferret of
MNebraska, 1987]) also apply to the confining layer in the northem portion of the permit area. This
information, combined with the results from Test #3, further demonstrates the integrity of the

confining layer between the Brule Formation and the Chadron Sandstone.
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APPENDIX A

Background Water-level Information
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APPENDIX B

Water Level Data: Well BOW4.1



Appentdin B
BOWSS 1 Pumplng Period

Fage 1

i SITU NG, TROLL
Serial number: 720
Linit name: Obseryvation Wall BOWES.1
Formation Bruls ,
Report generaled: 8/15/98 18:07:08
Repart from file: THP12.588
Test name: BOWESE.1 - PLIMPING PERICD
Test defined on: 8/11/88 8:18:42
Test schaduled for /11408 9:30:00
Test started on: 8/11/88 2:20:00
Test stopped o 8/13/66 15.06:48
Test extracied on: 9/13/98 16:07.08
Data gathered using Logarithmic tesiing
Maximum Ume between dala poinis: [Minules.
Number of dala samples: 218
Channel number 121
Measurement type: Pressurallsvel
Channel nams; OnBosrd Pressurs
Specific gravily: 1
Mode: TO0
Uiser-defined reference; §iFest H20
Referenced on: st start
Pragsurs head af referancs: 23 51iFeel HIO
Channel nursbes 1]
Measurement tvpe; Temparsiure
Channel name; OnBoard Temp
Channelld] Channsll]
Date Tims ET {(min} Fest H2O Celsiug
9411786 8:30:00 8.600 g.00 10.88
ri1/86 2:30:00 0.008 .89 10.98
9/11/96 8:20:00 0.010 4.01 11.08
811/96 9:30:00 0.015 0.00 1580
8/11/88 2:30:01 0.020 .90 11.08
gi14/86 2:30:01 0025 .01 $1.00
/1108 2:30:01 0.030 G.01 11.61
ai11/e8 9:30:02 §.035 6.00 4181
erii/86 2:30:02 0,040 8.1 11.89
g9/11/86 $:30:02 0.045 0.0 14.02
9/71/96 £:30:03 0.050 - 0.00 {1.62
21188 §:30:03 0.088 8.01 11.03
Si11/88 9.30:63 .080 2.00 11.03
S/11/98 9:30:02 0063 001 11.03




Appendix B
BOWES. 1 Pumping Perind

L _Channell2] Channel[1]
Dale Tims ET {min Faat H20 Cealsius
9/11/88 §:30:04 0070 0.01 $4.04
8/11/96 9:30:04 - B.O75 0.01 11.04
8/11/08 8:30:04 0.080 0.0t 11.04
8/11/98 9:30:065 0.085 £.01 §1.85
2/11/86 $:30:608 6.080 8.01 11.08
8/11/86 9:30:05 0.088 .01 1108
©/11/98 §:30:06 £.100 0.01 11.08
gi1i/88 §:30:08 5108 0.01 11.08
8/11/96 9:30:08 0,912 .01 11.08
9/11/88 89:30:07 UARY] .01 11.07
9/11/86 $:30:07 0.128 0.01 $1.07
9/11/96 2:30:07 - 0.133 0.04 14.07
9/41/88 :30:08 0,141 0.0 $1.07
8/14/88 8:30:08 0.148 $4.61 11.10
a/11/98 9:30:09 0,158 0,00 1116
8/11/86 8:30:10 §.187 .01 11.10
8/11/86 §:30;10 8.377 8.01 11.10
8/11/86 :30:11% 0.188 0.01 14.40
8/11/26 §:30:11 0.188 .01 11.1C
9411786 93812 6,210 2.04 71.4¢
8/11/26 §:30:13 0.223 8.00 11.11
/11708 9:30:14 8238 8.01 1.1
9/11/98 §:30:14 $.250 0.01 11.41
8/11/86 §:30:18 $.265 0.01 11,12
2i11/80 5:30:18 0.280 0.01 1494
/11796 83017 0287 8,01 i1.42
941186 2:30:18 £2.315 2.01 11.12
/11786 §:30:20 £.323 6.0 1142
2711/86 2:30:21 0.353 4,00 $1.12
9/11/98 9:30:22 0.374 0.51 f1.12
9/t4/98 2:20:22 0,388 0.00 11.12
€/11/96 $30:25 8479 8.0t 1112
B/11/08 S:a0:26 0448 0.0% £1.12
8/11/%6 §:30:28 0.470 4,00 $1.92
9f11/88 8:30:28 0.428 6,01 11.12
g/11/88 $:30:%1 §.525 .00 1.1z
811788 9:30:33] 0.588 .01 11,13
9711766 2:30:35 0,586 0.01 1i.12
/11488 8:30:37 0.821 .01 71.13
9/11/28 23038 0658 - 0.04 i8.33
8M14i/88 9:30:41 0.888 g.01 1413
4711488 2:30:44 0.738 2.01 11,13
/14768 2:30:48 4.781 £.00 i1.43
8/11/88 G:30:49 0.828 <0.61 $1.13
9/11/96 :30:52 §.878 0.01 11.13
8/11/58 02055 §.628 3.01 11.43
B/11/96 9:30:58 0.983 0.0 11.13
8/11/96 g:31:02 1.041 £.00 14.13
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Appendix B
BOWES. 1 Pumping Period

Channsli2] Channstl{t
Date Time ET (minm Feel HIO Calsiug
9/11/08 9:31:08 1.10% -0.0% 11.13
8/11/88 9:31:10 1.188 -0.0% 11.13
9/11/36 23194 £.238 -0.01 11.12
9/11/86 §:31;18 1.311 8.8 11.13
9/i1/e8 £:31:23 1.380 0.00 11.12
8/11/96 8:31:28 1,473 -0.01 11.13
9/11/86 %3132 1.5681 -0.01 {142
@/11/88 9:31:38 1.855 -0.01 11.42
8/11/88 9:39:45 1.753 0.00 11.42
8/11/88 §:31:5¢ 1.858 -0.01 11.12
g/11/e8 $:31:58 1.988 060 i1.42
B/i1/98 §:32:05 2.085 -0.01 i1.12
9/11/98 &:22:12 2210 0011 11.12
g/11/88 §:32:20 2.341 -0.01 11.12
gi11/88 §:32:28 2481 -0.01 1112
gr11/e8 §:32:37 2630 «2.01 14.92
9iti/98 $:32:47 2.788 -2.81 11,91
8/11/86 @:32:57 2.853 -0.01 £9.11
a/11/88 9:33:.07 3.130 -0.01 11,41
9/11/96 $:33:18 3.31é -0.01 11.%%
@/11/98 §:33:30 3.518 £.01 11.10
g/11/08 8:33:43 3.728 -0.01 11.18
g9/11/98 2:33:56 3.845 ~0.01 11.46
8/11/88 9:34:10 4,181 -0.61 11.10
8/11/96 9:34:25 4.430 -0.01 11.10
g9/ii/68 §:34:41¢ 4.883 -0.01 11.46
g/11/96 §:34:58 4,973 -0.01 11.08
g/11/88 9:35:18 5.270 -0.0% 14.08
/11/98 §:35:34 5.583 -0.8% 11.08
&/11/68 93554 5815 -0,01 $1.08
9/11/98 2:348:18 8,268 -0.01 $1.08
8/11/98 §:38:38 8.840 -5.01 11.08
8/11/48 9.37:02 7.835 -0.01 11.07
g/11/88 8:37:27 7.453 -0.01 19.07
9/11/96 2:37:53 7.806 -8.81 11.08
89/11/88 8:38:21 B.366 -8.01 11.08
8/11/98 9:38:51 8.865 -0.01 11.08
8/11/88 9,38:23 £.399 -3.01 11.06
9/11/68 :39:58 8.950 8,01 11.08
9/11/88 2:40:32 10.541 ~0.01 11.05
8/11/98 8:41:10 11.168 £0.01 11.88
a/11/e8 9:41.4% 11.831 -3.0% 11.04
8/91/38 $42:32 12.535 0,01 11.04
9/14/98 §:43:18 13.280 -0.01 91.04
8/11/98 9:44:04 14,070 -0.01 19.08
9/11/98 @:44:54 14.908 -3.0% 11.02
9/11/88 8:48:47 15.791 -0.04 .03
8/11/86 8:46:43 18,730 -0.01 14.03
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Appendin B
BOWEE. 1 Pumping Pericd

Channel[2] Channsi{l]
Dale Time ET (min} Feal H20 Celsiug

g/11/88 8:47:43 17.723 ~0.09 11.03
_w/ives 9:48:48 18,778 -0.01 11.03
a/11/98 2:49:53 18.691 .04 11.03
S/11/28 95104 21.073 -8.89 11.02
g/11/e8 8:52:18 22.325 -8.01 11.02
g/11/e8 8:53:38 23.850 -0.01 11.01
8/11/86 9:55.03 25058 -0.09 11.01
aii1/e8 §.58:32 28,543 -0.01 11.01
8/11/98 9:58:07 28.118 -0.02 11.01
8/11/88 2.59:47 28.788 -8.01 11.01
8/11/96 10:01:32 31.585 -0.02 11.01
/11766 10:03:28 33.428 -0.81 11.01
§/11/96 10:05:24 35.411 -0.01 11.01
g/11/96 10:07:30 37.513 -0.02 11.01
8/11/86 10:09:44 38.740 -{.81 11.01
89/11/88 10:12:05 42.088 -0.02 11.04
8/11/98 10:14:35 44 588 -0.,03 11.01
9/11/86 12:17:14 47.243 -0.83 i1.08
8/11/88 10:20:02 50.046 -0.03 11.07
8/11/88 10:23:00 53.015 -4.03 51.06
g/11/08 10:28:08 ~ B6.180 -0.03 11.04
B Akl 10:20:28 58.481 -0.03 11.62
g/11/98 10:33:04 83.020 -0.03 11.62
8/11/88 10:38:45 §6.758 -0.632 11.04
8/11/08 10:40:43 70,718 -0.03 11.01
9/11/98 10:44:54 74.811 -0.03 11.01
g/ii/e8 104821 79.358 0.0 11.01
g/11/88 10:54:03 54.081 -0.03 11.01
11/68 10:58:02 83,048 5.03 14.01
g/1i/ee 11:04:19 94,326 -0.03 11.61
9/11/96 14:09:58 80.820 -0.03 11.01
/1788 115:50 105 845 -0.03 1401
8/11/88 19:22:07 112120 -0.03 1.04
8/11/88 11:28:48 118.788 -0,03 11.01
G/11/86 11:35:48 125810 -3.02 1401
9r11/68 11:43:16 133.268 -03.03 1101
9/11/86 11:51:10 141.168 -3.03 11.81
8/11/86 11:58:32 148,538 -0.03 $9.01
89/11/96 12:08:24 158.401 -0.02 41.01
8/11/98 12:17:47 187.761 -0.03 11.01
8/11/98 12:27:44 177,738 -0.02 11.01
8/11/58 {2:38:18 188,278 -0.02 11.01
8/11/98 12:49.28 198.435 -0.02 i1.01
8/11/56 13:01:15 211.258 -0.02 11.01
8/11/96 13:13:48 223.778 -0.03 §1.01
8/11/98 13:27.02 237.043 .02 1.0
8/11/98 13:49:05 251.083 -0.02 11.01
B8/11/86 13.55:88 265978 -0.02 11.01
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Appendix B
BOWSE. 1 Pumping Perlod

Channeli2] Channel(1]
Date Time ET (min} | Faei H20 Calsius
9749/08 14:11:44 281,741 -0.02 11010
81168 14:28:26 298,440 -0.02 11.61
B/11428 14:48:07 318,128 -0.02 11.00
8/11/98 15.04:51 334.888 -0.02 11.01
8/11/%8 15:24:42 354714 -0.02 91.01
8/11/686 15:45:44 375735 -0.01 11.01
/14798 16:08:00 398,003 -0,01 11.01
91i/e8 16:21:35 421,591 -8.02 11.04
e/{1/08 $8:56:34 448,578 -3.02 {1.01
814796 172302 473,045 -3.02 11.04
9/11/86 17:51:04 501.080 -0.01 14.01
87117881 18:20:46 836778 -5.01 11.01
8/11/08 18:52:13 562,233 .01 11.61
9/11/98 19:25:32 $85,552 -0.01 ik
-8 1/86 20:00:50 830,845 0.01 11.04
9/11/98 20:38:13; &68,233 -(3.01 1.0
B/1/e8 21:17:50 707.835 -0.01 11.01
8/11/86 21:59:48 745,783 {301 £1.01
G9/11/06 22:.44:12 784,218 -8.01 13.01
8/11/88 23:31:.16 841,283 -4.02 14.01
§/12/188 0:29:08 gat.13s -3.02 41.01
81 2/98 1:13:58 $43.048 -3.02 51.01
9/12/88 2:08:53 900,885 -0.02 11.01
g9/i2/o8 2:08:08 1058.138 -3.0% 11.81
gri2ree 4:00:08 1199.138 -8.83 11,81
89/12/88 5:08:08 1178.138 -0.03 11.00
2i12/86 &:0u9.08 1238438 1,04 19.81
8/12/98 7:09:08 12689.138 -0.04 £1.80;
912496 8:09:08 1359.132 ~0.04 11.10
/12768 2:08:08 1419,138 (1,04 11.00
Bii288 10:09:08 147991380 -0.03 11.060
e 11:08:08 539,138 -5.62 14.00
89/12/88 i2:08:.08 1580938 £.02 11.80
9712798 12.08:08 658,138 -3,02 11.00
8/12/9¢ 14:06:08 1718.938 -3.02 11.00
8/12/90 15.06:08 778,138 -3.01 1181
8/912/58 16:08:08 1830,128 -5.01 1101
§/12/98 17:09:08 1889,138 0,01 §1.04
/12786 18:09:08 1988.138 0.00 11.01
9/12/98 14:00:08 2018.138 0.01 44.01
9/12/96 20:05:08 2078.138 401 $1.00
g/12/08 210908 2138,138 8.0 i1.00
Sit2/98 22:09:08 2199138 8,61 $1.00
8/12/28 23:08:08 2258138 5.00 11.00
§/13/28 f:ne:02 2218.128 <3.01 11.01
971 3/86 1:06:08 2375.138 3,01 11.01
8/13/88 2:08:08 2439,138 -0.01 11.00
G/13/98 30908 2485138 -3.01 1100
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Appendix B
BOWSE. 1 Pumping Period

Channell2 Channalli]
Dats Time ET (minmy Fest H20 Caisius
Bi14/88 4:09:08 25B8.138 -8.01 44.00
@/13/48 5.08:08 2818.138 -0.01 11.01
9/13/98 £:08:08 2679.138 -0.02 11.01
9/13/88 7:08.08 2738.138 -8.02 11.01
§/13/06 8:08:08 2798138 -0.02 $1.10
/138 g.09:08 2852,138 -0.02 $1.04
g/1a/e8 10:08:08 2918.138 -0.01 11.00
/13708 11:68:08 2876138 -0.09 11.60
9/13/08 12:08:08 3038.138 9.00 11.00
S/13/85 13:.08:08 3088.138 8.00 11.01
8/13/08 14:08:08 3158 138 5.061 11.04
8/13/08 1580908 3218.138 -0.01 11.01




APPENDIX B
BOWOE. 1 Recovery Perod

IN_SITU ING, TROLL
Serial number 720
LUnit name; bowss |
Report generaled: 8/15/98 13:02:07
Report from flg; THMP3.538
Test name: BOWSE. 1 - RECOVERY PERICD
Test gefined on; g/13/58 16:12:051
Test scheduled for: 8/13/08 15:30:00
Tast started on: PRk 16:30:00
Test stopoped on: &f15/98 135138
Test exiracied om: G/16/08 13:02:08
Dala gathered using Logarithmic {esting
Maximum time belwesn dala points: B0 Minutes.
Murnber of data samples; 208
Channel number 1]
Measurement lype: Temperaiure
Channel name, OnBoard Temo
Chaanel number [2
Measurement lype: Prezsuraflsvel
Channsl name: OnBoard Pressurs
Specific gravity: 1
Mode: TCo
User-defined raference; $iFest HZO
Referenced om fest slart
Fressurs head ot reference; 23.51 Feel H2O
Channell2] | Channelli]
Digle Tims ET {miny | Fesl H2O Celsius
Briaee 18:30:00 .00 .08 15,88
2/13/28 16:20:00 0.0 0.60 10.58¢
B8/13/88 $6:30:00 001 0.00 11.00
/132708 18:30:00 0.02 0.60 11.00
g/13/08 16:30:01 5.02 0.00 11.80
/13/88 16:30:01 4.03 4,40 11.04
971a/98 18:30:01 0,03 2.00 1.0
13/86 18:30:02 .04 0,01 .01
/13488 16:30:02 0.04 0.00 11.02
9/13/58 18:30:02 0.05 .01 11.83
{13428 18:20:03 0.08 o.00 11.03
ERE LS 16:30:03 0.08 0.a0 .83
9/13/88 16:20:03 0.o8 5.00 11.08
8713758 18:30:03 .07 .00 11.02
9/13/98 18:30:04 0.87 -0.04 11.04

Fage ¥




APPERDIKE

BOWES. 1 Reocovery Peripd

Channel]2}

Channell1]
Date Time Ef{min) | FestH20 Celsiys
8/13/88 16:30:04 .08 2,00 11.64
8/13/08 18:30:84 .08 -0.014 11.04
B/13/96 18:30:08 2.08 8.00 11.05
9/13/08 16:20:05 0,68 001 11.08
9/13/98 18:30:05 4.10 -3.81 11.68
$113/96 16:30.06 8.10 - 0.00 1.08
8713768 168:30:08 8.91 8,81 51.08
8/13/98 18:30:08 0.11 0,00 11.08
a/1a/e8 18:30:.07 8,12 0.00 14.07
8/13/26 18:30:07 £.13 G6.80 $14.07
§/13/88 18:30:07 .13 -5.01 19.07
8/13/98 18:30:08 .14 -0.01 11.08
9/13/86 1830008 8.45 8,06 $1.12
g/13/88 18:30:02 .18 ~83.01 11,42
9/13/98 16:30:10 0.97 -3,81 112
8/13/88 16:30010 0.18 0.50 11.12
g/13/06 18:30:49 .18 c.0o 11.12
8/13/86 183011 .20 0.00 11,12
8113588 16:30:12 8.21 2.06 1112
§/13/88 18:30:12 8.22 8,00 11,13
8/13/86 18:20:14 0.24 -£.09 31.13
/1388 18:30:14 0.25% -3.01 $1.12
9/13/58 18:30:15 0.28 0.00 11.13
BA13/28 1830018 0.28 4.00 11.92
9/13/9¢ 18:30:47 $.30 0.60 11.13
8/13/98 18:20:18 .31 8400 11.13
9ii%/08 16:30:20 £.33 §.00 11.13
8/13/98 18:30:21 £.35 «3.01 91,43
8/13/88 163022 8,37 8.00 41,13
G/13/86 16:30:23 0.40 8,00 44,13
9/13/98 18:30:25 0.42 6,00 14.14
B/i3e 188028 8,44 &.a0 1143
9/13/88 16:30:28 8.47 §.6g 11.94
8137868 18.30:2¢8 550 4,00 1.15
/1398 18:30.31 8.52 $.00 14.15
gr43/88 18;30:33 085 0,007 11.15
8/13/08 18:20:35 .58 0.00 Cf1.45
9/13/98 16:30:37 0.82 05.00 11.15
8/13/08 18:30:38 0.68 G3.00 1118
8/13/96 18:30:41 4.70 8.60 1148
9/13/66 16:30:44 0.74 0.00 11,48
B/i3/a8 16:30:48 0.78 ¢.00 11.15
8H13/96 183049 0.83 8.0 $4.158
813506 16:30:52 0.58 8.00 $1.18
8/13/96 18:30:55 2,83 6,00 11.15
B398 18:30:58 .88 .00 1415
9/15/88 16:31:02 1.04 .00 11,18
8713798 i18:51:08 1.10 8,00 $4.18
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APPENDIX B

BOWSE {1 Recovery Paried

, Channsff2] | Channelf1}
Date Tima ET (imin} | Feel H20 Calsiug
8/13/56 16:31:10 1.17 (3,07 11.15
8/13/88 163114 1.24 0.00 11.15
8113706 16:31:18 1.31 8.00 14.15
8/13/56 18:31:23 1.38 0.00 11.15
8/13/98 18:31:28 1.47 0.00 §1.14
941398 16:31:335 1.56 5.00 11,18
9713708 18:31:38 1.85 2.09 11.15
8713788 18:31:45 1.78 0.00 11.18
8/13/96 18:31:81 1.8 0.00 114
9/13/96 18:31:58 1.97 0.00 1114
8/13/86 18:32:05 2.08 000 11.14
91398 18:32:12 2.2% 0.00 11.13
8/13/86 18:32:20 2.34 .00 41.13
9/13/e68 16:32:38 2AB 8.00 11.13
813198 16:32:37 2.63 0.00 11.18
813528 16:32:47 279 -0.01 41.13
8/1%/88 18:32:571 2.95 0.00 11,93
9/12/98 18:33:07 3.2 -0,01 $1.13
8/13/80 16:33:18 3.32 -1, $1.13
g/13/g8 16:35:20 3.51 8.00 11,12
2/13/98 18:33:42 372 -8.01 §1.42
$/13/88 18:32:58 3.5 .60 i1.12
9113708 16:34:10 4,18 -0.81 $1.12
81388 16:34:25 443 Rikiy 11.18
8/13/98 18:34:41 468 -8.0% 11.20
8/13/28 16:34.58 £.97 -0.0% §1.48
/13486 16:35:18 527 3,01 11.18
2/13/e8 18:35:34 £.58 081 14,15
g/13/88 18:35:54 5.81 -0.014 11.15
8/13/06 16:36:18 8.27 -8.01 19.14
B/13008 16:36:38 8.64 =.01 11.13
/13706 6:37:02 7.0% -89 1442
9/13/%8 $8:37:27 745 -804 11,92
8/13/28 £8:37:53 7.8C 0,01 192
8/13/08 16:38:21 837 -0.01% 1.1
ariye8 16:38:51 888 -3.09 1110
@i13/98 18:38:23 .38 -0 11.40
/13588 16:39:56 8.85 -5.01 11.08
g/13/98 18:40:32 10.54 =5,01 11.08
/1308 18:41:10 1117 -5.01 11,08
9/13/08 168:41:49 11.83 -£.04 19.07
8/13/98 16:42:32 12.53 -0.01 11.07
B/1388 16:43:18 13,28 {1 11.08
2/13/56 18:44:04 14.07 -0.01 11.08
8/13/08 18:44:54 14.81 -8.01 §1.05
81308 16:45:47 18,72 -0.01 11.0%
8/13/88 16:48:43 18,73 -0.07 11.05
Bl13/88 16:47:43 17.72 «02,01 41,04
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APPENDIX 8

BOWEE 1 Recovery Periad

ChannellZ] | Channelll]
Dats Time ET {min | Fast H20 Celsius
9/13/96 1€:43:48 18.78 .09 11.04
913786 16:48:53 19.88 -0.01 11.04
8/13/08 18:51:04 21.07 -0.02 11.02
8/13/88 18:52:18 22.32 -0.01 31.08
§/13/86 18:53.38 23.85 -0.02 11.03
8/13/96 16:55:03 25.05 -0.01 11.03
8/13/96 16:58:32 28.54 -0.01 11.08
8/13/88 16:58:07 28.12 -0.81 11.03
g/i3/88 18:58:47 28.78 .01 14.03
8/13/68 17:01:33 31.58 -0.04 i1.03
8/13/58 17:09:25 33.43 0,062 11.08
8/13/96 17:05:24 35,41 -8.02 11.03
g/i3ses 17:.07:30 37.51 -0.02 11.03
8/13/96 17:08:44 38.74 -0.02 11.02
g/13/98 17:12:056 42,10 4.02 11.03
9/13/88 i7:14:38 44.80 -5.02 11.03
§/13/86 171714 47.24 -0.02 11.03
G/13/06 17:20:02 50.08 -8.01 11.02
9/13/98 17:23:00 53.0% -0.02 11.02
8/13/98 17:26:08 56,16 -5.02 11.02
£/13/86 17:29:28 58.48 -0.81 11.02
9/13/86 17:32:81 - 83.02 ~0.02 11.02
9113788 17:36:45 88.78 -0.62 11.02
8/13/86 17.40:43 _70.72 -3.02 11.62
911308 17:44:54 74,81 {8,031 11.02
B/1%/88 17:49:21 79.35 -0.02 $1.02
8/13/88 17:54:03 84.06 -0.02 11.02
g/13/96 $7:58:02 88,05 -0.02 $11.02
8/13/0e 18:04:18 84,33 0,02 §1.02
gri3/98 18:09:58 88,82 -0.02 1101
8/13/88 18:15:50 105,84 0,02 11.02
9/13/88 182207 112.12 <0.02 11.04
8/13/96 18:28:48 118,77 -0.07 11.01
g/13/08 18:35:48 125 81 -8.02 11.01
9/13/98 18:43:18 133,27 -0.02 16.02
9/13/86 18:54:10 14147 4.2 1.0
2£13/86 18:88:32 148,54 -5.02 11.04
9/13/96 18:08:24 158.40 -0.02 11.01
5/13/86 12:17:47 167.78 -3.02 11.01
8/13/88| 1202744 177.74 ~3.02 11.01
9/13/98 19:38:18 188.27 -3.02 11.8%
8/13/86 16:48:28 196.43 -0.02 11.014
8/13/88 20:01:18 211.28 -0.02 11.61
813/86 2001346 223.78 -8.02 1101
8/15/86 20:27.02 23704 -3.02 11.84
9/13/68 20:41:08 251,08 -0.02 11.01
8/13/08 20:55:58 265 88 5.02 11.01
2/13/88 21:11:44 28174 05,82 11.01
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APPENDIXE

BOWEE.1 Recovery Perlod

Channell2] | Channeill]
Daie Time ET {min) | Pesl HIC Celsius
9/13/88 21:28:26 288.44 - 5,02 19.081
8/43/88 - 214807 318,43 -5.02 $1.0%
g/ii/ee 22:04:57 234 88 =002 11.01
/13708 22:24:42 35471 -0.82 11.01
2/1%/98 22:4544 375,72 -0.01 11482
$/13/08 23:08:00 388.00 -{3,02 11.062
8713788 23:31:38 421.5¢ -8.02 11.01
§/13/08 23:55:34 448,58 -0.01 $1.01
8/14/58 §:23:02 £73.04 -0.01 11.02
/14/95 3:51:04 501.08 £.01 $1.02
8/14/88 1r2in4e 53078 £.81 11.61
8/14/68 1:52:13 562.23 =381 11.081
8/14/08 2:25:33 585,58 -.51 11.82
/14708 3:00:50 830,85 -0.01 $1.02
8/14/96 23813 688.23 8.0 11.01
9/14/66 4:17.80 - 707.83 6.01 11.01
2i14/88 £:50:48 748.78 8.01 1.0
8408 £:.44:12 794,22 $.01 11.01
Q11486 &:31:18 g41.28 .01 14,84
9/14/88 7:21:08 881.14 0.0 1.62
8/14/08 8:13:58 943,85 8.91 4.01
§144/98 £:09:53 828,88 5.61 %1.01
S/14788 10:08:08 1058.14 8,04 11.81
9114496 11:08:08 1118.94 8,01 11.84
71488 12:08:08 1172.14 8,61 $1.01
8/{4/96 13:09:08 123814 8.06 14.01
214728 14:08:08 12989.14 8.09 $1.02
/14798 15:08:08 1358.14 8.04 11.04
214/88 18:08:08 141814 8.07 $1.02
G/14/498 17:08:08 1478.14 .01 $9.02
9/14/98 18:00:08 538,14 8.01 1401
2714788 16:08:08 188814 g.01 11,82
gri4/28 20:08:08 1656, 14 8.0t 11.81
8/14/58 21:09:08 $718.14 8.6% €1.02
$/14/86 220908 1779.14 .81 11.02
9/14/88 £3:08.08 183814 881 $9.02
o/15/88 0:00:08 1888.14 8.01 1,01
gri5508 1:08:08 §859.14 4,01 $1.62
9/15/88 2:09:08 201814 8.01% 11.02
Bl15/08 20808 2070.14 6.02 11.02
§/158/88 46808 213014 0,07 1.89
BF15/98 5:08:08 29180.14 8,03 11.02
8/15/86 8:65:08 2256.14 6.03 1102
8/15/68 7:09:08 2318.14 5.02 1.02
8/15/968 2:.08:08 2379.14 802 11.02
9/15/5¢ 8:08:08 2438.14 0.02 11.01
SH15/96 10:08:08 2488.14 0402 11.01
£/15/88 110808 255014 802 11.62

Fage 11




AFPPENDIX B

BOWEE 1 Recovery Perlod

ChannellZ] | Channelf1]
Date Time ET {miny | Fesl H2D Celsius
8/15/08 12:08:08 261814 8.0 1,01

Page 12







APFENDIX C

Water Level Data and Analytical Resulis:
Chadron Sandstone Observation Wells



ates, Inc. Pumping test analysis

th Blvd, Buls 165 Thele methad

Date: 15.00.1898
3 Test Mo, Tesd 3 o B3 5512, 1888 '
COWES. §
Dischergs §1.20 U.5 galimin
1
1o 1P 10! i s i i6° i 107
0t
M‘M
thil
Ly
g
£

|
W g’;

&7
&
i
-
jo® i
of
g
]
/
1073
= Uravedoun

Transmiseivily AVsin] 245 x 107

Hydraulic conductivity (RAming 7.00% 10°

Agaifer hrichuess IRE 3500
Storaiivlly: 728x10°
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Harizn & Associsies, lne, %g@mm i Page 2
300 8. W i Bivel, Suits 155 mathod — -
) L CO s Confinsd aguifer Profest: Crove Bulie Re
Kche pald Evalusied by HPD Date: 15.05.1588
Pumping Test No. Ted 8 Test conducted o 217 10843, 1888
COWSS.1 O
Discherge 51.20 US.naiimin Distancs from the pumping well 400008
Stulic wolar lavel .00 R below dafign ]
Pumping lest duration Water level
fming i i
1 283 4,61 81
3 278 00 6.0
3 288 ekicd 403
4 343 062 0.6
g 332 603 ke
& 351 [k ks
7 a7z 487 oor
B 388 a7 Do7
g 448 ags 058
10 4.43 0.10 0.19
11 485 6.1 .41
12 497 213 [ k4
13 82T 844 0.14
34 558 8.8 .18
15 582 0,18 018
i 8§27 0.98 a8
57 €484 822 0722
18 704 .24 224
18 7.4% 077 827
2 780 630 83
2% &37 534 034
22 887 hE ik
2] 838 $.42 0.4z
24 832 .45 54s
-] 1554 g.48 G.48
= 1147 0584 0454
77 1183 688 058
a8 $E54 jak: 2 484
= 4378 082 ek
B 1407 a73 073
3 1451 0.80 050
32 1579 084 584
33 $8.73 091 a.81
34 7.7 feX-14 Q.87
= 1878 104 144
38 19.85 130 130
37 i g 1.45 1.8
28 2.3 1.21 1.2
& g .28 1.2
40 2508 1.38 1.38
41 2854 1.42 142
42 2842 150 .50
43 28.78 158 1.88
44 358 184 4.
45 3343 174 1.74
46 Bt $.80G .80
&7 375 180 .80
48 3|74 188 i858
48 4210 2 2
&85 4480 2.45 18




Harian B Assosisies, Ina Py
mswori Bhd, Sulis 158 Thls med

00 5. W ,
Confned agilier Project: Crow Butte
Evahstad by HPD | Dete: 15069008
Tost condusied o 514 10 543, 1988
g8 51.20 1.5 galkin
Siatic waler lavel: 0.00 ft below daturm
Pumping tes! duration Water Jovel
{min] i (&
81 47.24 224 233
5 8605 232 333
3] £3.02 236 336
84 g8.186 5t 287
B2 5546 5 258
a5 8302 2568 2868
&7 e8.7e 275 2.78
€8 F0.72 287 &7
58 7491 ‘ 257 257
&0 79.35 , 308 306
& B4 0B 397 347
&2 8605 357 337
& 8433 537 B
&4 g4z 348 348
[ 10584 358 358
& fizi2 367 3E7
&7 {1877 378 ime
& 128 81 288 388
& BT g 355
70 14147 440 340
ki 14854 429 421
72 158,40 FE 431
73 187.78 442 242
74 177.74 458 455
75 18827 i85 465
76 19844 78 475
77 128 487 457
7 33a76 458 455
78 55704 508 )
& Bi0s 550 53
&1 25,58 £33 g4z
B2 26174 £43 543
83 258 44 ' §52 552
B4 3HE13 e 563
[ 53487 £74 §74
B EThE] £86 86
&7 37573 5497 597
88 39800 808 608
[ 42158 616 X7
&0 44658 [3:7) 812
& 47404 €43 543
g2 501.08 656 656
& B3078 .88 €58
& 86223 BAT 81
g5 Ee5 55 684 684
] 3085 FO7 FE7
g7 66823 722 75
g8 078 734 734
) 74978 748 745
106 70472 783 763




Harlan & Assosistes, Ing,

Pumping ieet analysis

Thele

Cerdined agulfer

T

g Datec 15001208

Pumphy Test No. Teet 3

cowaes

gw 51.20 U.8.galimin

Sisllc waler lovel .00 & below datum

Pumping tast duration Waler level
{min] i ]
01 84138 776 7.76
103 88114 7.80 7.5
63 G43.85 05 BiE
164 ey 817 847
75 058,14 832 84
108 191044 Ed4 844
ia7 1178.14 558 BEa
108 123894 BE8 868
108 128814 583 883
116 1358.14 B84 B34
141 1419.14 05 365
112 1478.14 FRE] 513
{93 183814 823 853
194 150814 833 831
116 1685.14 540 540
118 1748.44 §.48 S48
17 377644 956 556
118 183614 562 567
118 180814 574 574
120 1856 14 EE ) G80
121 019,14 $88 288
iz 7814 B87 887
123 2138.14 16.07 1007
124 218614 1045 10,15
125 778,14 6.5 1026
125 318,14 1658 [
177 237514 .41 641
i%8 243894 648 648
{28 245514 {08 {085
130 2558.14 1082 1687
i3 Z618.14 1669 088
132 779.14 16.74 1G.74
133 2735.14 Y 62
i34 F788.44 1088 {068
138 285814 10,63 08
1% 81514 11.00 Hoao
137 257514 1104 1104
138 3028 .14 IERE) 11,49
130 3008 14 1146 1118
140 EIECRT 1.2 1921
i 321814 1.8 125




: 15081008

HPD

Evehisted by

%

Harlan & Assosiates, na,

Pumging Test No. Test £3

Recowery
Discharge 53,20 U.S.axdivin
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ates, lno.
sel Blvd, Sulls 155

THEIS & JACOB

Confinsd aquler Evelusied by, HP0 | Defn: 15084058
COWES.Y; Recovary
Diechesge 51.20 U.S. palimin
Static water lovel §.00 7 balow dats Pumping test duration: 330000 min
Time from Water lowel Rasidusl
e of pumping
frind i e
2 o.0% 1585 1155
% 5ad 5198 1928
4 Y7 1125 135
5 Y] 125 11,28
& Y el 1128 =
7 603 1198 1.2
] ond 128 1135
] 604 3.5 1525
i 608 125 1125
4 uis 1135 11.28
iz o0E 11.25 1128
i3 608 1435 19.28
i4 o87 | 112 1128
1B 607 1155 3.5
15 e i1 198
i7 Gos 1128 11.25
18 008 1155 , H
12 6.00 128 128
0 LX) e 1125
3 830 ' 1% 19135
b7 XL i1.28 1128
P 6.1 1138 12
2% 012 126 1198
25 R , = i1
7 GXE] 195 s
a7 014 i1.95 1128
2 G615 155 11,25
8 18 4358 ()
£ A7 11.25 {128
# 6,48 1328 11,25
] 616 1128 ) FER
32 0 123 1123
34 a3 1143 1123
25 027 {28 i35
35 624 1925 1125
a7 Y 1193 1.3
0 678 1= 1.2
8 %] 1.2 1.2
an a3 ' 13 13.23
44 03z 1= 128
43 633 s 1138
43 .35 1525 115
44 047 1.3 $9.23
& o4 {998 13 28
Fr G.42 1125 115
&7 045 i 11.25
a8 647 ' 11285 7 1125
45 BY- 1.5 1125
50 G52 {15 115




Harien & Associates, ino. ik Pagad
3800 8. Wadwmworth Bivd, Sulte 155 Project: Grow Bulle Resources
Lpkewond, 00 832358
1036887270 Confined aquifer Evaluaied by: HPD | Date: 15.08.1985
Pumping Tosk No. Test 83 Tost condusied oy 813 10 615, 1908
COWEE 1 Resovery SOWeR1
58 §1.20 U S galfmin Distores from the punping well 40000 8
Static water lsvel: 0.00 & below datum Pumplg tast durstion: 3300.00 min
Tiews from Waler lovel Residusl
m i
£ 656 12 1125
53 058 195 15
8% ) 1138 125
84 068 1.2 1996
= 670 1128 11.28
&5 674 11,25 1128
&7 g.78 1128 15
58 083 1125 1.5
&8 688 ER=) 1123
50 053 i3 1125
B naa {128 1128
&2 1.04 15 1128
& | 110 s 128
84 737 1138 1128
& i34 125 {125
[3 131 1.5 1125
&7 i35 1= 1938
68 147 1.5 F-]
[ 188 1128 s
%D 158 1195 1133
7 i75 1126 i1.28
72 155 125 11
73 &7 1123 P=
74 508 1125 i
75 221 2 1923
78 734 1123 1153
77 248 1122 1z
7a 263 iz 1A
) 275 1122 123
80 255 1.2 12
& EXE] iz 153
& 332 1z 19.25
& 389 iz 123
B4 372 1120 1126
(13 388 i1.20 EEE)
3 418 14.18 1118
&7 43 A7 1147
& 488 148 iii8
) 457 1145 BRE
80 837 11t i1z
& 558 11.42 11.42
& 582 i@ 1108
a3 837 1108 3108
64 684 8 18
8 704 i104 11.04
=3 745 1101 951
87 88 1088 1088
B 837 i6.98 1088
E B8 1681 1691
60 EXD) j0.88 088




Appandix & Page 4

Harlan & %%ﬁ%%%% %ﬁsss

THEE & éﬁ@g

Crowe Bufie Fasoursss
Canfines sgller ad by: HPG Dale: 18089538

Tesd oo o 21310515, 9058

COWSS.1

Digiarncs fom he pumping wel G000 R

Sistic water level: §.00 R below datum Pumping test durstior: 330000 min
Tirne from Waler level Residus!
sasnping drawsdown
] i
161 1084 1684
102 1054 ILY7) 1082
103 1147 677 2
104 182 672 672
166 1254 1080 ites
108 1328 1064 , 1654
KT 1467 i0.80 , 680

108 481 1088 1055
) 1878 16.48 i0.48
116 16.73 1643 i0.43
111 17.72 1038 1035
112 1678 1034 , i0.34
i13 1688 i6.28 028
714 o7 $0.29 021
118 253 1618 16,45
iie HEs 1040 16,40
117 B/E 002 G
ii& 654 G54 684
118 812 88 T BEE
320 2475 8.80 88D
121 3155 873 [ X&)
1% TE3A3 867 667
i3 B4 858 855
794 3754 G817 551
125 3874 549 5.41
126 4730 835 838
177 4480 57 , 837
125 4734 519 518
178 B8 8.0 , (30
TS 502 Y 251
131 E5148 862 B.52
fa0 8548 B.84 884
8302 873 B73
i34 578 885 EY
938 7072 853 g53
138 7491 845 845
157 7835 B35 83
138 8406 Ba7 ' 837
a8 B80S 818 815
40 ()] BO7 BO7
141 882 7 758
142 B84 786 ' 788
143 {1212 775 7.75
144 {1877 758 786
145 1881 FE 785
i tE<Fid 745 7.45
147 141147 7 , 75
148 {4854 724 734
148 158.40 714 714
55 167.79 7iE 708




Harlen & Associztes, Inc,
3800 8. Wadawoth Bhvd Sulie 158
Lekeenod, 00 3979

HBELTIIG

Pumiping last anslvels
Racovery mathod afer
THEIE & JALOB
Confired aoullyr

W E.Paga b

by HRD | Date: 15.08.49%8

Pusmping Tead No, Tesi 23

Test conducisd on 13 10 515, 1888

COWEE 1: Recovesy

CoOwWEEl

Stelle waler lovel G.0D £ bolow datum

Pumping lest durstion: 3300.00 avin

Water lovel

Time from Reskdusi
end of pumping
frwie] )

151 177.74 604 B84
1582 $88.27 883 883
5 19544 872 873
184 211.26 g8 882
155 TR 853 852
66 73704 640 &.40
157 105 636 k]
188 =17 8z 822
ES) 281,74 806 )
160 588 .44 €00 600
181 EIERE] 585 50
762 38487 £78 79
83 BLT 870 E75
64 378,73 gi0 B&0
68 3500 548 £48
168 42156 541 541
87 44858 £38 538
168 47304 518 548
{88 50108 508 508
70 83078 483 458
i7i 6223 488 488
i72 S8R ES 477 477
17 Ga0.E5 FY 465
i74 8533 457 457
175 707 83 4.45 4.45
176 748,98 438 45

BT o450 426 £
178 84128 438 &8
178 85144 457 407
180 YR 355 355
181 995 88 387 387
183 , 065,14 578 378
i85 $118.14 i6e EY
164 1179.14 362 36
188 193514 354 354
e8] i286.14 344 544
187 1358.14 338 336
188 1415.14 330 330
i85 1478.14 35 3
160 1895 94 K] 315
5 180844 31 XL
182 1650.14 304 304
183 171514 350 306
i 1779.14 25 283
s A% 14 288 288
165 185814 %84 784

TiEr 155814 386 256
198 048,14 774 74
155 #7844 271 271
Fo ) 313614 768 366




Havisn & Assoalsies, ne,

BODE. Ve sk Bl Bulie 185 ps
Lakewend, T 80235 THES & JACDE SEaTEE
WHEER-72T0 Confined ! Deter 18581988
Purmping Test No. Test # 3 Teat conducted ont 813 10 995, 1698
CIRREE.1; Becovery COWeat
Discharge 5§1.20 U.5.galimin Distance from the pumping well 400.00 &
Sigtic waler lovel: 0.00 & balow dabum Busrping tes! dumten: 2330000 min
Yone from Wiater lovel
end of puppling
{min] {4

281 ;2_’&5!;&%% 281 281

20z 23844 258 258

feic 231894 282 253

204 378,14 2855 250

it ] 243834 247 247

208 248814 244 2.44

207 255814 z2.44 241

s %%‘%% 2% 238

s 287814 254 234




Hoslan & Resosistes, lnn.

3500 5. Wadsworth Bivd, Suite 156
Latemescd, CO 0238
o Dele: 15.09.1996
g Test No. Test 3
e 81.20 U5 galbnin
h
1ot 10° 10! 167 1g° 108 10° 10 1o
1%
& MM
igi M o
40f
z
gt
l
Wy
s/
/
i
{
J_i
1or®
s RE-4

Transminehity Wiming 258 % 107
Hydraufic conductivity [Rimin} 7.88 x 107
Aguifer tickness If) 32.00

e 587x10°
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Hiarian & Associsies, ina. Pumping test ansiysls

0 5. W Blvd. Sults 155 Theis method

Laeased, 00 8238 Confined saully

WHHBETID Date: 15.05.1208

g Tost Mo, Test 3 Tast conduciad or: 511 30 813, 1885
RO
g6 51.20 U.5.galémin Distance rom the purmping wall §70.00 1t
Stallc waler lavel 0,90 R below detum
2 shuration Waler levgl
i) il ]

g 527 0.0t 0.01
2 58 0.0 052
) 687 0.02 52
& 827 402 6T
5 664 005 Y]
6 7.04 603 608
7 745 6oe 6.04
& T80 604 6.04
) 837 ] .08
10 BET 008 Y
1 838 6.07 067
iz 688 Y 608
i3 1064 6.08 G
i 147 610 K
13 15.83 012 8.1z
& 1254 614 GXT
3 1358 0.45 iR
18 1407 6.7 847
8 1489 8.18 1%
70 578 02 82
24 1673 694 6.24
) 1774 0.27 057
2] 1878 030 630
%4 1585 0.3 k5]
= 2107 638 638
2% 253 G40 640
37 2565 D44 D44
= 2508 G 548
7% Ph 54 052 052
) 12 68 058
3 2878 061 G681
E7] 4585 066 6.66
X 4343 0.7% 671
34 .41 578 0.78
= 3751 0.81 B
£ 3874 087 087
37 4240 083 a83
) 4480 Y] nee
] 47324 108 108
i 108 142 142
& T ) 138 [KT
2 5516 8 12
& 85.49 133 15
7 302 §.40
a5 86.76 {48
&8 7652 158 155
&7 74.91 163 163
48 7836 174 Eg]
45 8404 {80 180
0 EEY 188 1.88




Harlas & Assaclielss, Ins.

Pugpling %egaﬁaiy@?g

e W fiks Blved, Sulls 188 Thels method

Lshemeond, OO 60253 Confived asulfer

HBERBTIIG Dl 15031988

Pumping Test Mo, Test 3 Test conducted on: 11 o 513, 1896

B4 BC4

e 51,20 U S gabfmin Distance fom the pamping wall 570.000
Sislic waler lovel 000 R balow dabien
Pumping leet durstion Water lval
{min} i i
&7 84.55 1= 198
52 sS850 255 208
&5 0584 Zi3 234
&4 193.42 238 293
] 198,77 2.3 231
B5 S8 240 540
&7 13337 250 250
TTER 14947 255 2%

£ {4554 285 268
& 188,40 278 278
81 167.78 287 287
) 17774 257 297
& 18837 357 3n7
84 8844 EXH 347
85 7128 357 357
5 Zia98 337 347
&7 57 04 347 347
g8 Y 357 a5y
68 265.98 A&7 367
7 281.74 378 378

T T 288 3z
72 EHXE 388 58
2 I34.87 ita Yo
74 LT 446 iie
& 7573 435 430
75 S8R50 440 £40
77 2156 451 451
7 4888 455 460
e 47304 F¥ T 471
&5 ERY 482 482
&1 5078 £85 455
82 56273 E 468
83 Za5 55 EXh) g6
84 550,85 §33 L]
88 825 38 535
8 70763 Bis 548
a7 74878 58 £81
&5 78457 74 E74
ég B41.28 S87 587
51 86114 B0 o0
&1 858 &4 14
& 282 88 637 837
] 055,14 640 e840
g4 11814 553 &8
=3 175,14 BES 885
] 195514 Ei7 877
57 [P X) 888 €88
= 1359.94 Bae ¥
8 9418.44 746 7.46
6 147846 720 725







Harlan & Assccludes, Ine. Brgmming lesd 4

it Blvd, Sufle 188 Rocovary meihod sfier
THEIS & JACCE
Confined sauifer shisled Cte: 1508 9028
ded o 31210 515, 4958
56 59,20 1).5.gatmin Diglanes from the purplng wel 18670048
Sistle water lvel 0.00 & below dalum Pumping test dursiion; 000 win
Time from Weter lavel
& of pumping
[} . i
1 {8837 444 Fy7)
2 1868 4.43 443
3 21108 441 4,41
4 23275 4.45 4.40
[ 23704 438 438
8 P ' a57 457
7 38588 438 435
g T 433 , £33
) 268,44 432 452
16 316.13 495 435
41 33488 435 ' 495
12 /a7 ' 494 424
i3 37573 ii8 418
i4 88,00 447 37
iE i 5 413 443
18 , Froya 408 408
17 47504 i05 205
18 86108 807 402
18 536,78 , 387 35
26 %) X7 38
% 55 55 387 3E7
7] 83065 387 38
23 88833 37 376
24 70788 370 ERS
% Fas.78 ‘ i 35
] o490 388 | L)
27 84128 352 ‘ 352
ol 851,34 348 345
% 84358 541 341
) 256 68 33 3%
34 105014 398 338
= 111814 R i
= 1778.14 397 347
34 1235.14 342 342
35 129894 304 304
3% 1358.14 X ] 268
&7 141844 28% 2383
E) 1475.14 288 288
30 153014 284 S84
40 156814 2.79 778
I 165844 274 274
42 $719.44 271 a7
43 1778.14 266 286
a4 1836.14 P63 26
& 188814 380 FY)
Fr 188844 258 256
rea #1944 282 282
P #7514 245 245
48 7139,14 344 , 244
g5 2155 14 456 235




2
s02

@ o 5 e e i e s e o s s ] s 5 i o g e
3

i oo e e e o e e s e
K
s

.@ o o o e o s o s 5 o o s oo s oo s e i e s e e s s i o o

£ e o i s e e o s o e s s 1 e o

e e i e o s o e oo e e st 5 e 05 s

s v o i s s s e o 0 o

5

0 i e 0 50 o g i e s 5 e...:.;..i‘ig N 5 s v s K A

Bralast: Crow Bulls |

5

it s o 5 o s e e o s v e - o el o o s i sy s s i s s o o

o 21350 545, 1888
30000

fest duration

Test congs
umging
ﬁ!

1t

P

s s ot s s s e e s s

0 o et st 0 e e s e o e 20m 9652 1 oy Sy i iy sl > i o

Rusovery melhad efier

THES & JACDE

it s i G St S vt A5 AL s St e 5 A S8 e i i ) A s K ) S

e s i e s o o s sy v s oo e s gt BESE SR G spin o b S s s B AND s o iy S s 14 s o

L et o e s s o o e ss%s.iE?z.i%&:.is,.%é.x}%mﬂ\“Xw s s o e

s e R e s s B R G s

b Al v o W 1w W [ 4 i 4 108 (S i o e, R

Corfined agulfer

L s e 595 o e e oy 650 e < s, o vors e ik s s s J. s 4 i e o 0 S S Sk e st 08 s v e o i

PR %3.;.,.&;55;3“\@\;%: O S PRI SO S

yd

28510t

|

=

s Bhvd, Bulle 155

o Adivas

108

%

ils

Horian & Assosiates, ins.

OB W

#2251 REcoug by
hechargs 51.20 U S palfmin
o.in
0.50
e
.50
230
5
35
350
oo
B
854

Pumping Test No. Test # 3

;3500

er Bickness




Harlan & Assosisiss, Ins, Fuonping lest analvels Zoverdt LPage 2

» Bhvd, 8ulls 188 Thsils methed

Confined e Praject: Crow Butie Resources
Evalusted by: HRD | Dals: 1500.1688
tod or: 811 10 943, 1888
AZSIMB2
Discharge 51.20 U.S galinin ' Distarce from the pumplng well 1587.00 %
Siglis walter lavel 0.00 & below dalum
Purmping les! durslion Wafer lovel Drawdown
[mir] i ]

9 7451 ooz 002
2 7838 002 602
3 84,08 0.03 6.3
4 8505 .08 0.03
5 8438 o3 0.03
] 882 003 603
7 10884 6.05 605
[ 11212 0 008
) 118,77 607 o647
G 125.81 0.08 008
1% 13327 0.08 608
iz 141.17 0,10 0,10
13 14954 640 6,98
14 15840 832 , 0.3
6 167.73 8.15 85
T3 177.74 015 618
17 188.27 0.18 618
8 18844 0.18 039
1§ 21128 022 ' 6.32
20 223,78 ¢.24 0.24
21 25704 0.27 0.27
2 251.058 030 0.30
=] 26588 0.33 , 033
24 28174 537 0.37
2% 28844 040 0.40
% 31643 0.45 848
77 3487 5.49 , 5,48
38 35471 553 , 053
b 37573 0E7 057
30 38800 062 062
34 424,55 087 GE7
32 44658 0.73 : 673
3 47304 880 0.80
34 501.08 6.84 0.84
£ 23078 083 083
36 56223 059 , 085
37 BoE 55 105 L
38 83085 1.93 EXE]
35 6823 123 123
4 707.83 131 131
41 74878 140 1.40
42 TV 148 ‘ 1.

43 841,28 168 158
44 831.14 X 1.66
45 84396 .77 177
a8 585,88 187 187
47 088,14 188 1.88
48 1119.14 267 267
45 117814 FXL 218
55 123814 275 2.26
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Harlan & Assoclates, nc. . im%p—éag best ansiysis

B00S, Wedmwarh B Suke 185 | Trwemabod Praec Gon s Resoeres
488720 Evalusted by WPD | Dele: 15.08.1596
Pumging Test Mo, Tesl 2 o 811 813, 1886

AZSIE2

pe 51.20 U.S.galimin

1A
ot 100 15t 1ot i i 10 1ot 10’
17
sa! S S
M’E
WM

Wi
2

7
of
o/
th @ f
/
§§
3o
o Drmesiovn

Transmissivity [min} 216107
Hydraulls conductivily (timin}; 6.15x 10
Aapsifer thicknees 81 3500

Stosathvity: 7.73 % 107




gtes, Ine. Pumping teet sralysh e & Pege 4
Bhwd, Sule 458 Rsoreery meted sfis e =
THEIS & JACOB Project; Grows Bulls Heas
Gonfined squlfer by HPD | Dute: 15.08.1958
Purnping Test Mo, Tegl 3 Test condislad o 3938 515, 1888
HC-4; Recovary RC.4
> 51,20 U5 galimin Bistance from e pumplng well 570008
Ststle water lovel 5.00 % balow detum Pumping leg! durslon: B0 00 win
Timas from Wister lovel
ang of pumping
fredn] n

104 218544 238 235

10z 22834 235 2B

a2 31844 231 231

104 237834 228 228

105 243814 228 228

08 248014 233 az

07 258844 298 218

98 281814 247 247

108 267094 213 233




sarian & sies, inc. Pumping teel aralysls
B0 B W Baed, Sufls 188 Bscovery mathod afisr
Lo, OO B0NS THEIS & JACGS
3088987270 Confined aefer by HPD Dsta: 15.08.1888
Pumping Test Mo, Tesi 43 Tast conducied on: 543 10 815, 1888
RG-4: Reswvery R4
Dischargs 51.20 U.S.gabimin THetancs from the pumping well §70.00 8
Statle water beesk 0.00 & below detum 7 Pumging faed durslion: 330000 win
Time from Waler lavel . Res
ared of purnpleg
{min] i
e 177.94 642 542
B2 {8877 832 832
53 160,44 §23 E73
B4 24128 618 £48
55 22378 504 B0
58 BT 04 = Ege
57 Bie 58 585
BB 6588 557 E57
52 28174 &8 sS85
) 288 44 857 557
&1 EXCRE E42 £48
a2 3387 535 538
&2 38471 836 530
84 37573 530 £20
&5 38800 EXT 811
65 42158 507 502
& 44538 4582 452
&8 47304 482 4382
& B01.08 4.7z 472
74 Ban.8 484 FYY)
iz §82723 454 4Eg
72 Eg8 58 4.44 444
=] 08 434 434
74 s 4§25 i3
75 70753 418 448
76 748.78 405 408
T Foa.2 398 EY
75 841098 385 388
F] 831144 277 377
a5 [YEE 368 E
B 5888 358 358
& 105614 a8; 350
g3 159814 342 342
84 117814 334 234
& {23814 3% 375
[ 128554 348 318
&7 938814 ERE EXi]
&8 141894 3054 364
&8 1478.14 367 297
0 183814 281 281
Y 188614 255 288
& 1885.14 2.81 251
&a 71894 275 275
a4 177814 271 FRZ]
&= 183814 Y 258
3 1855.14 284 Xt
G 1959.14 ZE7 287
98 20618.14 253 287
= 3578 14 248 e
160 213814 244 244




Harlzn £ fssocisles, ine.

Apperdind, Pege 2

Profert: Crow Budle Resounss

Evaiiatad by: HPD

Date: 15081888

Pusmping Test No, Test 3

ced o 813 10 845, 1988

Dischergs 51.20 U.5.galfmin Distanca from the pamping well 570.00 &
Siatic water lvel: ©.00 f befow detum , Pumping test duration: 3300.08 min
Tina from Wiier laveld
sl of plrnping
fmin] m
i 856 $12 812
Z 16584 X £16
3 1147 566 888
4 1983 508 808
3 1284 806 908
) 1338 08 Eh ]
7 fdo7 863 a8
) 1489 802 552
§ 579 898 856
10 873 B.88 888
1 AL 895 B85
12 a8 882 892
13 1508 880 Ba0
ia 07 a888 888
15 233 863 883
6 B 880 880
i7 =5 876 8.76
TR 2654 Bz 873
T) 28.1% B.6a 268
0 %75 g5 B
2 3188 8860 EY)
2 3349 825 855
F<} ‘AT B81 EY 3
34 B £45 845
25 EoR ) 8.40 840
28 4248 834 834
77 480 828 Bk
25 4794 87 833
% 56.08 847 847
an Ei7) ERE 818
39 5816 804 B804
a2 5545 787 787
33 £3.00 7.0 780
34 8678 783 783
@ F0.72 7.78 778
B 7451 788 f)
7 7835 i3 7&
£ 2406 FE3 TEs
EZ] 89.08 748 746
) 8433 Fa7 737
&t G867 7.98 7.2
2 0584 7.25 7.20
43 19242 7.2 712
&4 11877 704 704
48 12681 894 554
T % 685 888
47 14147 €78 878
T3 14854 g88 868
48 188 40 659 858
£ 18775 £.49 £.45
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Harian & Asszociates, ne.

Pumping tesl snalysls
Theis muthod
Confined aquifar

Evelusisd by: HPD gﬁa@ﬁz&%m

Pusaping Tesd Mo. Test 3

Tastconducisd o 5171 19833, 1888

BC4 ROC-4
ge 51.20 U.8 gelfmin
Shatic waler lavek 0.00 § below datum
Furmping lest dusalion Wter loval
fmin} ] i

il 183614 728 5]
7 1565.14 F a7
i 1658.14 745 748
104 1718.14 753 FES
65 1779.94 TE 781
68 1B35.14 755 T8k
167 1858 94 773 775
o8 168814 FED 780
08 301614 . 788
196 7914 Fo8 758
191 213614 806 8.6
112 3156.14 &8 815
193 25814 872 a5
114 3318.14 83 83
g 237844 838 B.48
116 243514 846 848
{17 2480.34 85% B854
158 255614 EB7 a57
iié 7615.14 BES g5
130 7679.14 874 871
7 735,14 Bi7 877
H F765.14 881 831
15 2B50.14 888 é88
134 251814 883 883
125 H78.44 828 )
1% 303514 504 5064
137 %088 14 508 858
RE] 18814 EXE 813
% 324594 47 817
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