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Problem Statement:

“ Determine the saturated hydraulic conductivity of the weathered Mancos Shale (wrthd K,,,) 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 fing around the pedestal
accurately tests pedestal materials.

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

‘kv/ 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 Figure 2 through Figure 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 assumptuon 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.

‘g /‘ U.S. Department of Energy Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
February 2006 Doc. No. X0136700
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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:

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

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.

Figure 2. Excavating Circular Channel into Weathered Mancos Shale to Place AEP Ring
‘ U.S. Department of Energy Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
February 2006 Doc. No. X0136700

Page 3




C

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

U.S. Department of Energy Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
February 2006 Doc. No. X0136700
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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).

Feu
r:.
>

b
g“ A
.

A2

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
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 set-up. All air bubbles are removed from the ring to ensure complete saturation of the
permeameter. Figure 7 shows an installed AEP.

(‘vj U.S. Department of Energy Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
February 2006 Doc. No. X0136700
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Figure 7. AEP Installed in Wthrd Km - 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.

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

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

4. 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 (Ks4) value from the AEP test is
(Bouwer 1966; DOE 1994):

dHR

Ky =2—
sat dt

(H+L-—P) ' [1]

where: dH/at (cm/sec) 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,
U.S. Department of Energy Saturated Hydrautic Conductivity Determination of Weathered Mancos Shale
February 2006 Doc. No. X0136700

Page 6



W

H; (cm) |
P, (cm)

final height of water in water supply reservoir, and
air-entry pressure (vacuum pressure + gauge height + depth of infiltration).

-Three test pits, TP 0152, TP 0154, and TP 0156, were excavated to the wthrd Km 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.

ResuItS'

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

Table 1. AEP Results

Location Air-Entry (cm) dH/dt (cm/sec) K, (cm/sec)
TP 0152 183 7.8x10™ 4.4x10°
TP 0154 140 5.8x107° 1.6x10™.
TP-0156 241 1.7x10% 2.6x10"

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 uppér

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 embeddmg the permeameter ring, so the results are still

considered applicable for use in design.

Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
Doc. No. X0136700
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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” ecm/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 magmtude,
the mean is not expected to vary significantly.

U.S. Department of Energy Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
February 2006 Doc. No. X0136700
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TP 0152 Field Data Sheets and Plots
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TP 0154 Field Data Sheets and Plots
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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 tanhngs. The
proposed disposal cell would cover approximately 300 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 (RAP)
and Site. Design for Stabilization of Moab Title | Uranium Mill Tailings at the Crescent Junction, Utah,
Disposal Site, 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
Calculations MOA-02-02-2006-2-06-00 (Field Permeability “Packer” Testing) and in
MOA-02-02-2006-2-07-00 (Saturated Hydraulic Conductivity Estimate-Mancos Shale).

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 = [ In (LUR)] /(2LTo), [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]

U.S. Depariment of Energy Hydrologic Characterization—Field Permeability *Bail" Testing
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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:

¢ Pumping ground water from a corehole tapping a low-permeability formation causes a valid,
essentially instantaneous change in the water level. '

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

¢ 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/{H-Ho)] 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:

radius of corehole [length] = 0.16 f{t
length of ground-water intake zone [length] = depth of static water in corehole
Leorenole 201 = 95 ft :
Leorehote 202 = 188 ft
Leorehote 203 = 203 ft
Leorehote 204 = 75 ft

Lcorehote 208 = 120 ft
R = radius of ground-water intake zone [length] = 0.16 ft

To= basic time lag [time] = 0.37

r
L

nn

Results from these calculations are tabularized below:

Table 1. Bail Test Results

Hydraulic conductivity (cm/sec)
Corehole - :
Test 1 Test 2 Test 3 Test4 Ge&:wae':ric
201 1.4 x10° 1.4 x10 1.9 x10° ND 1.6 x10°
202 - 4.3x107 3.9x107 43x107° ND 4.2 x107
203 2.4x10° 2.6 x10° 2.6 x10° 2.3x10° 2.5x10®
204 Indeterminable | Indeterminable 3.1 x107 ND 3.1x107
208 3.1 x107 3.3x107 3.1 x107 ND 3.2x107

ND - No data were gathered for this test.

U.S. Department of Energy
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Discussion:

w 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

March 2006 Doc. No. X0147300
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Corehole 201: Recowvery Test 03
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Corehole 203: Recovery 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 dlsposal site.
The objectives of these tests were to:

. 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 prdposed 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 dnllmg are presenied in Calculation MOA-02-03-2006-1-03-00 (in !
preparation).

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-long test interval
was used for each injection test. The packer was inflated to 100 pounds per square |nch (Ibfin®) to isolate
each testinterval. - .

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 relatively homogeneous but fractured rock (such as the weathered Mancos Shale) can be
tested at 1 Ib/i n per ft of test-interval depth. Consequently, water was injected at 5-1b/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.

U.S. Department of Energy Field Permeability "Packer” Testing
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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 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:

o 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.

. 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 resuits for this prbject.

Discussion:

Table 1 presents a summary of the packer test results. The horizontal hydraulic conductivity values range
from 107 centimeters per second (cm/sec) to less than 1077 cm/sec. 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 extendsto 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 1077 cm/sec. 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. - '
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Table 1. Summary of Field-Permeability “Packer” Test Results for the Crescent Junction Site

Test Interval: Calculated Permeability {cm/s) @ Injection Pressure (Iblinz)
( ) Hole ‘D(f%? Depth Test 1 Test 2 Test 3 Test4 Test 5
Dual-Packer Tests: .
0204 @ 80 t0 92 J13x10°@10 | 3.9x107@20 | J9.6x10°@30.] 66x107@20 | J1.3x10°@ 10
0204 @110t0122 | J75x10°@10 | '9.1x10°@20| 42x10'@30 | J9.1x10°@20 | J7.5x10°@ 10
0204 @ 283 to 295 J89x10°@5 | 12x10°@10 | 26x10°@20 | v1.1x10°@10| J1.2x10°@5
0208 @ 90 to 102 J6.0x10°@10 | J7.7x10° @20 | J22x10°@30 | J7.7x10°@20 | J6.0x10° @ 10
0208 @ 12110133 | J8.0x10°@ 10 [ J14x10°@20 | 75x107@30 | J1.4x10°@20 | J8.0x10°@ 10
0208 @ 282 to 294 63x107@5| 60x107@10 ) J60x10°@20 | J57x10°@10 21x107 @5
Single-Packer Tests: . '
0211@ 20 to 30 14x10°@5 13x10°@5 17x10° @5
0211 @ 30 to 40 14x10° @5
0212 @ 20 to 30 1.6x10°@5| 1.8x10°@10| 20x10°@5
0212 @ 30to 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.
¢ Jflag represents the quantitation limit for a no-flow test.

Conclusion and Recommendations:

Results from the packer tests illustrate that the hydraulic conductivity of the Mancos Shale at the Crescent

Computer Source:

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.

Ll Not applicable
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“= Top of impermegble rone Limitations:

Q/05010,5 258, 4 210r, thickness of each pocker myst
be 210r inmethod 2

Figure 1. lllustration of Potential Packer Test Configurations, Solution Methods, and Explanation of Mathematical Symbols
(modified after Bureau of Reclamation 1998, Figure 17-5)
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1-14 48228 HQ Packer Assembly Type 1l 1
44018 Shakle 1
48239 - Riser Tube 1
48218 Inflation Tube Jumper 1
44004 Adapter 1
48230 Fixed Head 1
48231 O-Ring 4
48232 Gland Element 2
48233 Center Tube 1
48235 Union Ring 2

10 48234 Gland Union 1

11 48237 Seal 2

12 48236 Sliding Head 1

13 44034 Plug 1

14 48238 Connector 1

Figure 3. Schematic Diagram of Single Wire Line Packer System Used on the Crescent Junction Project
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Appendix A

Copies of Packer Testing Raw-Data Sheets and Analysis Sheets



'RECORD COPY

| St01167

_ established 1959
( W, S Packer-Test Record , Page_ | of_3
Project Name: Crescent Tunclion C"larﬂc-’-ew-‘z;, fros : Date: ”// 24 / 5
Field Representative: t"l.i&m#&; Borehole No. 240 Total Depth: _ 3of+-
Depth to Water (TOC): £ {20 4. Borehole Cleam;.d? Yes X _No Date:_li-21-0%
o ‘ : !
Test Interval (BGL): from _%0 - to_30 ft. Swivel/Elbow Height (AGL) 5
Conductor Pipe, Type and Size: H&E
Time Gauge Pressure . Flow Meter Rea&ing
" '
F=F7 § St M R4 35¢
z ~ 13 ! -3
12119 S pe/ 34 376 > 12 qpn
‘ iz .2 S-f#.x," 34460 k& )
Vg 09— — , S 12% g
[ . § I
12:23 [ (425 DS gpm
7 - Spsx 3
zrzd re L > lbgpm
ey Sps 3445 o
—_ , . 6. 290
1 - . 5
-2y S P 34564.¢ > zz.5 *
. Yk 5 2
12,29 s & 527 — /9.5
l2: 30 ' S psr 34 5465 Szt -
Mg 1213) Sese ' 34 L &5 S22
—_—_— 22.2
12 1 3833 S e 34613 S 22,7
—_— - 2.
12: 3¢ S pse ‘ | 346585 -
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_ Stoller

RECORD COPY

end of 10 psi Test

established 1959
Packer-Test Record Page__l__ of i
Project Name: Crescend U“""‘—’l‘l\ov\ CL“'»-*:—-!«/.;QQLW“ Date; 11-2 \— o ¢
Field Representative: M. Koudfsley Borehole No. £/ Total Depth : __30_f¥.
Depth to Water (TOC): Ig.0% "Borehole Cleaned? Yes X No " Date:
Test Interval (BGL): from _ 22  to_Jde Swivel/Elbow Height (AGL) _.S £¢.
Conductor Pipe, Type and Size: _ Heo
Time Gauge Pressure Flow Meter Reading
- \2 1 4o 1C ps.e 34723
1242 lopssy 34_7(’4» %Z"O'sf’m
26
iz’ 4% 1oy s 24790 7/ o
. 7 265p
1244 1o ps b5 3430 ] 77T
' 7 26
2 lops. 34342 C i o=
. 7 285
12 4( lops, 34% 70 ~ Jem
— . 7 2L.5gp>
12148 l1ops, 2492173 >grm
T \(- wd\#«- @ 1114%
14; 0% j0pse 3 3000 > 2354 pm
(.09 10 pg 15023 .5 '
() _>?-7'3f"\
4 (0 10 PS¢ $ods, 5 :
— > 205 40
14: 1y 19 pes 3570606 : -
S 215 apn
it : 105 150575
BT XS S2o.s I
1413 1006 35109
—E - > 22 gm
1414 {Ops- 35120 N 5
L4 _ ) 1 : ”\
14:1s 10 i wisz L o
‘ I 2t m
il lo po; SERNA Je




RECORD COPY

o Stolle’r -
U , ’ | established 1959

Packer-Test Record Page -5__ of 3 _

Project Name: Creacent Tunchon Cher ‘“—‘Lf -7 ’5“’"‘0"‘ Date;__ lt-21—9%
Field Representative: _H.Kaute 1“;) Borehole No. _2 t{ Total Depth: __3©
Depth to Water (TOC): __ {20 t Borehole Cleaned? Yes,_X__ No Date; _Vi-2l-0%"

Test Interval (BGL): from __ L2 to__ 3o R Swivel/Elbow Height (AGL) Y *QE’J—

Conductor Pipe, Type and Size: Heo _,/ H*

Time Gauge Pressure Flow Meter Reading
. ' Plow
14219 | Sesi 3235 i"ﬁ)—-—
¢: 20 Epsr . 3s2zBL 9em
u B ST T _ Sps: 35 27% ij{j ,.\
- V4T . | ___Sps: 35299 >zlr5‘2,~—\
14:2¢4 | S ps/ _ 35 342 >'205“ |
\4:2g Spsi 3362 0 I
14:2¢ _ S ey 33 3G < 2o
TP .:ru 1560, /;?WW
I — T
- 14:29 ‘ Sg= 35446 > 22

35463

A-3
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WATER TESTING FOR PERMEABILITY

» Effective head, the difference in feet (nj) between the
. elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied p;ressure 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
readmgs made during the test.

. The followmg examples show some typical calculatmns

~ 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¢
Pressure permeablhty tests examples usmg Methods 1~
‘and 2 . B 3 'B_on.\mfa_ d2n .
. : . ' o ep‘\“L\ 20-30FF
%]
: ‘+. ‘ : »es!uﬂ—(_) Ve
: o K e L. . : st')
x T 7 ; TTT
e - :
- N
% - 20KE 1
X 20 i
& :
(23 ;}'- ST B}
A
5 N Bodhdory of zoris | '
g AL D T Boupdory of zons 1L . . .
3 e <N — : - 4 ‘ S Zone 1 >
: ~. - - : - " " 0 A .
é’ 80 : \‘1\ - .
%,’ . qb!.lﬁ 2z N .
'000 ' : - g .m _. - o 50 100 y - M - 00 '
R4 T/t .

~ Figure 17-6. -—-L.ocatmn of Zone 1 lower T.',l -' .
boundary for use in unsaturated matenals. o
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WATER TESTING FOR PER 1 OABILITY .

3

. = Iso

E

C

fi/H=1.00
.(’:/H = 05 0 1]
£ L/H =075 \\T\\ 7
w : L./H = 0,60
o 1000 : RN ~ é/
T b j/;.a ya
lél 500 ~—
© pal) V4
e Z .
> 1 Cu = 15O
S 100 2 A2
2 "
o 1
= 4
g s° > N
o 7 NI SHe/m=os0
t.:l__.l ] \W .y f/H :o.ao
5 e 0/Hx0.30
o / N —[/Hz 020
ot H~——t—{ 6/H=0.10
< 10 - —
n
1"
s> 5
o .
Y TR 50 100 00 1000
" H_. H ¥
i - Borelliz Il
.o ' » - . - » . N 1.0—' 32 w
Figure 17-7.—Conductivity coefficients b""‘"

for permeability determination in fom
~unsaturated materials with partially
‘penetrating cylindrical test wells.

' ané 2

leen U, ¢ 41, hy @, and L are as-given in example

7 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+57.8-4.7=125.1 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. Ifa
" pressure transducer is used, the effectivehead in the-
test section is the difference in pressure before water
" is pumped into the test section and the pressure
readmgs made durmg the test.

.'The following examples show some typical calcﬁlation_s
- 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 permeablhty tests examples usmg Methods 1

and 2: . ' . C ' Bon."\olc_ P2 )
- ' . E - 'Dep‘“-\ 2o-2%0 i+
- ws~ o

. 14 . : »unw-ﬁ) ! |0r<. (2-3 3 @
:x 0 T R — - l-2z-00b
B - 20NE 1

x 2 i
-4

o

= F

'g SN < l}\ . Jw'igl

E . -Bouhdery of zone |

[71] . ! . )

£ ‘.ec il N B | .
T . N - ) ) _
S . . - 1 _ e

x . . , . :

W g 11 . \ : . ! ‘ 2 Zone | S:
& 4] zowez ‘"\-r\ ' : it 1 e

o {- - S~ HERRTII

1005~ o 30 100

Flgure 17-6 -—Locatlon of zone 1 lower -
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEAITY

11 [
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Figure 17-7.—Conductivity coefficients f or
for permeability determination in
‘unsaturated materials with partially
" ‘penetrating cylindrical test wells.

1-%e-ct

" Zone 2

Given: U, 4 r,hy Q, 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'=172+57.8-4.7=125.1 feet
133
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WATER TESTING FOR PERMEABILITY Bordl 2
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" Figure 17-7.—Conductivity coefficients
for permeability determination in
unsaturated materials with partially
‘penetrating cylindrical test wells.

" Zone 2

G1ven U ¢r, hy, @, and L are as-given In example
1,D =65 feet ‘and hy =12 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+57.8-4.7=125.1 feet
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WATER TESTING FOR PERMEABILITY

« Effective head, the difference in feet (i) 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 effectivehead in the-
test-section is the difference in pressure before water

" is pumped into fhe 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: . ' ' ’ 'Bon..‘-\oln._ 2
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WATER TESTING FOR PERMEABILITY

o Effective head, the difference in feet (n{) between the
elevation of the free water surface in thka 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 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: ~ Borchole + 211
"u:ﬁ) . Depth t 30- 4o 4t

-FaﬂcsShkﬁ-(llx)

=]

X

20KE 1

~

1
-

sFﬁ

{-30-0¢

B Boundpry of zone |
g ||
260 P
S NG
(=
g Ny
] I0Ne T o~ .
. i . "0-“-‘-
10053 % 30 100 ) 1600
T,/
@3 ull

Figure 17-6.—Location of zone 1 lower D

p——

‘boundary for use in unsaturated materials.
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WATER TESTING FOR PERM ILITY

‘ . a 150 ’L

2 835
T T - z
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F1gure 17-7 —Conductlwty coefficients f fo-0b
I -
for permeability determination in :
unsaturated materials with partially
‘penetrating cylindrical test wells.
- Zone 2

leen U, ¢ 41, h Q, and L are as-given in example

" 1,D=65 feet ‘and h1—72feet

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="7T2+578-4.7=125.1 feet
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WATER TESTING FOR PERMEABILITY

y Effectwe 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 { ssure, 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 o
- 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: : . o Borehole : 212 o
: : : ' . Depth zo-zobt. -
|'4,4~,. : '\ PCS“V“-(_) stn ] .

T T F T T 1 1 \-30-06 .

- 2ONE {
- 20 gt

]
fa\'.
\V

Bouddery of zons |

PERGENT OF UNSATURATEN STRATUM,X

o | I .
R N
ez NG|
' 1: { Tl
S I SRR R T e 508 00
4,4 T 0 '

Flgure 17-6 —Locatxon of zone 1 lower
boundary for use in unsaturated matenals.
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WATER TESTING FOR PERMEABILITY
~{214)

m |,
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Figure 17-7.—Conductivity coefficients Frowis s T pa
- for permeability determinationin = = ,_ . _,

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, ¢4 r, h,, 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) =
4.7 feet.
H=172+57.8-4.7=125.1 feet
< - | 133

A-3\



JOBNG: . o« DATE; {-30-06

Z- O Z Z 8 7/, | JOB NAMI: ., 'Cne:ce.r/ 7“-,,-‘:.,4;." J}'»A. -

i PREPARED; Mark /5'“1(-'47
= Pacxee Tesr SeT-ue SHEET RMBI:.ZLI.:()‘ 2

: SHEET NO.: o=-3
‘ | 2owme | _ PWA:.. 3 5pn

'Pr’uuw . L Lo |.
l . i

VLT ’:4.

DR R

: . b

R AN ST % N

M*';?:Peal.ﬂoss Camq R I ."l, : . !=3S¢++ll£-f4— 29"‘{'
L= e B oty 1  |vezbnl (| “‘"‘t’3sﬂull - 'H.§"438

= | / o_*J ) b .zo ST : ) $4

(. oA f’”"“"‘“l-s; c«lw-&) %

(2 S"Jou\ﬁ)éa/ fi

ﬁn’w |

e e ———e e e

" U= z.x H-r. )
bu= 1z20ft t

l

l

L

!

|

!
.L- 'C..-. . i
--..O'{“v\ _‘;_’ . ....
Q,W;~=f%t B EEEEEORE DY % 1 e i R

. o o J . - i .« . .

IACERT V0 PPN s e K B 20 S 2 S NS RSN

VRS s S D S-S B
"'-%:"‘" otb-h"":!..::._. :

e O el LU LR T S O SR——

R, A ) (422N
iEel s T R 67"‘t"'f_)\44""‘3'x/(’zgﬁ")
T SRNEER I N (zo)(de ~°+)@3 8"’9




N
et ot

t
-
s
[y

echon -
N

i . .
et e v o S b e

]
i
P
]
1
I

e ceraeme mm—— o pn

e e oo e e
0
: e s b
PPy
'
-l
P
- [
A >
———
*
™
— i

L Fr
a2 | e ST O
= S S
LI i : i
g i ' : NG
£ i : T
5= i o - R T
b H ve - e @) s v mama werhwa - B . .14\..«. - i e
A = TN S M
3 | _ . o! RN T DR
IR R S D g i
N7 o LT PN T
~ /m“ m A v ] L PR i
$ /mw i S g+ HEE NP
nW N : .LLINM.\.“:M.... Toigy i . -1
Y Pl ede et L (RSO B NG S T, S
.. - ! IRt ..m . . » § s . w .“ ' .
l = = A T - . . . FE S
LoE om0 Y
T - oot S LI RN S S R
I e R aad SRR R o A /%.
4 .”. ™~ L S Mm .|¢ e . 4P s
S, T S I TSR I JESETR I I A : " ; o
: : P : Nm G N NG Aol DL Y
. m s v. = .#ﬁ Ny v ¢ H IR A . f“... 4+t IS SO mr\w.
i H . - P IRE TR i, PRI R IR \ S N ) R
t c : H L 1 '
: P SRS U IR, S SN R bk I
; i - Hm Do oieg .T. Lot RN 2 YO * x.l.u.d.. A_AI
IR Toaby g iy anai]
: T > . . .Vlﬂ. I . I g .t S e O H - l_..u_\.r..._. !
| I ' i v«/lw. .-....ulu L~ D ¥ g N oot
: T el w SATTTETTTY TN 7 T -
e Poieey: 4 .M.J : bl e i e ag e 4 L. 4t ]
e m (RS ot I ! f-l‘ ' um .n:—um . ..lm.u PN . v I T it e
i (S s ! * ' NG k.”_ ' LR . e }
s : - Lo HEE ool H i N H : :
on { HE | AR : Cw vl ; i v .
5T - R S A BRI SR &
“ R RS A BN B RN S -7
- i w ] : roL .. ey m ’ . o p ._».i.
p- % UGS Y & S A [P SRR . M -}
) s T ! -
v ! . \ to ot 3 0
L Py B e : £ .
"l RN - BT L K ] I
S H | ) % BT 9! . H
! L R ) | RaAE .,
i { SR § ISR L T 1 it ;
C i LIRS X ! : ol i
H . e . H wefepe - i A
3 T e e o _ﬂ D e ‘ ' Pt S SO S, O S S YO m
u.. . T ; . ...u.. H » 1 “. ..._k_r.
w e i . . : . ..~|. .- L.W.J_. - p . .ﬂl .w
A ” . A I A .md.. H
- m } .. ” - * . a _..




1Y

WATER TESTING FOR PERMEABILITY

. Efféctivé héad, 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, 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
readmgs made durmg the test. :

The followmg 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 permeablhty tests examples usmg Methods 1

l |sr1 T /0

and2 , : : o Bon_"\olo_ ZI'Z.
. - : ) eP_I.L, 20-30 H#-
G%@ : re:Suﬂ-—C_J v 1o ("51.

) N X B . S 30—0L
5 O —~—3

=

D [

5-- - ZONE 1

20 o .

B _ '\

o :

= .‘\\- - & I\'sSl

2 EEAN : .
2 4 Bounfery of zone | . -

R P y of zons

0 ’ '

'z 1 i < 1 .. Zene R
3 e " |
]| N |
= ‘\ : '

g \

8w e T

& opez N

o B

. T ——l .
1000_ ; LR | —— 3 'o5 ) 0

- Flg'lu‘e 1'7-6 —Location of zone 1 lower -
" boundary for. use in unsaturated materials.
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Flgure 17-7. —Conduct1V1ty coefficients provne. 10 pai
~ for permeability determlnatlon in- Je3o-06
unsaturated materials ‘with partially g
penetratmg cylindrical test wells.

R Zone2

. leen U, 41, hy @, and L are as-given in example .
' 1 D =65 feet ‘and h1 =72 feet

. If fhe distance from the gauge to'the bottom of thé_

intake pipe 1s 62 feet, the total L is (6. 2) (0.76) =

- 4.7 feet.

H="72+57.8-4.7=125.1 féet_
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WATER TESTING FOR PERMEABILITY

¢ Effective head, the difference in feet (1) 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

s pumped into the test section and the pressure
' readmgs 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 ﬁsing Methods 1

_and 2:‘. ‘ - Bor(‘-\olc_ V21 -
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Figure 17-6. ——Locatmn of zone 1 lower -
boundary for use in unsaturated materials. |
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| WATER TESTING FOR PERMEABILITY Corelale 17
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Flgure 177 ——Conduct1v1ty coefﬁments
for permeability determination in -
unsaturated materials with partially
_ - ‘penetrating cylindrical test wells.
ane 2

. G1ven U, ¢, -hy, Q, and L are as- g1ven in example .
' 1 D =65 feet ‘and h, = 72 feet

SOOI the distarce 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="2+578-47=125.1 feet
. 133
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WATER TESTING FOR PERME%BILITY
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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, ¢ 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+578-4.7=125.1 feet
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WATER TESTING FOR PERMEABILITY

"« Effective heec‘l,"the'differenee.‘iu feet () between the

. “elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied iilessure. Ifa

" " pressire transducer is used, the effectivehead in the-

test section is the difference in.pressure before water
- is pumped into the test section and the pressure
readmgs made durmg the test.

..'-The followuig examples show some typical caleulations
*.using Methods 1 and 2 in the different zories shown in

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

- lower boundary for use in unsaturated matenals

' Pressure permeablhty tests examples usmg Methods, 1~
E and2 . LT Bon.l\o{o._"
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Flgure 17—6 —Location of Zone 1 lower Y T,; L

boundary for use in unsaturated materlals.
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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 ﬁgessure. 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 permeablhty tests examples using Methods 1

and2 . o . Bon.\w!cz_ 213

4.4 |- - . Depth ! 20-30 4.

| o) 57144
: {
x ° ' (=%-0¢
3 .
g 20NE 1 . .
x 2 : _ .
%
o> 1y < YY)
n \ ~ .
& : { | |
c * N )
E Bourdory of zone |
«
[’
< . .
=~ b
° A\
f~
z
W . L\W\ .
E’ Qe 2 e
. T —
W= R 30 100 50
?14.*] T/l

Flgure 17-6.—Location of zone 1 lower
" boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY o 1,,2.',“&;

4+ (/H=0.10

3.

8]

213 Prosen=e 1S pet.
4 o .
] . {~30-06
A/H 21,00 T~ ] :
- fi/M= 090/ =L TH
Lsn=o0rs|+~d | N _
=
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x LT N TH~{/1= 020
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<
(7]
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=
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1 S 10.- S0 100 50(_) 1000
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Figure 17-7.—Conductivity coefficients
- for permeability determination in -
unsaturated materials with partially |
- penetrating cylindrical test wells.

E ZOne '2"

i Gwen U, ¢ 41y -hy @, and L are as-given in example ..
' 1 D-=65 feet and h; =172 feet

CIf the distance from the gauge to the bottom of the

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

3,47@@

H=72+578-4.7=1251 feet

o 133
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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 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: Borc."(olo_ 213
Depth 1 20-3af
(.8 'F’»ust‘:) b lops:

‘ « © ' . ]- 30—
'3

b ]

% 20KE 1

« 20 -

% .

o

b 20\ ya

BTN O {31)

z N ‘

ot Bounlory of zone |

= 60 ” ‘

% \ ’

- .

g TN :

l&, I0nt 2 - '

F{\
I gt 30 100 - 1600
_ S+ Ty /0 _ .
Figure 17-6.—Location of zone 1 lower Tu s
boundary for use in unsaturated materials, | ¢ - °'
\ X =35
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g .
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}:r#\ io/‘OK-
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. “’]’ Ii - /_-‘,.-ob
-(\/H=l.00£ ~ '

fi/H=z080 .
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WATER TESTING FOR PERMEABILITY

g
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77
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=
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]
o
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AR NN
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140

s
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P/H'=20.40
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N
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wn

1 S 10 50 100 $00 1000
Ho,H . )
- r I'e
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 &, = 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=195.1 feet

. 133
A-63.
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Date:
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0941 s end Jos L. m.,;ﬂ.,j wafon

( ) F:\HOME\MSO]22\Word-2000\Crescent\PackerTest.dot

"I‘he S.M. Stoller Corporation

2597 B% Road

A-66

Grand Junction, Colorado 81503

(970) 248-6601

Fax: (970) 248-7636



- } | Sudabind 3
A T -
— . . m - : S
! sioe R
| . { } o N - E = S O U Sy
_. i TR ‘o m/\m.... L L
! . ; ' . D

.

a | T i fomd-
K2 H - HE .
e . - . ~ /ﬂ . ..L i KRR NN
fad H -3 i . . : - -4—T = (N 7~ ; X
n.,|v.n ~ ”. i . / . P T S f —gmgd e -
[£3] m ~/ “ . l : H T71 ..IFJ_ T :
= ! el b H T L 001U O O O O . LA e ]

| = ! . r T el 1

- ‘e f_ - an x.mv.l 7.1..!.:9- J . - . '
i Wl : .. _ < : IS oy I I Lal B S R N
[N S . .M: < lﬁ.vﬁ\. IS S ﬂ 4

e
4

f|-4l~:

i
H
1

' ~/
&

S
B
1
IS SN
L
v
—:i—;  —
l T
Tr
;
-

]
3

._{:_..

!
pm——

-
—

:
[t
H
et

4
. %"—_"- )
20— 40/:‘-

Lreocent Tunhion

o

213

"
i
1
i

RS SR SR S

; ﬁ

.si-#.ci:

!
!
[}
o
R
",
H
A
]

P
-
T

. :‘Pﬁi’-;s;’(.‘:‘_ n '

. et gomer AP e n . . ,\l.ﬁ
HH [ G 3 { v : 3 JadR N D e Lo d] i
? M — i b N . d ?
= o = O . i D i o B R L N SR
¥ & X b o i . ; g W
_ SRR . 2 TR I B S PRSI I
_ ARy . I

¥
P ———

Vo su e

s LE LU PR TR TS

o b v by : 1 dator S S
SRR S50 S T SIS i MRS AR ISP W R RREYEE e
i P O /m TN v n...w.qf MRLINY 3y
: o . P L . T R . O Iy RSN O A JUPUN T N
T B AN T ST A BN B rfl_..m..w hOZEN N IR
! I + BRI S I By _~ #_1_» } m;...l_.vﬁ -
; TR g - H . . Vo - 21 | o.. ot e el
; S S SUUEIS 0 P A T O I T e _ [
; : Q 4 by i i Y 1. =
i { W_q - N W ey /_ﬂ . /7." : UL iy 44T .dl."i P
; TR ) e E N . N i
. i c& - J [ # K 1N . T i
e LR SRR SR SR ER S L F e
: m 1 I v —w D . ' N . .... " -~
Wi b P v kS i T e :
b, . ¥ B H L
_" o MU g e, o
.o i . H
T Ty i
" PR " : m
P : oo
i : ; !
. ..m. [P, - - - e .n%-.
¥ N i i
: X t . - . N .1
- 3 e : i
....-KNM.W.\DMWWWV w.h um i |.. . [ . v i “ .
o BRI <o .o
.m. l. I I R i . m




WATER TESTING FOR PERMEABILITY

| * Effective head, the difference in feet (r) between the
Ly ~ - . 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 permeabﬂlty tests examples usmg Methods 1

and 2: ' C 'Borc.\-\o{c_ 213
. . . ) 'bep‘u‘\ 30~ 40";’(‘
) | \re:mﬂ-—g‘) t Sr‘ (“LH)
o o ~ -
S 3
, 5
( i) 5-2'(-: - Z0NE 1
: - “
G 0
- K N soutdoe:
: . \ Pe ourldory of zone |
¢ UL
@, 60 TR 2 !
w’ . oneg_,
° \
<
5 T -
E, ez N :
. . T —
SR 530k Ro 100 ) 00
M T ‘

Figure 17-6 —Locatlon of zone 1 lower -
boundary for use in unsaturated matenals
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Flgure 17-7 —Conduct1v1ty coefﬁclents
for permeability determination in -
~unsaturated materials with partlally
penetratlng cyllndrlcal test wells.

- Zone 2

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

I 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+57.8 - 4.7=125.1 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. 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 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 unsatilrated materials.

Pressure permeab1hty tests examples usmg Methods 1

-and 2: " . _ 'Bon.\'\cln_ 2'3

’bep"[‘t‘ - 30 —4o F-.

v IOfs (ZK l;“f—J
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: \\ Z.1S
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Figure 17-6. -—Locatlon of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR.PERMEt BILITY
. ’ 3
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Flgure 17-7. —Conduct1v1ty coefficients
for permeability determmatlon in -
unsaturated materials with partlally
penetratlng cylmdrlcal test Wells

"Zone2 '

. leen U ¢r,h, Q, and L are as- glven in example .
' 1 D =65 feet ‘and A, -72feet

- If the d1stance from the gauge to the bottom of the

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

:,47%%

H 2724 57.8 - 4.7= 125.1 féet; |
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Packer-Test Record
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Page [ of 2

Project Name: jﬁoﬂf’ - /}zwtﬂe/ Je 0# Méﬁz_ Date: 0///’:[/06 .

Field Representative:

Depth to Water (TOC): _e2 25 &(7

2, KvrP

Borehole Cleaned? Yes _¢~~ No

. ' /
Borehole No. 420 jé Total Depth : __ IO

Date: 0///?—Aé
7/

Test Interval (BGL): from 5’0 to 92— ft. Swivel/Elbow Height (AGL) / o Zfé{‘

Conductor Pipe, Type and Size: /- ynu( ZOD THhin el STEEL 7[/.5//1;1

Time Gauge Pressure Flow Meter Reading
_ L1035 19 psi 37387. 75
/p 40 /0 39357. 8
/tH5 7 37387 &
w, _ /pD /0 37387.%
. /055 SO 393817.%
_L00 20 ps, 373%8.0
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o @0 3938825
7.4 20 - _3738v.¢
W2 20 3538%.55
(25 ; 29 _3938%.7
/3D D2 ys; 3292389.0
/135 30 3938925
/740 30 39387.35
/S 30 _ 39389 35
750 30 39389:35
/155 3938935

Flow Rate

2.2/ Zpo
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,—6""
——
_&&Ly‘?ﬂ' i
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402
7. 03
005
0.03
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2.05
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Packer-Test Record Page 2 of_Z

Projecmame:_'zmzjg_éwmﬁz.ﬁ%é@égé@ Date:_0t /14/b¢

. . ,
Field Representative: 2. EyPP Borehole No. 2204/ Total Depth: ___ 302

Depth to Water (TOC): __ 225" Borehole Cleaned? Yes <~ No Date:_01/22/06

Test Interval (BGL): from _ 50 to__2.2 . Swivel/Elbow Height (AGL) _ jﬁ%{

Conductor Pipe, Type and Size: /- /12[ ZD Thnwell S7éd/ jézé%

Time Gauge Pressure Flow Meter Reading Flow Rate
4200 _20 ps; 3739245 _p.0Z g pm
L2050 20 393%9.7 2. 05

/200 _a2p 39389.95 . _op.os
") _'4,_215 20 3737045 2. 0%
/220 22 7939035 p.04

. /225 20 24390 . 55~ _p.0%

/230 /2 psi _$93%. 55~ —-

_ L2357 /D _39390.& 2.0/

_12%0 20 39390.¢5 2.0/
(245 . 39390. 05 —o—
/95D /2 39390.£5 O

/255 /0 3950- 65 —o—
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WATER TESTING FOR PERMEABILITY

s 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 ﬁ;gessure. 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 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.

Pressurée permeability tests examples using Methods 1

and 2: ' Bérdnola. ! 204

ZONE 1
20

ATED STRATUM,X

SARS-1 - vl
L 14

N
/ .

60— 2

PERCENT OF UNSA

R S R - 36 100 )
‘ o (z| ) T /0 ] '
~ Figure 17-6.—Location of zone 1 lower
~ boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY

I-25-06
Borcho(‘ 1 20 4‘

H/H 2100 = e:uxuu. t IO{;:
— fi/H=z 050 N
L/H=z078 N
5 L/H = 0.60 | N 7
O 1000 AW A . 2
E J,;l T‘l— = O.lO
W soo -
© 749444
= A
SUE Z {cu =120 ,
= V. AT
Q 100 A< .
2 —=>*
o 7 Z
3 so ' 1\
(&) /1,1 s N
o A Nt ¢/n:pso
w = | N ~f/H=p.40
g - AN —~0/H=P.30
@« 1 N ~—t~ /3 p.20
P T ~——}— ¢ /H =z .10
Iz 1 14
)
"
5> 5
'S
1

1 5 10 50 100

ﬂo(ﬂ.
L3 Te

Figure 17-7.—Conductivity co

. 500 #1000

efficients

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="7T2+57.8-4.7=125.1 feet

A~ T2
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WATER TESTING FOR PERMEABILITY

e 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. 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 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 permeablhty tests examples using Methods 1

. and2 ort.\mlc_ 204
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Flgure 17-6.—Location of zone 1 lower ‘ Tu | \
boundary for use in unsaturated materials. | "2 Z5
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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+578-4.7=125.1 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 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 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

24.9 ne:snﬂ-c__) ' ?th. <é9 3/‘1"
. x . :
3
5
% Z0ME |
;x_ 20
*
2
£ Y
2 - \ Boundery of Rors |
.)— ) 4 X =55
5
s \
-
f’ .
.o ®
E' IONE 2 ’\{N,\
) ' “‘*‘—-
e a— L3 I FE T =500

(49) W/l |
TFigure 17-6.—Location of zone 1 lower
boundary for use in unsaturated materials.
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Figure 17-7.—Conductivity coefficients
for permeability determination in
unsaturated materials with partially
penetrating 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) =
- 4.7 feet.

H=172+578-47=195.1 feet

« 133
A-A0



e ad

B A ™ L i e

Qggscen4 Jrant#-m -fl.k

s
ol

Rad
For J

2
K

-‘:-r.
]

. g (]
ﬁ“f
5T

LU
938y i

i
4
ek i

et e o

.
RO R

T

TARLE
L —

o

A

; I i

[l

e eepe et o gend

T,
R
Pt 3
. !
- < -3
- [
T
RO S T B
[P

P

s 4
bt

sedeede i d

i

SO QUNPRS-A SR S

v

e

g

Q! e -
N :
L B TS SN NI P
Q 1 T T
L9y .. A
G 8”% - Co
IR TP R
S
2330 ¢
Sed s
” H TII!. Wit e A
: I 4
H id D[
QN B
i oo
R A I
I I
X L
! ' PTTTT =
SR o b
T -
L] o7 - ' .
P A I
- - 4] j RN
=3 M.;, Vi : oo s
) b T . “w b, B
_.nu. [ M_J - ] ; i
. T T
- R SRR ) SV ; - o
) H : P
v : :
T i .
R
ool
skbe o1 . e
2l
[ | i -
...n.r Pn._/m . ] v
A N ,
.....p_. e .
st | 3 ;
R /m N L
et ow:
LS )
feb N iy
: “ //“ - —— e . e canee .IO..! "
~r & F Q -t
Y 2 <
{

’
i
:
H

SN
N .

A
N

ey

R TR ]

4gpR) T

_z..
1

é

i
B
*t

- oo o

14—

i

Iz~ |-

H
b

B

""":f"w [

[V ISPV |

ERY)
I Y
doeenee
o et me e

.#“1_ B e ".

-—;—---!---:.....L

H

oo ogs a e

i
i

[

i_

.o, 3
4 o
gt b o

I

s

p e s
-t e
A e
[}
]

-t

0

'
i

]
ot

g
1 x1o

2

.-

L
’ ]

oo mda b
k)

0 s argn an dron
B




S e R e e el L T

/1-25-0¢ .

e v e, AT

Cressente Tunchons Se.

o
=t
-

5

FiaT

Ay

— REVIEWED:

oL Motk

L

2one L

“N
[}

» Jlraddle

L

Borehole 204

f

ke Terts

f'ac
- A‘&cuq.. W.‘{fr 70{6— —

fels)

Oeptls. 1 ¥0- 924
-—.-..-....-P;—.-.

e

9.':*.-.47::'-":?

20 ’I-

urt. ¢

c e s e ..\M P e
P . .”._.... .H;.A
e A <} et
L R e

6

T i S
‘6l .}
e i et T
u i .
. - $ .
.s. [P I

LR SR

g
T
B

e fm e

i

i

- ar = bt

R
—r—t
:

'_.;. —imm ‘{;_..f.q 5.

-

¥

. .
B T L I et

S e aa e e aeae s e
3

-+ -]

:
i e e

i

wefen -

b
Y

SN AR

)

.
[RESPPIN-SOR, B

P

L

EETY A e Rk A | I

Y o Sragmrrame T T

| - '

hd wnal eI il

- . i
-t 3 :

H : :

'

o
'
[ LY T ereapp—

)

(hen/{o:rc p

o

{
1
>
!

)~

L i --i_.-:L.'.l--,.

-
;,.-J-_——-- e

Lo

e b

):

R

e

Hperbekr T e

) [ S

) R
-l PR
13

.
+

]
noe

R

L

10!

Ll

~
L

477 Fi

(i

Do

lees Z i

le el o~
wlﬂ A TS |
Sy
o fii%

T
L

}':"':

{..., -
d-

Sy

e mmmge ae Wi smeis o

Xio ¢y,

1
i

(A
7

1
e 2 @

i =t
! ; 3 H
..;.__._ ————

H
—f—et

1
i
]




ML S AL e R et AT A L s S

i PSR e s e e e e, TPATE: 4725 206

! . 5:"“{ f::‘ . X v : 3 ’

FogTy A F e me ] g pans Crescent Juadden Site
: :

;\

) ETEN PC(C er —;TC:}I" 324‘" gf’ $k¢¢+

Tharsanzon M, .K!;e!f‘.fz._.--_... REVIEWED:

! 4 ,t/,.(._ 204 .
_.14-&0“.. wafer 70!&- — g SEEFT M. o o F '_'_'-__;pf‘ 50 ~ 92#(0!*%)

C R addl pakes Hek i o 1

v

{4 £ v s s o e e A .4,..,.;'...-......-.... s e S, s, """ IO/::
H ; et . i 1 i R
: .o ! H l) i R
i . t . : . . . q JEE . . B RN
L T 3= Pm%fm() SEERE R
f L . L. ., i... . _.4 . ; o te Y L ,
: : i : ! -
N RN : ! -
o2 - . . ......',...-5
t ; . . - - E ;.
-p, ; ' e i i | ' S
. : Y O | P .
H f‘f, i E - | 4' t ) s

'C"“/ loss ‘“#) AR E L= EOE SRR SRR RSO

o r—————

e e ey s,

Nfa<4 snL/m« , ‘X D NP PSRN O B T PR | ARUURRE S SR

m ol sl Db by

i
ofe —l—--—b

‘G.,_<_,_,G 1 ’( 10 3&‘

P"-.Pulue Tt ﬂun-l L

5 133, f’us&k;ﬁ
R __. i
M+
O.l’ofp*'_,..

e

|

"( O.,-lb 'F-i)q( ;

i ‘ . ;-<x L
R

A : '{.

“‘ e g3_1 xm.ao w‘*/d

: g ‘-.7-..;._ .




o

Stoller '

established 1959

Packer-Test Record ' Page /! of 2

Project Name: Zzzmé’( ,Legg_u} 3—5\‘_ Qémdigd ;i‘ " Date: 42/[/3[4&’ 81 /1406

Field Representative: ﬁ ] Iell PP Borehole No. 0&% Total Deptﬁ . J60 —ﬁ(o

Depth to Water (TOC): 25# Borehole Cleaned? Yes / No Date: __ 0/ // i—// 0é

' TestInterval (BGLY: from //O__ to /22- . Swivel/Elbow Height (AGL)" l/ V2] .ﬁ[

Conductor Pipe, Type and Size: /-7 "% zZ2 'fAMM 5/6&/ 74!4/1‘1;7

Time Gauge Pressure Flow Meter Reading Flow Rate
_Jbs0 /D _psi 393771
_lbls /Y ' J2I] 1 Z ﬂﬁ]ﬁz«

2o L0 FUIRIZE 24

2

Cfb2s Lo 37235 2T

/6790 20 39,20 2.35 55—
/6325 IV L ZBTZIS o
J0¥0 0 P23 - ——

7774 20 psi  TIIHL.05 —
Lu5 20 397784 ' 0-07 ot

25?20 - _32378.55 _0.03

55T 20 39578 .55 Y.

_L70d zo ng%z. ps e 9,04

_ L5 20 7957925 0.0%

L0 20 FITTTS 0.0/

L 20 . 373743% 0.9/

e 7720 . 20 - P399+ 0.01
Z 0880 30 ps/ 39277205

Q?&ﬁ 30 J39379. 15 9.02. s

A~
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Stoller

Packer-Test Rgcord

established 1959

Page 2 of _2-

Project Name: ﬂM/é - C!’Qfdﬁﬂ/fm[ %M Date: /)////"7]”/05

. Field Representative: _Qé-?u ad 8

. Depth to Water (TOC): 225/ Borehole Cleaned? Yes _«~__No

Borehole No. () Z 0# Total Depth : FJD UK';
Date: Q[Zg?—[b{g

Test Interval (BGL): from _//{0 to /22~ f  Swivel/Elbow Height (AGL) 7‘ 0 7,&[ '

Conductor I'Jipe, Ts.lpc and Size: /-/nl»% =D ‘%v;v I/d*// Zéiél;%

Time Gauge Pressure Flow Meter Reading
_08/0 — 3D psr 373795
28/5 /) 293798
0320 3o 39350./
w 0%25 FO 39380.3
, 0%30 I 293505
P 935 So 393%0.7
X2 20 pss 39380.4
oFHE 20 553 80.3
2550 20 39350.3
0955 20 39380 3
- __QQIZL 0 /psi _323.2?_25_
: | 10 . e |
2O /2 392378 ¢5
_ 2915 D 393785
L Yf20 Jo 3937¢.%
_ORS” /o 39378./5
2230 /O 373 7P
0435 __/0 39377.95
LV* vGaly yZ 393277. 85
~ Py 77 £
A e 85

A-Qs

Flow Rate
o.27 G2
o.pb

0.0
.0
0.0
0.0

— 0,06

o P2
—
—>

—o./
- .20

o0Z _
—0.07
— OO
— .05
—p.203

= 0.0/

-——D.()z
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- pressure transducer is used, the effective

WATER TESTING FOR PERMEABILITY

Effectlve head the difference in feet (II{) between the

elevation of the free water surface in thE pipe and the -

elevation of the gauge plus the applied { ssure, Ifa

test section is the difference in pressure before water

 is pumped into the test section and the pressure

readings made during the test.

The folléwing 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:

PERCENT OF YUNSATURATED STRATUM,X

Te.z) .- Depth tllo-

head in the-

Bérc.“\olg ! 204

. J=26-0b

122 4
| L. | \auSuﬂ-C) 123046+
]  (rops?)
) 20NE 1
20 g
i{- \ ~Boundary ¢f zone |
¥ L X =59
N L
. .\\.\ ‘ Zone L,
caone 2| TN |
. .‘ "‘M‘ '
S TR R e 100 E S|
' . T/
2.
Flgure 17-6.—Location of zone 1 lower B _D 2]
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g Figure 17-7.—Conductivity coefficients
for permeability determination in
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E Zone 2

leen U ¢r, 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=172+57.8-4.7=125.1 feet
— __ | 133
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (m)) between the
(‘M‘ " . elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied {Tssure 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
readmgs made during the test.

The following examples show some typical calculations

- using Methods 1 and 2 in the différent 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 ﬁsing Methods 1 7-%°°

and% (= Borheletzet
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. Figure 17-6.—Location of zone 1lower [ T, .,
o boundary for use in unsaturated materials. | "¢ *
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WATER TESTING FOR PERMEABILITY promecet 2op
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Figure 17-7.—Conductivity coefficients
. for permeability determination in
~unsaturated materials with partially
‘penetrating cylindrical test wells.

E Zone 2

Givén: U 4r, hz,"Q, and L aré 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=172+578-47=125.1feet
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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. Ifa

' pressure transducer is used, the effectwe\head in the-

test section is the dlfference in pressure before water

" ig-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.

Press_ure permeability tests examples usmg Methods. 1

’ and 2 ' - ' ' Bon.\m(c_ ! 204
' — ' : 'be‘,.{.l,\ tio-121
w325
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Flgure 17-6. “Location of zone 1 lower | T
"boundary for use in unsaturated materials. 2 725
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| Figure 17-7.—Conductivity coefflclen; :

for permeability determination in
~unsaturated materials with partially
‘penetrating cylindrical test wells.

E Zone 2

Given: U ¢r, hy, @, and L are as-gi_vén 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=172+57.8-47=125.1feet
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A

' Stoller

Packer-Test Record

Field Representative: . /Z ?\u?f’

Depth to Water (TOC): 225 # Borehole Cleaned? Yes ‘/No

established 1959

Page / __ of 3

“Project Name: MWMM%I{# Date: n?//é’/ /06

Borehole No. QZD_"Z Total Depth : \?ﬂﬂ

Date: 0/' A ZI/ e

Test Interval (BGL): from Z 83 to Zﬁf)’ ft. Swivel/Elbow Height (AGL) 2:0 D‘é{

. Conductor Pipe, Type and Size: fin ('/‘- ZD %/1 }/ AL 5/45/ 74«@1; /4

Flow Meter Reading

Flow Rate

Time Gauge Pressure
_ 0953 5 st 39344 A
_0958 5 FF 3L ¥ ——
- Joo3 - 5 Fo34: 4 ——
/008 5' T34, —E—
/0/3 5 F oYL —E—
/005 40 _psi 39345.2-
/D20 /0 G345 2 ——
/025 /0 792 4/57 25 2.0/ g om0
/030, /0 393¥5. /5 2.0/
/p35 /0 M7 7 0. 05"
0 /0 2934¢. 05 0.07
| /045" /0 39 3¥¢. 30 2,05
/050 /2 393¢¢.4 0.0¢
| 055 0 _3293¥4. 85 20.05 _
LoD /0 FI3Y¥7. 2 2. 07
/)05 /0 393474 ood
/110 /0 39347 7 9.04
/115 /0 05 227
, /720 /0 3734845 0,08
k.a} /725 /0 27348, 8 207
| 1”30 79 39349/ a0

A—NO



W;é/»é /zsav' :

dusr yores

Stoller

Project Name:

Field Representative:

4
Depth to Water (TOC): __ 225

Test Interval (BGL): from 2?3 to 7?5’ fi.

i &7

L. LrPP

Packer-Test Record

established 1959

Page 2 of 3

Date: 05//)31/ o¢

Swivel/Elbow Height (AGL)

‘ 7
Borehole No. & 20%/__ Total Depth : S0P,

Borehole Cleaned? Y;s « No Date: 2‘14/2:4 26
2.0 /7

Conductor Pipe, Type and Size: __/</ 17‘/ ITD  Thop WLl STeer ﬁéﬂ;‘f

Time

777
—HEL

/205

/210
/245

_ 220

o min=>_ /230

/235
72%0 .-
)25

/250

- 1255 :
/300 .

1305

/0
/35
/320
/325

Gauge Pressure Flow Meter Reading Flow Rate
Zo ps/ 39354, 95 0.08 gpm
- Zo 393 #49.85 —5—
20 393¥2 &5 &
2o 393¥7§S —
20 39350, 06/ '
26 F72357. Z
20 I735/-75 2./ 4 pw
20 _24352.35 D2
20 39353 .0 0./3
20 39435 4 0.1%
20 34355, / 0. 1%
20 39355.95 0.7
206 39354 .70 WL
20 39357.4°0 0./8
20 37358 .4/ 0-1b
20 373591 0./
20 39360,0 _0./§
2o 79350.8 0./6
20 3936/.55 0:15
Zo 393p2.% 027
20 773L3.25 2’7

A\



o

established 1959

S roller
- | page 3 of D

Packer-Test Record

f C Datc: ﬂ///%é

. v
, . 4
Field Representive: . /WP P Borghole No. éi‘i_ Total Depth : __ 200

-

Project Name:

. ‘ -
Depth fo Water (TOC): 2245 ‘_ Borchole Cleaned? Yes _=~No____ Date: 0’//’ z;/b ¢

/’

Test Interval (BGLY: fom 283 10, 245 #.  Swivel/Elbow Height (AGL) ___2 -2

Conductor Pi.pc,Typc and Size: _ 7 "D Ma&/ ﬁug "ﬂé«}

Time Gauge Pressure ' Flow Meter Reading Flow Rate
ﬂzjwr#/*: /335 LD _ps/ 3934 0
o . _/3Y0 /D 393640 ==
fusT s _J3YS /9 _372344#) 202 gom
7350 /0 393041 e
(w /355 /D 39304/ —-
- /1400 /0 394 BT
/40 § 4 ‘ . 393440 ——
1410 5 393440 o
J¥15 5 393¢/ 0 —e—
1420 5 39z2/.0 -

A-\2



' ' 1-27-06 |
FIELD MANUAL " Gescemf Tameon Site
Ka'(‘a[a. 204
- (g
Tu =75-65 + 125.1 =135.1 feet OZ;;’/‘{\ 292~ 29
' /mou..c

125.1

T
X = ——— (100) = 92.6% also — = —— = 135

135.1 | ¢ 10

The test section is located in zone 2 (ﬁgure 17-6). To
determine the saturated conductivity coefficient, C,,
from figure 17-8:

L)
A
/
) _ y '
foerrh I -
:

] - 10 80 100 800 1000
0.0, Y s
""-Orr—. .

Figure 17-8.—Conductivity coefficients
for semispherical flow in saturated
materials through partially penetrating
cylindrical test wells.

134
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- Stoller

-

Packer-Test Record

| Project Name: /W’ - dw&f Tz

Field Representative:

17 TCvPP

established 1959

Page / of ’_&_

Depth o Watce (TOC): _/E 2.5 /7" Borchole Cleancd? Yes T

Test Interval (BGLY: fom _ 2210 /@%— R Swivel/Elbow Height (AGL) ‘7"5; /A% :

Conductor Pipe, Type and Size: lmyacle IO %‘:‘ M J‘{{L_,Z_,J.g&'—?g '

%"L‘%ﬂ"é; . Datc:, 04;// f/éé

Borchole No. _022 & Totsl Depth : 36—05{?

Date; 05///5A9

Time Gauge Pressure *© Flow Meter Reading Flow Rate
DEOD /O';)S; 3942/ 70
0805 /0 P2 (. TO. ——
2800 /0 F9421.7 &
| _as/S £2 FH2l 70 ——
W ofzo /0 FF42/- 7D —G—
: 0825 /0 39¥2/- 20 E—
0§30 /0 I/ 70 —O— g
0835 20 ps/ J9Y22. 40 0. .1
0§40 20 . _39422. 40 —o—
085~ ) 39¥22.35" -2.0/
0850 20 I 9422 35 —-
QESS” 20 FiS 22 35 >~
- 0R80 22 F9¥22. 35~ T |
: 0405 20 J9y22.35 —o— S
_og0  _Jops) = _39422.75  _p.0%
D915 J0 L _Jg¥22.75 -
J 0 39422.75 - ——
09 5 3O F9422.75 —G—

A=\



u.

 Stoller

Packer-Test Record

established 1959

Page_Z- of ,_é

Project Name: 222&‘14&' Mff{Mé{/ Zév . Datc: 0/1//5/oﬁ .

Field Representative:

2. keuee

Borchole No. 0208

Total Depth : »3 GDsz-

Depth fo Water (TOC): (ZZ.S#' Borchole Cleaned? Yes __~ o

Date: 4’//5/05
S o

Test Inferval (BGL): from _9® _ to__/@2- R  Swivel/Elbow Height (AGL) A5 0,\4‘

Conductor Pipe, Type and Size: __/ -ieh_ITD “ff«& wel 5 /—/U—( 72»‘!/'/':7

Time Gauge Pressure Flow Meter Reading Flow Rate
Qﬁ ) - 30 395; F94£22. 25— o
- J0 39y22.75 ——
Wiad- Jo Boywr275 G Sum
QZ‘ZE 20 psi 39422.70 — 2.0/
u) N5 Zo - _39¥2z.7o ——
0455, - _AD 39#22-70 56—
/D80 20 ROfp2-T0 —E—
_AODST Ze Jos2z2.70 —C—
ApID 2o  FI9Ff22.70 )
_So15 zo FGY22. 70 ——
_Llp2d [0 ps) F9Yf 22 70 ——
/0 25~ /0 r F9f22.70 o
/032 V7 T2 . 70 —
£035 Wz, 394.22. 70 e
WLkd _ /0 .39,4/22. Zo ——
/045" /0 SPE22. 70 _o—
/050 /0 FF¥22.70 o
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(50T

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. 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 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: - '

B\prclla{": - O?

Depth: 90-10" A

Dressure 10 PF

O
3
% 20NE 1
x 20
"}
&
+= \
g ‘TN :
2 Boundory of 2008 |
« ]
[’ Je
s | K Fax) | 2o 1]
& N /
&
(]
« wone 2
w -
r"‘"‘-—.
100

Figure 17-6.—Location of zone 1 lower
boundary for use in unsaturated materials.
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C

WATER TESTING FOR PERMEAB|L|TY .
‘ Il I - GowLoL ‘209

00\/"3(.00 r\g
. haaat Ocpth + 90-102 #
& A = 050 N I /Z Croosmne (b
S 1000 S e recsuseiin Nt 231 (L
i (Srp (o8
W so0 AT
8 2920034
%14
ool 74 13
Dl
Z. P
% g oo =
o P |
z ]
o CANT] E ~-¢/H=050
< N ~f/H =0.40
t': LA NN 1 /H=0.30
2 N ~(/H3 0.20
M L. { z 0.
E o —~——T-(/Hz0.10
on
"
> 5
[&)
A 5 10 50 100 500 [1000
H_ H
Zoril
r e glo

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=1925.1 feet

133
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WATER TESTING FOR PERMEABILITY

s 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. 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 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.

Pre'ss.ure permeability tests examples using Methods 1
and 2:

Bon_\mlc.. 208

Depth - 90 -10™

'P»cmw-ﬁ\) ' 20ps)

« ©
-3
S5 .
: 20N
o 20
[
®
o
]
9 4
< N
E A Boundery of zons |
2
< 60 b, 1 X
o \ s ;0“.‘— I .
= K

w .
Q =
E, Z0ME 2 \'\4.\ - '

) . ‘h““h‘
1005—"—3 0 30 100 500 00
(198 ) W | B o

Figure 17-6.—Location of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY
l” I | GowL“L/ ',208’

fi/H=1.00 o

£L/Hz080 in s J0-/02
L/n=01s ™ De{au? )
-(’-/H:O.GOJ\T\ P 46 P’W““-Q‘qt‘ré'z#

N

N
>
K

1000 - A A~
b /7 7 20 ’:)
500 4 /Z - ﬁ/l’{ -0.0% C f

C“ ~ |Bo
z

G
\
.

N
WA
AN
AN
5
¥

100

w
o

4
e
7/
2
P
v
za\
PN
\
[ ——

A
/// - /H'=0.50
~f/H =0.40
et . —F (/K= 0.30
/ N ~0/Hz 0.20

L {/H=0.10
-t

5]

C,= SATURATED CONDUCTIVITY COEFFICIENT

»

I s 10 50 100 500 _ 1hoo
HoH
T Te

' - 68
Figure 17-7.—Conductivity coefficients
for permeability determination in
unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

" Given: 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) =

4.7 feet.

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

e Effective head, the difference in feet (nf) between the
- elevation of the free water surface in thse 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 permeablhty tests examples using Methods 1

and 2: Bon.\'lolc_ :

| Fbep-l‘l—\ . 70 102 £+ '

'P»emw—Q;) t 3opst é? 3/'19
' 42)

ZONE 1
20 -

Boundory of 1008 ]

UNSATURATED STRATUM,X

60 '
s
x
g w < \ 7
& ZONE 2 N -

o . Sy
100

o 0 — 36 100 ~ %% 00
T B |
Figure 17-6.—Location of zone 1 lower
boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY

Bowlw(af :120%

Hi {

f;\ﬁuu.oo uy

/H= 080 » . .
= 2n=07s <] TN 7 Depth : 90- 102
G 1000 a .04 recdure ‘-.,3 + Jops:
£ D! i )
[V .

7 L
g 500 A » B T ffx—i' < 0-0
o‘lgoj VAV 4 //__ ‘
> 7 ~~ r‘l 3 \
o o
. ;>: /)/ V/ r/ i
e
- ’@r
o 14 /1(/ 1
z HIZ"
8 s0 6 24N VRN
o = TN NI - p/n=050
g ZrZ ISR
4 1 N ~—4~(/Hs 0.20
2 M | L7010 -
< 10 -
7
1]
> %
o
B s 10 50 100 SO0 1000
H H

Zor 1099

r re :

B

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 exampl
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+578-4.7=125.1feet

e
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S toller

\...x/:'

. Project Namc: z ﬂ

Field Representative; &, KPP

Borchole No, pﬂ& 8

Packer-Test Record

L Datc:,

established 1959

Page / of 2~

a/,ZIS'/Oé

chthjo Water (TOC): / X 2- 5 ﬁ * " Borchole Cleaned? Yes _~~ No

Total Depth :_éOQV /ﬁ

Date: /// f%’é

Test Interval (BGL): from 792/ 0 /33 & Swivel/Elbow Height (AGL) /7[ D(.)ﬁl.

Conductor Pipe, Type and Size: _/ -inch i 22) % Vol ol ﬂ%‘;}'

Time Gahge Pressure Flow Meter Reading Flow Rate
(335 ' 394/8.85
. _ /3% /2 39418 SO —2:0/ g ppe~
_/3¥5 /D 398850 —e— |
/350D /a 394/8. %0 ——
W /355 /2 394/¢. 80 —6—
: /400 /D 394/8 &0 —
LIS /0 394/8. 80 —=-
/410 /O _J9¥/8 €0 —E-
415 20 _psi I¥f20.05 0.25 gom
(4 20 20 I9y¢z0./0 0.0l
(425 . - 20 JF9¥20. /0 o—
W1 | 20 39¥22./5 o.0/
135 20 39¥20./5 ——
7 L0 20 39¥20.75 —
/S 20 JGY 20.2¢ 0-0/ opn
/1452 20 JgYz0.25 a,.o/ 7
_ /455 20 F94z0.28" ——
/500 2o 39¢20-25 -6 .
/505 20 3qy20-25 ——— 7

A-135
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S toller |
mabh’:lfed 1959
Page _&_ of __Z

Packer-Test Record

Project Name: - e/t}‘/

Date: 0//// -‘;'/06

/7 .

Field Representative: __/2. Ry PP Borchole No. A28 _ Totsl Depth: __ o2

Depth to Water (TOC): __/_2'15#__ Borchole Cleaned? Yes ‘/No

Test Interval (BGLY: from 42/ 7 10, /337 R SwivelElbow Height (AGL)

Date: _a;// 3‘/0 é
1/-0/.

Conduc]or Pipe, Type and Size: ___/ ’/IM’Z D '721//«2 A//M < TEFL 721547

Time Gauge Pressure

Fiow Meter Reading Flow Rate .
/570 30 ps/ 3942/ 20 0.0 _gm
. _45/5 30 3942/ 40 0. o4
- /520 30 3942/ ¢ 0 oo/
| (525 30 3942/ 82 s.0¥
: (530 30 39¥2L00 o.o0%
u _ /538 - 30 39¥22.20 o-0%
(540 20 _psi 3FY22./5 —0.00 SpH
(545 20 39422./57 = _-o—
/550 20 FoYz22. /3~ ——
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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. 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 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 permeab1hty tests examples uging Methods 1

and 2: | Bon.\mlo_ ! 208
: Depth 121133 .

»e e + v lopse
- C) ‘13\“!

[=]

Z0NE 1

20

60—

PERCENT OF UNSATURATED STRATUM, X
)
m
2
-l
[« W
2
~
-1
"
8
-

3 L 36 106 S 600
17.1 T, /- ‘

I‘lgure 17-6. —Locatlon of zone 1 lower
boundary for use in unsaturated materials.
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FIELD MANUAL

T,="7T75-65+125.1 = 135.1 feet

- T |
x = 3251 400) = 926% also —¢ = 1351 _ 435
135.1 I

The test section is located in zone 2 (figure 17-6). To
determine the saturated conductivity coefficient, C,,

from figure 17-8: @ Borehole 20%
- ,ogfeL s 1~ 133 ¢
: ' hy = lopsi
./‘
IOOQ
500
Ve

u'/
//
10
s
|
] s 10 50 100 500 1000
‘ @«E =785 )
_0—'0'-._'
r l‘.

Figure 17-8.—Conductivity coefficients
for semispherical flow in saturated
materials through partially penetrating
cylindrical test wells.
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WATER TESTING FOR PERMEABILITY

o Effective head, the difference in feet (i) 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
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; . ' _ BOI‘L"IO(L. ! o8
: ' o Depth -3
T"ressv&-Q\_s) AL,z F-

. . 1.0 l”"
3
~ 20NE 1
x 20
Y .
e i
[]
% 4 \ .
c N o

' 2 A Boundary of zons |
2 o} ‘\
5 N ' o
- .

(x Sl e X ' 1 Tx=77

o ¥ ~g .
bl I0NE |2 P\\\J

: o.

"!M
N L . 0 100 S 0
9.8 T, /0 '

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

13

A-143



i
-
i
1y
1
3

1]

I"‘.'
TABEE

[ U S
d

R

3 ——

-133

.- .'.g,._j« ro— _,_._- 3

t TOprsl

Iy

POESTHAL.
bddy

.

N
wrl [ 2 (4
!

2.

=3

DATE: 1-2%-060

Oeath 121

Borehol 209

e ]

i

i
]
]

REVIEWED:

2

b e A
i
{
|
H
}
£l I
N 1
|
T
+
-+
ZoAS
1]
!

8 3,

-
N
! : H
B

. N T
RV SN S
H ; T '

—_
T
L

— e pead
!
: |
i
1
i
i
1
|
1

i
i
}
&
]

1
7.,. .
i
‘F
R
2. 6

OF

13

/
H.
T
B

1
Il
1
1]
1
:
[
!
-
=
"
epa
i
:
R
1
83
{
il
s 1 .
:
LULATE
)
ol

L
1

Crescent Jametinn Site

JOB NO.:

A-I43

N
/Wr .
- FE RS . .... ’ 3 d
X I B e e M R W el
x . T =1 7o At
. : Tt = T t I . : .
r.rm w .On ' ...m WA _m. ! _ N A B .m.- n..k E e ...“.1.
M m u . ,“ - dod-b 55U SRNLEEN .II” —- - - PR P T A . d
M nAn m ‘ i . w . ..rI...:...f' ...l\ﬁ.l il m J. . J . .-.Mﬁ ﬂnfr..!. B n
= A s
= @ £ . .L. t=f 4 —%l -t oS Sy 34 Y IR 4 .. .J . |.w.. e b
= £ B By SN v R PN R
; _ — o = _ | # i e : .“.. ~ Ld I h/ '
m " RRERARIREERRE safia ol RIS
ap K . L. 4 NRNEJ) By A T
+ sde g “ N + LR -] -t ~ daq 4 4 w...w il . .wlv.m:.. lﬁll - ﬁ.lalln\ |.....“ ,-—
35 P “ 1=t ™R-b b ﬁ R S O S R e, flo_ (VRIS 5 NN §
. . S S i NPT Y i I B TN P TN S I BP0 .5 0 I | IR »
. e T ! N N ru_l-_. L .%m@%i ..,OJW;_:ML_-L... o IO
& . 0 S S T T 0 0 0 D R R nJ\u el : w <2 .
[ : to Ll N ~Lg L TS T D I 1 . ! b
§ MR [ A e SR I i |
' N N P ™ . T ~ I i Bt
M. . a “ ... x e .”.. .—iv - — |u7 e ! .W. . IAMA h. gt :
Y el e LS o N SIS S DN U A 0 Y i
I 38 P RO R - Y T ! i HEl
. - . v 4o e 1o dee RS N L
—I T RRNESEI N M N SN : nll” : i L 11 )
Dy 0 S . ; : \} -+ e .. +- t % d o 4
~ v ” T ot v : : ﬁ & - }TV y el ~
g o v..,_ N | e ] b = | Lot g ﬂ! . H O N .t
b / — s . ..\.U. . _w : ° ot + S H Lo
Fouy | Q SRR (.. SRR I A N N B IR R lii.,....mm..w - . w IR
. T . l [ ._l.." .....7 B . o wﬂ-. .c /.«Wl/ .|MP o b vllx.)px_.miuv“"alg~nw_ . . uc...w’.:.
Y Wl o [ SIS e L.uﬁ qfw i TRt e Ty It
e 2010 : 4 e R i 1 AM.- Pt ol o I8 % .m!.D-.ni.m._ h_ w ~ et ~..W,-ir.|m
v o P m Gk . s - J lﬂ 1oq AN ﬂS* e - Lemie e dpe- - - Ry I -
s S8 T B T YR e e
M 1 R B E SRt 5 P IR et o KT R R s s TR L ] S 1 s I R B
RS IR NI . ey A T3 TR T I ) T R N I
§ fo by it gl iy L& ~ T _ww,-i- llﬁ_ i |- ‘;..._ﬁ 1.!‘.._.;.. i .Y B N R
v .. s e SR 14 i 3 lm 1 el . l*MT.. A o ged .~ 5 LI “.“ A .“.i JIO- Q. % t-.“rlnn L G .-l.*..... i
N T B ok RO SR Doy g eai] 4 Al gL 2 BN A RV D O O
RN R RS : {xam eyl o I L O
EAVENE R B e R [ TR AT o ke B e
NERRS SR e I N S T R e e
L ISERRSE GEILOSEE R T T b e e e
I FREEER P U el ] A e e




A7 it 904 e Vi et st & g

H 17 NP T I e SR Z14 0520 A foni £ 4 SO a—
P e
'-"a, 0 ‘ é
e B : =5 M 4“7{‘7/__- e BEVITHED, e eeee
)
b ompegomp sy oy
L ORETET IO e e D i
v SN mine et e s Sas A Armemte o s an e b Coaa s v i et im0 miee wteae L aiie s e i ees v e £ 45 s i S
i H .
' - H .o 1

Rocel/oc.c 3 208

-”n:a#wavlﬂz/: 2.2

e - e e

Fv

?61[4'74““’

l

Texr Az\!ﬁ:t.:jzfx.

weap e

De,-:% 1121~ 133 A2

C‘A“ Z’{‘M £ P"“"“ (4 E 3ofs. (6?3 #)

PP,

/flyf( o/ 74‘!'! oceczlj&,-\ ) » " _ . | . ;

T .6.( DK ‘ e - -‘
;_ U Thdbaen ot a",.,é,.é/ //.,4,,./ | ;' i
. 7)- ,;,‘,zm._ A,,., jamm/:mé’a_ o éo;ééz«; ;-,/—v«/«faéw
2 A""‘//“ / e e ‘{?”“’ L x T
) X = (laa) ;. ,vem«# HW‘ML’( M*»‘« 4 O e B

.._... Jr— __a LT

-.+-.- P

[ S
B e e S
i L]

| I33~[1Lr+

-t s e §¢

20 A T
a2y )

ot

TR

e e

4# "

o e




100 y _ . L
[ zome2, | ° A K 50 . m.o T ' 1000
: ) 211 Ty /0 ) _

Figure 17-6.—Location of zone 1 lower Tu

WATER TESTING FOR PERMEABILITY

» Effective head, the difference in feet (i) 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 effectivehead 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 follm&ing 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.

Préss_ure permeability tests examples using Methods 1

and 2: - - Bon.l'\olc_ ! 208 B
. - Depth 1 120133
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boundary for use in unsaturated materials.
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' S ioller

established 1959
Packer-Test Record Pﬂge_L. Of...;'_z'_
Project Naumc: Mngé - d/ﬁ(&@l -TL% MMM " Date: 0/1// 7/06

2. RvpP Borcholc No. %&5 Totsl Depth : I35 .

Depth.lo Water (TOC): Zé‘ 2561‘ __ Borchole Cleaned? Yes 4 - Date: /f//%(

’

Field Representalive:

Test tnterval (BGLY: from 282 1o _29% R SwivelElbow Height (AGL) 3-0Up? 7~

Conductor Pipe, Type and Size: /j./)&é D 77‘"" h/lﬂ(f STEEL T 6/}7 Ie;

Time Gauge Pressure Flow Meter Reading Flow Rate
0935 5 s 39405, 45~
- 32#0 S_Ips; ‘ 39405, ¢2 0.03 gpm
09445 5 995 75 0.03
0959 5 3940595 g.04
R 2955 5 | FOYpC.20 2.05"
W /0050 5 3 9406, 40 0-04_
. JDDS 5 39Y24.¢7 2.0
/2/0 5 39675 _0.93
L1 5~ P¥é-90 _ 0.03
LOZE . 794/ 0f-05 __2:03 9"
(025 /O sl 39407 35 0. 08
/232 0 3G407.55 0.0
/035 /D 3940095 2.0%
405{'4 740 .??(oﬂ 2?0 0.03
r0/S /0 FPLIE.ND g.04
/bS50 /0 39¥08 .25 0.03.
1055 /o _ 3540842 0,03
// 00 /0 3940855

A-\49

J-03 gfﬂm
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Stoller

A—1S7

_39409.35

established 1959
Packer-Test Record Page 2 of _2—
Project Namc: _M__MI_W Datc: M/j 06
Field Representative: ____/Es LEvtr Borcholc No. ¥ 208 Total Depth: T dﬂ#
Depth to Water (TOC)=‘_LL_‘X 5 ?7 __ Borchole Cleaned? Yes ‘/No Date: __ 2 7//"f/” ¢
Test lnt.crva! (BGL): from 2927 0 29 & SswivelElbow Hcight (AGL) 3~Qf7€
Conductor Pipe, Type nd Size: _/= 21tf ZD_+tain il Sﬁ%zé};;;
Time Gauge frcssurc Flow Meter Reading Flow Rate
_HNO5 —20_pse 39408.90 005 gom
L O — 20 39%08. 80 O :
/4 2o _J908.€0 o
20 z2 79428 .82 -—
/125 20 R294p.§O ——
/43D 20 _39¢48.80 ——
35 2O 3940 ¥ .30 e —e—
727 wry 297 &0 _o
45 /0 i zzﬂﬂ P —F—
Y5O 20 Fafor - o —o—
US55 /0 - PIS0E. o —_——
__L20D 20 F9498. ¥9 —S—
__ 205 /2 39448.80 o
/2170 /0 39408 90 ——
/215 /0 F9ef ¥0 - _gpm
_s220 5 ps 37409-P5 0.0l gem
/225 5 391895 o.02
_ 230 5 39Y09.05 002
/1235 5 39%09./5 .02
(240 5 3740725 _0.02.
/245 5 394/29. 30 _v.0/
. ,a50 45 0.0/



t-2S5-o0b
Borehole 208
Depdl z282-294
All ,wmuwc‘, 40,20,

FIELD MANUAL

. T,=75-65+125.1=135.1 feet

x = 1251 (100) o2, 6% also

135.1

T, _ 1384 _ 4as
2= 100 - 13

The test section is located in zone 2 (figure 17-6). To
determine the saturated conductivity coefficient, C,,

from figure 17-8:

h 4
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Figure 17-8.—Conductivity coefficients
for semispherical flow in saturated
materials through partially penetrating
cylindrical test wells.
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FIELD MANUAL

T,=175-65+125.1 = 135.1 feet

- T
x = 1251 450) = 02.6% also - 1851 . 135

135.1

The test section is located in zone 2 (figure 17-6). To go,;,\‘L 20%

determine the saturated conductivity coefficient, C,, el 282-29 €4
from figure 17-8: ( 5 e
frosmme: 2 f5°
I—'L.S' .0b
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| ) 1¢] 30 100 S00 000
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Figure 17-8.—Conductivity coefficients
- for semispherical flow in saturated

materials through partially penetrating
cylindrical test wells.
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U.S. Department of Energy—Grand Junction, Colorado

Calculation Cover Sheet

Calc. No.. MOA-02-03-2006-2-03-00 Discipline: Hydrologic Properties  No. of Sheetsc:‘-/?;)(a

Project: Moab UMTRA Project

‘I Site: Cfescent Junctiop Disposal Site, Utah

Feature: Hydrologic Characterization — Ground Water Pumping Records

Sources of Data:

Field records of ground water pumping (Copies furnished in Appendix A)

Sources of Formulae and References:

DOE 2005. Work Pian for Characterization of the Crescent Junction, Utah, Disposal Site, DOE-

EM/GJ912-2005

: /
Preliminary Cale. [ Final Calc. [ Supersedes Calc. No.
Author: Checked
/4//4275 3-24-06 by: /WWM 3/2 //Oé
Name - Date
o-~¢/ 9.8 /04
Approved Name Date’
' Name Date £ f/.e_.,ofg,. J-ch 3'-2 ‘I J 6
Name
0414 K $/3//0é”
Nafme ' Date




E ; 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 300 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 volume of ground water pumped 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,
and summarized in the appropriate sections of the Remedial Action Selection report for the Moab site.

DOE (2005; p. 3-1) stated, “There are likely discontinuous saturated units within the Mancos Shale, but
they are not anticipated to have significant lateral extent or interconnection, or contain usable ground
water.” During site characterization, a total of ten coreholes were drilled to a depth of 300 feet at the
locations shown in Figure 1, and ground water was encountered in seven of them. In five of the coreholes-
(0201, 0202, 0203, 0204, 0208) the ground water was found to be highly saline, possibly exceeding the
salinity levels found in seawater (total dissolved solids [TDS] approximately 34,500 milligrams per liter
[mg/L]). Based on its occurrence and composition, the water intersected by these coreholes appears to

be connate water, or in other words, water that has been trapped in the pores of the rock since the rock
(Mancos Shale) was formed. '

In the two other coreholes containing ground water at the site (0205 and 0210), water-level recovery rates
are very slow; consequently, ground water has not been pumped systematically from either location. One
‘ water sample collected from corehole 0210 was found to be very saline (TDS = 37,000 mg/L). Ground
1 water from corehole 0205 has not been sampled but is also expected to be saline.

Pumping began in October 2005 at corehole 0208 and was followed shortly thereafter with pumping from
the remaining coreholes. This calculation documents the volume of ground water extracted between
October 31, 2005 and March 15, 2006.

Method of Solution:

Submersible pumps, which were powered with a portable generator, were installed in coreholes 0201,
0202, 0203, 0204, and 0208 shortly after the coreholes were drilled. Locations of the coreholes are
shown in Figure 1. Discharge from each corehole was piped through a flow meter prior to being released
at the land surface. Flow-meter readings were taken each time a corehole was evacuated. The

.incremental flow-meter readings were entered into an Excel spreadsheet, and the cumulative flows were
determined by summation.

Assumptions:

» Per the assumption stated in the work plan (DOE 2005; p. 3-1), ground water at the site was
anticipated to occur in discontinuous water-bearing conduits within the Mancos Shale.

¢ [f the submersible pump is set at a fixed elevation in a formation with discontinuous water-bearing
conduits, systematic pumping through time will gradually yield lesser volumes of ground water.

t ; U.S. Department of Energy Hydrologic Characterization—Ground Water Pumping Records
April 2006 Doc. No. X0143600
Page 2



s Comholgkbcatiol 4@

28500 Feet

Figure 1. Map of Corehole Locations at the Crescent Junction Site

Calculation:

The objective of ground water pumping at the Crescent Junction site has been to test the hypothesis that
the ground water occurs in discontinuous water-bearing conduits within the Mancos Shale. It was
reasoned that systematic pumping of the ground water would gradually deplete the source of connate
water entering the coreholes if the ground water occurs in discontinuous water-bearing conduits.

Figures 2 through 6 present the incremental and cumulative pumping results to date for each corehole.
As of March 17, 2006, a total of approximately 8,270 gallons had been removed from the five coreholes
that contain connate water. The extracted amounts range from approximately 569 gallons from
corehole 0204 to approximately 3,395 gallons from corehole 0203.

Analysis of the pumping curves in Figures 2 through 6 and the pumping data in Appendix A show that
pumping first began in corehole 0208 and was followed with pumping from corehole 0203. A hiatus
occurred from December 2, 2005, to mid-January 2006, during which time no pumping occurred. During
the second week of January 2006, pumps were installed in coreholes 0201, 0202, and 0204, and regular
systematic pumping began at all five coreholes. '

A qualitative analysis presented in Figures 2 through 6 shows that the incremental pumping volumes
remained steady and the slope of the cumulative pumping curves remained unchanged at coreholes
0201, 0203, 0204, and 0208. This observation contrasts with an apparent decrease in incremental
pumping volumes at corehole 0202 and a reduction in the slope of the cumulative pumping curve, which
began at the end of January 2006. The qualitative results may indicate that the source of connate water
to corehole 0202 is being depleted; however, the same cannot be said for coreholes 0201, 0203, 0204,
and 0208.

U.S. Department of Energy Hydrologic Characterization—Ground Water Pumping Records
April 2006 Doc. No. X0149600
¢ Page 3
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Discussion:
N/A

Conclusion and Recommendations:

The purpose of pumping connate water from the coreholes at the Crescent Junction disposal site has
been to test the concept that the water occurs in discontinuous and isolated zones or porous
compariments. Persistent pumping from zones containing limited volumes of trapped water should
eventually yield decreased volumes of produced water and a flattening of the cumulative recovery curve.
Such behavior would typify incipient source depletion.

As of March 17, 2006, the pumping data have shown that the incremental pumping volumes have
declined, and the cumulative recovery curve has begun to flatten at corehole 0202. Coreholes 0201,
0203, 0204, and 0208 have continued to yield water at relatively constant rates, signifying that the
connate water intercepted by these coreholes is stored in larger compartments, which will require more
pumping to deplete. The continued pumping from these larger compartments is deemed unnecessary
because the concept that the connate water is trapped in porous zones with limited volume was already
demonstrated at corehole 0202. In addition, coreholes 0206, 0207, and 0209 have never contained any
water since the holes were drilled, which further supports the position that the connate water is present in
discontinuous pockets.

Other impbrtant aspects of the ground water hydrology that should be considered are the static water
levels, the ground water chemistry, and the effect that repeated pumping has had on them. Therefore, we

recommend that systematic pumping from the coreholes should be permanently discontinued to allow
static water levels to recover and to collect additional baseline water samples.

Computer Source:

Microsoft Excel

Extracted Ground Water: Corehole 0201

1200

"4 1000

- -- < --incremental
- 800 Pumping

" 600

-- -0 — Cumulative

| 400 Pumping

-+ 200

Incremental Pumping (U.S. gai)
Cumulative Pumping (U.S. gal)

0 —— i . . o 0
10/02/05 11/01/05 12/01/05 01/01/06 01/31/06 03/03/06 04/02/06
Date

Figure 2. Ground Water Withdrawal from Corehole 0201, Crescent Junciion, Utah, Disposal Site

U.S. Department of Energy Hydrologic Characterization—Ground Water Pumping Records
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Extracted Ground Water: Corehole 0202

--<$ --Incremental
Pumping

-—a-— Cumulative
Pumping

Cumulative Pumping (U.S. gal)

Incremental Pumping (U.S. gal)

0~ r— T et — T 0
10/02/05 11/01/05 12/01/05 01/01/06 01/31/06 03/03/06 04/02/06

Date

Figure 3. Ground Water Withdrawal from Corehole 0202, Crescent Junction, Utah,Disposal Site
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Figure 4. Ground Water Withdrawal from Corehole 0203, Crescent Junction, Utah, Disposal Site
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Figure 5. Ground Water Withdrawal from Corehole 0204, Crescent Junction, Utah, Disposal Site
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-

U.s. Depanrﬁent of Energy
April 2006

Hydrologic Characterization—Ground Water Pumping Records

Doc. No. X0148600 '
Page 6



Appendix A

Field Records of Ground Water Pumping
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Gallons Purged

Well # Date Cumulative Purged

201 01/12/06 50 50
01/14/06 44 94
01/16/06 40 134
01/20/06 45 179
01/23/06 44 223
01/25/06 56 279
01/30/06 48 327
02/01/06 48 375
02/03/06 29 404
02/06/06 30 434
02/08/06 46 480
02/10/06 25 505
02/13/06 24 529
02/15/06 25 554
02/17/06 24 578
02/22/06 24 602
02/27/06 30 632
03/01/06 30 662
03/03/06 40 702
03/06/06 42 744
03/08/06 36 780
03/09/06 32 812
03/13/06 54 866
03/15/06 55 921
03/17/06 35 956
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Gallons Purged

Well # Date Cumulative Purged
202 01/12/06 86 86
01/14/06 83 168
01/16/06 81 250
01/20/06 80 330
01/23/06 82 412
01/24/06 78 490
01/25/06 66 556
01/30/06 81 637
02/01/06 77 714
02/03/06 74 788
02/06/06 86 874
02/08/06 69 943
02/10/06 53 996
02/13/06 63 1059
02/15/06 46 1105
02/17/06 40 1145
02/22/06 77 1222
02/27/06 76 1298
03/01/06 53 1351
03/03/06 37 1388
03/06/06 60 1448
03/08/06 40 1488
03/09/06 23 1511
03/13/06 72 1583
03/15/06 39 1622
03/17/06 33 1655
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Gallons Purged

Well # Date Cumulative Purged

203 11/21/05 120 120
11/22/05 120 240
11/22/05 19 259
11/23/05 98 357
11/28/05 103 460
11/29/05 100 560
11/30/05 97 657
12/01/05 97 754
12/01/05 63 817
12/02/05 97 914
01/14/06 100 1014
01/16/06 108 1122
01/20/06 110 1232
01/23/06 109 1341
01/24/06 106 1447
01/25/06 107 1554
01/30/06 107 1661
02/01/06 106 1767
02/03/06 106 1873
02/06/06 105 1978
02/08/06 105 2083
02/10/06 105 2188
02/13/06 105 2293
02/15/06 105 2398
02/17/06 106 2504
02/22/06 104 2608
02/27/06 105 2713
03/01/06 94 2807
03/06/06 105 2912
03/08/06 105 3017
03/09/06 90 3107
03/13/06 95 3202
03/15/06 102 3304
03/17/06 91 3395
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Well # Date Gallons Purged Cumulative Purged
204 01/14/06 63 63
01/16/06 34 97
01/20/06 27 124
01/23/06 19 143
01/25/06 10 163
'01/30/06 27 180
- 02/01/06 10 180
02/03/06 7 197
02/06/06 11 208
02/08/06 9 217
02/10/06 9 226
02/13/06 28 254
02/15/06 20 274
02/17/06 15 289
02/22/06 39 328
02/27/06 39 367
03/01/06 20 387
03/03/06 22 409
03/06/06 30 439
03/08/06 20 459
03/09/06 12 471
03/13/06 40 511
03/15/06 30 541
28 569

03/17/06
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Well # Date Gallons Purged Cumulative Purged
208 10/31/05 65 : 65

11/14/05 58 123

11/20/05 57.5 180.5
11/21/05 54.9 235.4
11/22/05 33.4 268.8
11/22/05 9.5 278.3
11/23/05 24 302.3
11/28/05 57.3 359.6
11/29/05 41 400.6
11/30/05 311 431.7
12/01/05 33.6 465.3
12/01/05 8.3 473.6
12/02/05 20.8 494.4
01/16/06 73.6 568

01/20/06 59 627

01/23/06 58 685

01/24/06 46 731

01/25/06 30 761

01/30/06 49 810

02/01/06 56 866

02/03/06 565 921

02/06/06 56 977

02/08/06 53 1030
02/10/06 49 1079
02/13/06 55 1134
02/15/06 48 1182
02/17/06 38 1220
02/22/06 56 1276
02/27/06 57 1333
03/01/06 53 1386
03/03/06 46 1432
03/06/06 56 1488
03/08/06 42 1530
03/09/06 25 1555
03/13/06 65 1610
03/15/06 47 1657
03/17/06 38 1695
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'U.S. Department of Energy—Grand Junction, Coldrado

Calculation Cover Sheet
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Project: Moab UMTRA Project

Site: = Crescent Junction Disposal Site
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Hydrologic Characterization - Vertical Travel Time to Uppermost (Dakota) Aquifer Calculation

Sourceé of Data:

+ Published literature and maps within 30-mile radius of the Crescent Junction Disposal Site (see below).
* Water level elevation data for Mancos Shale from SEEPro database.
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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 300 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 set is to estimate the vertical travel time for ground water migrating from the
Crescent Junction Disposal Site through the Mancos Shale confining unit to the Dakota aquifer.

Conclusions from these data will be incorporated into the Remedial Action Selection Report of the
Remedial Action Plan (RAP) and Site Design for Stabilization of Moab Title | Uranium Mill Tailings at the
Crescent Junction, Utah, Disposal Site.

Method of Solution:

The time required for ground water to migrate from the disposal site through the Mancos Shale to the
Dakota aquifer is estimated in this calculation. Figure 1 presents a cross-sectional diagram showing the
geologic profile that underlies the proposed Crescent Junction Disposal Cell. Each of the variables
required to analytically assess vertical flow are shown in Figure 1. The average linear velocity, which
stems from Darcy’s Law, is used to estimate the downward rate of ground water movement. Key
elements of the average linear velocity calculation are presented below:

V= q/n. = (-K dh/dz)/n,
where:

v’ = average linear velocity (L/T)
q = specific discharge (L*L?T), or simply (L/T)
K = hydraulic conductivity (L/T)
dh/dz = vertical hydraulic gradient (L/L), or simply (dimensionless)
ne = effective porosity (L3L), or simply (dimensionless)
where: L = length units and T = time units

- Ground water levels were measured in coreholes 0201, 0202, 0203, 0204, 0205, 0208, and 0210 at the
Crescent Junction Disposal Site. After the water-level data were gathered, they were entered into the
SEEPro database and used to plot the ground water elevations presented in Figure 2. The measured
ground water levels in the Mancos Shale, which are given the symbol h; in Figure 1, range in elevation
from 4,650 to 4,920 feet (ft) above mean sea level. The hydraulic head value of 4,920 it is used in the
calculation because it yields the shortest travel time to the Dakota aquifer.

Ground water levels from the Dakota aquifer are presented in Figure 3, which was modified after
Freethey and Cordy (1991). Potentiometric surface contours were extrapolated into the area of the site,
which occupies the area 38.96° north by 109.80° west. As shown on Figure 3 the elevation of the
potentiometric surface of the Dakota aquifer is approximately 4,700 ft above mean sea level. In Flgure 1
the potentiometric surface of the Dakota aquifer is designated with the symbol h,.

Geological data presented on page eight of Calc MOA-02-03-2006-1-01 in RAP Attachment 2 of this
document shows that the vertical distance from the land surface to the top of the Dakota aquifer is
approximately 2,400 ft. Because the minimum depth to water in the coreholes at the site is approximately
100 ft, the vertical flow path, which is designated by the letter 4, extends from the measured water surface
in coreholes to the Dakota aquifer: a distance of approximately 2,300 ft. The time required for drainage to
migrate from the bottom of the disposal cell to the first occurrence of ground water is neglected in this
calculation.

U.S. Department of Energy CJ - Hydrologic Characterization ~ Travel Time to Uppermost (Dakota) Aquifer Calculation
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Figure 2. Ground Water Elevations Measured at Crescent Junction Disposal Site, Utah
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Figure 3. Map showing Generalized Potentiometric Surface and Extrapolated Potentiometric
Surface into Crescent Junction Disposal Site (after Freethey and Cordy, 1991, Plate 5)
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Effective porosity of the Mancos Shale was not measured at the site during the investigation;
consequently, it was estimated from literature values. The Nuclear Regulatory Commission (NRC)
(1993, p. 46) suggests “an effective porosity of 10 percent is assumed conservative (represents the
largest flow velocity), unless measured grain size and compaction information support a different value.”
Effective porosity values for shale are reported to range from 0.5 to 5 percent (Domenico and

Schwartz 1990, p. 26). Because these latter values are more conservative than the 10 percent values
suggested by NRC, the effective porosity in this calculation is given the range 0.5 to 5 percent.

Hydraulic conductivity measurements of discrete intervals in the unweathered Mancos Shale were made
using dual-packer tests. Results from these tests are presented in Table 1. The hydraulic-conductivity
data set is insufficient to ascertain its frequency distribution; however, the results are assumed to lie
within a log normal distribution because randomly sampled hydraulic conductivity values typically fit a log
normal distribution (Domenico and Schwartz 1990, p. 26). Also according to Domenico and Schwartz
(1990, p. 66), the “average” value of hydraulic conductivity is represented by the geometric mean. The
calculated geometric mean of the hydraulic conductivity data in Table 1 is 2.4 x 10~%cm/s.

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

Hole ID @ Calculated Permeability? (crﬁls)
Depth Interval (ft)
' Test 1 Test 2 Test 3 , Test 4 | Test 5

Dual-Packer Tests: . )

0204 @ 80 to 92 J1.3x10° 39x107 | J9.6x107° 66x107 [ J1.3x107°
0204 @ 11010 122 J7.5x107° 9.1x107° 4.2x107 J9.1x10°® J7.5x107°
0204 @ 283 to0 295 J8.9x107° 1.2x10°° 26x10°® J1.1x10° J1.2x10°
0208 @ 90 to 102 J6.0x107° J7.7x10° J2.2x107° J7.7x107° J6.0x10°°
0208 @ 121 to 133 J8.0x107° J1.4x107° 7.5%x107 . J1.4x10° J8.0x107°
0208 @ 282 to 294 6.3x107 6.0x 1077 J6.0x107° J5.7x10° 2.1 %107

1J flag indicates a no-flow packer test in which a maximum hydraulic conductivity is calculated, based on

duration of test (see Packer-test Calculation [RAP Attachment 3] for details).

Assumptions:

= Literature sources are reliable and representative of consensus of opinion.

* Hydraulic conductivity is a log normally distributed function.

» The actual value of effective porosity is within the range 0.005 to 0.05.
=  Extrapolated value of hydraulic head for Dakota aquifer is accurate.

* Hydraulic head measurements obtained from the Mancos Shale répresent perched, connate ground

water without any connection to the Dakota aquifer.

Calculation:

Calculate specific discharge using Darcy's Law and the input values described above.

U.S. Department of Energy
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Specific Discharge Calculation
| Calculate specific discharge using hydraulic-head value of 4,920 ft in Mancos Shale:
‘\‘J ' q =-K dh/dz =—(2.4 x 10”8 cm/sec) x (4,920 ft — 4,700 ft),(2,300 ft)
.q =-2.30 x 107° cm/sec (downward flow)

Average Linear Velocity Calculation

Calculate average linear velocity using the downward specific discharge value and the values 0.005
and 0.05 for effective porosity:

Using n, = 0.005: _
V=g/ne= (-2.30 x 107° cm/sec),(0.005) = 4.59 x 10~ cm/sec
Using n, = 0.05:
V=a/n. = (-2.30 x 107 cm/sec)(0.05) = 4.59 x 10~ cm/sec’
Travel Time Calculation | |
Calculate travel time using the above-calculated velocities:

Distance = rate x time; therefore, Time (t) = (distance),(rate)

Travel time calculated based on velocity from n, = 0.005:

( ¥, Time = (2,300 ft),(4.59 x 10'7 cm/sec) (1.03 x10° ft/yr) = 4,860 yr
- (cm/sec)

Travel time calculated based on velocity from n, = 0.05:

Time = (2,300 ft),(4 59 x 10'8 cm/sec) (1.03 x 10° ftlyr) = 48,600 yr
(cm/sec)

Discussion:

The travel time developed in this calculation for ground water to migrate from the Disposal Site through
the Mancos Shale to the Dakota aquifer ranges from 4,860 to 48, 600 years. An order-of-magnitude
estimate seems appropriate for this calculation because uncertainties associated with three variables
could have a strong effect on the outcome, namely: (1) the hydraulic gradient between the Mancos Shale
-and the Dakota aquifer, (2) the geometric mean hydraulic conductivity, and (3) the effective porosity.
These variables are discussed briefly below.

(1) Hydraulic Gradient Between Mancos Shale and Dakota Aquifer

Ground water levels from the Dakota aquifer are presented in Figure 3, which was modified after
Freethey and Cordy (1991). Potentiometric surface contours were extrapolated into the area of the site.
As shown on Figure 3 the elevation of the potentiometric surface of the Dakota aquifer is approximately
4,700 ft above mean sea level. The maximum hydraulic head of 4,920 ft was measured at corehole 0201
(Figure 2) and the minimum hydraulic head of 4,648 ft was measured at corehole 0205. Because the
elevation of the extrapolated potentiometric surface of the Dakota aquifer is within the range of the
measured heads in the Mancos Shale, there is some basis to suspect that the Mancos heads are

L\ / U.S. Department of Energy CJ — Hydrologic Characterization — Travel Time to Uppermost (Dakota) Aquifer Calculation
June 2006 Doc. No. X0173300
Page 6



\o

expressing the potentiometric surface of the underlying Dakota aquifer. If this were the case, then the
vertical hydraulic gradient across the Mancos Shale would be effectively zero, and no potential would
exist for vertical flow between the unstressed Mancos Shale system and the Dakota aquifer. Therefore,
the estimated vertical travel times of 4,860 to 48,600 years are conservative.

(2) Geometric Mean Hydraulic Conductivity

Site-specific packer tests in selected coreholes were used to arrive at a population of measured hydraulic
conductivity values for the Mancos Shale. The sample population was then used to develop an estimate
of the geometric-mean hydraulic conductivity for the layers comprising the Mancos Shale. Measured
values of hydraulic conductivity in the Mancos Shale at the Crescent Junction Disposal Site are similar to

_the measured values of hydraulic conductivity in the Mancos Shale at the Grand Junction Disposal Site

(DOE 1991, Calculations GRJ-08-89-14-01, Sheet 9; GRJ-12-89-12—-06-00b, Sheet 52/58) and to
those reported for the Mancos Shale near Green River Landfill site (Infill Companies, April 2003, pg. 17).

Vertical hydraulic conductivity values presented in Table 1 are strongly biased toward the high end of the
potential range because 20 of the packer tests resulted in no-flow conditions. If more precise
measurements were made of the hydraulic conductivity the true hydraulic conductivity values would lower

. the calculated geometric mean hydraulic conductivity. In more-precise studies made by the U.S.

Geological Survey of the Mancos Shale and its equivalent the Pierre Shale, the vertical hydraulic
conductivity ranged from 1.0 x 1070 1.9 x 1072 cm/s (Frenzel and Lyford, 1982, p. 17 and 30-31;
Bredehoeft and others, 1983, p. 28-29). Based on these literature results, the true geometric mean
hydraulic conductivity at the Crescent Junction Site could be 0.5 to 2 orders of magnitude lower than the
one used in this calculation. Recomputing the travel time calculation with the lower mean hydraulic
conductivities would yield a travel time ranging from 23,500 years to 11,750,000 years. Therefore, a
hydraulic conductivity value of 2.3 x 107® cm/sec yields a conservative (minimum) range of travel times.

(3) Etfective Porosity

Using the conservatively low literature-derived values of 0.005 to 0.05 for effective porosity also leads to a
conservative approximation of travel time. Effective porosity values vary over a relatively limited range
and consequently have less effect on potential error propagation. The minimum literature value for an
effective porosity value of 0.005 would embody a reasonable measure of conservatism.

Conclusion and Recommendations:

Hydraulic head measurements obtained from the Mancos Shale represent perched, connate ground
water without any connection to the Dakota aquifer. The absolute age of the connate ground water has
not been determined for the Crescent Junction Site; however, Briant Kimball (personal communication,
April 11, 2006) states, “any brine in Mancos would be older than the ages that could be determined by
carbon-14.” This would signify that the age of the brine is at a minimum Late Pleistocene, which provides
a credible basis to the notion that the vertical travel times calculated herein are a conservative estimate.

With the vertical travel time between the Mancos Shale and the Dakota aquifer estimated to range from
4,860 to 48,600 years, the construction of the Crescent Junction Disposal Cell would pose no adverse
impact on ground water resources in the area.

Computer Source:

Not applicable. | '
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