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Problem Statement:

Determine the saturated hydraulic conductivity of the weathered Mancos Shale (wrthd Kp,) interval at the
proposed Crescent Junction Disposal Site.

Method of Solution

Use Air-Entry Permeameter (AEP) testing following installation procedures and methods as discussed in
the Calculation section.

Assumptions:

1. AEP testing provides realistic saturated hydraulic conductivity results for wrthd K, located at the
Crescent Junction Disposal Site.

2. Excavating a soil "pedestal" and placing the AEP permeameter ring around the pedestal accurately
tests pedestal materials.

3. Hydrated sodium bentonite adequately seals the AEP test and does not adversely affect results.

Computer Source:
Microsoft Excel
Calculation:

The AEP, developed by Herman Bouwer (Bouwer 1966) for determining air-entry and saturated hydraulic
conductivity values for soils above the ground water table, is illustrated in Figure 1.

The AEP was initially designed to test agricultural soil; however, the device and method have been
successfully extended to test air-entry and saturated hydraulic conductivity values for bedrock foundation
materials. Sandstone and sandstone/siltstone bedrock materials have been tested with the AEP at the
DOE Estes Gulch Disposal Site north of Rifle, Colorado (DOE 1994).

When the AEP is used to test soils, the permeameter ring is driven into the soil forming a tight seal
between the soil and ring. When foundation bedrock materials are tested, a circular channel must be
excavated into the bedrock, see the following Figures 2 through 6. The channel is subsequently filled with
sodium bentonite to create the seal around the permeameter ring. By doing this, an assumption is made
that the saturated hydraulic conductivity of the foundation materials is greater than the saturated hydraulic
conductivity of the bentonite. This assumption is easily tested by comparing the computed saturated
hydraulic conductivity value to 5 x 10~ cm/sec, which is a typical saturated hydraulic conductivity value for
sodium bentonite.
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Figure 1. Air-Entry Permeameter
(ref. unknown)

The AEP consists of a 12-inch (30-centimeter)-tall sealed ring with a 12-inch (30 centimeter) inside
diameter embedded approximately 6 inches (15 centimeters) into the surface. A graduated water supply is

mounted to the sealed ring via a standpipe of varying lengths allowing different hydraulic heads to be
applied to the soil.

Field Procedure

Installation:

1. Clear and smooth a surface excavated into the wrthd K., approximately 2 feet by 2 feet.

2. [Excavate a circular channel approximately 2 inches wide and approximately 6 inches deep into the
wrthd K, as shown in Figure 2. Diameter of the circular channel should be such that the AEP test ring
can be positioned in the approximate center. Base of the channel should be smoothed to provide a
level and horizontal contact for the AEP test ring as shown in Figure 3.

e
Figure 2. Excavating Circular Channel into Weathered Mancos Shale to Place AEP Ring

Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale U.S. Department of Energy
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Figure 3. Smoothing and Leveling Channel Base

3. Two to 3 inches of powered sodium bentonite should be place in the base of the channel as shown in
Figure 4.

Figure 4. Sodium Bentonite in Bottom of Circular Channel Excavated into Weathered Mancos Shale

4. Mix water with bentonite in channel before placing ring in channel. Add more bentonite, refill channel
with water and allow to hydrate bentonite for a minimum of 3 days (see Figure 5).
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Figure 5. AEP Ring Placed in Channel With Bentonite Prior to Adding Water to Fully Hydrate Bentonite

5. Backfill the channel along the ring exterior with spoil as shown in Figure 6.

Figure 6. Channel Along Ring Exterior Filled with Spoils Prior to Testing

a O 1 J W

6. Thering is filled with water prior to attaching and sealing the lid and water supply cylinders.

7. The water supply is filled and flow-control and air values are opened to allow water to flow out of the
AEP setup. All air bubbles are removed from the ring to ensure complete saturation of the
permeameter. Figure 7 shows an installed AEP.

Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale U.S. Department of Energy
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Figure 7. AEP Installed in wthrd K, — TP 0154

Testing:

1.

The water supply is refilled; initial readings (listed below) are taken and recorded before the flow
control valve is opened to initiate the test.

Water level readings are taken and recorded at specified time intervals until steady-state infiltration is
achieved.

The flow control value is closed and a final water level (Hy) is recorded.

A hand held vacuum pump is attached to the vacuum gauge and valve attachment. A vacuum is
applied to the AEP and the greatest vacuum pressure achievable is recorded. The highest vacuum
pressure will occur immediately prior to air bubbles flow.

Analysis:

The equation to compute a saturated hydraulic conductivity (Ksy) value from the AEP test is
(Bouwer 1966; DOE 1994):

where: dH/dt (cm/sec)

dH, R,? 1
KsatzszRsz/(H+L_2Pa) (1]

change in hydraulic head with respect to time,

L (cm) = depth of infiltration,

R: (cm) = radius of water supply reservoir,

Rs (cm) = radius of soil pedestal,

Hs (cm) = final height of water in water supply reservoir, and

P, (cm) = air-entry pressure (vacuum pressure + gauge height + depth of infiltration).
U.S. Department of Energy Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
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Three test pits, TP 0152, TP 0154, and TP 0156, were excavated to the wthrd K, interface at the
Crescent Junction Disposal Site. Two AEPs were installed in TP 0152, one AEP in TP 0154 and two AEPs
in TP 0156. Bentonite failed to seal one AEP permeameter ring in each of TP 0152 and TP 0156; thus, a
total of three AEP test were performed.

Copies of field data sheets and plots of hydraulic head versus time for each test are attached to this report
in the Appendix. Also included are copies of hand calculations.

Results:

Table 1 presents results of the AEP tests. Shown on the table are values for air-entry (cm), dH/dt (cm/sec)
and computed Kgy;.

Table 1. AEP Results

Location Air-Entry (cm) dH/dt (cm/sec) Ksat (cm/sec)
TP 0152 183 7.8x 10" 4.4 x10°
TP 0154 140 5.8 x 107 1.6 x 10™
TP-0156 241 1.7 x 107 2.6 x10™

Geometric mean of all K values = 1.2 x 10 cm/sec.

Discussion:

Other methods exist to compute field saturated hydraulic conductivity in fine-grained materials based on
infiltration results. A method proposed by Youngs et al. (1995) has been used to validate the saturated
hydraulic conductivity of compacted clay barrier layers on UMTRA disposal cells (Waugh et al. 1999). This
method assumes that the soils are initially "wet", or close to saturation. Based on the air-entry values
tested, the wrthd K, is considered sufficiently "dry" to account for soil suction, therefore the method
proposed by Youngs et al. (1995) is no longer considered.

Tests were performed during the winter of December 2005 and January 2006. Upon returning to TP 0152
after installation of permeameter rings and the required 3 days for bentonite hydration was allowed to
occur, the installation was frozen as shown in Figure 8.

The ice was chipped out and the diameter of the enclosed wrthd K, inspected. The approximate upper

1 inch of soil was frozen over an approximate 6 inch diameter forming an "ice cap" on the soil pedestal.
Water does not infiltrate into soils below the ice cap. Accordingly, the area receiving flow was measured to
compute the flow area. The test was run, and an effective area representing the reduced flow area was
used computation of K. This consisted of computing an equivalent area and radius, R in equation [1] of
the soil pedestal. Errors introduced by doing this are considered to be of the same order as errors
introduced by excavating the circular channel and embedding the permeameter ring, so the results are still
considered applicable for use in design.

Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
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Figure 8. Frozen Hydration Water in the Non-Leaking AEP Test Performed in TP 0152

Conclusion and Recommendations:

A design saturated hydraulic conductivity value of 1.2 x 10 cm/sec should be used for wrthd K, material,
based on AEP test results conducted December 2005 and January 2006 at the proposed Crescent Junction,
Utah, Disposal Site.

The resulting geometric mean of measured in situ saturated hydraulic conductivity values for the
weathered Mancos Shale at the proposed disposal cell site, should be considered a first-order
approximation, due to of the small sample size. Although the 12-inch-diameter size of the permeameter
ring is large enough to measure preferential flow around shale fragments, as illustrated in Figure 4,
statistical confidence in the mean is low. Increasing the number of data points will provide more
confidence of the mean, however given that the range of tested values are within one-order of magnitude,
the mean is not expected to vary significantly.
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End of current text
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Appendix A

Field Notes and Hand Computations for Ky, Determination



TP 0152 Field Data Sheets and Plots
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Air-Entry Permeameter Tests
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Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor
has identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of

Crescent Junction, Utah, as a possible site for a final disposal cell for the Moab uranium mill tailings. The
proposed disposal cell would cover approximately 250 acres. Based on the preliminary site-selection
process, the suitability of the Crescent Junction Disposal Site is being evaluated from several technical
aspects, including geomorphic, geologic, hydrologic, seismic, geochemical, and geotechnical. The
objective of this calculation is to impart the field permeability “bail test” results obtained from the

Mancos Shale during the investigation of subsurface conditions at the Crescent Junction Disposal Site.

This calculation will be incorporated into Attachment 3 (Hydrology) of the Remedial Action Plan and Site
Design for Stabilization of Moab Title | Uranium Mill Tailings at the Crescent Junction, Utah, Disposal Site
(RAP), and summarized in the appropriate sections of the Remedial Action Selection (RAS) report for the
Moab Site.

Obtaining the hydraulic parameters of the host rock in which a disposal site will be situated is one of the
fundamental measurements required to evaluate the suitability of the site. Because the bedrock is a shale
aquitard containing only sparse saline groundwater, the number and type of measurements that might be
made are rather limited. In addition, the types of measurements that are available, packer tests and
piezometer tests, reveal different characteristics about the rock mass. Packer tests, which reveal spatially
discrete estimates of hydraulic conductivity, were carried out on this project and are documented in the
“Field Permeability ‘Packer’ Testing” calculation (Attachment 3, Appendix C) and in the “Saturated
Hydraulic Conductivity Determination of Weathered Mancos Shale” calculation (Attachment 3,

Appendix A).

Piezometer tests, which are described in Freeze and Cherry (1979), will yield vertically averaged
hydraulic conductivities that do not represent the full vertical variability in hydraulic conductivity. These
averaged hydraulic conductivity determinations were done to evaluate hydraulic properties representative
of the entire rock mass. The tests are performed by causing an instantaneous change in the water level in
a piezometer through a sudden introduction (or removal) of a known volume of water. When the water is
removed, the tests are often called bail tests. For this project the hydraulic properties of the

Mancos Shale are important for the purpose of developing the water resources protection strategy. The
tests were performed in coreholes 201, 202, 203, 204, and 208 (see Table 1).

Method of Solution:

Instantaneous removal of ground water from each corehole was accomplished using dedicated
submersible pumps. Water levels were measured using submersible electronic pressure transducers that
were programmed to read either at 5- or 15-minute intervals. The water-level recovery data were
downloaded into a portable laptop computer and then copied onto the data analyst's computer. The test
results were analyzed using equation 8.34 in Freeze and Cherry (1979).

For a piezometer intake of length (L/R) > 8, Hvorslev (1951) has evaluated the so-called shape factor F of
the piezometer and presented the following equation for calculating the hydraulic conductivity:

K =[r* In (LIR)]/(2LTy), [1]
where:
K = hydraulic conductivity [length/time]
r = radius of corehole [length]
L = length of ground water intake zone [length]
R = radius of ground water intake zone [length]
To= basic time lag [time]
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To interpret a set of field recovery data, the data are plotted graphically in the form of dimensionless
drawdown [(H-hY(H-H)] versus elapsed time. The basic time lag value is read off the graph at the point
where the dimensionless drawdown equals 0.37.

Assumptions:

e Pumping ground water from a corehole tapping a low-permeability formation causes a valid,

essentially instantaneous change in the water level.

e Bail tests in bedrock systems such as the Mancos Shale yield estimated values of average hydraulic
conductivity for the entire test interval.

e The absence of a piezometer tube does not invalidate the recovery test data.

Calculation:

To interpret a set of field recovery data, the data are plotted graphically in the form of dimensionless
drawdown [(H-h)Y(H-H)] versus elapsed time. Appendix A presents plots of each test that was conducted
during this study. Each plot displays dimensionless drawdown versus the elapsed time since the bail test
began. Using the Microsoft Excel program, the raw drawdown data were converted to dimensionless
drawdowns, and the dimensionless drawdowns were plotted versus elapsed time. The basic time lag
value was read off the graph at the point where the dimensionless drawdown equals 0.37. The basic time
lag value is posted on each plot. Equation 1 was then used to solve for hydraulic conductivity.

Inputs to the equation are:

r
L

Lcorehole 201 = 95 ft
Lcorehole 202 = 188 ft
Lcorenole 203 = 203 ft
Lcoreole 204 = 75 ft
Lcorenole 208 = 120 ft

R
To

Results from these calculations are tabularized below:

radius of corehole [length] = 0.16 ft
length of ground-water intake zone [length] = depth of static water in corehole

radius of ground-water intake zone [length] = 0.16 ft
basic time lag [time] = 0.37

Table 1. Bail Test Results

Hydraulic Conductivity (cm/sec)

Corehole
Test 1 Test 2 Test 3 Test 4 Geometric
Mean
201 1.4 x10° 1.4 x10° 1.9x10° ND 1.6 x10°
202 4.3x10” 3.9x10” 4.3x10” ND 4.2 x10”
203 2.4x10° 2.6 x10° 2.6 x10° 2.3x10° 2.5x10°
204 Indeterminable Indeterminable 3.1 x107 ND 3.1x107
208 3.1x107 3.3x10” 3.1x107 ND 3.2x107

ND — No data were gathered for this test.
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Discussion:

Results obtained from this calculation represent average hydraulic conductivities for the Mancos Shale.
These results were obtained from the unweathered zones of the Mancos Shale that underlie the
Crescent Junction Disposal Site. Sources of the ground water appear to be micro to mini fractures and/or
bedding planes within the rock formation. The hydraulic conductivities of discrete zones contributing the
water were not measured with this method. This method yields average hydraulic conductivities of the
portions of the coreholes that are below the fluid level in that borehole.

Conclusion and Recommendations:

Overall, the hydraulic conductivity of the Mancos Shale was determined to be very low at the
Crescent Junction Site. Based on results of bail testing, and in conjunction with findings of field
investigations, the Crescent Junction Site appears to be suitable for disposal of the Moab uranium mill
tailings and contaminated material. Based on this information, and in conjunction with findings of field
investigations, this site is deemed suitable for the intended use.

Computer Source:

Microsoft Excel
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Appendix A

Copies of Packer Testing Raw-Data Sheets and Analysis Sheets
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Corehole 203: Recowvery Test 01
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Corehole 204: Recovery Test 03
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Problem Statement:

During November 2005 through January 2006, the U.S. Department of Energy (DOE) contractor
S.M. Stoller Corporation completed field permeability “packer” tests at the Crescent Junction Disposal Site.
The objectives of these tests were to:

e  Estimate the horizontal hydraulic conductivity of the weathered and unweathered sections of the
Mancos Shale that underlie the disposal site.

. Evaluate the hydrogeologic suitability of the proposed disposal site.
. Establish design parameters for the proposed disposal site.

. Help formulate a water resources protection strategy for the proposed disposal site.

Method of Solution:

Packer tests are conducted in a corehole after the hole is cored and flushed with clear water. The method
consists of lowering the testing apparatus into the corehole, inflating the packers so that they fit snugly
against the wall of the corehole, and then injecting water under pressure into the test interval. The flow of
water into the test interval is measured with a flow meter. The flow rate of water into the test interval is
measured as a function of the injection pressure. This provides a measure of the hydraulic conductivity of
the rock formation.

HQ-wire line core drilling was used to advance three shallow coreholes into the weathered Mancos Shale
to a depth of 40 feet (ft) below the ground surface, and ten coreholes into the relatively unweathered
Mancos Shale to a depth of 300 ft below the land surface. Corehole logs that describe the lithologic
materials encountered during drilling are presented in the “Corehole Logs” calculation (Attachment 5,
Appendix A).

Packer test methods are described in the U.S. Bureau of Reclamation Engineering Geology Field Manual
(USBR 1998). Several methods are potentially applicable, depending on the zone that is being tested. The
zone determinations and packer configurations are defined in Figure 1. According to Figure 1, there are
three potential zones in the subsurface and two potential packer configurations. The packer tests for this
project were done in all three zones, and both packer configurations were used. A single-packer system
was used in the shallow coreholes (0211, 0212, and 0213) and each of the single-packer tests was
performed above the water level in zone 1. Dual-packer tests were completed in the deep coreholes (0204
and 0208) in zones 1, 2, and 3, above and below the water table. Figure 2 presents the locations where the
packer tests were undertaken. A Moyno pump was used to deliver steady, even pressure to the test
interval. Totalized flows were read from a mechanical, inline flow meter until they stabilized.

In coreholes 0211, 0212, and 0213, the tests were done in the shallow, weathered-bedrock intervals while
the hole was being advanced. Water for coring and washing the selected test interval was obtained from
the Thompson Springs municipal water supply system. The single-packer assembly was lowered through
the drill rod into the shallow test interval using a wire line packer system (Figure 3). A 10-ft- Ionzq test interval
was used for each injection test. The packer was inflated to 100 pounds per square inch (Ib/in%) to isolate
each test interval.

Test intervals 20-30 ft and 30—40 ft below ground surface were selected to evaluate the hydraulic
properties of the weathered Mancos Shale. Guidance provided in the Manual (USBR 1998, p.127)
recommends that relatlvely homogeneous but fractured rock (such as the weathered Mancos Shale) can
be tested at 1 Ib/|n per ft of test-interval depth. Consequently, water was injected at 5- Ib/in?, 10-Ib/in?, and
again at 5- Ib/in® gage pressure at the surface. When combined with the hydrostatic pressure between the
pressure gage and the test interval, the total head was less than the critical pressures that could have
damaged the formation.
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Figure 3. Schematic Diagram of Single Wire Line Packer System Used on the Crescent Junction Project

The dual packer tests were done in the deep coreholes and were intended to test representative sections
of the competent Mancos Shale. The tests began in the deepest part of the corehole and proceeded
upward until three depth intervals were tested. The test intervals were selected on the basis of visual
observations of the rock core retrieved from the corehole, which indicated a stratigraphic contact probably
exists between the Prairie Canyon and Blue Gate Members of the Mancos Shale at a depth of
approximately 100 ft in corehole 0204 and 110 ft in corehole 0208.

Each test interval was 12 ft in length. Test intervals were chosen to straddle that contact and ascertain if
any observable differences exist in the hydraulic conductivity of those units. A test interval was also
chosen near the bottom of each corehole. The diameter of each corehole was nominally 3.9 inches. Water
for coring and washing the selected test interval was obtained either from the Thompson Springs or the
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Moab municipal water supply system. Each interval was tested at multiple gauge pressures ranging from
5 to 30 Ib/in. Because the flows were very low or nonexistent, a test duration of up to 30 minutes was
used whenever practicable. The dual-packer system was inflated to pressures ranging from 230 to

300 Ib/in? prior to testing each interval.

Assumptions:
. Injected water flows directly into the test interval without short-circuiting through the packer seal.

e  For flows exceeding 4 gallons per minute (gpm), friction losses through the drill pipe follow the
Pressure Loss Curve provided by the subcontractor, Layne Geoconstruction.

. Solutions provided in the Manual (USBR 1998) are applicable to the field conditions at the
Crescent Junction Disposal Site.

e  The analysis methods presented in the Manual (USBR 1998) are equally valid both above and below
the water table.

Calculations:

Calculations are attached in Appendix A. Table 1 provides a summary of the test results for this project.

Discussion:

Table 1 presents a summary of the packer test results. The horizontal hydraulic conductivity values range
from 107> centimeters per second (cm/s) to less than 107" cm/s. The hydraulic conductivity of the
weathered bedrock is approximately 4 orders of magnitude higher than the unweathered bedrock. Based
on the packer tests, the relatively high hydraulic conductivity in the weathered Mancos Shale extends to a
depth of at least 40 ft below ground surface. At a depth of 80 to 130 ft below land surface, the hydraulic
conductivities are less than 10~ cm/s. The transition between weathered and unweathered bedrock
probably correlates to the fracture intensity. Optical televiewer logs prepared for this project suggest that
the transition between weathered and unweathered bedrock occurs at a depth of approximately 50 to 60 ft
below the surface.

Table 1. Summary of Field-Permeability “Packer” Test Results for the Crescent Junction Site

0211@ 20 to 30

14x10°@5

13x10°@5

1.7x10°@5

0211 @ 30 to 40 14x10°@5

0212 @ 20 to 30 16x10°@5 | 1.8x10°@ 10 20x10° @5
0212 @ 30 to 40 25x10°@5 | 23x10°@10| 25x10°@5
0213 @ 20 to 30 24x10°@5 | 22x10°@ 10 22x10°@5
0213 @ 30 to 40 23x10°@5 | 26x10°@ 10 25x10° @5

Notes:

Gray fields indicate no additional data collected at that test interval.
J flag represents the quantitation limit for a no-flow test.
+ Geometric mean of unweathered Mancos Shale: 3.5 x 10 cm/s

1 Geometric mean of weathered Mancos Shale: 2.0 x 10~ cm/s

Test Interval: Calculated Permeability (cm/s) @ Injection Pressure (Ib/in?)
Hole ID @ Depth
(ft) Test 1 Test 2 Test 3 Test 4 Test 5

Dual-Packer Tests: Unweathered Mancos Shale’

0204 @ 80 to 92 J13x10°@10 | 3.9x107@20 U9.6x10°@ 30 66x10" @20 | J1.3x10%@ 10
0204 @ 110t0122 [ J75x10°@10 | 91 x10°@20 | 42x107@30 | J9.1x10°@20 | J7.5%x10°@ 10
0204 @ 283 to 295 J89x10°@5 | 12x10°@10 | 26x10°@20 | J1.1x10°@10 | J12x10%@5
0208 @ 90 to 102 J6.0x10°@10 | J7.7x10°@20 P22x10°@30 | J7.7x10°@20 | J6.0%10° @ 10
0208 @ 121t0133 | J8.0x10°@10 | J1.4x10°@20 | 7.5x107 @30 | J1.4x10°@20 | J8.0x10°@ 10
0208 @ 282 to 294 63x107@5| 6.0x10"@10 P6.0x10°@20 | J57%x10°@ 10 21x10" @5
Single-Packer Tests: Weathered Mancos Shale

U.S. Department of Energy

March 2006

Field Permeability "Packer" Testing

Doc. No. X0140400
Page 7




Conclusion and Recommendations:
Results from the packer tests illustrate that the hydraulic conductivity of the Mancos Shale at the
Crescent Junction Disposal Site is much lower in the competent bedrock underlying the weathered interval

that extends to at least 40 ft beneath the land surface. Below the weathered zone, the hydraulic
conductivity of the Mancos Shale decreases by approximately 4 orders of magnitude.

Computer Source:

Not applicable

Field Permeability "Packer" Testing U.S. Department of Energy
Doc. No.X0140400 March 2006
Page 8



Appendix A

Copies of Packer Testing Raw-Data Sheets and Analysis Sheets



RECORD COPY

| Stoller

established 1959
Packer-Test Record Page_| of >
Project Name: Crescent June jﬁ"w’»\ Characde, -"3‘-\ hreon Date: ’i//Li /05
Field Representative: 1. K'aukl&; Borehole No. 241 Total Depth : __ 3 f#-
Depth to Water (TOC): * [z5 7[7‘- Borehole Cleaned? Yes» X _No Date: li-2i-c«%
: 1
Test Interval (BGL): from Lo to_3¢ ft. Swivel/Elbow Height (AGL) 5
Conductor Pipe, Type and Size: H e
Time Gauge Pressure Flow Meter Reading
i _
FE=SFF 6 St M 4 385¢
2! Spo; ¢ 27¢ .
2 - s a0 '
2) P 344 > i'LVZ‘ﬂ{“‘“\
V2023 $par 3ff25 > s gpm
iz 2z Sps) 444
iz 24 £ 440 5 1 gpm
1z 2y Sp e 344 5¢ o
p 6.2 gpm
\257¢ - . 345 ‘
2% S pes $564. S 22,5
2.29 SFse 24 Sz
2229 r 27 o5
I2: 30 : S s 34 54¢.7 521
M raa g, 23] Sese 34 sL¢. 5
) 22.2
12 B33 Spe 346173 )
_ > 22.7
IZ‘;S’ \Sﬂrg“ ‘ 34(5‘) S-gmg( ’




RECORD COPY

B Sto[[er

established 1959
Packer-Test Record Page L o 3
Project Name: _C €3¢ end j""“-ﬁ[-v\.c - CL'L‘”’»‘-M—LN'S,:,-'A%-»\ Date: _11-2 \.— o ¢
Field Representative: _ M. Kawtsley Borehole No. £/ Total Depth : __30 £«
Depth to Water (TOC): Iﬂ-é + Borehole Cléaned? Yes X _No Date:
Test Interval (BGL): from <29 to 3w ft. Swivel/Elbow Height (AGL) .S {:-fm
Conductor Pipe, Type and Size: He.
Time Gauge Pressure Flow Meter Reading
\2 1 4o 1ops 34723
12147 lops, 347¢4 % 20 5P™
26 qpm
iz 4% [ops- =479, 7 e
. , 7 26 5Fan
12144 1o ps 45 3434 - .
. S 26
L2 ¢ jops” 343 47 - 3=
—— 7 25,
120 4¢( lops, 34% 70 - e
1248 jops; 24913 gr
Kan ou 1 o F (wa‘q[ﬂ» @ |4
4; 0% J0 e, 3 8p00 -
(4—’.02 10 pg P2V A - »
T > A TEN
[ 10 Pt Ko 4%, s
. /2o '5’3/:»\
4: 1 19 pe 357066 : ~
> 2 s 3/:;\
¢ 10p.sr 350575 .
> 9. S j/u/\
14013 [0 ps 35)0¢ -
1404 {Opsz- 35130 N
- ’ - > 27 gpm
1415 [0 i 3552 S 4
i ” 2T 4om
HLv 1(0 ]\g:::c," '§§17?* J‘F

eV\&Og ] P{-T ‘LQQ\/

A



RECORD COPY

| Stoller

established 1959

Packer-Test Record Page D of 3
Project Name: CV"éﬂC?m‘L T\A V\x‘.‘L\')v\ < L\"V‘ f‘»‘-'LL’-"i‘ 3“‘”"\6'\ Date: li~2 -0 35
Field Representative: _ M, Kae F< k‘;i Borehole No. 2 Total Depth: _ 3 ©
Depth to Water (TOC): __ 128 t Borehole Cleaned? Yes. X No Date: _ti1-2l-035

Test Interval (BGL): from _ &° o Bo g Swivel/Elbow Height (AGL) =Y ‘ﬁal—

Conductor Pipe, Type and Size: Heo // HZ
Time Gauge Pressure Flow Meter Reading
Flow
o ' . R e AP
A4y 5p< 35239 §
: - Zie]
V¢! 20 Epss RS 256 . 9F
—_rr e f 22
42y Sps 35 27¢ 52 |
’ N j e
2z | Spes 35299 9 ;
2 Gpm
\$. 24 S ps/ 35 342 S 2
.S a
V42 ¢ Sps! 353625 [ b=
- S S g
14:2¢ S ps 383 ¥4 - /
‘ Al ) P 225#)«1«,
1] Spu) 35406 519
S
14123 S s 35942 s S 2
) 3pm
i4:29 S gs 357446 52

35463

i

A3
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet () between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure. Ifa

pressure transducer is used, the effective head in the
test section is the difference in pressure hefore water
15 pumped into the test section and the pressure
readings made during the test.

The following examples show some typical caleulations
using Methods 1 and 2 in the different zones shown in
figure 17-5, Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials,

. . ] ) 1-30 ~0¢C
Pressure permeability tests examples using Methods 1
and 2; _ . Bor&‘m(o_ a2
o  Depth 1 20-30F+
. A : ' ' "P»essw&.@,_) Ve B
. y o “ } ‘ . . Qs.r:.')
= CZONE 1
: @ 20 o
(3 -;' o i —{33
i - \/
g T INT | ~ |
E fr-Bqdnry of zone | .
W) ’ . : .
. ES 60 '<'- ‘ : : ' o Zone 1 )
w b ‘
e k“"*x
. W NE 2 T
| . . ) _-M
RACHE L R TR T 00 A
A lm*ﬂ' Tu /0 . ' ‘ v
- Figure 17-6.—Location of zone 1 lower Tu

boundary for use in unsaturated materials. o
X
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T=115

-V 8018741018

From=LAYNE CHRISTENSEN

Jul-25-08 04:21pm
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20
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Al |
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* TEST PERFORMED IN WATER TEMPERATURE OF 60°F (15.5°C)
* THIS CHART IS MEANT TO BE USED HAS A GUXDE OMLY. THE HEASUR&NE‘.NTS WERE OBTAINED

CONTROLLED LAB CONDITIONS AND ACTUAL FIELD CONDITIONS MAY VERY.
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WATER TESTING FOR PER 33aABILITY

] I
fsn= .00 D
fH/H= 080 Wi
= Lv=07s L [T
w £./H 2 0.60 HL | AN
S 1000 1N A
—_— AN i vd
t 3 /;1///
v - v
& so00 /AR iV
[&] 1
‘ > AL
> - q
S A ) = T S C.2 150
© 00 Er]{’
‘ > L
% 14 // 1
=g
Q50 124 P
s} <A NI
o = //r\ P \\ N4 § /H=050
= = a N BN A
< > (/H=0.30
x L N /1= 0.20
E et ( /H = 0.10
K z
o
Il3 5
(8]
. .
] 5 10 S0 100 500 1000
HoH
Hor I ! Borelole:2 1l

e

FD:M c20-30H

Figure 17-7.—Conductivity coefficients e

for permeability determination in P #ote
‘unsaturated materials with partially
‘penetrating cylindrical test wells.

- Zone 2

leen U, 4r, hy Q, and L are as given in example
1,D =65 feet and A, = 72 feet

If the distance from the gauge to the bottom of the
intake pipe is 62 feet, the total L is (6. 2) (0.76) =
T 4T feet.

H=172+57.8- 4.7 = 1251 feet
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (n'b between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure. Ifa

- pressure transducer is used, the effective head in the.
test section is the difference in pressure hefore water
18 pumped into the test section and the pressure
readings made during the test.

The following examples show some typical calculations

~ using Methods 1 and 2 in the different zones shown i n

figure 17-5. Figure 17-6 shows the location of the zone 1

lower boundary for use in unsaturated materials.

PreSSure permeability tests examples usmg Methods 1

and 2; : ' Borehole t 2 7
| Depth t 20-30 1

145 | | A”SWL) L lops (Z.'SI@

S T T ‘ ~  I-2z2-0b
ol - ZONE 1
« 20} -
"
] - |
-c( y ) 38
T Y L/ ,
= | bTBouhdary of zone |
o
g K
= .
= bl .
W N .
S ' S
: S.F\ |
Woan [, \ 2 Zone |
& X ] _
gf IONE 2 o, | 1
' * : . .
g L B T R 160

C‘“:s:) Ty Al

Figure 17-6. —Location of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY

] l ‘
Ai/H = 1.00 +7]
. £/H=090 B ﬂ
L/H =078 ™~
z 1
il L/H =060 - N [N /
S coo Y Z ‘/,/
o > P . 4
(5 . Ve
w : )y aWay
o 500 T 277
(&) 7 LA 7
. e
. - ¥ A
>
‘ c‘_::,l'!o} = //?cé/ <1 CuX \30
Q 100 o L
2 + A
P 7 4 1 P .
z >
O s0 [Samvzd
(&) //,/ -1 N\
o ENTIH N SF g /v =050
L1 ~f/H =0,
’_u_" ///\ \\ “-—».\c/ =040
< {/H=030
o 1 N T~ {/H= 0.20
o N} (/H = 0.10
g 10 -t
»
\ 1
3 5
o
I

| -] 10 50 100 S00 1000 ‘
HgH @ Roebole 21f
r o rg OqoéL.' 20- 30

f,‘nuu— 10 rs"

Figure 17-7.—Conductivity coefficients
for permeability determination in
‘unsaturated materials with partially

- penetrating cylindrical test wells.

I-%0-06

E Zone 2

Given: U 4r, hy, @, and L are asgiven in example
1, D = 65 feet, and &, = 72 feet

If the distance from the gauge to the bottom of the
| intake pipe is 62 feet, the total L is (6.2) (0.76) =
T 4.7 feet.

H=72+578-4.7=125.1 feet
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WATER TESTING FOR PERMEABILITY Boekal 21
H %2 Porit 20-30 -FF

] T e Spsi(reerd)
.(}\/H =00 el
- A/H=080 En /- 30 -0b
L/H =078 h
z ]
£./H = 0,60
g 1000 -L\ ?‘\ /[é/
E ! P // Ve
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Figure 17-7.—Conductivity coefficients
_for permeability determination in
unsaturated materials with partially
penetrating cylindrical test wells.
~ Zone 2
Given: U, 4 r, h,, @, and L are as-given in example
1, D = 65 feet, and A, = 72 feet
If the distance from the gauge to the bottom of the
intake pipe is 62 feet, the total L is (6.2) (0.76) =

4.7 feet.

H=72+578-47 = 125.1 feet
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WATER TESTING FOR PERMEABILITY

. Efféctivé head, the difference in feet ( ,) between the

elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure, Ifa

- pressure transducer is used, the effective head in the
test section is the dlfference in pressure before water
s pumped into the test section and the pressure
readings made during the test.

The following examples show some typical caleulations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples usmg Methods 1

done 2

and 2: ' Bor‘c_"\o 2
e ' ‘ ’DGP‘H" 20-30 # :

L. d lul
1 Pres sune ) L Ops re .

:k o - - s T |-30~-06 .

3 _

R ZONE 1

o 20} i

%

(a7 - o

hurd N

- & 33°%

g TN

E K i1 Boundery of zone |

g N

-

34 G \“\

W .

u |

[

x

i

(& 3

[+ 4

u

o

e 17-6. -—Locatmn of zone 1 lower Tu

boundary for use in unsaturated materials, | o~ = 3%

X = 33
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WATER TESTING FOR PERMEABILITY

» Effective head, the difference in feet (m/) between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure. If a

pressure transducer is used, the effective head in the
test section is the difference in pressure before water
is pumped into the test section and the pressure
readings made during the test.

The following examples show some typical calculations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials,

Pressure permeability tests examples using Methods 1

and 2: - Borg\'\olo_ 21
@ Depth 1 30-4a it

L2 .
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WATER TESTING FOR PERM ILITY

A > 335
l.@[]/n'z I.C|>O -] ‘ 1/‘{ ’
- (38 T
2 e by ™
2 oo ARSIy’ 7
LII- \. L : ////I
W s00 ey // P
(&) 7 ’ 4 /
. > 'z L
, = % §
| A (o= )
Q oo L’/
3 A
§ 50 ATt
o P/’V NN H{ /H=0.50
g S aN It
o 1 N N i/H=0.20
P TH————H 1= 0.i0
P
:): S
| ; .
{ -] 10 50 100 500 1000
rebele 21!
HorH T). ko H
e & beptt 22 4:#
s 1l
Figure 17-7.—Conductivity coefficients f ”"“:o ot
for permeability determination in ’
‘unsaturated materials with partially
penetrating cylindrical test wells.
- Zone 2
Givén: U, 41, hy @, and L are as-given in example
1, D =65 feet, and A, = 72 feet
If the distance from the gauge to the bottom of the
~ intake pipe is 62 feet, the total L is (6.2) (0.76) =
T 4.7 feet.
H="72+578-4.7 = 125.1 feet
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (rr{) between the
elevation of the free water surface in th pipe and the
elevation of the gauge plus the applied pressure Ifa
pressure transducer is used, the effective head in the
test section is the difference in pressure hefore water
1s pumped into the test section and the pressure
readings made during the test.

The following eXamples show some typical calculations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1

lower boundary for use in unsaturated materials,

Pressm'e permeablhty tests examples usmg Methods 1

EmdQ BO/‘L“\O[L 21
o | ,  Depth 1 zo-304.
I H.A.;' h) »essu&gz) SrSI

7T _ -— TR '-30-06
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20—
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PERGENT OF UNSATURATED STRATUM, X

+Bouddary of zone |

MNERN T . ‘z%m1}

80 1
IpNE 2 ]

S B B R | 0w e ke
4,4 Ty A '

Figure 17-6. —Locatmn of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY
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Figure 17-7.—Conductivity coefficients frosas i S i
for permeability determination in ) - 30—l

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 4 r, h,, @, and L are as-given in example
1,D =65 feet and A, = 72 feet

If the distance from the gauge to the bottom of the
intake pipe is 62 feet, the total L is (6.2) (0.76) =
4.7 feet.

H=172+578-47 = 125.1 feet
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WATER TESTING FOR PERMEABILITY

* Effective hea& the difference in feet (rr{) between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure Ifa

- pressure transducer is used, the effective head in the

test section 1s the difference in pressure before water
is pumped into the test section and the presaure
readlngs made during the test.

The follc‘;wing examples show some typical caleulations

using Methods 1 and 2 in the different zones shown in

figure 17-5. Figure 17-6 shows the location of the zone 1
“lower boundary for use in unsaturated materials.

Pressure permeability tests examples usmg Methods 1

311(12 : ' Borg\-\ola_ P21
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"l-n..._‘-_...4
o0 30 100 1600
Ty A0
Flg‘ure 17-6 ——Lucatmn of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY
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Figure 17-7.—Conductivity coefficients privene. 10 pa
for permeability determination in ) 35— 06

unsaturated materials with partially
 ‘penetrating cylindrical test wells.

E Zone 2

 Given: U 41, hy @, and L are as-given in example _
| 1 D =65 feet and &, =72 feet

 Ifthe distance from the gauge to the bottom of the

intake pipe is 62 feet, the total L is (6. 2) (0.76) =
4.7 feet.

H=72+57.8-4.7=1251 feet

133
A-26



‘toller

'PA'CKE‘?— Tesr SeT-ue SHEET

DATE:

Sbe

JOB NG

JOB NAMp: . Crescent  Tunchon

/- Jo-

e¢ .

PREPARED: Mark Kaulsly REVIEWED:
Boreho o 212

oreno

SHEETNO.___ ) qp__ Ot 20-3 44

{0 ps

Promoure !

P - |
] . i

h

: :.,4, "‘QZ_I_D:F;"

. P_ }l-' . ’ )
utl .,Qoss Cacqq

| . = 35 f++ 23|

- L

| =547 ‘ﬂ o

Roey s
e ~ -
VAN 1‘:i-(z 3‘40:443) s

- |

Joa

P

I

aJw -
P f2

st e aiermant s e oo

— L= I?.ojt h{

S Obdmin

o

=

l'Z'Oi :

__( Fra M_‘R _1

!'7 7 Hsﬁﬁ-};'

547# R
RS LR R

[0 }+—

!

J

, o
e ] o
|4 I !
|

1

|

§4.7 4+

14+

(28:}«1

(mw-«} (
Min / JQJ

"Y:\-L> |

| ' \zo)én le-ﬁ—> (54’7 H—)

-5, \ e /A47

8 xtd CM/,‘-:;




Loller

JOB NG

JOB NAME:

PAPCKE‘?_ Tesr SeT-ue SHEET

Crescent  Tunehlon

PREPARED; MM

SHEETNO.___

DATE; (- 30-06

S

REVIEWEL:
Borenol 211
Test bwdevd 20-~30Ft

e t S psifredes

or.. .

}

'Piu ke J

}—\'\x.‘h st.";

. bla 3y L 'Hucl Jass Cae.H:

e N
. |
“-*L\1235-F+A

e o
- L ‘ l ‘c‘/lo# 1 .
G ,m-t.;i} :

L=]1.4 £ ‘
SR

d a‘_".f-

Lz 3¢

T Obmial Co

T

LB by umm);'
H [ 43.8%¢
CRRT

—— -.;I
T

L. S

ﬂ]'vd'l»”il'zb[. Sy

b

’
o
P -
-
3
i—

.23

‘438//— :

: JLA
H

1

? U —

_ @S“-f Nb;.issh_p
i :-43 4t (

a
|
|
|
N
|
¢

_—+mcauzab .y
Me.-kk'ol \
‘?um:. l
us L'ﬂL

(2734

l#"
'7.9% 34!

....... e et

3CM.¢¢¢
i Z

A IEEEEEREE SR = 57 $+/cl
EEISIEEEENE FHO S

(130) (6. u,ﬂ)(% w+)

‘wf.u

A-38



‘ Stol/er

RECORD COPY

Field Representative: M . Kera A‘é‘“f
Depth to Water (TOC):
Test Interval (BGL): from 3I<

Conductor Pipe, Type, and Size:

Reset pressume (A

FAHOME\M50122\Word-2000\Crescent\Packer Test.dot

The S.M. Stoller Corporation

Packer-Test Record
Project Name: (e scowd- J:v wihon £ lef‘tf«w[i rj‘aA\

Date:

|20 =

to 4o ft.

Hy /= Heo

Borehole No.: 2.i2_

Borehole Cleaned? Yes >~ No

established 1959

Page | of _z

It=3o - o5

Total Depth: Gotfr

Date: J1-Beor—o8 ™

Swivel/Elbow Height (AGL)

N

Time Gauge Pressure Flow Meter Reading | Fidfe
122 2g Spsi 36689 )
12129 Sps) £670% \99pm
12:3e Spsr 6727 174 p
1213 Y psv 3747 % Jpn
12033 5 psy 36300
12! 34 5 psv 26¥4o 38 spn
12:35 5 psr 3878 38 4pan
i2:36 5esn 3213 35 4 pm
12137 S pes 36947 26 4 pime
1L.%% 5 ps/ 36977 '3’0;"'*"‘
(2:39 5 pss 37004 27 4pm
12! 4o Sesi | 4 37023 19 9pa1
izt S psi ) 370735 12 gpm
4t Sps: VO 37043 g spm

Qo s b o [ b

2597 B¥% Road

A-39

Grand Junction, Colorado 81503

(970) 248-6601

Fax: (970) 248-7636



RECORD COPY

Stol/er

Packer-Test Record

established 1959

Page_ 1L of =

Project Name: _ Crescent Junchlon Chansclers joflom Date: //-30 0%
Field Representative: mark Kautsk g Borehole No.: _ 2iv Total Depth: _£o 4+.
Depth to Water (TOC): _ 1ze X Borehole Cleaned? Yes »  No Date: _11-30 03
Test Interval (BGL): from _ 3o to_ 4o ft.  Swivel/Elbow Height (AGL) S H%.
Conductor Pipe, Type, and Size: Hx//Q -
Time Gauge Pressure Flow Meter Reading
i4izo Spsi 3710
1403 5pst 37137 1% ﬂﬁl’/‘,,,:\
i4:32 Spsi 37171 36qpm
(#23 Spse 37208 37 9pm
(434 Sps 37244 | 365pen
i4i3< 5ps 37282 38 gpin
436 S pss 37320 3?;3{;,»;4—\
437 S psr 373s% 38 9 pe
4. 33 1ops. 37400
W\ 39 {0 pss 1744 4; 4pn
14140 10 pes 37485 | 459pm
14: 41 10 ps) 37528 434 pm
(4 9L Opsi 575 11 43 4 pim
1$:43 Cpst 37610 kK
14: 44 S pos 37643 | 3830
\4¢5 $pe 37686 1 3% 4pn
1446 S s 57637722\ 36 4p-
14447 5o 37760 /33 o ik
FAHOMEMS0122\Word-2000\Crescent\PackerTestdot A —L{()

The S.M. Stoller Corporation 2597 B¥% Road -

Grand Junction, Colorado 81503

(970) 248-6601

Fax: (970) 248-7636



06

23-

o

cent-  June

s

N4, '%:’.érf ~

P

i

ghou

c%#??’f:
4

dis




WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (i) between the
elevation of the free water surface in th pipe and the
elevation of the gauge plus the applied pressure. Ifa

- pressure transducer is used, the effective head in the
test section is the difference in pressure before water
s pumped into the test section and the pressure
readings made during the test.

The following examples show some typical caleulations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1

and 2; | Bon.‘-m!a_ V21
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- Figure 17-6.—Location of zone 1 lower
‘boundary for use in unsaturated materials.

A-Hz




F-001

P.28/32

T=115

8019741018

Qh"\’/

From=LAYNE CHRISTENSEN

Jul=25-05 04:21pm

FLOW (GALLONS PER MINUTE)
(%Y
Qo

}-%o~0%

70

65—

PRESS(JRE LOSS CURVE “r...

Praroue 1 S ps/ (‘/:K 7‘%}
P SERRES '

/]

V

60

V4

/@m&s

55

50

45

N\
.

40

o

U
‘§N~
o
-

\\

/
[
I/

1 2 3 4 5 6 7178

8 9 10 Il 12 i3 1620 40 60 80 100
PRESSURE DROP 30 50 70 90 1li0

% TEST PERFORMED IN WATER TEMPERATURE OF 60°F (15.5°C) 7‘8f"/oo I+ a\x.% P‘/lo- 1 J,OMV\

* THLIS CRART IS MEANT TO BE USED HAS A GUIDE OMLY. THE MEASUREMENTS WERE OBTAINED UNDER
CONTROLLED LAB CONDITIONS AND ACTUAL FIELD CONDITIONS MAY V

I

Y e T I

RY.

WIRELINE Type T Servic ”“”””{,‘ﬁmﬁifgij¢Wu



WATER TESTING FOR PERMEABILITY Borehale 21
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Figure 17-7.—Conductivity coefficients
for permeability determination in -

unsaturated materials with partially
Ppenetrating cylindrical test wells.

- Zone 2

leen U, 4r, hy, @, and L are as given in example _
- 1,D =65 feet and h; =72 feet

' If the distance from the gauge to the bottom of the
. intake pipe is 62 feet, the total L is (6. 2) (0.76) =
T 4.7 feet.

H=72+578-47=1251 feet
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WATER TESTING FOR PERMEABILITY
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Figure 17-7.—Conductivity coefficients
for permeability determination in
unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 4 r, hy, @, and L are as given in example
1, D =65 feet, and A, = 72 feet

If the distance from the gauge to the bottom of the
intake pipe is 62 feet, the total L is (6.2) (0.76) =
4.7 feet.

H=72+578-4.7=125.1 feet
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WATER TESTING FOR PERMEABILITY

- » Effective head, the difference in feet (11]) between the
. elevation of the free water surface in thé pipe and the
elevation of the gauge plus the applied pressure. Ifa
_pressure transducer is used, the effective head in the
test section is the difference in pressure before water
 is pumped into the test section and the pressure
readings made during the test. | |

- The following examples show some typical caleulations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1

,an‘d 2 : A ' Boreholo 1211
- o - Depth ! t0-4ah
54 | ' "P»esmm@-_gl p lcrs}
3 y -
g ZONE |
o . 20— -
< S et o ot —
, ‘g@. N ‘ 7 T ; e En Go
E Ll N | i ffBoundary of zone | || RN 1 :
SRR | e BEar . & Zome_ |
e AN y
=z T~ |
Y o A
€ oz L} <
RCH 'js T T ——— ¥ 1800
o _T"l(’ ‘

- Figure 17-6—Location of zone 1 lower
- .boundary for use in unsaturated materials.
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The S.M. Stoller Corporation 2597 B% Road
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Swivel/Elbow Height (AGL) ¢ £1.
Conductor Pipe, Type, and Size: ¢ &/ £Hx ’

Time Gauge Pressure Flow Meter Reading
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13102 5 psi 37786,

13i0d- 5o, 37792,%
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13706 5 pe 379 1i1.0
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15l 55 3oLy, ¢ 32 9pm
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15% 13 S g5 3993z 324 pm
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (n{) between the
elevation of the free water surface in th&\e pipe and the
elevation of the gauge plus the applied pressure. If a

- pressure transducer is used, the effective head in the
test section is the difference in pressure before water
is pumped into the test section and the pressure
readings made during the test.

The following examples show some typical calculations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1

and 2 BO/&Llo!Q_ 1273
4.4 [ ‘bep-l—lﬂ . 20- 30 ~F~{- :
?ﬁessnvw-@,:) ‘.Sps,‘(/.(,/d
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@

NG | . ) @
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» \wF
&
N o
4T Beundary of zons |
6 M

NG

PERGCENT OF UNSATURATED STRATUM, X

% | M
""1-..,_H‘
IO’NE 2 h‘*"-..
e — I 30 196 - 160a
144 Ty /0

Figure 17-6.—Location of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY %,;.":{"‘(;fiﬂa,t,
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Figure 17-7.—Conductivity coefficients
for permeability d_etermination in

‘unsaturated materials with partially
‘penetrating eylindrical test wells.

- Zone 2

Givé’n: U, 41, hy Q, and L are as given in example
1, D = 65 feet, and A, = 72 feet

- If t_he distance from the gauge to the bottom of the
. Iintake pipe is 62 feet, the total L is (6.2) (0.76) =
- 4T7feet. | | |

H=72+578-47=1251 feet
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (m) between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure. If a
pressure transducer is used, the effective head in the
test section is the difference in pressure before water
1s pumped into the test section and the pressure
readings made during the test.

The following examples show some typical calculations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials,

Pressure permeability tests examples using Methods 1

and 2: Borg\'\o!o_ 213
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Figure 17-6.—Location of zone 1 lower Tu
boundary for use in unsaturated materials. L2
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Figure 17-7.—Conductivity coefficients
for permeability determination in
‘unsaturated materials with partially
penetrating cylindrical test wells.

- Zone 2

Given: U, 4 r, h,, @, and L are as given in example
1, D =65 feet, and h, = 72 feet

If the distance from the gauge to the bottom of the
intake pipe is 62 feet, the total L is (6.2) (0.76) =
4.7 feet.

H=72+578-47 = 125.1 feet
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0945 093y | | & 388 54 39 5pm
0936 s 398 93 39 ph
0937 19 35934
0938 o 39779 15 3pm
6939 Lo 39003 44 qpn
0940 \o J70¢ ® 45 5pm
0941 lo 9o 3911345 gpm
10941 jo 39153 ‘ 45 4§ 0+
loggs s 39199
0144 'S 39836 3% spm
094§ 'd 39275 39 gpm
0944 s~ 39314 %9 4m
0947 s end Jos L. /cc..&—\‘;wvj wode.
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i

H

Y
~
' .
i~
o
U
i®)
(N

. Roeewnce i 213
5 36/344 ¢ 39-40/1-'
o mew_‘._;

3

= 6,4,,,,, % 4/,.,., ,44,,/ //.,4,,,,/ | -
) | _, ' /,4.,/




WATER TESTING FOR PERMEABILITY

¢ Effective head, the difference in feet (rr{) between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure, Ifa
pressure transducer is used, the effective head in the
test section is the difference in pressure before water
1s pumped into the test section and the pressure
readings made during the test.

The following examples show some typical calculations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials,

Pressure permeability tests examples usmg Methods 1
and 2: Borehole 1213
. . ‘ Dep‘”ﬂ _30_404"(-
[UXR v »essu&LJ v Spsl (“ L'F#)

[+ ]

ZONE 1

mo
[

6

o
[e]
¥

PERGENT OF unsnun@u STRATUM, X
. _ Lv )
)4
¥
Y
G

20 .
Tgne 2
10— % ' CT T = i60a
4.1 Ty 0 R

Flgure 17-6.—Location of zone 1 lower | T,

boundary for use in unsaturated materials. | ¢ > '

X‘; 3G
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WATER TESTING FOR PERMEABILITY

—~30-0¢
-‘5I‘5 /
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Figure 17-7.—Conductivity coefficients
for permeability determination in
‘unsaturated materials with partially
Ppenetrating cylindrical test wells.

Zone 2

Given: U ¢4r, hy, @, and L are as given in example
1, D =65 feet, and A, = 72 feet

If the distance from the gaugé to the bottom of the
~ intake pipe is 62 feet, the total L is (6.2) (0.76) =
4.7 feet.

H=72+578-4.7=125.1 feet

| 133
A=TIO



[ol[e

p

JOB NG L

JOB NAME: .. Cf‘g“t’ﬂ{ L ‘4‘194""

DATE; (- 30-06

Sde

Packee Test SeT-ue SHEET

PREPARED: Hark Kaudsk —

SHEETNO.___ 4 qr._.

REVIEWEID:
34»4_4.:4.

(2
:anfo"f'
Pm-w r 1.6 A‘/S/r)

—_h %_un 1.6+

o o | . oo
Ptn- I ' L

‘ 'L'_' 'HmJ .ﬁo.u CM»#

N1

Lc1b 8/t R'”‘
—

: (Foun f*['*?"f“-." Legs. Cads

: Lafos ;%;N'F)G,,, J"*“"ﬂ |

O s m—

ih2_30 [V

l__:

Lz

L aler e

m_lf"’" |
% f2

- ..;oaﬁ:'n

!

=

Cm 1

,‘_ w' Béff'iff"
RIS

__(Em_ﬂj T Msﬁﬂ-\/‘__“
H .S0.@8~ | M
“— O, lb"—‘("

o p |-

P S

€o. : '
e

o
|

el Bk

B S




v (rescent Tancfon

ﬁ@@#‘&; Téer Aﬂwrgyrer .;73::46.4/;045 Ty o L ' i
| Dy e —doht SR R

Pffssuu— (/, . Iolo'.; (Z‘S[ “FVL) ’ o ,

17]

73)[4174\001: /

/gy,a A i
Jm ,é am ,4,.,4./ //.AN/ ' |
a/vsvz‘”lﬂu- #am jfaum/.r«wéa.. 74 5,44,.,, . ,/ 7’4/#«;4\0.. o

- /m/ fes /-' /,M S oaz 45},,,.,,,1

Bl

M

= HZ/JO) /DEZ’CIAJHL Gl"r«‘?dk«M /'4""7‘41*; "/

x '\< o s
ﬂ




4

WATER TESTING FOR PERMEABILITY

» Effective head, the difference in feet () between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure. Ifa

pressure transducer is used, the effective head in the
test section is the difference in pressure before water
15 pumped into the test section and the pressure
readings made during the test.

The following examples show some typical calculations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1

‘and 2 ' Borehole 1213

Depth & 30-40 .

- | res Su&Qz;)

\ 10(:;.’(23.1 {‘,LJ

- Figure 17-6.—Location of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY
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Figure 17-7 .—Conductivity' vco'efficient's
for permeability determination in

~unsaturated materials with partially

- penetrating cylindrical test wells.
 Zone 2

leen U ¢4r, h, Q and L are as-given in example
| 1, D =65 feet and A, =72 feet |
" Ifthe distance from the gauge to the bottom of the
- intake pipe is 62 feet, the total L is (6. 2) (0.76) =
- 4.7 feet.

H="T2+578-4.7=1251 feet
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Sto[[er

Packer-Test Record

established 1959
Page / of 2

Project Name: Wﬂ%&h%/j%%%ﬁ[{zz_ Date: 0///‘51/049 .

/
Borehole No. Z2¢ i Total Depth : __J&D

Date: O/AZAé
7/

Field Representative: 2. /? VPP

Depth to Water (TOC): _ 2 25" [}/?‘( Borehole Cleaned? Yes & No

Test Interval (BGL): fiom __ &2 to 2L & Swivel/Elbow Height (AGL) __ 4. 0 %é

Conductor Pipe, Type and Size: / '//10% ZD Thin whtt STEEL '7?/.5//1"/4

Time Gauge Pressure Flow Meter Reading Flow Rate
/D35 /0 _ps; 37387 75
/O #O /0 39357, & /.ﬂ//g//ﬂ
JOXS /6 37387 & —6—
/050 /O 37387 ¥ —6—
/055 O 393875 ——
00 20 ps) 393330 2.0/ gumm
//05” 20 _3739%./5 2. 03
/1/0 20 39388.25 s.02
/15" 20 3973 8v.4 2.03
SN/, 20 37388 .55 0 03
/125 20 39383-7 0-03
/130 32 ps;  39339.0 0. 06
_ /135 30 37389 25 0. 05
/740 30 39387.35 O. 02
7k % J0 37389. 35 =
50 30 39387.35 ——
/155" 30 3938935 -

A-T3



Stoller

established 1959

Packer-Test Record Page 2 _ of _:Z_
Project Name: MM&M%&@ Date: 0t /14/4¢
' 7
Field Representative: __ /2. yPP Borehole No. 020711 Total Depth : __ 22
1
Depth to Water (TOC): __ 72§ Borehole Cleaned? Yes “ No Date: __ 2’ / / 2/0 6

Test Interval (BGL): from _&®  to_ 2.2 £ Swivel/Elbow Height (AGL) __ 24,4 Z/LZ

Conductor Pipe, Type and Size: /- //VL/ ZO Thnwedl S7é¢/ 72&%

Time Gauge Pressure Flow Meter Reading . Flow Rate
/200 io_jg&? 39339.45 002 g pun
205" 20 39389.7 2. 05
/210 2.0 39389.95~ 0-05
/)5 20 3737015 0. 0%
/220 20 59390.35 2.0%
25" 20 29390 .55 0. 0%
/230 | /9/5/' 2793%0. 55 —E—
_ L2357 /0 39390.6 s.o0/
_ /2% /0 393%0.65 2.0/
L2458 /2 39390 . 5 ——
/25p /2 373%0.£5 —E—
/255 /O 39570- 65 ——
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (n) between the
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure, If a
pressure transducer is used, the effective head in the
test section is the difference in pressure before water
is pumped into the test section and the pressure
readings made during the test.

The following examples show some typical caleulations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials,

Pressure permeability tests examples using Methodg 1
and 2:

Bom\'\olo_ ! 204

21 ?ﬁesstQ v 10psi

s Q i
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3

% 20N 1

o 20 -

% ;

A

N

a4

4 N o e %= 47

2 z o <

] 4 N

5 60, B '

W i A

f \ Zove |

S w N Yesk il
€ i o 4
l&_, IONE 2 P, . }

A L 30 186 = 1300
v 21 Ty A1 _
Figure 17-6.—Location of zone 1 lower

boundary for use in unsaturated materials.




WATER TESTING FOR PERMEABILITY  '~257°6

@4_—’: Bon_‘nb(‘ 1204

”l | DCr"’L:BO‘?Z H'
f/m =100 ] £ressuve to psi
— f/H=090 Ea
L/H =075 N
m 4/H = 0.60 | éé
ll-t ,///1/ - = O. L O
w 7 H
& 500 s
© e e
C(= A A
>\%2 S am!l Cu = |80
> 7 Pt
= /1 LA
Q 100 1{ P
2 >
o 17 4 U0 i
Z
O 50 -3 '1.4 |l
(&) Zo e ] /\ L N
o = ////\" N>t i /k:pbso
w - /H .4
g NN _—"‘E;Hnomg
< N | .
< ] g ~—{/H=lo.20
E M} —1-i/H=).10
o 10 —
»
"
=1 S
o
g 5 10 50 100 s00 #1000

Figure 17-7.—Conductivity coefficients
for permeability determination in
unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 4, h,, @, and L are as-given in example
1, D = 65 feet, and A, = 72 feet

If the distance from the gauge to the bottom of the
intake pipe is 62 feet, the total L is (6.2) (0.76) =
4.7 feet.

H=172+578-47=1251 feet
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (1) between the
elevation of the free water surface in th pipe and the
elevation of the gauge plus the applied pressure, Ifa

pressure transducer is used, the effective head in the
test section is the difference in pressure before water
1s pumped into the test section and the pressure
readings made during the test.

The following examples show some typical caleulations
using Methods 1 and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials,

Pressure permeability tests examples using Methods 1

and 2: BO/‘LL\OIL ! 204
o Depth ! ®o-92 #
e —Pnessuﬂ-Qa) L 20 ps:
' o ' (46. 2 10-/')
v
. .
5
% Z0ME
o« 20 :
%
o |-
e IN
q &
z N
= S Boundery off zone |
a .~ - 1) X=%2
z <
= 60| B
S N
= N
5w -
EJ Z0NE 2 '““wu.._,q___‘
, ]
1005 0 30 166
23 Ty /0

Figure 17-6.—Location of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABIL% el

1
A/M=1.00 -
v(“l/H =090 ™ .
L/H=078 ™ 2
0/H = 0,60 -~ h 2 /M
1000 PN 4 Appx 0.08

NA RN

B //(
500 : L
/

1BO
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A\

3

(Cuql}

100 2

N
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3]
=]

~p/m=ofso

——b =0 /H = 0f30
L~ N ~—ti/H= 020

™~ {/H=0}10

a

v

C,= SATURATED CONDUCTIMITY COEFFICIENT
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HoH

H
r re = ey

Figure 17-7.—Conductivity coefficients
for permeability determination in
unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 4 r, h,, @, and L are as-given in example
1, D =65 feet, and &, = 72 feet,

If the distance from the gauge to the bottom of the
intake pipe is 62 feet, the total L is (6.2) (0.76) =
4.7 feet.

H=72+578-47=195.1 feet
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