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Problem Statement:

Determine the saturated hydraulic conductivity of the weathered Mancos Shale (wrthd KIn) 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 Km located at the
Crescent Junction Disposal Site.

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

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

Computer Source:

Microsoft Excel

Calculation:

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

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

When the AEP is used to test soils, the permeameter ring is driven into the soil forming a tight seal
between the soil and ring. When foundation bedrock materials are tested, a circular channel must be
excavated into the bedrock, see the following Figures 2 through 6. The channel is subsequently filled with
sodium bentonite to create the seal around the permeameter ring. By doing this, an assumption is made
that the saturated hydraulic conductivity of the foundation materials is greater than the saturated hydraulic
conductivity of the bentonite. This assumption is easily tested by comparing the computed saturated
hydraulic conductivity value to 5 x 10-9 cm/sec, which is a typical saturated hydraulic conductivity value for
sodium bentonite.
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Figure 1. Air-Entry Permeameter
(ref unknown)

The AEP consists of a 12-inch (30-centimeter)-tall sealed ring with a 12-inch (30 centimeter) inside
diameter embedded approximately 6 inches (15 centimeters) into the surface. A graduated water supply is
mounted to the sealed ring via a standpipe of varying lengths allowing different hydraulic heads to be
applied to the soil.

Field Procedure

Installation:

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

2. Excavate a circular channel approximately 2 inches wide and approximately 6 inches deep into the
wrthd Km 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
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Figure 3. Smoothing and Leveling Channel Base

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

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

4. Mix water with bentonite in channel before placing ring in channel. Add more bentonite, refill channel
with water and allow to hydrate bentonite for a minimum of 3 days (see Figure 5).

U.S. Department of Energy
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Figure 5. AEP Ring Placed in Channel With Bentonite Prior to Adding Water to Fully Hydrate Bentonite

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

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

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

7. The water supply is filled and flow-control and air values are opened to allow water to flow out of the
AEP setup. All air bubbles are removed from the ring to ensure complete saturation of the
permeameter. Figure 7 shows an installed AEP.
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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 (Hf) 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 (Kat) value from the AEP test is
(Bouwer 1966; DOE 1994):

Ksat R + L--1P)
dt R 2 /( 2 [1]

where: dH/dt (cm/sec) =
L (cm) =
R, (cm)
R. (cm) =
Hf (cm)
P. (cm)

change in hydraulic head with respect to time,
depth of infiltration,
radius of water supply reservoir,
radius of soil pedestal,
final height of water in water supply reservoir, and
air-entry pressure (vacuum pressure + gauge height + depth of infiltration).

U.S. Department of Energy
February 2006

Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
Doc. No. X0136700

Page 7



Three test pits, TIP 0152, TP 0154, and TP 0156, were excavated to the wthrd K, interface at the
Crescent Junction Disposal Site. Two AEPs were installed in TP 0152, one AEP in TP 0154 and two AEPs
in TP 0156. Bentonite failed to seal one AEP permeameter ring in each of TP 0152 and TP 0156; thus, a
total of three AEP test were performed.

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

Results:

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

Table 1. AEP Results

Location Air-Entry (cm) dHldt (cmlsec) Ksat (cmlsec)
TP 0152 183 7.8 x 10' 4.4 x 10.'
TP 0154 140 5.8 x 103 1.6 x 10-4

TP-0156 241 1.7 x 102 2.6 x 10-4

Geometric mean of all Ksat values = 1.2 x 10-4 cmlsec.

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. 4999). This
method assumes that the soils are initially "wet", or close to saturation. Based on the air-entry values
tested, the wrthd Km 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 Km inspected. The approximate upper
1 inch of soil was frozen over an approximate 6 inch diameter forming an "ice cap" on the soil pedestal.
Water does not infiltrate into soils below the ice cap. Accordingly, the area receiving flow was measured to
compute the flow area. The test was run, and an effective area representing the reduced flow area was
used computation of Kst, This consisted of computing an equivalent area and radius, R, in equation [1] of
the soil pedestal. Errors introduced by doing this are considered to be of the same order as errors
introduced by excavating the circular channel and embedding the permeameter ring, so the results are still
considered applicable for use in design.
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Figure 8. Frozen Hydration Water in the Non-Leaking AEP Test Performed in TP 0152

Conclusion and Recommemdations:

A design saturated hydraulic conductivity value of 1.2 x 104 cm/sec should be used for wrthd Km material,
based on AEP test results conducted December 2005 and January 2006 at the proposed Crescent Junction,
Utah, Disposal Site.

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

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor
has identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of
Crescent Junction, Utah, as a possible site for a final disposal cell for the Moab uranium mill tailings. The
proposed disposal cell would cover approximately 250 acres. Based on the preliminary site-selection
process, the suitability of the Crescent Junction Disposal Site is being evaluated from several technical
aspects, including geomorphic, geologic, hydrologic, seismic, geochemical, and geotechnical. The
objective of this calculation is to impart the field permeability "bail test" results obtained from the
Mancos Shale during the investigation of subsurface conditions at the Crescent Junction Disposal Site.

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

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

Piezometer tests, which are described in Freeze and Cherry (1979), will yield vertically averaged
hydraulic conductivities that do not represent the full vertical variability in hydraulic conductivity. These
averaged hydraulic conductivity determinations were done to evaluate hydraulic properties representative
of the entire rock mass. The tests are performed by causing an instantaneous change in the water level in
a piezometer through a sudden introduction (or removal) of a known volume of water. When the water is
removed, the tests are often called bail tests. For this project the hydraulic properties of the
Mancos Shale are important for the purpose of developing the water resources protection strategy. The
tests were performed in coreholes 201, 202, 203, 204, and 208 (see Table 1).

Method of Solution:

Instantaneous removal of ground water from each corehole was accomplished using dedicated
submersible pumps. Water levels were measured using submersible electronic pressure transducers that
were programmed to read either at 5- or 15-minute intervals. The water-level recovery data were
downloaded into a portable laptop computerand 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 = [r2 In (L/R)]/(2LT0 ), [1]
where:

K = hydraulic conductivity [length/time]
r = radius of corehole [length]
L = length of ground Waterintake zone [length]
R = radius of ground water intake zone [length]
To = basic time lag [time]
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To interpret a set of field recovery data, the data are plotted graphically in the form of dimensionless
drawdown [(H-hY(H-H 0 )] 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.

* Bail tests in 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:

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

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

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

Results from these calculations are tabularized below:

0

Table 1. Bail Test Results
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Discussion:

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

Conclusion and Recommendations:

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

Computer Source:

Microsoft Excel
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Corehole 201: Recovery Test 01
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Corehole 201: Recovery Test 03
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Corehole 202: Recovery Test 02
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Corehole 203: Recovery Test 01
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Corehole 203: Recovery Test 03
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Corehole 204: Recovery Test 01
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Corehole 204: Recovery Test 03
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Corehole 208; Recovery Test 02
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Problem Statement:

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

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

* Evaluate the hydrogeologic suitability of the proposed disposal site.

* Establish design parameters for the proposed disposal site.

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

Method of Solution:

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

HQ7wire line core drilling was used to advance three shallow coreholes into the weathered Mancos Shale
to a depth of 40 feet (ft) below the ground surface, and ten coreholes into the relatively unweathered
Mancos Shale to a depth of 300 ft below the land surface. Corehole logs that describe the lithologic
materials encountered during drilling are presented in the "Corehole Logs" calculation (Attachment 5,
Appendix A).

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

Test intervals 20-30 ft and 30-40 ft below ground surface were selected to evaluate the hydraulic
properties of the weathered Mancos Shale. Guidance provided in the Manual (USBR 1998, p.127)
recommends that relatively homogeneous but fractured rock (such as the weathered Mancos Shale) can
be tested at 1 lb/in 2 per ft of test-interval depth. Consequently, water was injected at 5-lb/in 2, 10-lb/in 2, and
again at 5-lb/in 2 gage pressure at the surface. When combined with the hydrostatic pressure between the
pressure gage and the test interval, the total head was less than the critical pressures that could have
damaged the formation.
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Figure 3. Schematic Diagram of Single Wire Line Packer System Used on the Crescent Junction Project

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

Each test interval was 12 ft in length. Test intervals were chosen to straddle that contact and ascertain if
any observable differences exist in the hydraulic conductivity of those units. A test interval was also
chosen near the bottom of each corehole. The diameter of each corehole was nominally 3.9 inches. Water
for coring and washing the selected test interval was obtained either from the Thompson Springs or the
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Moab municipal water supply system. Each interval was tested at multiple gauge pressures ranging from
5 to 30 lb/in 2. 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 lb/in2 prior to testing each interval.

Assumptions:

* Injected water flows directly into the test interval Without short-circuiting through the packer seal.

* 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 results for this project.

Discussion:

Table 1 presents a summary of the packer test results. The horizontal hydraulic conductivity values range
from 10- 3 centimeters per second (cm/s) to less than 10-7 cm/s. The hydraulic conductivity of the
weathered bedrock is approximately 4 orders of magnitude higher than the unweathered bedrock. Based
on the packer tests, the relatively high hydraulic conductivity in the weathered Mancos Shale extends to a
depth of at least 40 ft below ground surface. At a depth of 80 to 130 ft below land surface, the hydraulic
conductivities are less than 10- cm/s. The transition between weathered and unweathered bedrock
probably correlates to the fracture intensity. Optical televiewer logs prepared for this project suggest that
the transition between weathered and unweathered bedrock occurs at a depth of approximately 50 to 60 ft
below the surface.

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

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

Dual-Packer Tests: Unweathered Mancos Shalet

0204@80to92 J 1.3x10 8 @ 10 3.9x10 7 @20 J9.6x10 9 @30 6.6x10 7 @ 20 J 1.3x10 8 @ 10

0204 @ 110 to122 J 7.5 x 10-9 @ 10 9.1 x 10.8 @ 20 4.2 x 107 @ 30 J 9.1 x 10-8 @ 20 J 7.5 x 10 9 @ 10

0204@283to295 J8.9x10-9 @5 1.2x10 6 @ 10 2.6x10 6 @20 J1.1 x10 8 @ 10 J1.2x10-8 @5

0208@90to102 J6.0x10 9 @ 10 J7.7x10 9 @20 J2.2x109 @30 J7.7x109 @20 J6.0x109 @ 10
0208 @ 121 to 133 J 8.0 x 10"9 @ 10 J 1.4 x 10-8 @ 20 7.5 x 10-7 @ 30 J 1.4 x 108 @ 20 J 8.0 x 10"9 @ 10

0208 @ 282 to 294 6.3 x 107 @ 5 6.0 x 107 @ 10 J 6.0 x 109 @ 20 J 5.7x 10-9 @ 10 2.1 x 107 @ 5

Single-Packer Tests: Weathered Mancos Shale*

0211@ 20 to 30 1.4x 103 @ 5 1.3x 10-3 @ 5 1.7x 10-3 @ 5
0211 @ 30to 40 1.4 x 10-3 @ 5

0212 @ 20to 30 1.6x10 3 @ 5 1.8 x 103 @ 10 2.0x 103 @ 5

0212 @ 30 to 40 2.5 x 103 @ 5 2.3 x 10-3 @ 10 2.5 x 10-3 @ 5

0213 @ 20to 30 2.4 x 10-3 @ 5 2.2 x 103 @ 10 2.2 x 103 @ 5
0213 @ 30 to 40 2.3 x10 3 @ 5 2.6x10 3 @ 10 2.5 x10 3 @5

Notes:
Gray fields indicate no additional data collected at that test interval.
J flag represents the quantitation limit for a no-flow test.
t Geometric mean of unweathered Mancos Shale: 3.5 x 10-8 cm/s

Geometric mean of weathered Mancos Shale: 2.0 x 10-3 cm/s
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Conclusion and Recommendations:

Results from the packer tests illustrate that the hydraulic conductivity of the Mancos Shale at the
Crescent Junction Disposal Site is much lower in the competent bedrock underlying the weathered interval
that extends to at least 40 ft beneath the land surface. Below the weathered zone, the hydraulic
conductivity of the Mancos Shale decreases by approximately 4 orders of magnitude.

Computer Source:

Not applicable
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (n) between the
elevation of the free water surface in thý pipe and the
elevation of the gauge plus the applied pressure. If a
pressure transducer is used, the effectivel'lead 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 17-5i. Figure 17-6 shows the location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods. 1
and2: "2-A 0 o .

- e .-. ,2. 0 --- A -.

- ZONI

8 dry, ofzoine

I-I

_ I I too

Fiur 176-octo of zf=oe I' e T4,

0 " --

I-

a. .

Figure 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

Given: U, e r, h2, Q, and L are as given in example
, 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 + 57.8 - 4.7 = 125.1 feet
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WATER TESTING FOR PERMEABILITY

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

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

Pressure permeability tests examples using Methods 1
and 2: . .z

3.

I- I-

Lii'
TV le

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

6..4- sou

Figure 17-7.-Conductivity coefficients r
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, e, r, h 2, Q, 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 + 57.8 - 4.7 = 125.1 feet
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WATER TESTING FOR PERM ~II

- - - (' I.00 - -
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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, 9, r, h2,.Q, and L are as -given in example
11 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 +57.8 -4.7= 125.1 feet
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (4) between the
elevation of the free water surface in th• pipe and the
elevation of the gauge plus the applied pressure. If a
pressure transducer is used, the effective'head in the
test section is the difference in pressure before water
is pumped into the test section and the pressure
readings made during the test.

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

Pressure permeability tests examples using Methods 1
and 2: 3o,'.•oI Q :2-

-80 dw of long IA- •-.A - 10 J ,I,.

A D- - l .e

w ![ iIii _1

0 $ 1 -4- -0 10 _0"

4Fi-.17-6.__Location of zone I lower T t
boundary for use in unsaturated materials. • " V "€

Biyt ys

4 -1
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet, (mn) between the
elevation of the free water surface in th6 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 I
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1

and 2: : Z11

" * - - i -. 1 --- -o(

aZONE
I . i "-

S4 .,

•' CY of zono

0
I-

0 10 so " Rxo

Figure 17-6.-Location of zone 1 lower TR

boundary for use in unsaturated materials. "P_ "
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peSy

Figure 17-7.-Conductivity coefficients,
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, e r, h2, Q, and L are as given in example
1, D, 65 feet, and h1 = 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 + 57.8 -4.7 = 125.1 feet
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0 SStoller
Packer-Test Record

Project Name: C .- C r 4 Ja c -.

established 1959

Page . of 3

Date: I - Z_ -S C 5-

Field Representative: M,/4,m1 -•€ Borehole No. LI 17- Total Depth i 0

Depth to Water (TOC): \2-o Borehole Cleaned? Yes. . No Date: "I - 2. • 0 S
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WATER TESTING FOR PERMEABILITY

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

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

Pressure permeability tests examples using Methods 1
and 2: R...L , I.

.J~. 'I-' ~ - F

Figure 17-6.--Location of zone 1 lower __ 14-
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

Given: U, • r, h2, Q, 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 + 57.8 - 4.7= 125.1 feet
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WATER TESTING FOR PERMEABILITY

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

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

Pressure permeability tests examples using Methods 1
and 2:

.ro . . . ' " " . . . . .. ,y y q , . . .I -]' -

a.~ 1

Figure 17-6.-Location of zone 1 lower -il
boundary for use in unsaturated materials. 5
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WATER TESTING FOR PERMEAI

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, e, r, h2, Q, and L are as given in example
1, D = 65 feet, and h1 = 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 + 57.8- 4.7= 125.1 feet
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. Stoiler
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Packer-Test Record Page 1 of ?-

Project Name: C.'c-,-- , C/c4•,jA . Date: -

Field Representative: A4 Borehole No.: 2.1 L Total Depth: 4-o-fs'

Depth to Water (TOC): 102 r Borehole Cleaned? Yes )w- No Date: I --I---7 xr

Test Interval (BGL): from _1 C to 4r0 ft. Swivel/Elbow Height (AGL) SV -'--

Conductor Pipe, Type, and Size: t4 Z . *- s-...
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WATER TESTING FOR PERMEABILITY

• Effective head, the difference in feet (nL) between the
elevation of the free water surface in thý pipe and the
elevation of the gauge plus the applied pressure. If a
pressure transducer is used, the effectiveýhead 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.

0

Pressure permeability tests examples using Methods 1
and 2: ,-6 1 ' 2

IF'

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

Get

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, , r, h, Q, 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+ 57.8 - 4.7.= 125.1 feet
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f d r

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, r, h2, Q, 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) o
4.7 feet.

H = 72 + 57.8 - 4.7 = 125.1 feet
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WATER TESTING FOR1 PERMEABILITY

Effectivehead, the difference in feet between the
elevation of the free water surface in thý pipe and the
elevation of the gauge plus the applied p•essure. If a
pressure transducer is used, the effective head in the
test section is the difference in pressure before water
is pumped into' the test section and the pressure
readings made during the test.

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

Pressure permeability tests examples using Methods 1
and 2:6..-

-0 epi io 4 -
U- - -- 0 

- -.- -
- - I-:. '],].. "J" 

=

.. - .- . . .. 
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C4

1000_ 
500 - - __ - -

I-j

Fi ur '"y of zone o - -l T

.. bunar for us inustrtdmtras

• G e " - " - .. i - ,,,,,,, -

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

* Effective head, the difference in feet between the
elevation of the free water surface in thpipe and the
elevation of the gauge plus the applied Pressure. If a
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 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:

• i i-e

4 eO+4, N

- ~ B~drozof,, I -
X

0
,I-•

z

Figure 1-6.Loato of zon 1on loe
bouday oru: in unauaemtras

,131
Z

n- 434- T-l

Figure 1,7,6.-Loeation of zone I 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

Given: U, , r, h, Q, and L are as given in example
1, D= 65 feet, and h1 = 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+ 57.8 - 4.7 =125.1feet

133
A-59



5toilert o e~

.JOB NAME..... nec.tl 9-411 JJ-

PREP'AREDR E4. \4S RVI E NE.D:

S IIE'EIT NO. 1-____ I ,

LA si r

k

+-Lk*~J

IRA I,

_ _4 ... e-m

I.

I.
.1

71



2-13- D(

1 7 - .. 
~

.......... -------

_2.1

owý.4.I

----------- 
-

.~~ ... .. .

1-4

44

H -4 !!41
((I77L

--- --- -] -- - L

.- 
-

... ...

... .....0F4



0

0-

2-o-~ f-I-

0 j 3o-O•O

0

0kn•

0

V)

LUJ

Q

1~

N
0

r0

.-.

0

'0

EL)

w- M

0 .- .•

Ca 0

Q 0

cl. .

U)

I

,s

O tr

(31nmIw N34 SNOqqVD) m0la

1O0-:: Z-E/SZ'd SH|-1 a8I a[via Ing

A- (S
N3SN3.SIMH 3NRAY1-WOJ- mdLZ:po go-gZ-inr



WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (nr) between the
elevation of the free water surface in thý 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 beibre 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: Z)7

er-t II-r-t -T I I I T ' 1 r I I T --

I )

UTVIl

Figure 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

Given: U, 9, r, h2, Q, and L are as given in example
1, D = 65 feet, and h1 = 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 + 57.8 - 4.7 = 125.1 feet
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WATER TESTING FOR PERMEABILITY

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

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

Pressure permeability tests examples using Methods 1
and 2: : 213

Z

44.,

-- I- " -- •, o 'nI.

~o . - - ,- -.- _!

0: '1 l

CI"_D. le•
Figure 17-6.-Location of zone 1 lower T,

boundary for use in unsaturated materials..• ..
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WATER TESTING FOR PERMEABILITY
z)13

t-.
z
W
E3 1000z
Id
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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, h2, Q, 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 + 57.8 - 4.7 = 125.1 feet
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (r4) between the
elevation of the free water surface in th• pipe and the
elevation of the gauge plus the applied jýressure. If a
pressure transducer is used, the effective"head in the
test section is the difference in pressure before water
is pumped ,into the test section. and the pressure
readings made during the test.

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

Pressure permeability tests examples using Methods 1
and 2: 2oto 's2,

• - [ii i 1 11 1
•Z4 iONEI

,• \ -®•r o- of long, I.j
' 0 - -- -

0cc ; R Z

:1. .. : ... . .. _0 - 0 :00 00 O0

Figure 177-6.-Location of zone 1 lower T4

boundary for use in unsaturated materials. -.
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WATER TESTING FOR PERMI

'.I

U - -

50 100 00 1000

i " " H orH

r r

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 9, r, h 2, Q, 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.+ 57.8 - 4.7= 125.1 feet
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S toller
Packer-Test Record

Project Name z& '* C(

established 1959

Page / of 2

Date: • 6

Field Representative: /2. ?v 1PO Borehole No. ' Total Depth: J"

Depth to Water (TOC): Borehole Cleaned? Yes &-/No_ Date: OI/2-104

Test Interval (BGL): from __ D to 9.- ft. Swivel/Elbow Height (AGL)

•A~ 1sr66
I~inI Z-t~Conductor Pipe, Type and Size:
# w"Id .. .Z- Iv . ..b

Time

11.257

' 35-

/117

'/o5•'0

//1o _

Gauge Pressure

/0

/0

/0

6200
~2D

30

30
30

Flow Meter Reading

.3q Yo7. 10

3 5Y7. 6'

3 3 F27

3 f 389- 35 •
53?3S9f. 3

3q39; 35"
3 73 ff 5

Flow Rate

-z. 4/y,,

.-.0 .-

D,9•

e,o 3

,qo3

a,0

. 1,o9-

--0--'



S toiler established 1959

Page of of2Packer-Test Record

Project Naam e: 72dIyA---- IWJ ia4±m4lAa• i Date: 0///4//6

Field Representative: RA. P1 'P

Depth to Water (TOC): .22- Bore

Borehole No. ______ Total Depth:________

hole Cleaned? Yes ,,__ No_ Date: __/__/_.

Test Interval (BGL): from 1,6 to 92 ft.

Conductor Pipe, Type and Size: /.

Swivel/Elbow Height (AGL) /7

II= i

Time

._O 57

1.210'

Z.230
A2Z'

/-2 5t_9"

Gauge Pressure

2-0

02 .

Ap.20

'9

/0

Flow Meter Reading

-3 ý3 V. /5

3?3 30., 6-
~'39a. t•-

373~o. •5-
3qy.5

Flow Rate

-0-o•c?02-

•a/
ep,1
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (T) between the
elevation of the free water surface in th 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 befbre 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
and2: 1 I ,

Doe*-OO~ a - * l

lbq t, -8 - -:4

I.4~si~ $ I"(1, 1

ID T ./.
Figure 17-6.-Location of zone 1 lower

boundary for use in unsaturated materials.

n Tlt 2 1 .
4-7
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WATER TESTING FOR. PERMEABILITY
1 -Z-5 - ((

13 0-)e- j0L !8~ (4.0

De r4. o 0 9

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 9, r, h 2, Q, 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 + 57.8 - 4.7 = 125.1 feet

133
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (iL) between the
elevation of the free water surface in thý pipe and the
elevation of the gauge plus the applied lressure. 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 I 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: ,,, : 0o4

T tbee-g-L~- log(4...ifP *TTTT.T' -- 1 r Y! . 1 1,,,¶.1-, ¶ zo 2

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

0'

I.-
z
W
23 '000
LL-
'-

1~J500

70- --

0- I00

z
o 50

w

10
O)

I
d I0 50 100 500

r r.

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, , r, h 2, Q, 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 + 57.8 - 4.7 = 125.1 feet

133
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WATER TESTING FOR PERMEABILITY

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

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

Pressure permeability tests examples using Methods 1
and 2: 'Bz

4I- ' lj I t'itIZEEEU:
a• =to i ..1 11 ZONE 1. . .1.. .-

04-

'lot

Figure 17-6.-Location of zone 1 lower T z4. 9
boundary for use in unsaturated materials. -P.
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Go* q 1 -~

WATER TESTING FOR PERMEABILITY
1033

5 10 50 200 500 I 0 "

H or H
r re

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, e, r, h2, Q, 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 + 57.8 - 4.7 125.1 feet

0133
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S toller 0
esrablished 1959

Page / of ,9_Packer-Test Record

Project Namne: fflmii.- &We~ii ITC- Date:L12I13 I&14 66

Field Representative: Borehole No. Total Depth:30

Depth to Water (TOC): Borehole Cleaned? Yes __No Date: 6 / ZIL/0

Test Interval (BGL): from . to Z.2 2- ft.

Conductor Pipe, Type and Size: /I/'I'lC

Swivel/Elbow Height (AGL)

-rh;/n Il /P -i,' AA
-/

Time

A'4_5-

b//

/7/0•

Gauge Pressure

/,6

Jo

2o

269

2t)

So

Flow Meter Reading

J9d79 35

J277.7,5-

-637Y7f,

.393 79,

Flow Rate

29---

".0,41
,-.0/ i

. 032



S toller
established 1959

Page 2 .of .2.Packer-Test Record

Projec.t Name: - id~I 'ld•2 4f Date:

Field Representative: e:ý>- Pe Borehole No. Total Depth: A. z

Depth to Water (TOC): 2 Borehole Cleaned? Yes. v No Date: 0/ /1)

Test Interval (BGL): from //J to ./ 2"2- ft. Swivel/Elbow Height (AGL) Aq 7c-/1

Conductor Pipe, Type and Size: /1d-4 a Z(Z"

/

Time

'0 g/

5£-:

f 3OI9Lq 4-

a, s2y

L99&9

*85

Gauge Pressure

36)

2 0

.20
20

/0

/a

/1)
t/)

Flow Meter Reading

_? 3qS'co./93 -0, 1

ý3 Ovd, 3

293 &30. 7-

Y3 3 go, 3

f3 3r 3

37-9
3?37.? ý1'S

39377 7.
3q37z a
3q377.€5"31377, '5"
313 97, •

A-qls

Flow Rate

o, oiL

.- 2,.0

.--- 0-.--
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WATER TESTING. FOR PERMEABILITY.

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

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

Pressure permeability tests examples using Methods 1
and 2: Z0" +

• '23.-z10 -1

_ _,.._.._ r' :

(LLI
Figure 17-6.-Location of zone 1 lower T4---- -= zlboundary for use in unsaturated materials. P.
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0

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 9, r, h, Q, 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 + 57.8 - 4.7 = 125.1 feet

133
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WATER TESTING FOR PERMEABILITY.

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

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

Pressure permeability tests examples using Methods 1 '
and 2: .. ... .. s " . , : Z .4-

110 A 0 .,4\

Figure 17-6.-Lo-ition of zone 1 lower
boundary for use in unsaturated materials.

.131



z 4-os

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, e, r, h2, Q, 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 + 57.8 - 4.7= 125.1 feet

133



i.

C re sce ..........

I~~ Tv(~ 

12--4

-r-7 7 Z 
7~~4 -7L~

b I I I I 
i , ;

o

R2ZS-

.. ... ...

A L~-L
T w---

LL

2I~~ 
~...........-~

-iIK7.~.1.11.21. U ~ 172.L

ti~ 

-- ----
~---~..--.........

-141

T-C-

4-A



/-2~-o6

t.s .......

r 6X44ce 4ý.' - --- ..E-

........ ..... .

.. ......- 

-. . . -. - .- - . .. -

U . D-- -f-P

. 7 7/4

4- 4

.i .. ..f .. ....



WATER TESTING. FOR PERMEABILITY

* Effective head, the difference in feet (nmi) between the
elevation of the free water surface in th pipe and the
elevation of the gauge plus the applied l•ressure. 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 1.7-6 shows the location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1and 2: " L" I_ ,-.
A

000- * 0 C 4

Figure 17-6.-Locattion of zone 1 lower
boundary for use in unsaturated materials. 25
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L, 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 + 57.8 - 4.7 =125.1 feet
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Stoller
Packer-Test Record

Project Name: AW - ir "Ua••4•

established 1959

Page / of -3

Date: 1 13,

Field Representative: ,'Z X,,•f Boreoh

Depth to Water (TOC): , 6' Borehole Cl

Test Interval (BGL): from 9g3. to 2 L .ft.

Conductor Pipe, Type and Size: / /l1/ndI _

1

leNo. ______¢/ Total Depth:

eaned? Yes ' No Date: •/ /

Swivel/Elbow Height (AGL)

4 9, t-w -1ee -7'Qner
/

Time

o -5

/039

jv15

/ D25-

103/9

.10143-

// ,5-

1125-
1/31)

Gauge Pressure

5-

/0

/0.

/i:2

/62
•/0

/0.

Flow Meter Reading

7Y3 3W!

?3•3€. is

391'(d. j6

393A•-. 2-

"2 3 11/7.

13.F_? Alf

A- tko

Flow Rate

0. 07

o.' 'P

,1. 0

6.6oo

6. 67•



Stoller established 1959

Page Z ofPacker-Test Record

Project Name: -e" "/ýi 4 ,# u/- :•,d 4/%/ f ,4 Date: __________

Field Representative: /. ,boow, . Borehole No. Total Depth: TVV

Depth to Water (TOC): .. Borehole Cleaned? Yes __No- Date:

Test Interval (BGL): from 2- 9? to _____ ft.

Conductor Pipe, Type and Size: 1-/mI !rb

Swivel/Elbow Height (AGL) ,2.0171

Time

/30

./'e72o

131'5

1,320

Gauge Pressure

,S6

.20

20

20
20

2o

2o

2-o

2-0

Flow Meter Reading

3975'51/. 73

AV 351e. 74

3135q.1/

3934b,1 575

3973,*2 '/
-7 3Z,3. 2--1

Flow Rate

qui1-
0,~13"

/2. ,ef

/2,/

d'.I



S toller
Packer-Test Record

Projecot Namc; / 4
- ,cd '-i~Ltit

esrablisbed 1959

Page 3 of 3

Datc: /J/,6

V

Field Ppresentativc; 'e. /?V- P P Borchalc No.,6 2't Total Dcpth,

Depth to Watcr (TOC): 2Z-5" Borchole Cleaned' Yes ,-' No__ Date; ,

Test Interval (BGL): from to IL Swivel/Elbow Hcight(AGL) 2- Z)

C .onductor Pipc, Type 3nd Size: Y' ZCP 4 - V (..A /i

.41j &A-i1 p~d)E~4S

Time
_/33•"

/35-0

/35S

/.€/ "
/_S-_,

Gauge Pressure

/ I

lo/V

25",
-6

Flow Meter Reading

3• . -7
3934½ /

Flow Rate



FIELD MANUAL

Tu = 75 - 65 + 125.1 = 135.1 feet.

1-2-74 L

C 2eYe-

-ZO+~4

x = 125.1 (100) = 92.6% also Tu- 135.1 _ 13.5
135.1 9 10

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

JL 1 a
L'~ZLL)

71000
i - ff ff i i I ! i in - i ! I I I I I I I I

3UL

I t lflB I iz I
c(I00

U
0 !. i .iH M I

C.: (00

=3 S~A1 1- . - - - -1

do -~-

I 5 I0 50 1050

r4or -.- 1•J
0.

1000

Figure 17-8.-Conductivity coefficients
for semispherical flow in saturated

materials through partially penetrating
cylindrical test wells.
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'Stoiler established 1959

Page j... or-,2Packer-Test Record

Project Name: -. Aw-'iV-e _________________

Field Representalive; . '7UPP BorcholcNo. 0209 Total Dcpth:

Depth to Water (TOC): Bor/hole COwaed? -Yes Date;

Test Interval (BGL): ftom 90 to, /0 -- &

Conductor Pipe, Type and Size! Ill•1 4

SwlvelEilbow Height (AOL) '" '

Time

o0S5

v i

afi

Gauge Pressure

/0 ps

/0

/0

20

S2o

,20

ý20

Flow Meter Reading
3 q/Z 20 •

3 9*2/.. 70
3 9$•Zfl 70

'39 q2W- 7 0

S9 5Az2.z -35.
313.2W- 3s-o
3 f9jLz. 35-

aqz 2,7s'
Jqg'2. 75

39V/2 2w-75-

Flow Rate

•.AW/
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Time

A/o

/01

-103 P
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Flow Meter Reading

3 q(2- 70
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-39~ • - 7o

3Y9•/•z. 20
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3'95Ža. 7
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WATER TESTING FOR PERMEABILITY

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

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

Pressure permeability tests examples using Methods 1
and 2:

z~to.

4 ZONE I

to-* - -. -

4 4 - ___ "_
W %%

-oundcy of zone .

o- -.- -4-

w __.. .. _ _ _ ' _" -

too .. L-- $ I " | 0 to5 0

5 5 05

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

Def-ib - o-to2.4-

&~'4423.14

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, e, r, h2, Q, 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 + 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
elevation of the free water surface in the pipe and the
elevation of the gauge plus the applied pressure. If a
pressure transducer is used, the effective head in the
test section is the difference in pressure before water
is pumped into the test section and the pressure
readings made during the test.

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

Pressure permeability tests examples using Methods 1
and 2: Bo- : 2-o8

•<~~ ' E I

_• -Bjoundor y of long I

2C.

-- , . -- . . |

--c JI .- -,.

4= RONt • ,,

I..i . " -

0C -- 5 . 1 |.5 O 0 0

Figure 17-6.-Location of zone I lower 0.

boundary for use in unsaturated materials. .. Q
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WATER TESTING FOR PERMEABILITY

z
W

U-
U-

W
U!

0

0

I-.

I.-

z
0
0

0I-

Figure 17-7.-Conductivity coeffieientý
for permeabilitydetermination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 4, r, h2, Q, 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 + 57.8 - 4.7 = 125.1 feet
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WATER TESTING FOR PERMEABILITY

. Effective head, the difference in feet (n4) between the
elevation of the free water surface in thý 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.

0

Pressure permeability tests examples using Methods 1
and2: 1 1 ^- 9Do.ro- a Q-- * ý

yo-102-A4

jo 6 0.ý r/ý

U-A

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

67.3
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WATER TESTING FOR PERMEABILITY

Figure 17-7.-Conductivity coefficients
for permeability determination in

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, , r, h2, Q, and L are as given in example
1, D = 65 feet, and h1 = 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 + 57.8 - 4.7= 125.1 feet

133
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Stoller eftabli1bed 1959

Page / or 2-.Packer-Test Record

Project Namc; 44 ~ Date.- _____________

Field fepresen tai ivc; e 'ioPt' BorchoicNo. TotalDcpth:
V

Depth to Water (TOC): Borehole Cleaned! Yes &-vNo Date; Height (A6_)_.._

'Tbs Interval (BGIL): from ______ to 1'33 / ft. Swivel/Elbow Height (AOL) D

Conductor Pipe, Typc and Size: tZ:6ýA rD .-7A;, A/at' J -- A- g4ý

Time

=/333-

/35"0

/4•D5o

" /'-5-

,4q 5.,

Gauge Pressure

/10

/1

20

Z- 0
20

ZO

202.0

20

Flow Meter Reading

.3e'/Y- 26

394Z'7. 9o

39J-//&. &

3911fr. 8'0

39 K2-U'. /0

3qJ(/Z.25

J','(zo .zs

J q /zO."Zs"

Flow Rate

--0--

.6-1-

A-1 35-



Stoiler establisbed 1959

Page..~ f.ŽPacker-Test Record

Proect Naem: ro) ~ .$ DateS 41~eJd4,

Field ftepresontative; RV f'/76 Borehole No. A" Total Depth: K

Depth to Water (TOC)i Borehole Cleaned? Yes Datt;

Test Interval (BGL): from /2/- to 1-3 ft. Swivel/Elbow Height (AOL) ..

Conductor Pipc, Typc and Size: / 74,,-- , *; 7E11

Time

i570

Z/S'2 0

1430/ •50~

/6 /5"

Gauge Pressure

3005 p1;

so30

23

20o
20

/0

/6

/ to

Flow Meter Reading
39932/2o

•3gq il. (•0
32!2.(/ 2

39'$zz.zo

99'/zZ•. /_s-

3qVz2z. /5-03 9 E12.2-2o0

39Y Z. /S-
./5

ý39Z22-C

34ZZ. at

31¶,2. -

Flow Rate

40 o/L Al

0-T

A-136
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WATER TESTING FOR PERMEABILITY

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

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

Pressure permeability tests examples using Methods 1
and 2: o. 208

I10

4ZONE I
og ZC- "--- - -

I.-.

44 - -ouo on

fil

Figre17-6.-Location of zone 1 lower T
bou ndary for use in unsaturated materials.2



FIELD MANUAL

Tl= 75 - 65 + 125.1 = 135.1 feet

X 125.1 (100)= 92.6% also T 135.1 _13.5

135.1 .10

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

I I I I I Ililt I I I I~ h I III- ITN Ii

Z

U,

IVVV
I IIIH- I I'Fi 1 1

500

Clo 0
I till

50-

00

to M ill 1111

III JF
5

ý S1_ _ý -10-01

5 to

5 0to

500 1000

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

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

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

Pressure permeability tests examples using Methods 1
and 2: " L. OR

7-1 - (13

-vr ~~r-rr (..

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

A--/t /o?



v

r-,< e)z Tarr SET-414 S'!/EeT

•OB NAM: " DATE: I--o

PREP

-ZoAje 2-.- E7-JfII0LD SKEE

t

-C - LAf-I.
fi~77C~j - 1 Ail

ARED: MAklS' REVIEWED:

a6ordl, ZO
T NO.: " OF e 1 -1

_ 7 . ... . .

.. . .. .. ..o .. l • .

-I--- : ' ! .. • •

.... . . - 14. . - - -i. . . ..• - • -- ; ..•

. . .

7i 
7- 46 , * 7 I 4 2 ---: A

L -4 L 4 I I

-.- ,. ... .... ... .

.1Lf- I T.j 1 F

-i---41, -- r* I

_ *~r -4

I-L4 
- L J

L L-

[
L



I- 2-3-o6

i 17 c.$- 4-

-7- d'-

log

121 /33
A~j~

tilt J'4 -41 ia~t
1 Pr~ssq~E~ (2k) 30

4~r4 A 4 ,4( /fA4.,J

17~ ,4I.#4L~L... -~

__I/ft Ple

Oe:

L- .,. • ! ,. "F " •< .i ... .

U2..

" .................. i ... ... : ~ ~ ~~~ ~ ~ ~~.......... . . ......... .... .. ......... .... ..

.. . .... . .... . . . .. . . .. . .. . . . . , ". .. .I _ _' "m

....................................

',- ! -'" -' ' ..... ... • : • • - Z - I ................... .I3. ..

.!. . . • . . . .. ....T' ';... . '. ' ' . . .i . ... . .. .. . 2 .6 0 " • :

.1 L . .- ; . . . .. !... . . . ... , . ..: ! • - . . . .. . . 7- 4-. . .•.. .. .. ; . .

............

.. .. .... .



WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (4) between the
elevation of the free water surface in thb 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 befbre 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: 2: -o

M--133

C c ,to

I. ;4u.o of ion .aI,,

J I

i I-4 ZONEIZ

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

× --
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Page. of _2-Packer-Test Record

Projeot Name: A -.ý Date-. 0/1 Z/fo

Field Representative; 12, EmtP Borehole No. , Total Depth 3H

Depth to Water (TOC): ~Borehole Cianed'? Yes N<. Date: /
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FIELD MANUAL

T,= 75 - 65 + 125.1 = 135.1 feet

_125.1 T_ 135.1_
X 135.1 (100) = 92.6% also -- 13.5135.1 10

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

1-25-6O~

,4i11fe~F4(5i~a

C-)

Figure 17-8.-Conductivity coefficients
for semispherical flow in saturated

materials through partially penetrating
cylindrical test wells.
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FIELD MANUAL

T,= 75 - 65 + 125.1 = 135.1 feet

125.1 ( - 13.5X (100) = 92.6% also Tu 510135.1 f 10

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

~O0e

500C

100

::A

G. SL2.)?

50 V 100

Q: Q.-- or -P

Figure 17-8.-Conductivity coefficients
for semispherical flow in saturated

materials through partially penetrating
cylindrical test wells.
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Problem Statement:

D Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor hasidentified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of Crescent Junction, Utah,
as a possible site for a final disposal cell for the Moab uranium mill tailings. The proposed disposal cell
would cover approximately 250 acres. Based on the preliminary site-selection process, the suitability of the
Crescent Junction disposal site is being evaluated from several technical aspects, including geomorphic,
geologic, hydrologic, seismic, geochemical, and geotechnical. The objective of this calculation is to impart
the 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 I 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. b

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
water from corehole 0205 has not been sampled but is also expected to be saline.

S 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.

a If 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.

U.S. Department of Energy Hydrologic Characterization--Ground Water Pumping Records
April 2006 Doc. No. X0149600

Page 3



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.

Hydrologic Characterization-Ground Water Pumping Records U.S. Department of Energy
Doc. No. X0149600 Apil 2006
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Extracted Ground Water: Corehole 0201
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Figure 2. Ground Water Withdrawal from Corehole 0201, Crescent Junction, Utah, Disposal Site

Extracted Ground Water: Corehole 0202
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Figure 3. Ground Water Withdrawal from Corehole 0202, Crescent Junction, Utah, Disposal Site
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Extracted Ground Water: Corehole 0203
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Figure 4. Ground Water Withdrawal from Corehole 0203, Crescent Junction, Utah, Disposal Site

Extracted Ground Water: Corehole 0204

150 600
140 - . _3

130 - 500 o .
120 -. . .. - E

ci 110 __. .__ __.. - - 0- -- Incremental
6 100 - ... 400

;390 -- Pumping90- o

8~.0 -__ _-0___----(E• 0" 300
= 70-#
(. 60 ----

- _0__ _ Pumping•40 - E

E 30- 
100 0 1

20 -
- 10 -.... 0

0 / 1/0 12 . r 0 I I 01310 03 / 03/ 0

10/02/05 11/01/05 12/01/05 01/01/06 01/31/06 03/03/06 04/02/06

Date

Figure 5. Ground Water Withdrawal from Corehole 0204, Crescent Junction, Utah, Disposal Site
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Extracted Ground Water: Corehole 0208
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Figure 6. Ground Water Withdrawal from Corehole 0208, Crescent Junction, Utah, Disposal Site

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
compartments. 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 important 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
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Appendix A

Field Records of Ground Water Pumping



Welt # Date Gallons Purged Cumulative Purged
201 01/12/06 50 5

__________ 01/14/06 44 9

__________ 01/16/06 4013

__________ 01/20/06 .4517

__________ 01/23/06 4423

___________ 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 8 12
0/30 54 866
0/50 55 921

__03/17/06__ 35 956

U.S. Department of Energy
April12006
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Well # Date Gallons Purged Cumulative Purged

202 01/12/06 86 86

01/14/06 83 169

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

Hydrologic Characterization-Ground Water Pumping Records
Doc. No. X0149600
Page A-4
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Well # Date Gallons Purged -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 12

__ __ __ __ _ 01/20/06 '110 1232___ __ _ __ _

__________ 01/23/06 109 1341__________

__________ 01/24/06 106 1447__________

__________ 01/25/06 107 155___________

_________ 01 /30/06 107 16

__________ 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 162504
__________ 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

U.S. Department of Energy
Apri1 2006
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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 10 153

01/30/06 27 180

02/01/06 10 190

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

03/17/06 28 569,
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Well # Date Gallons Purged Cumulative Purged
208 10/31/05 65 65

1 1/14/05 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 31.1 431.7

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. 55 921

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 55 1610

03/15/06 47 1657

03/17/06 38 1695
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Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor has
identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of Crescent Junction, Utah,
as a possible site for a final disposal cell for the Moab uranium mill tailings. The proposed disposal cell
would cover approximately 250 acres. Based on the preliminary site-selection process, the suitability of the
Crescent Junction Disposal Site is being evaluated from several technical aspects including geomorphic,
geologic, hydrologic, seismic, geochemical, and geotechnical. The objective of this calculation 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 (R.AP) and Site Design for Stabilization of Moab Title I 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/ne = (-K dh/dz)/ne

where

V = average linear velocity (L/T)
q = specific discharge (L 3/L 2T), or simply (L/T.)
K = hydraulic conductivity (L/T)
dh/dz = vertical hydraulic gradient (L/L), or simply (dimensionless)
ne = effective porosity (L3/L3), 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 ft 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 38.960 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 Figure 1
the potentiometric surface of the Dakota aquifer is designated with the symbol h 2.

Geological data presented in the "Surficial and Bedrock Geology of the Crescent Junction Disposal Site"
calculation (RAP Attachment 2, Appendix B) 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 e, 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 Hydrologic Characterization - Travel Time to Uppermost (Dakota) Aquifer
May 2006 Doc. No. X0173300

Page 3



0

0

10.

-0

.9

Hydrologic Characterization - Travel Time to Uppermost (Dakota) Aquifer
Doc. No. X0173300
Page 4

U.S. Department of Energy
May 2006



4950

4900

4850

0
0 4800

LU 4750

4700

4650

4600

10/2/2005

X

13

+

A

Corehole 201

Corehole 202

Corehole 203

Corehole 204

Corehole 205

Corehole 208

Corehole 2101

12/14/2005 2/25/2006 5/9/2006 7/21/2006

Date

Figure 2. Ground Water Elevations Measured at Crescent Junction Disposal Site, Utah

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 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" (NRC 1993, p. 46). 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 3.5 x 10 centimeters per
second (cm/s)..

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

Calculated Permeability1 (cm/s) I
Dual-Packer Tests:

0204 @ 80 to 92 J 1.3x 10-8  3.9 x 10- 7  J9.6 x 10-9  6.6 x 10- J 1.3 x 10-8

0204 @ 110 to 122 J7.5x 10-9 9.1x 10- 8  4.2 x 10-7 J9.1x 10- 8  J7.5x 10-9

0204 @ 283 to 295 J8.9x 10-9 1.2x 10-6 2.6 x 10-6 J1.1x10-8 J1.2x10-"

0208 @ 90 to 102 J 6.0 x 10- 9  J 7.7 x 10-9  J 2.2 x 10-9  J 7.7 x 10-9  J 6.0 x 10-9

0208 @ 121 to 133 J8.0 x 10- 9  J 1.4 x 10-8 7.5 x 10-7 J 1.4 x 10-8  J 8.0 x 10-9

0208 @ 282 to 294 6.3 x 10-7 6.0 x 10- J 6.0 x 10-9 J 5.7 x 10-9 2.1 x 10- 7

I
IJ nag inaicates a no-flow packer test in wnicn a maximum nyoraulic conducuvity is calculated, based on duration 0T test
(see "Field Permeability 'Packer' Test" calculation, RAP Attachment 3, Appendix C, 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 represent 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.
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Specific Discharge Calculation

Calculate specific discharge using hydraulic-head value of 4,920 ft in Mancos Shale:

q = -K dh/dz = -(3.5 x 10-8 cm/sec) x (4,920 ft - 4,700 ft)/(2,300 ft)

q = -3.35 x 10- 9 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 ne = 0.005:

V= q/ne = (-3.35 x 10-9 cm/sec)/(0.005) = 6.70 x 10-i cm/sec

Using ne = 0.05:

V= q/ne = (-3.35 x 10-9 cm/sec)/(0.05) = 6.70 x 10-8 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 ne = 0.005:

Time =(21300 ft)/(6.70 x 10-7 crm/sec) (1.03 xl06 ft/yr) = 3,330 yr

(cm/sec)

Travel time calculated based on velocity from ne = 0.05:

Time = (2,300 ft)/(4.59 x 10-8 cm/sec) (1.03 x106 ft/Vr) = 33,300 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 3,330 to 33,300 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.

U.S. Department of Energy
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(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 4920 ft was measured at corehole 0201
(Figure 2) and the minimum hydraulic head of 4648 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
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 3,330 to 33,300 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 the Green River, Utah, Landfill site (Infill Companies, 2003, p. 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 10-8to 1.9 x 10- 12 cm/s (Frenzel and Lyford, 1982, p. 17 and pp. 30-31;
Bredehoeft et al., 1983, pp. 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 to 11,750,000 years. Therefore, a hydraulic conductivity
value of 2.3 x 10-8 cm/sec yields a conservative (minimum) range of travel times.

(3) Effective 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
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 minimum age of the brine is 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
3,330 to 33,300 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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Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor,
S.M. Stoller Corporation, has identified a 2,300-acre withdrawal area in the Crescent Flat area just
northeast of Crescent Junction, Utah, as a possible site for final disposal of the Moab uranium mill
tailings. The proposed disposal cell would cover approximately 250 acres. Based on the preliminary site-
selection process, the suitability of the Crescent Junction Disposal Site is being evaluated from several
technical aspects, including geomorphic, geologic, hydrologic, seismic, geochemical, and geotechnical.
The objective of this calculation is to present the radiocarbon-estimated age of the ground water, found in
two of the 300-foot (ft) coreholes (wells) underlying the Crescent Junction Disposal Site.

Ground water beneath the Crescent Junction Disposal Site occurs in several, but not all, of the
10 coreholes that were advanced to a depth of 300 ft. The ground water is briny in composition and,
because of its limited spatial extent, is hypothesized to be very old water and effectively "trapped" in the
Mancos Shale. The radiocarbon age dating was performed in order to test this hypothesis.

These data will be incorporated into Attachment 3 of the Remedial Action Plan and Site Design for
Stabilization of Moab Title I Uranium Mill Tailings at Crescent Junction, Utah, Site (RAP) and summarized
in the Remedial Action Selection (RAS) report for the Moab Site.

Method of Solution:

General procedures for sample collection and sample preparation were obtained from Clark and
Fritz (1997). According to these procedures, a sufficient sample volume is collected to yield a minimum of
3 grams (g) of pure carbon from each sample. Wells 0203 and 0208 at the Crescent Junction Disposal
Site were selected for radiocarbon age determination primarily because ground water from these wells
was known to contain the highest alkalinity concentrations measured at the site, and secondarily because
they could readily yield the volume of water required for a radiocarbon sample. Highly elevated alkalinity
concentrations are important to radiocarbon sampling because the carbon required for the analysis is
contained in the dissolved carbonate and bicarbonate species in the water sample.

Prior to sample collection, the required sample volume was estimated from the measured alkalinity of the
ground water and the laboratory requirement of a minimum of 3 g of pure carbon for the analysis. The
volume of ground water required for an adequate sample is obtained by dividing the 3 g pure carbon
required by the laboratory by the carbon concentration in the water sample. In wells 0203 and 0208, the
total alkalinity (expressed as CaCO 3) is known to be 1,400 milligrams per liter (mg/L) and 1,700 mg/L,
respectively. Therefore, the sample-volume calculation indicates that a minimum volume of 17.9 liters (L)
and 14.7 L would be required from wells 0203 and 0208, respectively. Details of the sample volume
calculations for samples from wells 0203 and 0208 are presented in Appendix A of this calculation.

Ground water at the Crescent Junction Site was assumed to be very old and, consequently, isolated from
atmospheric sources of so-called modem carbon. To control the introduction of modern carbon into the
ground water sample, all sample collection, sample transfer, and sample handling operations were done
under a blanket of nitrogen gas. The nitrogen gas was introduced above the water column to completely
displace all atmospheric gas from the well bore. Reintroduction of atmospheric gas into the headspace of
the well was prevented during the traditional ground water purging step by continuously passing nitrogen
gas into the well bore. The nitrogen gas was slowly injected in a "bottom-up" direction through a hose that
extended almost to the static water level.

Boyle's Law was used to calculate the volume of nitrogen gas required to displace all the atmospheric
gas from the headspace in the well. Boyle's Law describes the change in gas volumein response to
pressure. Measurements taken at the pressure regulator were used to ensure that a sufficient volume of
nitrogen gas was injected into the headspace of the well. Following the purge, when the water level
began to recover, the flow .of nitrogen gas was shut off because the recovering water level, acting as a
piston, would force the nitrogen gas out from the borehole and prevent atmospheric gas from reentering
the borehole.
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An example of the Boyle's Law calculation used to estimatethe volume of gas required to displace
atmospheric gas from the corehole is shown next:

P1V1 =P 2V2

Where
P 1 = pressure of nitrogen in cylinder (pounds per square inch [psi])
V1 = volume of cylinder (2.5 cubic feet [ft3])
P 2 = atmospheric pressure (14.7 psi)
V2 = volume of air-filled portion of borehole (ft3)

P 1 = (P 2V2) / V1
P1 = (14.7 psi x 15 ft) /2.5 ft3

P1 = 88 psi

The quantity P1 indicates that a pressure of 88 psi is required to evacuate atmospheric gas from the
corehole when the water level in corehole 0208 is 185 ft below ground surface. Therefore, 200 psi was
injected into the corehole to evacuate a minimum of 2 corehole volumes. Similar computations are used
to show that approximately 110 psi is injected to evacuate 2 borehole volumes when the water level in
corehole 0203 is 110 ft below the surface. The nitrogen hose was lowered to just above the water level,
and the nitrogen gas was injected using a regulator setting of 20 psi to slowly displace the atmospheric
gas from the well prior to the purge.

Nitrogen was also injected during the traditional ground water purge step. The injection rate of nitrogen
gas into the borehole was designed to exceed the displacement of the water level in the well and prevent
the "pulling" of atmospheric gas into the corehole. Each well was equipped with a dedicated 5-gallon-per-
minute (gpm)-capacity pump. A pumping rate of 5 gpm is equivalent to 0.67 ft3 per minute. Thus,
according to Boyle's. Law,

P 1 = (P 2V2) / V1
P1 = (14.7 psi x 0.67 ft3) / 2.5 ft3

P1 = 3.9 psi

The quantity P1 signifies that 3.9 psi per minute is required to eliminate the pulling of atmospheric gas into
the coreholeduring the traditional ground water purge. During the radiocarbon ground water sampling at
the Crescent Junction Disposal Site, the injection rate of nitrogen gas during sampling was maintained at
20 psi.

Nitrogen gas was also used to purge atmospheric gas from the sample containers. After the sample
containers were filled with the required sample volume they were transported to the Environmental
Sciences Laboratory to precipitate the available carbonate in the sample to BaCO 3. This was
accomplished by adding approximately 30 milliliters of carbonate-free NaOH to the sample in order to
raise the pH above 11. The amount of Ba +2, added as BaCI2.2H 20, required to precipitate all of the
carbonate must be sufficient to also precipitate all SO 4. As presented in Appendix A of this calculation, the
amounts of BaCI2-2H 20 required for wells 0203 and 0208 were 401 g and 421 g, respectively. After the
chemicals were added, the sample containers were left in the laboratory for the precipitated carbonate to
settle to the bottom.

The supernatant was then drained off of the precipitate using the bottom spigot on the sample container.
To avoid introducing atmospheric carbon into the sample container, a rubber bung equipped with an
Ascarite (C0 2-absorbing compound) and Drierite (moisture-absorbing compound) trap was inserted into
the top of the sample container. The remaining sludge was transferred into nitrogen-filled, 1-L Nalgene
narrow-mouth containers and packaged for sample shipment.

All samples were analyzed at GEOCHRON Laboratories, Cambridge, MA. Analytical results from the
laboratory are presented in Appendix B of this calculation.
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Assumptions:

* Ground water at the Crescent Junction Site is isolated from atmospheric sources of so-called
modern carbon.

* Samples drawn from wells 0203 and 0208 are representative of site conditions. Water samples from
other wells at the site will yield similar radiocarbon ages to those obtained at 0203 and 0208.

* Applying a blanket of nitrogen gas on the ground water sample effectively excludes all modern-
carbon contamination.

Calculation:

Laboratory results are presented in Appendix B. Table 1 presents a summary of the age dates.

Table 1. Summary of Radiocarbon Age Determination

14C Years
Corehole Sample Name (Before Present')

NFA256 ?41,090

+7450
0203 NFA257 38,6500

NFA258 a44,560

NFA259 ?40,180

0208 NFA260 >40,180

I NFA261 a38,540

'The age before present is referenced to the year 1950.

Discussion:

Radiocarbon sampling methods appear to have been successful in excluding modern carbon from the
ground water samples; however, minor contamination with modern carbon may be the cause of the error
bands assigned to the result for sample NFA257. Based on the preponderance of sample results, the age
of the ground water beneath the site appears to be at least 40,000 years before present.

Conclusion and Recommendations:

Ground water age determination at the Crescent Junction Disposal Site indicates that the briny ground
water beneath the site is at least as old as late Pleistocene. This determination provides supporting
evidence that travel times for vertical (and horizontal) ground water movement would be very long, as
predicted in the "Hydrologic Characterization-Vertical Travel Time to Uppermost (Dakota) Aquifer"
calculation (RAP Attachment 3, Appendix E). Based on these radiocarbon ages, the shallow ground water
at the site would pose no adverse risk to deeper water resources.

Computer Source: Not Applicable

Radiocarbon Age Determinations for Ground Water Samples
Doc. No. X0203900
Page 6
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Calculation Sheets
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Calculation Sheet 1 showing how sample volumes are estimated from alkalinity for coreholes 0202, 0203,
and 0208.
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Calculation Sheet 2 showing the determination of amount of BaCI 2*2H20, required to precipitate, all of the
carbonate and sulfate from water in well 0203.
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Calculation Sheet 3 showing the determination of amount of BaCI2-2H 20, required to precipitate all of the
carbonate and sulfate from water in well 0208.
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GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 Concord Avenue + Cambridge. Massachusetts 02138-1002 * USA
t (617) 876-3691 f (617) 661-0148 www.geochronlabs.coin

RADIOCARBON AGE DETERMNATION REPORT OF ANALYTICAL WORK

Our Sample No. GX-32612 Date Received:- 07/31/2006

Your Reference: PO # 2989 Date Reported: 08/09/2006

Submitted by: Mark Kautsk'y
S.M. Stoller Corp.
2597 B ¾ Road
Grand Junction, CO 81503

Sample Name: Crescent Junction NFA 256

AGE = >41090 'C years BP (OC corrected)
5 0.50 % of the modern (1950) 'C activity

Description: Sample of ground water

Pretreatmetnt: The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
UC analysis was made from a small portion of the same evolved gas.

Comments:

=LCc -1.6 %0

Notes: This date is based upon the Libby halflife (5570 years) for t'C, The error is +/- 1 s as judged by the

analytical data alone. Our modern standard is 95% of the activity of N:B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

0

SPECIALISTS IN GEOCHRONOLOCY & ISOTOPF ANALYStS



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 Concord Avenue * Cambridge. Massachusetts 0l21 3R- 1002 * USA
I (617) 876-3691 f (617) 66t:-014 www.geochronlabsxcom

RADIOCARBON AGE DETERMINATiON REPORT OF ANALYTICAL WORK

Our Sample No. GX-32613 Date Received: 07.."31/2006

Your Reference: PO# 2989 Date Reported: 08/09/2006

Submitted by. Mark Kautsky
S.M. Stoller Corp.
2597 B % Road
Grand Junction, CO 81503

Sample Name: Crescent Junction NFkA 257

AGE -- +7450 1-38650 +7 4 C0 "' years BP ('"C corrected)
-38000.81 t 0.49 % of the modern (1950) 'C activity

Description: Sample of ground water

Pretreatment: The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
'"C analysis was made from a small portion of the same evolved gas.

Comments:

l 3Cra -3.5 %0

Notes" This date is based upon the Libby half life (5570 years) for "C. The error is +- I s as judged by the

analytical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECALISTS IN OUEOCHRONOLOCY & ISOTOPiF. ANALYSIS



GEOCHRON LABORATORIES
a division of Krueger Enterprises. Inc.

711 Concord Avenue * Cambridge,
t (617) 876-3691 f (617) 661-0148

Massachusetts 02138-1002)2 USA
www.geochronlabs.com

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Dale Received: 07/31/ '2006Our Sample No.

Your Reference:

Submitted by:

CX-32614

PO # 2989 Date Reported: 08/09/2006

Mark Kautsky
S.M. Stoller Corp.
2597 B % Road
Grand Junction, CO 81503

Sample Name: Crescent Junction NFA 258

AGE = > 44560 "C years BP ("C corrected)
5 0.42 % of the modern (1950) "C activity

Description: Sample of ground water

Pretreatment: The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
"3C analysis was made from a small portion of the same evolved gas.

Comments:

Notes: This date is based upon the Libby half life (5570 years) for "C. The error is t/-.1 s as judged by the
analytical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECEAI•TS IN oGEOCHONOLOGY & ISOTOIE ANALYSIS



GEOCURON LABORATORIES
a didsion or Krueger Enterprises. Inc.

71 t Concord Avenue * Cambridge,
t (617) 876-3691 f (617) 661-0149

Massachus.ers 02138.1002 + USA
www.geochronlabs.com

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. GX-32615 Date Received: 07/31/2006

Your Reference: PO # 2989 Date Reported: 08,/09!2006

Submitted by. Mark Kautsky
S.M. Stoller Corp.
2597 B 1/ Road
Grand Junctiorn, CO 81503

Sample Name: Crescent Junction NFA 259

AGE = 2 40180 "C years BP ("'C corrected)
50.51 % of the modern (1950) "IC activity

Description: Sample o f ground water

Pretreatment: The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
"C analysis was made from a small portion of the same evolved gas.

Comments.:

5 13C -2.3%6

Notes: This date is based upon the Libby half life (5570 years) for '"C. The error is +Y- 1 s as judged by the

analytical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPEC[ALISTS IN GEOCHRONOLO•Y & ISOTOPE ANALYSIS



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Ine.

711 Concord Avenue + Cambridge. Massachusetts 021318-1002 * USA
t (617) 876-3691 f (617) 661-0148 www~geochronlabs.corn

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. GX-32616 Date Received: 07/31/2006

Your Reference: PO # 2989 Date Reported: 08/09/2006

Submitted by: Mark Kautsky
S.M. Stoller Corp.
2597 B 3A Road
Grand Junction, CO 81503

Sample Name: Crescent Junction NFA 260

AGE = > 40180 "C. years RP (I C corrected)
50.51 % ofthe modern (1950)' 4C activit-y

Description: Sample of ground water

Pretreatment: The barium salt precipitate was rapidly vacuum filtered and immediately bydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.

"C'analysis was made from a small portion of the same evolved gas,

Comments:

6'•C~. = '-2.7%9.

Notes: This date is based upon the Libby half life (5570 years) for '4C. The error is -i- I s as judged bythe

analytical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950..
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GEOCHRON LABORATORIES
a division of Krueger Enterpriser. Inc,

] 711 Concord Avenue + Cambridge.t (617) 876-3691 f (617) 661-0148

RADIOCARBON AGE DETERMINATION

MassachusNetts 02138-102 + LISA
wwwcgeochnnlabs.com

REPORT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-32617

PO # 2989

Date Received:

Date Reported:

07/3 l;2006

08W09/2006

Mark Kamusky
S.M. Stoller Corp.
2597 B % Road
Grand Junction, CO 81503

Sample Name: Crescent Junction NFA 261

AGE = > 38540 'C years BP (1'C corrected)
<0.53 % of the modern (1950) t'C activity

Description:

Pretreatment:

Sample of ground water

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
'C analysis was made from a small portion of the same evolved gas.

Comments:

S,
1 3

CM19 = -1.7%*

Notes: This date is based upon the Libby half life (5570 years) for "C. The error is I s as judged by the
analytical data alone, -Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIAISM IN OEOCIRONOLOCY & ISOTOPE ANALYSIS
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Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor has
identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of Crescent Junction, Utah,
as a possible site for a final disposal cell for the Moab uranium mill tailings. The proposed disposal cell
would cover approximately 250 acres. Based on the preliminary site-selection process, the suitability of the
Crescent Junction Disposal Site is being evaluated from several technical aspects, including geomorphic,
geologic, hydrologic, seismic, geochemical, and geotechnical. The objective of this calculation set is to
examine potential scenarios in which tailings-derived leachate could spread laterally in the weathered
Mancos Shale at the base of the disposal cell prior to infiltrating into the unweathered Mancos Shale.

Conclusions from this calculation will be incorporated into Attachment 3 (Ground Water Hydrology) of the
Remedial Action Plan and Site Design for Stabilization of Moab Title I Uranium Mill Tailings at the Crescent
Junction, Utah, Disposal Site (RAP), and summarized in the Remedial Action Selection Report (RAS) for
the Moab Site.

Method of Solution:

Two solution methods are presented in this calculation: a method based on conservative assumptions,
which is equivalent to assuming steady-state seepage rate of 1 x 10- 7 centimeters per second (cm/s)
(NRC 1993) through the tailings pile; and a method based on realistic assumptions, which is based on a
seepage rate of less than 3.5 x 108 cm/s through the tailings pile. In this calculation, the method of
conservative assumptions is shown to be protective of human health and environment; therefore, the
method of realistic assumptions is also protective.

Conservative Assumptions:

Under steady-state conditions, the vertical percolation rate is conservatively assumed to be 1 x 10-7 cm/s
(NRC 1993). The thickness of the weathered Mancos Shale is approximately 50 feet (ft). The leachate will
migrate to the base the weathered Mancos Shale, becoming perched above the unweathered Mancos
Shale, whose geometric mean hydraulic conductivity is 3.5 x 10- cm/s. With its downward movement
impeded at the base of the weathered Mancos Shale, the leachate will gradually spread laterally away from
the edge of the disposal cell. As it spreads, the leachate will be consumed by slow vertical leakage into the
unweathered Mancos Shale. This calculation estimates the height to which the leachate might rise, both at
the center and the edges of the disposal cell; it also estimates the length of lateral spreading of leachate
from the edges and corners of the disposal cell.

* It is physically reasonable to combine the transient two-dimensional solution of Hantush (1967) (to
obtain hydraulic head within the footprint Of the disposal cell) with the steady-state one-dimensional
solution of Bear (1979) (to obtain length of lateral spreading outside the footprint of the disposal cell).

* Beneath the footprint of the disposal cell, the unweathered bedrock is assumed to be impervious. (This
assumption is a requirement of the Hantush [1967] solution; however, it calculates a thicker
accumulation of leachate beneath the disposal cell because the actual hydraulic conductivity of the
unweathered bedrock is greater than zero and would allow some vertical seepage to enter into the
unweathered Mancos Shale.)

" Leachate mounding beneath the disposal cell is assumed to be symmetrical; consequently, the
calculated height of the mound along any edge is identical to the mounding at the opposite edge.
Similarly, the calculated height of mounding at any corner is identical to the mounding at any other
corner.

*. Outside the footprint of the disposal cell, the hydraulic conductivity of the unweathered bedrock is
assumed to be uniformly equal to the geometric mean value of 3.5 x 108cm/s (RAP Attachment 3,
Appendix C, Table 1).

* Phreatic flow conditions with leakage can be used to describe the lateral-flow, conditions that would
exist beyond the envelope of the disposal cell.

* Leachate will spread laterally along the contact between weathered and unweathered Mancos Shale.

U.S. Department of Energy Hydrologic Characterization - Lateral Spreading of Leachate
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The geometric mean hydraulic conductivity of 2.0 x 10- 3 cm/s (2,059 feet per year [ft/yr]) (RAP
Attachment 3, Appendix C, Table 1) of the weathered Mancos Shale is used as an upper-bounding
estimate in this conservative calculation.

* The geometric mean vertical hydraulic conductivity of 1.2 x 10--4 cm/s (124 ft/yr) (RAP Attachment 3,

Appendix A) is used as lower-bounding estimate in this conservative calculation.

* The thickness of the weathered zone in the Mancos Shale is approximately 50 ft.

* The weathered Mancos Shale is assumed to be homogeneous and isotropic.

* The shape of the disposal cell can be approximated by a rectangle having the dimensions
2,200 x 5,000 ft.

* The steady-state vertical percolation rate through the cover of the disposal cell is assumed to be
1 x 10-T7 cm/s (NRC 1993).

* Natural recharge of (7.3 x 10-9 cm/s) through the undisturbed desert soils is a factor of 100 less than
the average annual precipitation (7.3 x 10-7 cm/s; or 9.1 inch/yr).

* Because no ground water found in the weathered Mancos Shale during the site investigation, the initial
hydraulic head in the weathered shale is assumed to be zero everywhere, (RAP Attachment 5,
Appendixes A, B, and D).

Conservative Calculation:

This calculation is based on the conservative assumptions and solved by coupling two analytical solutions.
The Hantush (1967) solution is used to estimate the height of a leachate mound that forms entirely within
the weathered zone of the Mancos Shale beneath the footprint of the disposal cell. The mound heights are
calculated for the following locations:

* Center of the disposal cell, where the leachate mound attains its maximum height (hmax): detailed.
calculation in Appendix Al of this section, pages 2 through 5.

* Center of both the northern and southern edges of the disposal cell (ho): detailed calculation in
Appendix A2 of this section, pages 2 through 7..

* Center of both the eastern and western edges of the disposal cell (ho): detailed calculation in
Appendix A3 of this section, pages 2 through 7.

* Corners of the disposal cell (ho): detailed calculation in Appendix A4 of this section, pages 2 through 7.

The calculated height of leachate, mounded at the perimeter of the disposal cell and known as the Hydraulic
head, is obtained from the Hantush (1967) solution and given the symbol h0 . Because the accumulation of
leachate above the unweathered bedrock is a transient phenomenon, the Hantush (1967) method is used to
calculate the height of the mound at three times: 10 years, 200 years, and 1,000 years.

The second analytical solution (Bear 1979; pp. 181-183; Equation 5-219) describes the length of lateral
spreading that will propagate away from the edges and corners of the disposal cell. This steady-state
solution assumes phreatic flow with downward leakage, and is used to describe the lateral spreading of
leachate that will exist in the weathered Mancos Shale beyond the footprint of the disposal cell. Natural
recharge through arid region desert soils of the southwestern United Sates is reported to range from
approximately 0.01 to 0.1 mm/yr (3.17 x 10-11 to 3.17 x 10-10 cm/s) (Walvoord and Scanlon 2004). Per the
assumptions developed for this calculation, the natural recharge rate is taken to be 1/100th of the average
annual precipitation in the areas outside the footprint of the disposal cell, which is reasonable based on the
fact that no free ground water is encountered above the depth of weathered bedrock at the site (RAP
Attachment 5, Appendixes A, B, and D). The rate of vertical leakage through the unweathered Mancos
Shale is a function of its geometric-mean hydraulic conductivity and the distance between the top of the
unweathered Mancos Shale and the uppermost ground water. Based on depths to the uppermost ground
water at the site, the thickness of the leaky layer (unweathered Mancos Shale) is taken to be 2,400 ft.

Hydrologic Characterization - Lateral Spreading of Leachate U.S. Department of Energy
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The Bear (1979) solutions are developed in the following locations:

Beyond the northern and southern edges of the disposal cell (ho): detailed calculation in Appendix A2
of this section, pp. 8-13.

* Beyond the eastern and western edges of the disposal cell (ho): detailed calculation in Appendix A3 of
this section, pp. 8-13.

Beyond the corners of the disposal cell (ho): detailed calculation in Appendix A4 of this section,
pp. 8-13,

Hantush (1967) Solution

The maximum rise of the mound beneath the disposal cell occurs directly beneath the center of the
disposal cell; the solution is obtained using Hantush (1967; equation 17):

2 , ((1)
hmax -h7ý =2o/Kýv•LSj (1)

where:

hi= height of the water table that would have existed under natural conditions in the weathered

Mancos Shale. In the case of the Crescent Junction Disposal Site, this value is zero, because
there is no initial water table.

hmax = height [L] of the water table at its maximum level, which forms at the center of the disposal

cell.

co = constant rate of seepage through the cover [L/T].

K hydraulic conductivity [L/T].

Kb
v = -, where c = specific yield (dimensionless) and b = constant of linearization (unity).

t = time since infiltration began (T).

S* =function. S* (a,f8) =erf , erf jdr

Values of this function are tabularized in Hantush (1967). In some cases, Carslaw and Jaeger
(1986, Appendix II, Table 1) was required toobtain the head solution to the analytical
expression.

The height of the leachate mound is not as high along the edges of the disposal cell as it is at the center.
Along the edges, the height of the leachate mound is computed using a Cartesian coordinate system to
demarcate the locations where the head value is desired. Equation (2) is used to solve for the head
distribution at three critical locations along the edges of the disposal cell:
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Where I = half-length of Crescent Junction disposal cell (2,500 ft), a = half-width of Crescent Junction
Disposal Cell (1,100 ft), x and y are distances along the x and y axes [with (0,0) located at the center of the
disposal cell], and the remaining terms were defined above in equation (1). The three critical locations are
at the midpoints of the western and eastern perimeters, the midpoints of the southern and northern
perimeters, and.at the corners of the disposal cell. Solutions to equations (1) and (2) are presented in
Appendix Al through A4 of this section.

Bear (1979) Solution

After obtaining the hydraulic head of the leachate mound along the perimeter of the disposal cell, equation
5-219 (Bear 1979; pp. 181-183) is used to compute the length of lateral spreading. The h0 term in the Bear
solution is obtained from the Hantush solutions (Equation 2 of this calculation) along the perimeter of the
disposal cell. The length of spreading of the leachate is obtained using the following expression
(Bear 1979;pp. 181-183):

-B2 (3)

where the constants A and B are defined as:

1
A I a= I-- ; BKa-

B -Nu

Ka

and where:

K = hydraulic conductivity of the weathered Mancos Shale [LIT].

a B

K

B' = thickness of the unweathered Mancos Shale (approximately 2,400 ft from top of unweathered
Mancos Shale to uppermost water).

K' hydraulic conductivity of unweathered Mancos Shale (geometric mean value; 3.5 x 10-8 cm/s).

h0  hydraulic head at perimeter of disposal cell (L).

N = recharge rate (L/T).

The calculations are performed using the both the upper-bounding and lower-bounding geometric mean
hydraulic conductivities. As referenced in the assumptions, these hydraulic conductivities were obtained
from field tests in the weathered Mancos Shale. The calculations are presented in Appendixes A2 through
A4 of this section. Table 1 contains a summary of the results of these calculations. Figures 1 and 2 present
the estimated limits of the conservatively estimated leachate plume as it spreads laterally.
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Table 1. Summary of Conservatively Estimated Leachate-Mound Dimensions for 10, 200, and 1,000 Years
After Onset of Steady Drainage through the Crescent Junction Disposal Cell Cover

Midpoint: Midpoint:

Hydrologi Prediction Hydraulic (South and (East and Corner

c Unit n'terval (yrs) Conductivity hmax North Edge) West Edge)
(ft/yr) h0  L h0  L h0  L

(ft) (ft) (ft) (ft) (ft) Nft
124 3.71 2.62 173 2.6 166 1.8 1132 10

"o_"__ 2059 3.69 2.58 694 2.6 718 1.8 501
CD 124 16.4 11.7 774 11.6 762 8.3 543-•2000 2,059 11.6 10.0 2,717 8.69 2,364 7.5 2,042

10124 32.8 25.7 1,693 23.3 1,535 18.2 1,198
2,059 16.2 14.5 3,932 13.4 3,635 12.3 3,338

hna,( and h0 values were obtained using the solutions of Hantush (1967).
L = lateral length-of-spreading values were obtained using the solution of Bear (1979).

Discussion of Conservative Solution:

Down slope of the Crescent Junction Disposal Cell, Kendall Wash incises through Quaternary alluvial and
colluvial mud deposits and exposes the contact with the top of the underlying weathered Mancos Shale.
Drill-hole logs and borehole geophysical logs have shown that higher permeability zones in the Mancos
Shale extend approximately 50 ft into the bedrock. Because gravity drainage will cause leachate to perch
along the transition between the weathered and unweathered zones in the Mancos Shale, the.
conservative case predicts that lateral spreading will occur along this transition zone. Because the
transition between weathered and unweathered bedrock is approximately 50 ft below the top of the
Mancos Shale, leachate migrating through the weathered bedrock is projected to underflow all ephemeral
surface water systems along its path. There is practically no risk of the plume reaching the surface. The
leachate is projected to spread laterally until it is entirely consumed by vertical infiltration into the
unweathered Mancos Shale.

Two conservative solutions are presented for each time horizon. Each solution corresponds to the upper
and lower limits of the hydraulic conductivity in the weathered Mancos Shale. Comparison of the two
solutions shows that the smaller hydraulic conductivity produces thicker mounding and shorter distances of
lateral spreading. The larger hydraulic conductivity produces less vertical mounding and longer lateral
spreading. When using the upper-bounding estimate of hydraulic conductivity of 2059 ft/yr (2.0 x 10-3 cm/s)
in the conservative calculation, the maximum thickness of the leachate mound attained at the center of the
disposal cell after 1000 years is 16.2 ft, which is small relative to the 50-ft thickness of the weathered
bedrock zone. Lateral spreading of the leachate is projected to extend beyond the withdrawalarea of the
disposal cell, and beyond the surface drainage features of Kendall Wash; however, because the
transported leachate would be located at the base of the weathered Mancos Shale, it is unlikely that the
leachate plume would ever surface within Kendall Wash.

Realistic Assumptions

Under steady-state conditions, the vertical percolation rate is realistically assumed to be less than
3.5 x 10-8 cm/s. The thickness of the weathered Mancos Shale is approximately 50 ft. The leachate, if any,
will migrate to the base the weathered Mancos Shale, continue migrating into the unweathered Mancos
Shale, whose geometric mean hydraulic conductivity is 3.5 x 10 cm/s. With its downward movement
unimpeded at the base of the weathered Mancos Shale, the leachate will migrate vertically beneath the
disposal cell.

* If natural recharge at the Crescent Junction Disposal Site were greater than the geometric mean
hydraulic conductivity of the unweathered Mancos Shale, there would be a perched water table in the
in the Mancos Shale above the top of the unweathered zone.
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* Because there is no perched ground water above the top of the unweathered zone of the Mancos
Shale, the steady-state natural recharge must be less than 3.5 x 108 cm/s, which is the calculated
geometric mean of the packer test data for the unweathered Mancos Shale (RAP Attachment 3,
Appendix C, Table 1).

" The natural recharge conditions assumed for the Crescent Junction Site are corroborated by published
recharge values, which range from 0.01 to 0.1 mm/yr (3.17 x 10-11 to 3.17 x 10-10 cm/s) for arid and
semi arid regions (Walvoord and Scanlon 2004).

" If active recharge at the Crescent Junction Site were occurring, the uppermost ground water at the site
would be young, relatively fresh ground water.

* RAP Attachment 3, Appendix F, shows that the uppermost ground water at the Crescent Junction Site
is greater than 40,000 years in age and is highly saline; therefore, natural recharge at the Crescent
Junction Site is practically zero.

* Measured saturated hydraulic conductivity of the weathered Mancos Shale radon barrier material,
compacted to 92 percent of ASTM D-1 557 ranges from 5.9 x 10-9 cm/s to 1.4 x 10-12 cm/s (RAPAttachment 5, Appendix K).

* The laboratory tests are an indication of the reductions in permeability that are possible when placing
compacted fill; however, they are not- being used as an indication of the field-scale reductions that are
possible. As stated in NRC (1993), the laboratory measured values of permeability may underestimate
the field-scale permeabilities by one order of magnitude or more. Nevertheless, compaction will
minimize the void ratio of the engineered materials (Lambe and Whitman 1969) and the hydraulic
conductivity of the material that comprises the radon barrier.

* Precipitation events at the Crescent Junction Site are infrequent.

* Fine grained desert soils at the Crescent Junction Site cause meteoric water to run off, primarily as
sheet flow, and not to infiltrate. Construction of the disposal cell will cause run-on drainage to be shed
laterally in perimeter channels, thereby lessening the volume of sheet flow available for infiltration.
Maintaining a 2-percent grade on the top of the disposal cell will cause runoff to be shed from the top
of the disposal cell, again lessening the volume of water available for infiltration.

*The steady-state vertical percolation rate through the cover of the disposal cell could be equal to or
less than 7.3 x 10- 9 cm/s. This rate vertical percolation is a factor of 100 less than the average annual
precipitation.

Steady-state percolation rate through the cover of the disposal cell is insufficient to form a water table
above the unweathered bedrock, therefore; there will be no mounding and no lateral spreading.

Because there is no risk of mounding or lateral spreading above the unweathered bedrock, there is no
need for a calculation.

Calculation:

Not Applicable

Discussion of Realistic Assumptions:

By invoking realistic assumptions, there would be no mounding and no lateral spreading of leachate during
long-term steady-state conditions. Natural recharge conditions at the site, which are also at steady state,
are incapable of forming a perched water table above the unweathered bedrock. If the steady-state
recharge rate were larger than it is presently, and were to exceed the geometric mean hydraulic
conductivity of the unweathered bedrock, then a shallow ground water table could become perched in the
weathered Mancos Shale. Drilling at the disposal site has demonstrated that there is no ground water in
the weathered Mancos Shale. The ground water that was encountered at the disposal site was (1) in the
unweathered Mancos Shale; (2) a minimum of 130 ft beneath the land surface; (3) very saline, indicating
that it is isolated from sources of meteoric recharge; and (4) found to be in excess of 40,000 years in age,
indicating that it entered the bedrock during wetter paleoclimatic conditions, possibly during Late
Pleistocene time.
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Average annual precipitation at the Crescent Junction Disposal Site is 9.1 inches per year (7.3 x 10-7 cm/s),
most of which runs off from the land surface. Practically the entire remainder of the meteoric water is stored
near the surface and evaporates shortly thereafter. Based on this information, precipitation events at the
Crescent Junction Site are decidedly infrequent. Sporadic precipitation events are the primary reason that
the disposal cell would seldom be exposed to wetting rains.

The Crescent Junction disposal cell will be constructed using fine-grained silts, clays, and weathered
Mancos Shale to shed surface water and prevent long-term steady-state percolation. Engineered
compaction of the silt, clay, and weathered Mancos Shale materials will be used to lower the hydraulic
conductivity of the engineered cover. Laboratory tests of weathered Mancos Shale radon barrier material,
compacted to 92 percent of ASTM D-1 557, have shown that the hydraulic conductivity ranges from
5.9 x 10-9 cm/s to 1.4 x 10.12 cm/s (RAP Attachment 5, Appendix K). These test results demonstrate that
the compacted weathered Mancos Shale and its residual material will be an effective barrier to steady-
state infiltration.

Conclusions and Recommendations:

The conservative assumptions in this calculation are used to show how steady-state leachate could
accumulate as a mound above the unweathered bedrock and migrate laterally away from the disposal cell.
Figure 1 presents the area where the lateral spreading is conservatively estimated to occur. As
conceptualized in this conservative calculation, the leachate becomes perched above the unweathered
Mancos Shale and spreads laterally away from the disposal cell. The length of lateral spreading is equal in
all directions because homogeneous and isotropic properties are assumed to exist in the weathered
Mancos Shale, through which the lateral spreading occurs. Mounding of leachate beneath the footprint of
the disposal cell, and lateral spreading of leachate beyond the disposal cell, are entirely contained within
the 50-ft thick zone of weathered Mancos Shale.

Estimates of mounding at the center of the disposal cell, after 1,000 years of steady-state seepage, could
range from approximately 16 to 33 ft, depending on the hydraulic conductivity of the weathered Mancos
Shale. Mounding at the midpoint of the southern edge of the disposal cell, after 1,000 years of steady-state
seepage, could range from 14 to 26 ft, depending on the hydraulicconductivity of the weathered Mancos
Shale. Lateral spreading beyond the center of the southern edge of the disposal cell, after 1,000 years of
steady-state seepage, could range from 1,700 to 3,900 linear ft, depending on the hydraulic conductivity of
the weathered Mancos Shale. Vertical mounding of leachate and lateral spreading would occur entirely
within the 50-ft-thick weathered zone of Mancos Shale, and so-called "bathtubbing" would be prevented. In
addition, the risk of the leachate plume discharging to adjacent surface drainage features is unlikely.

The technical approach to this calculation is simplified yet conservative, because it does not consider
several factors that could potentially affect the actual mounding and distance of lateral spreading of
leachate. The factors that could limit the mounding and lateral spreading of leachate are listed below:

" Precipitation events at the Crescent Junction Site are few and far between.

" Annual precipitation at the Crescent Junction Site is 9.1 inches per year (7.3 x 10-7 cm/s).

* Most of the precipitation runs off the surface in the form of sheet flow. The small portion of the
precipitation that is stored in the near surface evaporates shortly thereafter.

" Natural infiltration of meteoric water at the Crescent Junction Site is probably less than the geometric
mean hydraulic conductivity of the unweathered Mancos Shale (3.5 x 10-8 cm/s).

• Steady state recharge at the site is presently insufficient to form perched ground water above the
unweathered Mancos Shale.

" The design and construction of the disposal cell will be biased to forming runoff, rather than infiltration,
during the infrequent precipitation events that will occur during its performance life.

* Construction of the Crescent Junction Disposal Site will reduce the steady-state recharge to less than
what it is under natural conditions.

* (Walvoord and Scanlon 2004) estimate actual recharge in the desert southwestern United States to be
approximately 0.01 to 0:1 mm/yr (3.17 x 10-11 to 3.17 x 10-10 cm/s).
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* Assuming 1 x 10-7 cm/s to be the long-term seepage rate through the cover of the disposal cell is
excessively conservative.

* After steady-state conditions are reestablished, moisture movement through the disposal cell will occur
as unsaturated flow.

• Actual steady-state percolation through the disposal cell will equal, or be less than, the present steady-
state percolation.

* Steady state percolation will continue to be insufficient to form perched ground water above the
unweathered Mancos Shale (<3.5 x 10-8 cm/s).

" The contact between the weathered and unweathered Mancos Shale probably gains in elevation
toward the north; consequently, the spreading of leachate, if it were to form, would be impeded as it
spreads northward.

" Regardless of the direction of lateral spreading, if it were to form, the gradual consumption of leachate
by vertical seepage into the underlying unweathered Mancos Shale could occur preferentially along
bedding planes, which dip to the north.

These factors suggest that the realistic assumptions are more likely to influence the steady-state
movement of leachate through the disposal cell. Under the influence of the realistic assumptions, and
careful adherence to the quality assurance requirements mentioned here and elsewhere, steady-state
leachate will percolate vertically into the Mancos Shale, without spreading laterally.

The following recommendations are proposed to assure that the disposal cell will perform as intended:

* Engineered fill should be placed to a relative compaction of 90 percent of Modified Proctor at optimum
moisture ± 2 percent, and in lifts spread no thicker than 8 inches.

* Field engineers representing the DOE will be responsible for quality assurance oversight of all aspects
of construction and shall have reporting responsibilities and the authority to require rework of areas
where engineered fill is being placed outside the acceptable tolerances.

* Quality control will be exercised using nuclear density testing equipment, subject to calibration and
third party verification.

* Up to three piezometers (standpipes) are recommended to monitor the accumulation of leachate within
the footprint of the disposal cell, during the transient drainage period, to verify that bathtubbing
dissipates as steady-state conditions are achieved. In addition, the piezometers may be used to
monitor subsurface hydrologic conditions after steady-state drainage is achieved.

Computer Source:

Not applicable.
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