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U.S. Dewartment of Enerav--Grand Junction. Colorado

Calculation Cover Sheet

Celt. No.: MOA-02-02-2006'-2-07-O0 Discipline: Geotechnical/Hydrologlcal No. of Sheets: 8

Project: Moab UMTRA Project

Site: Crescent Junction Disposal Site

Feature;
Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale

Sources of Data:

See appendix
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Problem Statement:

Determine the saturated hydraulic conductivity of the weathered Mancos Shale (wrthd Kim) interval at the
proposed Crescent Junction disposal site.

Method of Solution

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

Assumptions:

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

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

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

Computer Source:

Microsoft Excel

Calculation:

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

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

When the AEP is used to test soils, the permeameter ring is driven into the soil forming a tight seal
between the soil and ring. When foundation bedrock materials are tested, a circular channel must be
excavated into the bedrock, see the following Figure 2 through Figure 6. The channel is subsequently filled
with sodium bentonite to create the seal around the permeameter ring. By doing this, an assumption is
made that the saturated hydraulic conductivity of the foundation materials is greater than the saturated
hydraulic conductivity of the bentonite. This 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.

U.S. Department of Energy
February 2006

Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale
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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 supplyis
mounted to the sealed ring via a standpipe of varying lengths allowing different hydraulic heads to be
applied to the soil.

Field Procedure

Installation:

1. Clear and smooth a surface excavated into the wrthd K, approximately 2 feet by 2 feet.
2. Excavate a circular channel approximately 2 inches wide and approximately 6 inches deep into the

wrthd 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

U.S. Department of Energy
February 2006
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Figure 3. Smoothing and Leveling Channel Base

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

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

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

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

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

Page 5



,• - .. , ".:-. .t.'* , :".o ., ,
. J-

,, . , .• -, .I , .. ,-

or--

7)

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 (Ksaj value from the AEP test is

(Bouwer 1966; DOE 1994):

Kt=2dH Rr'2 / +L-l p,)

dt Rs" 2 2

where: dH/Ft (cm/sec) = change in hydraulic head with respect to time,

L (cm) = depth of infiltration,
Rr (CM) = radius of water supply reservoir,
R2 (cm) = radius of soil pedestal,

U.S. Department of Energy Saturated Hydraulic Conductivity Determination of Weathered Mancos Shale

February 2006 Doe. No. X0136700
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H, (cm)
P. (cm)

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

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

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

Results:

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

Table 1. AEP Results

Geometric mean of all Ksat values = 1.2 x 1 04 cm/sec.

Discussion:

Other methods exist to compute field saturated hydraulic conductivity in fine-grained materials based on
infiltration results. A method proposed by Youngs et al. (1995) has been used to validate the saturated
hydraulic conductivity of compacted clay barrier layers on UMTRA disposal cells (Waugh et al. 1999). This
method assumes that the soils are initially "wet", or close to saturation. Based on the air-entry values
tested, the wrthd 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 Ksat. 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.

U.S. Department of Energy
February 2006
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Figure 8. Frozen Hydration Water in the Non-Leaking AEP Test Performed in TP 0152

Conclusion and Recommendations:

A design saturated hydraulic conductivity value of 1.2 x 10 4 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.

U.S. Department of Energy
February 2006
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TP 0152 Field Data Sheets and Plots
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TP 0154 Field Data Sheets and Plots
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U.S. Department of Energy-Grand Junction, Colorado

Calculation Cover Sheet
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Problem Statement:

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

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

Obtaining the hydraulic parameters of the host rock in which a disposal site will be situated is one of the
fundamental measurements required to evaluate the suitability of the site. Because the bedrock is a shale
aquitard containing only sparse saline groundwater, the number and type of measurements that might be
made are rather limited. In addition, the types of measurements that are available, packer tests and
piezometer tests, reveal different characteristics about the rock mass. Packer tests, which reveal spatially
discrete estimates of hydraulic conductivity, were carried out on this project and are documented in
Calculations MOA-02-02-2006-2-06-00 (Field Permeability "Packer" Testing) and in
MOA-02-02-2006-2-07-00 (Saturated Hydraulic Conductivity Estimate-Mancos Shale).

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

Method of Solution:

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

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

K = [r2 In (LJR)] /(2LTo), [1]
where

K = hydraulic conductivity [length/time]
r = radius of corehole [length]
L .= length of ground water intake zone [length]
R = radius of ground water intake zone [length]
To = basic time lag [time]

U.S. Department of Energy Hydrologic Characterization-Field Permeability "Bail" Testing
March 2006 Doc. No. X0147300

Page 2



To interpret a set of field recovery data, the data are plotted graphically in the form of dimensionless
drawdown [(H-hy(H-Ho)] 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)4H-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
L.corehole 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:

Table 1. Bail Test Results

Hydraulic conductivity (cm/sec)

Corehole
Geometric

Test 1 Test 2 Test 3 Test 4 Mean

201 1.4 x10' 1.4 x10' 1.9 x10-6 ND 1.6 x10.6

202 4.3 x10' 3.9 X10"7  4.3 x10' ND 4.2 xl0'

203 2.4 xA 0 2.6 x10'6 2.6 x10-6 2.3 x10' 2.5 x10'

204 Indeterminable Indeterminable 3.1 x10-7  ND 3.1 x,0 7

208 3.1 x,0,7  3.3 x10"7  3.1 xl0,7  ND 3.2 xl0-7

ND - No data were gathered for this test.

U.S. Department of Energy
March 2006
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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:

U Microsoft Excel

U.S. Department of Energy
March 2006
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Corehole 201: Recovery Test 03

0.1
C)

0

"; 0.01

.E .•. .. .•Time lag =220 an.

0 .00 1 ... . . . . . . . .. . . .. .

0 100 200 300 400 5C

Time (minutes)

]0 600 700 800

Corehole 202: Recovery Test 01

1

C

0
V

C
.)
Ca

0.1
0 1000 2000 3000 4000 5000 6000

Time (minutes)

U.S. Department of Energy
March 2006

Hydrologic Characterization-Field Permeability 'Bail' Testing
Doc. No. X0147300

Page A-3



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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U.S. Department of Energy-Grand Junction, Colorado
Calculation Cover Sheet

Calc. No.: MOA-02-02-2006-2-06-OO Discipline: Hydrologic Properties No. of Sheets: 7

Project: Moab UMTRA Project

Site: Crescent Junction Disposal Site

Feature: Field Permeability "Packer" Testing

Sources of Data:

Packer testing records obtained at the Crescent Junction site during the field characterization project
November 2005 through January 2006.
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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.

0 Evaluate the hydrogeologic suitability of the proposed disposal site.

* Establish design parameters for the proposed disposal site.

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

Method of Solution:

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

HQ-wire line core drilling was used to advance three shallow coreholes into the weathered Mancos Shale
to a depth of 40 feet (ft) below the ground surface, and ten coreholes into the relatively unweathered
Mancos Shale to a depth of 300 ft below the land surface. Corehole logs that describe the lithologic
materials encountered during drilling are presented in Calculation MOA-02-03-2006-1-03-00 (in
preparation).

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

In coreholes 0211, 0212, and 0213, the tests were done in the shallow, weathered-bedrock intervals while
the hole was being advanced. Water for coring and washing the selected test interval was obtained from
the Thompson Springs municipal water supply system. The single-packer assembly was lowered through
the drill rod into the shallow test interval using a wire line packer system (Figure 3). A 10-ft-long test interval
was used for each injection test. The packer was inflated to 100 pounds per square inch (lb/in 2) 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/in2 per ft of test-interval depth. Consequently, water was injected at 5-lb/in 2, 10-lb/in 2, and
again at 5-lb/in2 gage pressure at the surface. When combined with the hydrostatic pressure between the
pressure gage and the test interval, the total head was less than the critical pressures that could have
damaged the formation.

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

Page 2



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

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

Q 1 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/sec) to less than 10-7 cm/sec. The hydraulic conductivity of the
weathered bedrock is approximately 4 orders of magnitude higher than the unweathered bedrock. Based
on the packer tests, the relatively high hydraulic conductivity in the weathered Mancos Shale 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 10-7 cm/sec. The transition between weathered and unweathered bedrock
probably correlates to the fracture intensity. Optical televiewer logs prepared for this project suggest that
the transition between weathered and unweathered bedrock occurs at a depth of approximately 50 to 60 ft
below the surface.

U.S. Departmentof Energy Field Permeability "Packer" Testing
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Table 1. Summary of Field-Permeability "Packer" Test Results for the Crescent Junction Site

Test Interval: Calculated Permeability (cmls) @ Injection Pressure (Iblin 2)
Hole ID @ Depth Test I Test 2 Test 3 Test 4 Test 5

(ft)
Dual-Packer Tests:

0204 @ 80 to 92 J 1.3 x 10"8 @ 10 3.9 x 10 7 @ 20 J 9.6 x 109 @ 30. 6.6 x 107 @ 20 J 1.3 x 108 @ 10

0204 @ 110to122 J 7.5 x 10"9 @ 10 9.1 x 108 @ 20 4.2 x 10"7 @ 30 J 9.1x 108 @ 20 J 7.5 x 109 @ 10

0204 @ 283 to 295 J 8.9 x 10-9 @ 5 1.2 x 10.6 @ 10 2.6 x 10"6 @ 20 J 1.1 x 10-8 @ 10 J 1.2 x 10.8 @ 5

0208@90to102 J6.0x10' 9 @10 J7.7x10-9 @20 J2.2x10"9 @30 J7.7x10"9 @20 J6.0x10-9 @10

0208@121to133 J8.oxl0"9 @10 J1.4x10'8 @20 7.5x10,7 @30 J1.4x10"8@20 J8.0x10"9 @10

0208 @ 282 to 294 6.3 x 10*7 @ 5 6.0 x 10-7 @ 10 J 6.0 x 10'9 @ 20 J 5.7 x 10.9 @ 10 2.1X10"@5
.Qlnnla.P.nelr Toc:t"

U

0211@• 20 to 30 1.4x 10-
3

@5

0211 @30 to40 1 1.4 x10-3 @5
0212 A 20 to 30 1.6 x 10"3 @ 5

0212@30to40 2.5x10-3 @5 1 2.3x10-3 @10 2.5x

0213 @ 20 to 30 2.4 x 10-3 @ 5
I - I - t -

0213 @ 30 to 40 2.3x 10 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.

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:

M Not applicable
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Figure 2. Packer Test Corehole Locations
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WATER TESTING FOR PERMEABILITY.

" Effective head, the difference in feet (ro 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 I and 2 in the different zones shown in
figure 17-5. Figure 17-6 shows tfie location of the zone 1
lower boundary for Use in unsaturated materials.

1-3o -o4

Pressure permeability tests examples using Methods 1
and 2: 23 2 I

".3* . , , .2 0-3 0 4

£11J0 r l.

GIR

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

C '=

~E p $ : A 7 4 4-

.ltor 1±
r .r.

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 asgiven 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 (4) between the
* elevation of the free water surface in th' pipe and the

elevation of the gauge plus the applied ýessure. 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 tlie location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1
and 2: Z

-0 -e r. 20

IXl

- . -. - 1 -

4 -o

W tn

0 Io . s• o too

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

H or H f3-.' If
r re ",44j- zo-3ao 4

Figure 17-7.-Conductivity coefficients 10 f
*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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WATER TESTING FOR PERM .2-il

5~Qi~(e4f~
I- L~-o~.

- -~ /20

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 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 inpressure 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 tlhe location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1
and 2: o_ ,

I : 1 .i. IC -- • - - . -.

SZONE I
CK 2 - -20- -+ - -

2[ 4 '' - • -

40

O NE Z

0 do'
I I I ,]

F-e 17•6.- Location of zone 1 lower T

z ±L. =o,,34I

boundaryfor u.se in unsaturated materials.
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WATER TESTING FOR PERMEABILITY

* Effective head, the difference in feet (nr) 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 tlie location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1
and 2: : Z11

d•y of•+• :-+o. Io.
I= I ..

-! " - 1" O°

ZON t

- u'. I- + .. :

W I I II
0 ~ ~ 1 so 100 -J +

I1-1

Figure 17-6.-Location of zone 1 lower T
boundary for use in unsaturated materials. k -
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iO.'.LL_ -L- 11
-3 C,

& 41ý

a _'O &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 (n) between the
* elevation of the free water surface in th pipe and the

elevation of the gauge plus the apphed ssure. 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 tl&e location of the zone 1
lower boundary for use in unsaturated materials.

Pressure permeability tests examples
and 2:

using Methods 1

•-tp-ý, : zo- o44.

V-

LI-~7~r.! 7 r i ~Ifi-i-~¶~i ~

1O 'Z0.NE ,

I -3o-o~,

I..
1 o. t-I-- t t1 + fI • f - . .. I . i -4 -- 1-1 -1.11 1 J Ir

- - I I-iw
I-
4

I-.4

IL
0
I-

*0
w
0.

d

I.- .,*1

-
--" 

-

N , 7NC "--

ZN2ZI I-I1 1 1 1

lOn-TI T .- I • .I . ... - -- " .•". " -

• "" 3• IOU

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

4 e -T *01w
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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 effectivelhead 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 tlie location of the zone 1
lower boundary for use in unsaturated niaterials.

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

Z0~4E0

-" 1 1

i 20- -

U- . ,. I
o 4 *-• o

igure If-.-cti
Figure 17-6.-Location 'of one I lower

boundary for use in unsaturated materials.
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Figurer Hre . .L O.Ol c.1cn-s

.. Figure 17-7.-Conductivity coefficients • =

•unsaturated materials •with partially .

S -penetrating cylindrical test wells.

Zone 2

Given: U, 9, 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.

•t=72 + 57.8- 4.7= 125.1 feet
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WATER TESTING. FOR PERMEABILITY.

• Effective head, the difference in feet (r) between the
elevation of the free water surface in th 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 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?43•ol- 2/1-•O~~~Iej4, : • o(

i P

oi - --

411 °o III 5 o

40

S-. o.f -

Figure 17-6.-Location of Zone I lower T
boundary for. use in unsaturated materials. &i -
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WATER TESTING FOR PERMEABILITY
-nn" 1-0.q ý

Z3 1Q000

LU 500

4JI"1" 2 1.00 1A/H X 0.90
A/H = 0.75
R./H 0.60 SN

7z

-I
z
0

'I

C.)

III

E•

/H a 0.50.
-,PIH';;0.40

1H c 0.30-
/He .

Q/H a 0.10
10

fill

5 I10" 50 too .500 1000

r .re

. 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 asvgien 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

Q
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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, f, 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 (n) between the
etsselevation of the free water surface in th' pipe and the.•)elevation of.the gauge'plus the applied' lessure. If a
Spressure transducer is used, the effective iead in the.
test-section is the difference in..pressiire before water
-is pumped into the test section and .the pressure
readings made during the test.

.The follUwing 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 naterials.

Pressure permeability tests examples using Methods. 1~~~~and 2: 3,Lo,_:zt

••0 er. , : -o4-6.4-

• . [I

4 "........

-f wi tI-
.' - f. -. -.-, -. -. .

.-. 
- ..

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 thb pipe and the
elevation of the gauge plus the applied pýessure. 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 : It I

• "bH• :Zo-3,,-•#.

T I - .3o - O/

h.-Location of zone 1 lower
use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY O Z z- g.4-,
• • . . k-L**" : 1.p•

I-

Ei 1000
Uj Sooo
W 500
0
Q-

A/H 1.0 0

A/H 0.75
R./H 0.6o

ef

_0@

111110 100

z
o 50

lb

I-
C,)

'I

7-

C1

H c 0.5 0-
H'x 0. 4 0
H c 0.30
H a 0.20
H C-0.10

J111 II I I IIII I It5±ffiffll f I II
5 10.

50 .100 ' • 09.H r H
r .r1

I 1000

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

unsaturated materials with partially
-penetrating cylindrical test wells.

Zone 2

Given: U, •, r, Ah, Q, and L are as giyen 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. feet
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WATER TESTING FOR PERMEABILITY.

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

The following examples show some typical 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
and2: . , I"3

0 J/a-T~ 0 a--C.1.

-zo-roil

I - ~ -

1Kb
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, • 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

Q 133
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WATER TESTING FOR PERMEABILITY.

* Effective head, the difference in feet (ro 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: , 13

,) :,,-bo- 44. 0

cc

9,-

0

I-

0,* U

* 0.

° , 1 .t1 H T 1 1, 11... .. N.z z T.

-...'- r- . -...0 .-1. ~ .t

-p1
, I

-~ I -4- -4 4- 4-4.4. -4 4 4- 4 -1-4. -4.4. .44. 1-4-4-4. -4. * .4. -4--I 4 ~
I | ,

.1 1 rill
, 1-l -dory - .f Sof-i-60~

-90 t 1 , ~ r

~Iii~2ID

I KI 59 100 .~oo

Figure 17-6.-Location of zone 1 lower
boundary for use in unsaturated materials.
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Z'213

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 asgiven 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 (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 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 usi
and 2:

ng Methods 1

0 :2 1
, .s,, -. .3 "o "

0A

ixI-

4.

°,ZONE Ii I

GD 4 N. *1I
~t 1* * Ii

I
Z

I-
U.

Wn.-

W
0.

.8wVof Ion I

' .. i I zz ::-.. I-

134 7e

100 1 IT-- -- :.

.g.

N--q

0 .5 0• 10 o0 o

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

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
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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: 2o4-

B- 2~94~:

I A

bouday ,or us i .unauatdmteil.

0o

10 - 5' • 10 " -59 • 100 0 0

Figure 1.7-6,--Location of Zone I lower T4 ZIboundary for use in unsaturated materials. .
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WATER TESTING FOR PERMEABILITY
2o4

- 0- 2
eecszi*-4. t lot',

1Lor HrH 4-r re ( -..- 744

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

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, 6, 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 (4) between the
elevation of the free water surface in th• pipe and the
elevation of the gauge plus the applied ressure. If a
pressure transducer isused, 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 204-

x

I-

4

a
I.J

S (ID' Tu/f
Figure 17-6.-Location of zone 1 lower

boundary for use in unsaturated materials.
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z~~4 * 0,4-

r - r,

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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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 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 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

C. ~ - - -

ZONEIa: ZO : - ' -• :. : - -

I-S
5" 0 ý -' S ' I - I- "I I I i I .=

W00

0.

100 - '- -•
0 10 •- 59 .00 -,To

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

boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY

T
I

LK103 3

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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S toller established 1959

Page .. _L of .2-Packer-Test Record

Proj.ect/Name: D a t e: k7lA.eDate / A//,i/Ow,

Field Representative: Borehole No. Total Depth': sot~4~

Depth to Water (TOC): 2- Borehole Cleaned? Yes # No Date: 6/11 o,

Test Interval (BGL): from //-0 to /. 2- f

Conductor Pipe, Type and Size: /""'/ )

Swivel/Elbow Height (AGL)".

-rhin iL4 W/3Xf,7 4 i 4

Time

1/61

7 £'S5O

1i7,SL"

LZLOQ
L7/

Gauge Pressure

/0

/X)

2o

za
7--0

,36
2o

23
3_-6 /,5LM

3•:

Flow Meter Reading

,W77,ra
19379516

3•37? .a

3 9J7•. L9"

29&•.9 as
3qz92 /s~

Flow Rate

e.03

,• 01'
'RI;



5toller
established 1959

Page ;2 of--Packer-Test Record

Project Name: // - " 'd 4-'641 ai/4  Date: _ _/_//_

Field Representative: , Borehole No. 0 Total Depth:

Depth to Water (TOC): / Borehole Cleaned? Yes d No Date: 0-162-10(,

Test Interval (BGL): from //0 to / --- ft.

Conductor Pipe, Type and Size: /A,1d-4 a7"b-

Swivel/Elbow Height (AGL)

~4

Time

82R1--

os/2

6Y55"

I-

t99&9

4% 0.-

Gauge Pressure

20,0:j;7

.3"0

20
20

'I)

Flow Meter Reading

H'-3 20, I

3q3 9-, 1

39'3•'t~. 3

3?37g -

393CO5

3 397it,

39377. •
3q3 292- 57

3# v, 2 -Y-'

3q3?7z, 5-
-3 ý 37-5

Flow Rate

4. "'9.o je

.-- oK"4 ~ 2-

-v.3--0.aZ

-- o,o/2~

-- Z:,O•
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WATER TESTING FOR PERMEABILITY,

* Effective head, the difference in feet (xr) between the
elevation of the free water surface in th' pipe and the
elevation of the gauge plus the applied l7-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 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: " " "z,.AO04 ....

I.- _-- •"e# '°

- /ZON I

Iaundory i Z04' 1

* 'T = - -

W A --

" -.ZON ,Z

too
- 5 o so too

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

W

C-,

LL

0
w
I-

10

ii.
~ 5

C., eM.4W4. -. lr

H or H

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

unsaturated materials with partially
penetrating cylindrical test wells.

Zone 2

Given: U, r, 2,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 (4) between the
elevation of the free w~ater surface in th• pipe and the
elevation of the gauge plus the applied l•essure. If a
pressure transducer is used, the effective ead 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: T 5 o4-

*. " • ZONE

4: 0

•9--

N I I I I I F7 7.

bo''und~~~audfory use in~ unauaemtras

- -- - -" - - " -- -

• 6(.--- -, • X

" onar o useF in unauae maeia .. '..'o.

131



e~0~i~ zo4-
bq$t 110-122-

gope-t.u.4-~ ~OfrdW
WATER TESTING FOR PERMEABILI'

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
A-1o~2
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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
and2: . ,.LU. I AS

Ito-e~1-
f~9.3C+I

Figure 17-6.-Location of zone 1 lower "
boundary for use in unsaturated materials. T 25
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4L)

5 t0 50 100 500 100

H or H
r re

Figure 17-7.-Conductivity coefficien s
-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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.Stoller
Packer-Test Record

Project Name: /e6

established 1959

Page.. of _3

Date: ,31"0

Field Representative:. X,]-?P

Depth to Water (TOC): ,___', ___

Test Interval (BGL): from 83 to

Conductor Pipe, Type and Size: I-fI n

Borehole No. Total Depth:_

Borehole Cleaned? Yes '"No Date: 7Z"/A

ft. Swivel/Elbow Height (AGL) ,

A L,

Time

IDl

/ozS-

/050

112/'

///5-

11/3"

Gauge Pressure

5

5-
5/

/0

,/0
/o~

•/0

Flow Meter Reading

I qq 4¢ ,

ý&3 iý.

393 A¼,

._ f's V7. 2o

A-1'jig. k5

393 -/¢, /

Flow Rate

,6. o7/ ,,

O. 0/•

9.07eo5

P. 1'7'
.'0-/'



Stoiler
.I

established 1959

page .., of__Packer-Test Record

Project Name: We - 4' Date:________________

Field Representative: P'/P Borehole No. 0,240Z Total Depth: TOP

Depth to Water (TOC): . ...... Borehole Cleaned? Yes -'-No Date: el/;1]Z-/64

Test Interval (BGL): from 2 -93 to ;__ " ft.

Conductor Pipe, Type and Size: 17b/.. ' ijb

Swivel/Elbow Height (AGL) .0

Time

/2•0

/3171

/3'1'5

& /320

Gauge Pressure

go

2,6

,20

2-0

2.0

20
2o

2-0

2o

2.0

Flow Meter Reading

3 V 3W. f5-

3 q3.Cs-3

J'9,951/. 75 .

3 .3-

393 67 4

39,3•7.6o

3735~7

3Mk4O, 0

393,h2, o

3 O3t,3.25
A -%kI~

Flow Rate

e'.//lp#€f

.o,13

0.1,/

0. 2d .

O,01



Stoller establisled 1959

Page 3 o f 3Packer-Test Record

Project Name: Date-~~7Ki{ ~ .
V

Field Recpresent a(i v c: k / / ; P P Borlholc No. Totail Dcpth: Ot

Depth to Water (TOC): -- " Borehole Cleane&I Yes &-72 No. Date: _,/__A__/

Test Interval (BGL): from. to IL Swivel/Elbow Height (AOI.) .2,0

Conductor Pip, , Typ- and Si•e: / :7.> -. < -

#~Ot.41

Time

13K"

I,,/, -

i/Lfo

Gauge Pressure

./D

/0

54

Flow Meter Reading

~3?34g/o

32 3y 4, .12,

3 -3t. 11 1

31SA41_

Flow Rate



FIELD MANUAL

T =75 - 65 + 125.1 = 135.1 feet or'4ZT2-25

x = 125.1 (100) = 92.6% also Tu 135.1 _ 13.5
135.1 1 10

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

1j i-1-- I --ill
E±I~EII~ig±Lr fl* I~H - 1IIEZL~

7
t

OIUI I I i ii I - i m i m i &

f~1ELL1iEf LI LI J:I:HIEfI ziŽI~IU~fI¶~
. .

.;IK"
~AOC = ft ~ ~ tI = < C, (00

)

IL L -ii- ii 1 EM-

I II I II II I I

I 5 10 50 toS

P. OrP.F ý•--r - -

1000

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

materials through partially penetrating
cylindrical test wells.

134
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S to Ile r establ~ifed 1959

Page /•.2or..2Packer-'Test Record

Field Represeniativc; g 'e' P P Boicholc No. 02.V e Total Dcpth: ,-.• ,-/

Depth to Water (TOC): ....L• Borehole Cleaned'! Yes o Date; /1 -16

Test Interval (BGL): ftomr 90 to. /0 Z- ft.

Conductor Pipe, Type and Size- i4 , '

Swivel/Elbow HMight (AOL) " f

r~ .. 7 iL~~ M

Time

0,5,

o 65Vo

Gauge Pressure

/0de

/0/0

/49

520

.20
p2o

Flow Meter Reading

395jZ 7 2.ZA 76'0

JDW5.z/. 70

~39 ýW/.20
'y ý/._ 70

-3 9•V,.- 2449

159 V-, 2 .7 -3-5-~

Sg~.2z35'~

27/ -, 75

39/L2 z. 3S--
31Y2'.7. 75-

Flow Rate

-6-- €.,



S toller
Packer-Test Record

stablished 1959

Pa 2•e- of.2-

Project Name: - L V3 4 ý I"ST(.. Date. : P/ /CAO,

Field Representative: > / p- v'e Borchole No. DZO' Total Depth : 3

Depth to Water (TOC): 7 Borchole Cleaned'? Yes Date; ./ 6 o•

Test Interval (BOL): from 9_ _ to /o0 2 ft.

Conductor Pipe, Type and Size: -

Swiv'el/ElbowIcight(A (AOL)

Time

,osa
1P3-Z)

Gauge Pressure

Jo

Z42

/0

/A

Ao

Flow Meter Reading

,?42(2z. 75¢
B9€ qz . 75o2 9 'K2z- I-7

,ý.XI5ý2.4- 70

f9l"Z- 70

.f9JZz.. 70

9 f2. 70

/
Flow Rate

~344¥n

-6•-----

A - V20
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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:

-- I--.4- , - 2-

t t .
oZ I

I- -- * -

hi I

Figure 17-6.-Location of zone I lower

boundary for use in unsaturated materials.
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WATER TESTING FOR PERMEABILITY

13...LL ,zo g,

23.1.4

(0 ps -)

Figure 17-7.-Conductivity coefficients
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 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: "60efnoa- : 2_o0

be A- : 9o-1o L
I .SSt'-!~ly I~ 2.U-o -

T"ri/D
Figure 17-6.-Location of zone 1 lower T&

boundary for use in unsaturated materials. e

X- 4
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WATER TESTING FOR PERMEABILITY

zW
E; I

C.)

Co,

00

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 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 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 usi
and 2:

ng Methods 1

: 0 o-L.o : 2-8

I-

(I)

0.

Z NE I I

t- - " 4- i-- -

4• .0

-Boundory of Ios , i

S ZONt Z " ,,.,

!0.0o0 _10 10 5 "- " - -

IO- --- I -o mo .. .. o

'- -,

i2 0'1 e-

t~I To le

Figure 17-6.--Location of zone I lower
boundary for use in unsaturated materials.
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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, f, 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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.S toiler
esablijIed 1959

Pag /o Z.Packer-Test Record

Project Name: -L// z ,jt. ~ iJ z Dale: p /,s-

Field Represcntatimvje 6? Z'P' Borcholc No, Total Depth

Depth.to Water ('OC): . Borchole Cleaned' Yes ,_No- Date:. . t

Test Interval (BGL): from _'__ to -/3 ft. SwivelElibow Height (AOL)

Conductor Pipe, Type'and Si7e: 1/-/,k .V'D
-74,-- "# - 94-J

Time

/Z350

!3LQ
1.3 155'-

I15"

/Y-/ o

Gauge Pressure

//2

/0

z-0

20

.20

2-0

Flow Meter Reading

.39,//,g. eo

3?2//-'. -

S3 -q ,/I" o•

-3 9•39q'l&. 1'0

JyzVo./

39~tlo. /to

.3.q?,z•./5"

q q, .1s-

3 qZ Vo . / "3 qu $Zo- Z-5

Flow Rate

-0--0.0/.

-6---q



Stoiler
Pag establithee

lPacker-Trest Record Page -or

Test Interval (BGL): from __ t io.33l ft, SwivAllElbowHcight(XGL) _Aft wvlfibwHegt'L

t1P59

Conductor Pipc, Type and Size: /,,

Time

/•0

_/5"/D-

/0 4V
A(15"55

/1, Z

Gauge Pressure
30• ''s;

,3D

,3o
3 09

-31)

205

/0

Flow Meter Reading

394/-21-20
3gA#/Z. 4"

3gg2,/. • o

39q22.ze'

3¢9fz z. /s-

39Vz 2. /5

3 9 5(2z .Z-

3•.rzz. Zo

Flow Rate

0 ., / y 17

-c.ow
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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 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: : 208

c~~r~rv- rT'4r-1-F PT 12 1Tr'133v;

Figure 176.-Location of zone 1 lower T4
boundary for use in unsaturated materials. -. -
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FIELD MANUAL

T,= 75 -65 + 125.1 = 135.1 feet

125.1 T 135.__
X 135.1 (100) = 92.6% also Iu - 135.1 0 13.5135.1 1 10

The test section is located in zone 2 (figure 17-6). To
determine the saturated conductivity coefficient, Cs,
from figure 17-8: &O,.L,.1. "zo0

QO'-4L, : 121- 133 +-

... I 1. .11 11 1 1 ' 1 11 11 - = Ito =I

.) I ýOO

a

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 (h4 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 I
lower boundary for use in unsaturated materials.

Pressure permeability tests examples using Methods 1
and 2: 1ot,•l,.." 8

° es,4I!j 4.ZA

I R ZONE I

:•~ ~ .. d l a cno of zo•e I , "

" I-

C 22

* • [ _7 a /
Figure 17-6.-Location of zone 1 lower

boundary for use inunsaturated materials.
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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 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 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: 20: o

0€ F 1 -9:.

----- - ZONE I

oI. C- • -Rd

=;cudoy of z i I.. ...
I-

-- " - "-~-- - -

Figure 17-6.-Location of zone 1 lower -, Z.
boundary for use in unsaturated materials. .-. 2 I."Z
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Stoller establisbed 1959

Page ... L. of '-2Packer-Test Record

Project Name: /9f~ ~Datc: // O

Field Representalivc; ;F Borchol No. ' Total Dcpth

Depth to Watcr (TOC): " Borchole Cleaned'! Yes _ N Date: /

Test Interval (BGL): from to aqv ft.

Conductor Pipc, Typc and Size: Z. ."

SwivelfElbow Hcight (AOL) 7.0

-r-Ain ,.4i& 57-rý -,W 1/0/"

Time

• 4Agd

41Y6

/o35"

/1' _0

It) .s'o

WOO"•

Gauge Pressure

I.3"

5-

/0

Flow Meter Reading

394o.6-. •{

32"_g..,-T5., 75•

• •'. 4.&

3 g,(e 7. •-

39g 4'. /0

.7 9f 1c4 V

39 8553qL,07-5z5"
-3 f 07- 0'•

Flow Rate

0.o3

o-3

3. 01#6-.3g•I

6. o3

A-kqc\



Stoller agablisljed 1959

Page *. * or 2-Packer-Test Record

Project Namrc; i/h4 I ý ac: 0 o/0

Field Repres•n•a•ive. ; . P10 BorchoicNo. 04,W8 Total Dpth: :

Depth to Water (TOC): BorcholeCleaned Yes _::::_No. Date;

Ten Interval (BGL): from 2 9Z- to_______ ft.

Conductor Pipc, Typc and Size: /Z/,.4)< .•

Swivel/Elbow Hcight (AOL)

Time

,a,-

Gauge Pressure

2--o

/0*/0"
A,
/to

5-

.5-

Flow Meter Reading

3g/q$oe. go

3 9 O f'. 30

39V~o?,/

39 o9. 0-s

3q 9 50(0. /5

Flow Rate

_a.o.

6,0/

A55
A-IE•



FIELD MANUAL

T,= 75 - 65 + 125.1 =135.1 feet

125.1 T 13.X 2 (100) 92.6% also - 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,
from figure 17-8:

1-s-25-0

-Dtoie,'( 0

,41 exr&,,r 28f-. jZP

In
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

x 125.1 (100) = 92.6% also u- 135.1 13.5135.1 10

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

7 SC. " o-

C-)

Q . P .
-jor --

F.

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

materials through partially penetrating
cylindrical test wells.

134



I ~ N.: ~~--.~____ ____DATE: -

[612cr IJOB NAME: .. C," !Cm ~4l~s,-/

rD, -Xw //M/- ACIC, Ile-,4 * &- 1,,,i j 0. ý4 0,
Oon e- 3 - 1*,ýA..l ?- a xat

PREPARED:. REVIEWED:

SHEET NO.: OF_"-__-
• P,-u..• • $sp"

. . . . . -.--. -

I....-

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

I *1.
fIeJJ..4~..EIL~I.. -:

~ 503e. <'V~.: II.
* .4

* .1

i -

v~:
II

d I i

.. .... . . . . . . . . . . . . . ............ . " .... ..
.. . . . . . . .. . . . . . . .... .. .. ... : . .. I -;..2....;

' 19 ,- ... _.......
.i 9 ,5 ..f 1.:.........-. :-:-:

• .... -• . 4.--:, ; I
-..... • ... .! . . .. ..• .o•I lly •'

- . .

r I1 - i

* :............
- 90 I

31 -*Q 4
j

I I I . I ~ ~ ~ oil ~ ~ -~

}

I
7 - 1-. - 7-A- ---.-.-

S-(O .. ~ .c~*. i-~ Fr-"~.--~-- 7-

'I I * ~ _ ____ ____ ____

t..... ...



I ~ -4 I OE~ G ~DATE: 1-.25-2f

TO ilr
ri-. __

JOB, NAME: C(,,eo, •.,.,•;,, .r-'

PREPARED: P_ E.___V REVIEWED:

SITEET NO.: - OF. "D/, l- ' ÷A -di

+4.

ZI

I..: -.. .. 1 .9.4. k±-K4Q~7?4 ~- - . -

~~T.Thr3e .~ .

~1
.4 ~ .4

.....

I...

I - --- ! -- r

*1

KY] I i

4 ..

a 4

'I-Il ~ - 23..~ I

- 4 - , L. - .

? - ~

4.4 1

-I-
47rT-r ~ .9-4-

BZdm" ,J f,,•f -•d•

7-:-

I I ... - ''"

-4 .

I I I i I

""----'---41 1'--4 b

*K • + . I • i• m I I

.~J..:..ij

. . 4

4 Qis
4J Ir

I ~b 4 t~.-k~J~-TS

k- I

-v L~j.

I I ~~1

4.--.-

... 4.4...4. &..4

* I . 4

I I
'I

~L~-. ~4 I

I . I

1 l •7 .... . ' -- " -. t-• •-4•........ -4.I I I

-4-

-F

±

~i1..
-I--

-I.-..

W

I

V~~ IT.

-T--t j.T

I- 4. ~

u-I rj-r ~
Iii

4 . * ! , I I _

4

----------- L
q . * W I + ; a I~. .4 I|

II ," , ! ; , i i "I| I I | I i I[ - ; : t J I II i , ! I : i

T L --?'14t-- ~-77- T r
_________ - 4--4 .4j-

-4-4_______ .... -44 ~ ~ --. j-p4..-4 ~ 4 4 ~ I

-.-. 4.-..----~ -4-.7 -- 'f 44. -l-* ~ --

4-r 7 ,~ f



toiler
•,,,_ a7, 4 ,,eloj li-.w-

JOB NOY: DATE: _-_______,

JOB NAME: ovs.,, .,,

PR EPAR ED: R~ '~ EVI EWED: ______

SHEET NO.:_ OF...... 29_Z -294-
P-CL.s e- t 710 psi

. .. ..... .. .
+ I

_ . • ..... ..... .. ... .

1 • • = .- :

*......i

I. - 1 -,6

f ,. 4---

- . - | . . •

I '•]~ ~-•";..-.... •-'
.- . • . I-
.i.. . ..•.: " g." -- L" F 4,: " ;

A..

I

IT :

Al231. 0A- 7

i

~

'!C~ 44~Z)
......... ........ !..f 7-f.

I . ~ 0.01
* I
~t .4.

~ ~b
.
.-.-.-.. ~-

"' L
.21 - i .. . .. . . . }- - , i . ... . .. :4..-.;.- .

" .......... .... 1. . . . i. .. # - -... •

I -: 1
" , I . . . . . .l. . . - .. . .• I . " - '7 ' '

*1~ 1

4--

---l 4A0

j-7-4-7-

V-
l-:/;;1-

I. -.-4:--v-
| ! I

-'--a-"--

-.

I . p

-H- -~r
p..)4-

J.....

I-.

t7~

4.L ......

.I :

44..

I ~4../J. 1 -44OOxOCU'/AA

7 ......
., 4 4

nc~...a.5Th~n~ao..4 1 x a.s....tM,.n..C.....~n4l.



JOE; No: DATE: i OG

to/Ic
e-? 3,*,~Azadz

3oB NAME: C .,Sce ,tl, l.

PREPARED: ll-kt 164 REVIEWED:,
".•o/,_ 208

SHEET NO.;: OF. L lz: -- 4

*- :. ' .,*........1 . . . . . . .. "
.' ... ".. . . . _____________._____• _
S • : I . a _ _ _ _ _ _

...... .. "-i ... ... .. ..
. * -.; . . . .. ... • .. ... . ..

. . .. . ...-- .

" .. ....... . 4 -.- -.. n.-.
.-.... --... . t-'-'-". . .

. .. .- ~

.. . .. ... : . -. 4
-,.. ,.-..i- . ..... . ...

L I . 1
I ,,;;

.4.... 1.1.

j~
4

a5j~3~f i
1 ?~4ew4-

-~ a .

*~'3J,- p.i - -

9-19

-II ~
i

r°.
1 i J 1 i

I .

LYE:'

t .. .. a . . . . . .

-.7

.....

.. x 2 . .... . . ' ...

= ; < -I I .. "•. ... . . ..

.. . : . .. 1! . .

.... 1 .. .. ." • " . .

r

.1~

r
...........t 4-'S1 '..• S -. .. . .. .. I ... .. . . . . . .. 4 I - . . .

.: ,.•t ...4 a•-..- ~- .-

Liii-
I.. -

I It I [ I I I

i • 1 I 1 I • I

i'A

I

4-7

-7cI
.44-

: .

-i

. .... -w
LffiTI

I -4-I--i-4-
- ~1~

L.

~1~
.1

U-4-

"- - -' .. " -. '• - - 9- --9 _._.:.. . . • _ - .. t i ._ _ _

.1
a .1''9.

-~.

'I

I . 'I'

2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 LL29r~ LJ KIi- jL~1f~~ir

.14

m

; . • .. , "- I "

[-'r~~A IS .... . . . . . . . . . . . . . . . . ..'"" :, ', -"-. .... '" ... ",--



OL
J06b 1`140: D ATEL: t..

t oiler
gon e- 3,* /*~~,2~~/

JOB N~AME: -~et. .
PREPARED: lyE0YI 1X REWED: _____

SHEET NO.:__-_ OF Zvi-' 2-2 94-

........... • :I ....

.-... ~~~~.. ..-..; ... •"!,-.... . ,

.... •" .... I....-.I-

i -
... .'_..:. •.• .L-,. -r- P -•-!- , - . ; ... . !

.. .
. . . 1

:77FT
~s I "-1,~x'~ 7

Iw
|.

L ... . . ." . r- - * r7. . ... . .----. .- -4. -i
*1 -I i

-~ f~ao.oi~4/,~;~7

I 9c b

- Xf

7T1

F. I

SI1-7. :.7 -
4+.

r. . . ~. . .. .j

-_ __4_ L__ _ _ _ i- '-*-' * . . .
1 g . . ,

~~ L L - 4 u

,a .a ,a 7 'I 1 1'

_ a. ~ a ~ .(.40L.. a-71-1

6 .;' 1i

A -



Appendix D



U.S. Department of Energy-Grand Junction, Colorado

Calculation Cover Sheet

Calc. No. MOA-02-03-2006-2-03-o00 Discipline: Hydrologic Properties No. of Sheets:,7-&

Project: Moab UMTRA Project

Site: Crescent Junction Disposal Site, Utah

Feature: Hydrologic Characterization - Ground Water Pumping Records

Sources of Data:

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

Sources of Formulae and References:

DOE 2005. Work Plan for Characterization of the Crescent Junction, Utah, Disposal Site, DOE-
EM/GJ912-2005

Preliminary Calc. fl Final Calc. [2 Supersedes Calc. No.

Author: Checked
. 3-2-4-046 by:

Name 7 Date ýa n3f D o_ _

Approved Name Date
by: Y_ -Z a -6

Name Date Z -. 7 - C.7

Name Date

Nahate



Problem Statement:

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

This calculation will be incorporated into Attachment 3 (Hydrology) of the RemedialAction 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 RemedialAction Selection report for the Moab site.

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

In the two other coreholes containing ground water at the site (0205 and 0210), water-level recovery rates
are ve.y 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.

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.

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
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Calculation:

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

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

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

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

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

N/A

Conclusion and Recommendations:

The purpose of pumping connate water from the coreholes at the Crescent Junction disposal site has
been to test the concept that the water occurs in discontinuous and isolated zones or porous
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

Extracted Ground Water: Corehole 0201
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Figure 2. Ground Water Withdrawal from Corehole 0201, Crescent Junction, Utah, Disposal Site
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Extracted Ground Water: Corehole 0202
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Figure 3. Ground Water Withdrawal from Corehole 0202, Crescent Junction, Utah, Disposal Site

Extracted Ground Water: Corehole 0203
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Figure 4. Ground Water Withdrawal from Corehole 0203, Crescent Junction, Utah, Disposal Site
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Extracted Ground Water: Corehole 0204
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Figure 5. Ground Water Withdrawal from Corehole 0204, Crescent Junction, Utah, Disposal Site

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

U.S. Department of Energy
April 2006

Hydrologic Characterization-Ground Water Pumping Records
Doc. No. X0149600

Page 6



Appendix A

Field Records of Ground Water Pumping



Well # Date Gallons Purged Cumulative Purged

201 01/12/06 50 50
01/14/06 44 94
01/16/06 40 134
01/20/06 45 179

01/23/06 44 223

01/25/06 56 279
01/30/06 48 327
02/01/06 48 375

02/03/06 29 404

02/06/06 30 434

02/08/06 46 480

02/10/06 25 505

02/13/06 24 529
02/15/06 25 554

02/17/06 24 578
02/22/06 24 602

02/27/06 30 632

03/01/06 30 662

03/03/06 40 702

03/06/06 42 744
03/08/06 36 780
03/09/06 32 812

03/13/06 54 866

03/15/06 55 921

03/17/06 35 956

U.S. Department of Energy
April 2006

Hydrologic Characterization-Ground Water Pumping Records
Doc. No. X0149600
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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

U.S. Department of Energy
April 2006 .

Hydrologic Characterization-Ground Water Pumping Records
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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 1122

01/20/06 110 1232

01/23/06 109 1341

01/24/06 106 1447

01/25/06 107 1554

01/30/06 107 1661

02/01/06 106 1767

02/03/06 106 1873

02/06/06 105 1978

02/08/06 105 2083

02/10/06 105 2188

02/13/06 105 2293

02/15/06 105 2398

02/17/06 106 2504

02/22/06 104 2608

02/27/06 105 2713

03/01/06 94 2807

03/06/06 105 2912

03/08/06 105 3017

03/09/06 90 3107

03/13/06 95 3202

03/15/06 102 3304

03/17/06 91 3395

U.S. Department of Energy
Apri12006

Hydrologic Characterization-:--Ground Water Pumping Records
Doc. No. X0149600
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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

U.S. Department of Energy
April 2006

Hydrologic Characterization--Ground Water Pumping Records
Doc.-No. X0149600
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Well # Date Gallons Purged Cumulative Purged
208 10/31/05 65 65

11/14/05 58 123

11/20105 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

U.S. Department of Energy
April 2006

Hydrologic Characterization-Ground Water Pumping Records
Doc. No. X0149600
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U.S. Department of Enerqv-Grand Junction, Colorado

Calculation Cover Sheet
Caic. No.: MOA-02-05-2006-2-13-00 Discipline: Hydrology No. of Sheets: 7

Project: Moab UMTRA Project

Site: Crescent Junction Disposal Site

Feature:
Hydrologic Characterization - Vertical Travel Time to Uppermost (Dakota) Aquifer Calculation

Sources of Data:

* Published literature and maps within 30-mile radius of the Crescent Junction Disposal Site (see below).

e Water level elevation data for Mancos Shale from SEEPro database.

Sources of Formulae and References:
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York, 824 p.

Freethey, G.W., and G.E. Cordy, 1991. Geohydrology of Mesozoic Rocks in the Upper Colorado River Basin in
Arizona, Colorado, New Mexico, Utah, and Wyoming, Excluding the San Juan Basin. U. S. Geological Survey
Professional Paper 1411-C, U.S. Government Printing Office, Washington, 117 p, 6 Plates.
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Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor
has identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of
Crescent Junction, Utah, as a possible site for a final disposal cell for the Moab uranium mill tailings. The
proposed disposal cell would cover approximately 300 acres. Based on the preliminary site-selection
process, the suitability of the Crescent Junction Disposal Site is being evaluated from several technical
aspects including geomorphic, geologic, hydrologic, seismic, geochemical, and geotechnical. The
objective of this calculation set is to estimate the vertical travel time for ground water migrating from the
Crescent Junction Disposal Site through the Mancos Shale confining unit to the Dakota aquifer.

Conclusions from these data will be incorporated into the Remedial Action Selection Report of the
Remedial Action Plan (RAP) and Site Design for Stabilization of Moab Title 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)/nfe

where:

" = average linear velocity (L/T)
q = specific discharge (L3/L2T), or simply (L/T)
K = hydraulic conductivity (LIT)
dh/dz = vertical hydraulic gradient (LUL), or simply (dimensionless)
ne = effective porosity (1L3/1L3), 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 109.800 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 h2.

Geological data presented on page eight of Calc MOA-02-03-2006-1-01 in RAP Attachment 2 of this
document shows that the vertical distance from the land surface to the top of the Dakota aquifer is
approximately 2,400 ft. Because the minimum depth to water in the coreholes at the site is approximately
100 ft, the vertical flow path, which is designated by the letter A 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.
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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 (NRC)
(1993, p. 46) suggests "an effective porosity of 10 percent is assumed conservative (represents the
largest flow velocity), unless measured grain size and compaction information support a different value."
Effective porosity values for shale are reported to range from 0.5 to 5 percent (Domenico and
Schwartz 1990, p. 26). Because these latter values are more conservative than the 10 percent values
suggested by NRC, the effective porosity in this calculation is given the range 0.5 to 5 percent.

Hydraulic conductivity measurements of discrete intervals in the unweathered Mancos Shale were made
using dual-packer tests. Results from these tests are presented in Table 1. The hydraulic-conductivity
data set is insufficient to ascertain its frequency distribution; however, the results are assumed to lie
within a log normal distribution because randomly sampled hydraulic conductivity values typically fit a log
normal distribution (Domenico and Schwartz 1990, p. 26). Also according to Domenico and Schwartz
(1990, p. 66), the "average" value of hydraulic conductivity is represented by the geometric mean. The
calculated geometric mean of the hydraulic conductivity data in Table 1 is 2.4 x 1 0bcm/s.

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

Hole ID @ Calculated Permeability' (cmls)
Depth Interval (ft)

Test 1 Test 2 Test 3 Test 4 Test 5

Dual-Packer Tests:

0204 @ 80 to 92 J1.3x 10 3.9 x 10 7  J9.6x10-'

0204 @ 110to 122 J7.5 x 10 9  9.1 x 10, 4.2 x 10-7

0204 @ 283 to 295 J8.9 x 10- 9  1.2 x 10 2.6 x 10

0208 @ 90 to 102 J6.0x 10-' J 7.7x 10 9  J2.2x 10l

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

0208 @ 282 to 294 6.3 x 10- 6.0 x 10-7 J 6.0 x 10"

J flag indicates a no-flow packer test in which a maximum hydraulic conductivity is calculated, based on
duration of test (see Packer-test Calculation [RAP Attachment 3] for details).

Assumptions:
" Literature sources are reliable and representative of consensus of opinion.

" Hydraulic conductivity is a log normally distributed function.

" The actual value of effective porosity is within the range 0.005 to 0.05.

. Extrapolated value of hydraulic head for Dakota aquifer is accurate.

* Hydraulic head measurements obtained from the Mancos Shale 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 = -(2.4 x 10- cm/sec) x (4,920 ft - 4,700 ft)/(2,300 ft)

q = -2.30 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 = (-2.30 x 10- cm/sec)/(0.005) = 4.59 x 10-7 cm/sec

Using ne = 0.05:

V = q/ne = (-2.30 x 10-9 cm/sec)/(0.05) = 4.59 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 n, = 0.005:

Time = (2,300 ft)/(4.59 x 10-7 cm/sec) (1.03 xl j6ft/yr) = 4,860 yr
(cm/sec)

Travel time calculated based on velocity from ne = 0.05:

Time = (2,300 ft)/(4.59 x 10- cm/sec) (1.03 x 106 ft/Vr) = 48,600 yr
(cm/sec)

Discussion:

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

(1) Hydraulic Gradient Between Mancos Shale and Dakota Aquifer

Ground water levels from the Dakota aquifer are presented in Figure 3, which was modified after
Freethey and Cordy (1991). Potentiometric surface contours were extrapolated into.the area of the site.
As shown on Figure 3 the elevation of the potentiometric surface of the Dakota aquifer is approximately
4,700 ft above mean sea level. The maximum hydraulic head of 4,920 ft was measured at corehole 0201
(Figure 2) and the minimum hydraulic head of 4,648 ft was measured at corehole 0205. Because the
elevation of the extrapolated potentiometric surface of the Dakota aquifer is within the range of the
measured heads in the Mancos Shale, there is some basis to suspect that the Mancos heads are
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expressing the potentiometric surface of the underlying Dakota aquifer. If this were the case, then the
vertical hydraulic gradient across the Mancos Shale would be effectively zero, and no potential would
exist for vertical flow between the unstressed Mancos Shale system and the Dakota aquifer. Therefore,
the estimated vertical travel times of 4,860 to 48,600 years are conservative.

(2) Geometric Mean Hydraulic Conductivity

Site-specific packer tests in selected coreholes were used to arrive at a population of measured hydraulic
conductivity values for the Mancos Shale. The sample population was then used to develop an estimate
of the geometric-mean hydraulic conductivity for the layers comprising the Mancos Shale. Measured
values of hydraulic conductivity in the Mancos Shale at the Crescent Junction Disposal Site are similar to
the measured values of hydraulic conductivity in the Mancos Shale at the Grand Junction Disposal Site
(DOE 1991, Calculations GRJ-08-89-14--01, Sheet 9; GRJ-12-89-12-06-00b, Sheet 52/58) and to
those reported for the Mancos Shale near Green River Landfill site (Infill Companies, April 2003, pg. 17).

Vertical hydraulic conductivity values presented in Table 1 are strongly biased toward the high end of the
potential range because 20 of the packer tests resulted in no-flow conditions. If more precise
measurements were made of the hydraulic conductivity the true hydraulic conductivity values would lower
the calculated geometric mean hydraulic conductivity. In more-precise studies made by the U.S.
Geological Survey of the Mancos Shale and its equivalent the Pierre Shale, the vertical hydraulic
conductivity ranged from 1.0 x 108to 1.9 x 10- 12 cm/s (Frenzel and Lyford, 1982, p. 17 and 30-31;
Bredehoeft and others, 1983, p. 28-29). Based on these literature results, the true geometric mean
hydraulic conductivity at the Crescent Junction Site could be 0.5 to 2 orders of magnitude lower than the
one used in this calculation. Recomputing the travel time calculation with the lower mean hydraulic
conductivities would yield a travel time ranging from 23,500 years to 11,750,000 years. Therefore, a
hydraulic conductivity value of 2.3 x 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 an
effective porosity value of 0.005 would embody a reasonable measure of conservatism.

Conclusion and Recommendations:

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

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

Computer Source:

Not applicable.
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