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Executive Summary

Multiple, stress-level slug tests were performed at selected test/depth intervals within wells 399-2-5,
399-3-22, and 399-4-14 as part of the 300 Area volatile organic compound characterization program at
the Hanford Site in Washington State. The temporary test screen lengths were characterized as the
boreholes were advanced to their final drill depths and before their completion as monitor-well facilities.
Following well completion, slug tests were performed in the final, completed well-screen sections. The
objectives of the slug tests were to provide the vertical distribution of hydraulic conductivity with depth at
these locations and to support selection of the final well screen-depth interval for each of these monitor-
well facilities. This characterization information is important for predicting/simulating contaminant
migration (i.e., numerical flow/transport modeling) and designing proper monitor-well strategies within
this area.

Test-analysis results obtained from the multiple, stress-level slug tests provide vertical distribution of
hydraulic conductivity for hydrogeologic units generally within the upper, middle, and lower sections of
the unconfined aquifer. Individual test/depth intervals were sited to provide hydraulic-property infor-
mation for the highly permeable Hanford formation (Unit 1) within the upper part of the unconfined
aquifer and the underlying, less permeable Ringold Formation (Unit 5) within the middle and lower
sections of the unconfined aquifer. Eight out of 10 discrete-depth intervals were tested successfully
during borehole advancement, and one test/depth interval was tested after the wells were completed as
monitor-well facilities. Two of the temporary test screen lengths could not be tested during borehole
advancement because of sediment in-filling that occurred inside the temporary well-screen section.

No quantitative analysis for slug tests conducted within the three Hanford formation (Unit 1) test
intervals was realized because of test-system limitations. Limiting qualitative analysis results, however,
provide a lower, bounding hydraulic conductivity estimate range of >300 to >400 m/day for these
Hanford formation tests. These hydraulic conductivity estimates were derived for test-interval sections
that ranged from only 0.5 to 1.1 m in length. These lower bounding Hanford formation test values are
comparable to the general range of lower bounding values (i.e., >100 to >2,000 m/day) for 300-Area test
characterizations recently cited in Williams et al. (2007) and to the estimate of 568 m/day for one
previous 300-Area volatile organic compound characterization test/depth interval (Spane 2007).

Analysis of the slug-tests conducted within six test/depth intervals within the Ringold Formation
(Unit 5) indicates average hydraulic conductivity estimates ranging from <0.01 to 2.48 m/day. Hydraulic
conductivity estimates for the Ringold Formation (Unit 5) were derived for test-interval sections that
ranged from 0.6 to 2.9 m in length. These average hydraulic conductivity values are comparable to the
lower range of 0.04 to 41.2 m/day, with a geometric mean of 2.38 m/day, for 16 other Ringold Formation
test/depth intervals recently obtained for test-characterization boreholes in the 300 Area (Williams et al.
2007; Spane 2007).
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1.0 Introduction

Pacific Northwest National Laboratory conducted multiple, stress-level slug tests at selected test/
depth intervals within wells 399-2-5, 399-3-22, and 399-4-14 as part of the 300 Area volatile organic
compound (VOC) characterization program at the Hanford Site in Washington State for the U.S. Depart-
ment of Energy (Figure 1.1). The temporary test screen lengths were characterized as the borehole was
advanced to its final drill depth and before its completion as a monitor-well facility. Where possible, the
final well-screen sections were characterized following well completion. The primary objective of the
slug tests was to provide information pertaining to the vertical distribution of hydraulic conductivity with
depth at these locations and to select the final well screen-depth interval for each monitor-well facility.
This type of characterization information is important for predicting/simulating contaminant migration
(i.e., numerical flow/transport modeling) and designing proper monitor-well strategies within this area.

Section 2 describes the general hydrologic test system employed to perform the series of multiple,
stress-level slug tests for each isolated test-interval section. Section 3 discusses slug-test response and
analysis methods. Section 4 presents pertinent information describing slug-testing activities and analysis
results for the test/depth zones that were hydrologically characterized at the 300 Area VOC wells. Slug-
test results are described for each individual test zone within each of the three well locations. Section 5
presents the hydraulic conductivity depth profiles obtained at each of the three well sites. Conclusions
and references are provided in Sections 6 and 7, respectively. Slug-test field notes are provided in
Appendix A, and borehole lithologic logs are presented in Appendix B.
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2.0 Hydrologic Test System Description

The following discussion of the general hydrologic test plan is taken primarily from similar slug-test
characterization-program descriptions presented previously by Spane.”) Hydrologic testing was imple-
mented when the approximate targeted depth intervals within the unconfined aquifer were reached during
drilling. To prepare the test zone for slug-test characterization, the packer/well-screen test assembly was
lowered to the bottom of the borehole, and the drill casing was retracted, exposing an open borehole
section of ~1 m or less within the Hanford formation and between 1 and 3.5 m within the Ringold
Formation. The packer was then inflated to isolate the well-screened/test interval and the testing string
from the inside of the drill casing. Following well completion, slug-test characterization was conducted
in the final, completed well, well-screen section.

A series of multiple, stress-level slug tests were attempted for each isolated test-interval section. The
reason for using a multi-stress-level approach was to determine whether the associated slug-test responses
exhibited either a variable or stress-level dependence. As noted in Butler (1998) and Spane et al. (2003b),
tests exhibiting either variable or stress-level dependence can provide valuable information pertaining to
the presence of dynamic well skin or non-linear (i.e., turbulence) test-response conditions occurring
within the test section. General slug-test stress levels applied during testing were designed to be within
the range of ~0.3 to 0.7 m for lower stress tests and ~0.7 to 1.4 m for higher stress tests. The slug tests
were initiated with two slugging rods of different, known displacement volumes. For most test zones,
three or more multi-stress slug tests were conducted. Efforts were made to allow individual slug tests to
approach full recovery before starting the next slug test within the characterization sequence. A wide
range in recovery times was expected based on the anticipated range in permeability conditions. For
example, Spane et al. (2001a, 2001b, 2002, 2003a) and Spane and Newcomer (2004) report recovery
times as rapid as <15 sec for high-permeability test intervals (e.g., Hanford formation) to >10 min for
lower permeability Ringold Formation test zones. A description of the hydrologic test system used
during slug test characterization is provided in the following report section.

Figure 2.1 shows the general test-system configuration used for the slug tests conducted during the
drilling and testing of 300 Area wells 399-2-5, 399-3-22, and 399-4-14. Slug tests were conducted with
only slugging rods for all test zones (i.e., no pneumatic slug tests were performed). The test-system
configuration includes a downhole inflatable packer/well-screen test assembly, a downhole pressure

(a) FA Spane, Jr. 2003. Slug Test Characterization Results for Multi- Test/Depth Intervals Conducted During the
Drilling of WMA-C Well 299-E27-22 (C4124). Letter report to Jane Borghese (Fluor Hanford, Inc.), October 8,
2003.

Spane FA, Jr. 2005a. Slug Test Characterization Results for Multi-Test/Depth Intervals Conducted During the
Drilling of WMA-BX-BY Well 299-E33-49. Letter report to Jane Borghese (Fluor-Hanford, ORP), January 10,
2005.

Spane FA, Jr. 2005b. Slug Test Characterization Results for Multi-Test/Depth Intervals Conducted During the
Drilling of CERCLA Operable Unit UP-1 Wells 299-W19-48, 699-30-66, and 699-36-70B. Letter report to
Mark Byrnes (Fluor-Hanford, ORP), September 13, 2005.

Spane FA, Jr. 2005¢. Slug Test Characterization Results for Multi-Test/Depth Intervals Conducted During the

Drilling of CERCLA Operable Unit ZP-1 Wells 299-W11-43, 299-W15-50, and 299-W18-16. Letter report to
Mark Byrnes (Fluor-Hanford, ORP), September 13, 2005.
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transducer, a slugging rod lowered by a drill rig, and a surface data-logger system. The drill-casing string
used for borehole advancement during the drilling of each well had inside diameter (I.D.) and outside
diameter (O.D.) dimensions of 0.273 m (10 % in.) and 0.298 m (11 % in.), respectively. Except for slug
tests conducted in Zone 1 near the water table, an inflatable packer was used to seal and isolate the
temporary test screen length and test-casing string from the encompassing drill-casing area. The packer
was not inflated during testing near the water table. While the packer was inflated, test-interval isolation
was verified by adding ~20 L of water above the packer (i.e., in the annular area between the testing
string and drill casing), both at the beginning and end of the testing sequence. A 3.05-m length of
0.152-m 1.D., 30-slot (Schedule 20), well-screen section attached below the packer was used to maintain
an open section for testing the formation after retracting the drill casing. A 0.1-m-long cap was attached
to the bottom of the well-screen section. The inside diameter of the attached test-casing string above the
well-screen section was 0.102 m. A Druck, Inc. pressure transducer strain-gauge, 0- to 69-kPa (0- to
10-psig) pressure transducer was installed below the fluid-column surface within the temporary test-
casing string to monitor downhole test-interval response before and during slug testing. Pressure-
transducer measurements were recorded with a Campbell Scientific, Inc. model CR-10X™ data logger.

Figure 2.2 shows the general slug-test configuration following well completion of each of the three
wells. Slug tests were conducted in the final well-screen sections with the same slug rods as those used
during testing within the temporary test-casing string. The test-system configuration within the final
well-screen section includes a downhole pressure transducer, a slugging rod lowered by a drill rig, and a
surface data-logger system. The final 10-slot (Schedule 10) well-screen section had a length of 3.0 m
(10 ft) or 6.1 m (20 ft) and an I.D. dimension of 0.152 m (6 in.). A Druck, Inc. pressure transducer strain-
gauge, 0- to 69-kPa (0- to 10-psig) pressure transducer was installed below the fluid-column surface
within the well casing or well-screen section to monitor downhole test-interval response before and
during slug testing. Pressure-transducer measurements were recorded with a Campbell Scientific, Inc.
model CR-10X™ data logger.

2.2



ﬁ Drill Rig

P Temporary Test Casing (0.102 m I.D.)

Vs Drill Casing (0.298 m O.D.)

Submerged Slugging Rod .

Open Borehole/Test Interval \

|~ Pressure Transducer

Inflatable Packer

P Temporary Well Screen (0.152 m I.D.)

2008/DCL/300TCE/001 (03/19)

Figure 2.1. General Slug-Test Configuration within the Temporary Test-Casing String during the
Drilling and Testing of Wells 399-2-5, 399-3-22, and 399-4-14
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3.0 Slug Test Response and Analysis

The following discussion pertaining to slug-test response and analysis is taken primarily from Spane
[see footnote 2.0 (a)]. As shown in Figure 3.1 and discussed in Butler (1998) and Spane et al. (2003b),
water levels within a test well can respond in one of three ways to the instantaneously applied stress of a
slug test. These response model patterns are 1) an over-damped response, where the water levels recover
in an exponentially decreasing recovery pattern, 2) an under-damped response, where the slug-test
response oscillates above and below the initial static, with decreasing peak amplitudes with time, and 3) a
critically damped response, where the slug test behavior exhibits characteristics that are transitional to the
over- and under-damped response patterns. Factors that control the type of slug-test response model that
is exhibited within a well include a number of aquifer properties (hydraulic conductivity) and well-
dimension characteristics (well-screen length, well-casing radius, well-radius, aquifer thickness, fluid-
column length) and can be expressed by the response-damping parameter, Cp, which Butler (1998)
reports for unconfined aquifer tests as:

2
CD _ i* re ln[Re/l’W] (3.1)
L 2KL

e

where g = acceleration due to gravity
L. = effective well water-column length
r. = well casing radius; i.e., radius of well water-column that is active during testing
= effective test radius parameter; as defined by Bouwer and Rice (1976)
r,, = well radius
hydraulic conductivity of test interval
L = well-screen length.

&
|

~
[
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Figure 3.1. Diagnostic Slug Test Response (taken from Spane and Newcomer 2008)

Given the multitude of possible combinations of aquifer properties, well-casing dimensions, and test-
interval lengths, no universal Cp, value ranges can be provided that describe slug-test response conditions.
However, for various combinations anticipated for testing at 300 Area VOC well sites during drilling, the
following general guidelines on predicting slug-test responses are provided:

e Cp >3 = over-damped response
e Cp 1-3 = critically damped response
e Cp <l = under-damped response.

An over-damped test response generally occurs within stress wells monitoring test formations of low
to moderately high hydraulic conductivity (e.g., Ringold Formation) and are indicative of test conditions
where frictional forces (i.e., resistance of groundwater flow from the test interval to the well) are predom-
inant over test-system inertial forces. Figure 3.2 shows predicted slug-test recovery as a function of
hydraulic conductivity (K range: 1.0 to 40 m/day; 1.0-m test interval) for test intervals exhibiting over-
damped response characteristics and for general 300 Area VOC test well/interval conditions. The test
predictions shown in the figure are based on responses occurring within a test system casing
[.D.=0.1016 m. As indicated in the figure, test intervals having hydraulic conductivity values of
approximately 40 m/day or less should be readily resolved for tests exhibiting over-damped slug-test
behavior. For over-damped slug tests, two different methods can be used for the slug-test analysis: the
semi-empirical, straight-line analysis method described in Bouwer and Rice (1976) and Bouwer (1989)
and the type-curve-matching method for unconfined aquifers presented in Butler (1998). For
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over-damped slug tests, hydraulic-conductivity estimates obtained with the Bouwer and Rice analytical
method are generally less reliable than corresponding estimates obtained with the type-curve-matching
method (Hyder and Butler 1995; Butler 1998). For this reason, only the type-curve-matching analytical
method was used for estimating hydraulic conductivity for zones tested at the 300 Area VOC wells. A

detailed description of over-damped, slug-test-analysis methods is presented in Spane and Newcomer
(2004).

1.0
F Predicted Over-Damped Slug-Test Response
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08 L \ ', — K=1 md
N . ---- K=10 md
[} \ .
- I \ Y — — K=40md
E 06 | \ .
T \ .
) i \ '
2 L
o) \ :
c i \ " Test Parameters
Re) .
g 04 B \ A
o | \ i re = 0.0508 m
£ I \ . fw = 01492 m
o I \ . L = 100 m
02 | \ . S = T7.0E4 m’
L \ Kp = 1.0
| \
i \
N N
00 1 1 L1l 1 i R N I B B L L1111l 1 1 L1 1aal 1 1 1111l
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Time, min
Figure 3.2. Over-Damped Slug-Test Response as a Function of Test-Interval Hydraulic Conductivity

The time-history matching method is used for lower permeability test intervals, where individual
over-damped slug tests do not fully recover to pre-test conditions. This analysis method is based on the
superposition principle that relies on super-imposing the predicted slug-test responses of subsequent tests
that are conducted in a series. The predicted slug-test responses are calculated with the type-curve
matching method described in Butler (1998), which are combined by super-imposing their individual
responses for the respective times of test initiation to yield a predicted composite test response (i.e., time-
history response). The analysis method is greatly facilitated by maintaining uniform slug-test recovery
time periods and using equal slug-test volume displacements (e.g., alternating slug withdrawal and
injection tests with a slugging rod, each phase for 30-minute periods). Strictly speaking, the super-
position principle (and time-history matching) is only appropriate for linear-response aquifer systems
(e.g., confined aquifers). However, Reilly et al. (1987) state that it is also appropriate for unconfined
aquifers (non-linear response systems) if test stress levels are kept within 10% of the unconfined aquifer’s
thickness. This was the case for the time-history analysis of the testing sequence conducted for well
399-2-5, Zone 3.
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Under-damped test-response patterns are exhibited within stress wells where inertial forces are
predominant over formational frictional forces. This commonly occurs in wells with extremely long fluid
columns (i.e., large water mass within the well column) and/or that penetrate highly permeable aquifers
(e.g., Hanford formation). Tests exhibiting under-damped behavior should be conducted with very small
stress-level applications. No 300 Area VOC well test intervals displayed formational test-response
characteristics that were under damped.

As mentioned previously, critically damped test responses are indicated by stress well water-level
responses that are transitional to the over- and under-damped test conditions, as shown in Figure 3.1.
They typically occur in wells that monitor test formations exhibiting intermediate to high hydraulic
conductivity. As noted in Butler (1998), distinguishing between slug-test responses that are over damped
and critically damped may be difficult in some cases (i.e., due to test signal noise) when examined on
arithmetic plots. Proper model identification may be enhanced when semi-log plots are used, i.e., log
head versus time (e.g., Bouwer and Rice plot). Critically damped slug tests exhibit a diagnostic concave-
downward pattern when plotted in this semi-log plot format. This is in contrast to over-damped response
behavior, which displays either a linear or concave upward (elastic) pattern. Critically damped slug-test
responses are influenced by processes (e.g., inertial) that are not accounted for in the previously discussed
slug-test analytical methods (i.e., for over-damped tests). Because of this, slug tests exhibiting these
response characteristics cannot be analyzed quantitatively with the Bouwer and Rice or standard type-
curve methods. High-K analysis methods that can be employed for analyzing unconfined aquifer tests
exhibiting response behavior that is either critically damped or under damped include those described in
Springer and Gelhar (1991), Butler (1998), McElwee and Zenner (1998), McElwee (2001), Butler and
Garnett (2000), and Zurbuchen et al. (2002). Because of the ease provided by a spreadsheet-based
approach, the test-analysis method presented in Butler and Garnett (2000) is preferred for analyzing tests
exhibiting critically damped behavior. A detailed discussion of this analytical procedure and method is
presented in Spane and Newcomer (2004). No 300 Area VOC well test intervals displayed formational
test-response characteristics that were critically damped.
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4.0 Slug-Test Results

The following discussion presents pertinent information describing slug-testing activities and analysis
results for the test/depth zones that were hydrologically characterized at the 300 Area VOC boreholes as
they were advanced to their final drilling depths. Table 4.1 presents slug-test information for the
respective test/depth intervals, while Table 4.2 summarizes the slug-test-analysis results. Selected
borehole logs are presented in Appendix B, which can be referred to for a geologic description of the
respective well test zone/depth intervals.

Table 4.1. Slug-Test Characteristics for Selected Test/Depth Intervals at 300 Area VOC Test Wells
399-2-5, 399-3-22, and 399-4-14

Test Parameters
Test Well Depth
Number Number to Depth/Test | Diagnostic Slug-
Borehole | Test Test Response Hydrogeologic
of Slug | Water Interval p yarog an)
|D) Zone Test Date Tests (m bgs) (m bgs) Model Unit Tested
Homogeneous
. Hanford
Zone 1 | 9/7/07 4 9.72 10.1-10.9 | Formation/ formation
(0.8) Exponential-Decay (Unit 1)
(over-damped)
Heterogeneous .
- Ringold
399-2-5 _
Zone2 | 9/19/07 | 8 1009 | 2137223 | Formation/ Formation
(C5708) (1.0) Exponential-Decay (Unit 5)
(over-damped)
Homogeneous .
. Ringold
Zone 3 | 9/27/07 1 969 | 37>-381 | Formation/ Formation
(0.6) Exponential-Decay (Unit 5
(over-damped)
Homogeneous
. Hanford
Zonel | 11/6/07 | 9 1350 | 163-16.7 | Formation/ formation
0.4) Exponential-Decay (Unit 1)
(over-damped)
Heterogeneous .
- Ringold
Zone2 | 11807 | 3 1355 | 236243 | Formation/ Formation
0.7) Exponential-Decay (Unit 5)
399-3-22 (over-damped)
(C5706) Rineold
ingo
Zone3 | 11/15/07 | 0 13.93 39'(%‘)1'0 NA Formation
’ (Unit 5)
Homogeneous .
! Ringold
Zone 4®| 12/3/07 6 1329 | 382-4L1 | Formation/ Formation
2.9 Exponential-Decay (Unit 5)
(over-damped)
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Table 4.1. (Cont’d.)

Test Well

Test Parameters

Depth ) ]
Number Number to Depth/Test | Diagnostic Slug- _
(Borehole | Test of Slug | Water Interval Test Response Hydrogeologic
|D) Zone |Test Date Tests (m ng) (m bgs) Model Unit Tested(a)
Homogeneous
. Hanford
Zone 1 | 10/10/07 | 8 1305 | 457156 | Formation/ formation
(1.1) Exponential-Decay (Unit 1)
(over-damped)
Ringold
Zone 2 | 10/15/07 0 13.03 24'(%792)5 4 NA Formation
399-4-14 ' (Unit 3)
(C5707) Homog.eneous Ringold
Zone3 | 101907 | 6 13.14 | 3197327 | Formation/ Formation
(0.8) Exponential-Decay (Unit 5)
(over-damped)
Homogeneous .
. Ringold
Zone 4 | 1023/07 | 69 1301 | 36:6-39.1 | Formation/ Formation
(2.5) Exponential-Decay (Unit 5

(over-damped)

NA = Not applicable.
Note: For all test wells, r, ranged between 0.0508 and 0.0762 meter; r,, = 0.1492 meters. Hydrogeologic unit
number in parentheses indicates the relevant groundwater-flow model layer, as described in Thorne et al. (1993).
(a) Assumed to be uniform within the well-screen test section.
(b) Final, completed well-screen section.
(c) No quantitative analysis was possible for one of the slug tests because the response of the exponential decay
test was disturbed.

4.1 Well 399-2-5 (C5708)

The drilling of 300 Area VOC well 399-2-5 was initiated on September 4, 2007, and continued until
reaching a final depth of 39.8 m bgs on September 28, 2007. The Lower Mud unit of the Ringold
Formation was encountered at a depth of 38.1 m bgs, which represents the bottom boundary of the
unconfined aquifer at this location. Three test-depth intervals were tested at the borehole location:

Zone 1 =10.1to 10.9 m bgs; Zone 2 =21.3 to 22.3 m bgs; and Zone 3 = 37.5 to 38.1 m bgs. Slug tests
conducted within the final, completed well-screen section, with a test/depth interval of 9.9 to 12.5 m bgs,
yielded test results similar to the Zone 1 test results (i.e., full recovery within ~3 seconds after test
initiation). Because of these similar test results, the data analysis for tests conducted within the completed
well-screen section was not included in this report. The slug-test field notes for this test/depth interval,
however, are provided in Appendix A.

4.1.1 Zone 1 (Depth: 10.1to 10.9 m)

After reaching a drill depth of 11.3 m bgs, the bottom 0.3 m of the borehole filled in with sediment
slough. The well-screen assembly was lowered to the bottom of the borehole at a depth of 11.0 m bgs,
and the 0.2985-m O.D. (11 %-in. O.D.) drill casing was retracted 0.9 m (i.e., from 11.0 to 10.1 m bgs),
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producing a test/depth interval for Zone 1 of 10.1 to 10.9 m bgs (bottom end-cap at 10.9 to 11.0 m bgs).
The borehole geology log (Appendix B; Figure B.1) indicates that the test-interval section generally
consists of a sandy gravel and gravel unit, composed of ~80% gravel, ~15% sand, and ~5% silt. At the
time of testing, the well-screen test interval was located ~0.4 m below the unconfined aquifer water-table
surface, and test results reflect sediments of the Hanford formation (Unit 1).

Table 4.2. Slug Test Analysis Results for Wells 399-2-5, 399-3-22, and 399-4-14

Type-Curve Analysis Method
Hydraulic
Test Well Number Conductivity, K,® | Specific Storage,
(Borehole ID) Test Zone (m/day) S(m?)
Zone 1 >300 1.0E-5
Zone 2 (outer zone 1.17-1.73 1. OE-5
399-2-5 formation) (1.42) ’
(C5708) Zone 2 (artificially- 6.05-9.50 L 0.5
created inner zone) (7.72) ’
Zone 3 <0.01 1.0E-5
Zone 1 >400 1.0E-5
Zone 2 (outer zone 0.32-0.61 1 OE-5
formation) (0.44) ’
399-3-22 Zone 2 (artificially-
(C5706) created inner zone) 1.56 1.OE-5
Zone 3 NA NA
(b) 1.04-1.51 )
Zone 4 (1.34) 1.0E-5
Zone 1 >300 1.0E-5
Zone 2 NA NA
399-4-14 =
(C5707) Zone 3 2%3.428')85 7.0E-4-1.6E-3
0.93-1.12
Zone 4 (1.04) 1.0E-4-2.0E-4
NA = Not applicable.
Note: Number in parentheses is the average value for all tests.
(a) Assumed to be uniform within the well-screen test section.
(b) Final, completed well-screen section.

A series of four slug withdrawal tests (one low-stress and three high-stress tests) were conducted
between 0742 hours and 0810 hours (Pacific Standard Time [PST]), September 7, 2007. The slug tests
were conducted with two different sized slugging rods that were partially submerged in the water column,
one with a partially submerged volume of 0.0027 m’ and a larger one with a partially submerged volume
of 0.0059 m’. These partially submerged slug-rod volumes imparted a theoretical applied stress level of
0.15 m for the low-stress test and 0.32 m for the high-stress tests within the 0.1524-m (6-in.) I.D.
temporary screen. Downhole test-interval response pressures during testing were monitored with a 0- to
69-kPa (0- to 10-psig) pressure transducer set at a depth of ~11-m bgs. The static depth-to-water for the
test interval measured before testing was 9.72 m bgs.
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All slug tests for Zone 1 exhibited full recovery within ~3 seconds after test initiation. A selected
example of the pressure-test response for one of the slug-withdrawal tests is shown in Figure 4.1. Test
responses of the formation dissipated within the initial seconds of the test because of very high-
permeability test conditions within the Hanford formation. This rapid test response (i.e., 90% recovery
within ~3 seconds) will be used for analyzing a minimum value for K.

1.2 1.2
I —a— Data Well 399-2-5 (C5708) ]
L - - - = Static Pressure = 1.0557 m Test Zone 1: 10.1-10.9m i
L Test: SW #4 1
L — - - Test Initiated: 33000.25 sec i
1.1 1.1
£ ; £
) | )
5 :
o 1.0 4 1.0 5
o 1 o
) | )
[0) [0)
0'd R o
o { e
(:,’, 0.9 4 0.9 U:;
%) 1 7]
o | o
o | o
0.8 4 0.8
0.7 0.7
32995 33000 33005 33010 33015

Time, sec (t, = 000 hrs; 9/7/07)

Figure 4.1. Example of Slug-Withdrawal Test Pressure Response for Zone 1, Well 399-2-5

To provide a bounding, greater-than K estimate for Zone 1 tests, a series of over-damped slug-test
type curves were generated for various high K values with Zone 1 test parameters. Normalized plots of
the type curves for K values ranging between 100 and 1000 m/day are shown in Figure 4.2. The plots in
Figure 4.2 indicate a range of K > 300 m/day (and assuming S, = 1.0E-05 m™) that correspond to rapid,
formational test response recovery of 90% within ~3 seconds. This lower bounding limit value for K is
the best estimate available for the Zone 1 test/depth interval.
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Well 399-2-5 (C5708)
TestZone 1: 10.1-109 m

K = 1000 m/day
K =300 m/day
K =100 m/day
t = 3 seconds
90% Dissipation

Dimensionless Head

Time, sec

Figure 4.2. Over-Damped Slug-Test Type-Curve Plots for Various High K Values With Zone 1 Test
Parameters, Well 399-2-5

4.1.2 Zone 2 (Depth: 21.3t0 22.3 m)

After reaching a drill depth of 22.9 m bgs, the bottom 0.5 m of the borehole filled in with sediment
slough. The packer/well-screen assembly was lowered to the bottom of the borehole at a depth of
22.4 m bgs, and the 0.2985-m O.D. (11 %-in. O.D.) drill casing was retracted 1.1 m (i.e., from 22.4 to
21.3 m bgs), producing a test/depth interval for Zone 2 of 21.3 to 22.3 m bgs (bottom end-cap at 22.3 to
22.4 m bgs). The borehole geology log (Appendix B; Figure B.1) indicates that the test-interval section
generally consists of a sandy gravel unit, composed of ~60% gravel and ~40% sand. At the time of
testing, the well-screen test interval was located ~11.2 m below the unconfined aquifer water-table
surface, and test results reflect sediments of the Ringold Formation (Unit 5).

A series of four slug-injection tests and four slug-withdrawal tests (four low-stress and four high-
stress tests) were conducted between 0931 hours and 1252 hours (PST), September 19, 2007. The slug
tests were conducted with two different-sized slugging rods, one with a volume of 0.0055 m® and a larger
one with a volume of 0.011 m’. These slug-rod volumes imparted a theoretical applied stress level of
0.68 m for the low-stress tests and 1.36 m for the high-stress tests within the 0.1016-m (4-in.) I.D.
temporary casing string. Downhole test-interval response pressures during testing were monitored with a
0- to 69-kPa (0- to 10-psig) pressure transducer set at a depth of ~13-m bgs. The static depth-to-water for
the test interval measured before testing was 10.09 m bgs.
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A diagnostic analysis of slug tests conducted for this test/depth interval indicates a heterogeneous
formation response condition. This test pattern exhibits a high-permeability, inner-zone response during
the initial fast-recovery portion of the test that slowly transitions to a lower permeability response for the
surrounding outer-zone formation. The presence of an elastic, high-permeability inner-zone reflects an
artificially induced condition that was likely attributed to collapse of unconsolidated formation sediments
around the temporary well screen as the drill casing was retracted. An examination of the drilling log
geologic description indicates sand heaving within this test interval during drilling.

As discussed in Spane (1993), slug tests exhibiting linear response characteristics for heterogeneous
formation tests can be analyzed using the homogeneous formation analysis approaches described in
Section 3.0. A comparison of the normalized, higher and lower stress, slug-test responses indicated
identical behavior. For the homogeneous-formation analysis, the type-curve method estimates for K
ranged between 1.17 and 1.73 m/day (average of 1.42 m/day) for the outer-zone formation and ranged
between 6.05 and 9.50 m/day (average of 7.72 m/day) for the artificially created, higher permeability,
inner-zone. Selected examples of the diagnostic and test-analysis plots for this test/depth interval are
shown in Figure 4.3 and Figure 4.4(a, b), respectively.

1.00

Well 399-2-5 (C5708)
TestZone 2: 21.3-22.3m

F

x  Test: SI#1

Inner Zone
- ===-Ho = 0.5951 m

Linear Regression
Data Analyzed: 6 to 15 sec

Outer Zone
----Ho = 01902 m
Linear Regression
Data Analyzed: 100 to 200 sec

Pressure Change from Static, m
o
o

001 1 1 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300

Time, sec

Figure 4.3. Selected Diagnostic Plot for Zone 2, Well 399-2-5
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1.0

Well 399-2-5 (C5708)
TestZone2: 21.3-223 m
Test: SI#1

X Data (t > 1.67 min)
A Data Derivative

—— Over-Damped Type Curve
------- Derivative Plot

Test Analysis Parameters

Dimensionless Head and Head Derivative

K = 164 m/d
Sc= 10E5 m’
re = 0.0508 m
fy = 0.1492 m
L = 0.91 m
H, = 0.1902 m
(projected)
0.1 1.0 10.0 100.0 1000.0
Time, min
(@)

Well 399-2-5 (C5708)
TestZone2: 21.3-223 m
Test: SI#1

X Data (0.1 <t < 0.25 min)
A Data Derivative

—— Over-Damped Type Curve
"""" Derivative Plot

Test Analysis Parameters

Dimensionless Head and Head Derivative

K = 69 m/d
Ss= 10E-5 m’
re = 0.0508 m
fw = 0.1492 m
L = 091 m
. H, = 05951 m
L (projected)
0.0 e
0.01 0.10 1.00 10.00 100.00
Time, min
(b)

Figure 4.4. Selected Type-Curve Analysis Plots, Zone 2, Well 399-2-5, for (a) the Artificially Created,
High-Permeability Inner-Zone and (b) the Lower Permeability Outer-Zone Formation
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4.1.3 Zone 3 (Depth: 37.5t0 38.1 m)

After driving the 0.2985-m O.D. (11 %-in. O.D.) drill casing to a depth of 37.5 m bgs and then
drilling the open hole to a depth of 38.7 m bgs, the packer/well-screen assembly was lowered to the
bottom of the borehole, exposing the temporary screen to the formation at a depth interval of 37.5 to
38.6 m bgs (bottom end-cap at 38.6 to 38.7 m bgs). The depth/test interval for Zone 3 was drilled ahead
of the drill casing because, unlike the test/depth intervals for Zones 1 and 2 for this borehole, the
formation sediments were consolidated, and the borehole remained open during drilling. While pumping
during groundwater sampling before conducting the slug tests, the bottom 0.5 m of the well-screen
section filled in with sediment slough (i.e., fine-grained sediments), effectively reducing the test/depth
interval for Zone 3 to 37.5 to 38.1 m bgs. The borehole geology log (Appendix B; Figure B.1) indicates
that the test-interval section generally consists of a silty sandy gravel unit, composed of 50 to 75% gravel,
25 to 50% sand, and <10% silt. At the time of testing, the well-screen test interval was located ~27.8 m
below the unconfined aquifer water-table surface, and test results reflect sediments of the Ringold
Formation (Unit 5) just above the Ringold Lower Mud unit.

A series of three slug withdrawal and injection tests were conducted between 0843 hours and
0943 hours (PST), September 28, 2007. The tests were initiated by rapidly withdrawing a 0.0055-m’
volume slugging rod (slug withdrawal test) from the fluid column within the 0.102-m (4-in.) L.D. testing-
string casing used to set the packer/well screen assembly. After 30 minutes of recovery, the slugging rod
was rapidly immersed into the fluid column initiating a slug-injection test. After another 30 minutes of
recovery (from the slug-injection test), a third slug test (slug withdrawal test) was initiated by rapidly
withdrawing the slugging rod from the fluid column. Downhole test-interval response pressures during
testing were monitored with a 0- to 69-kPa (0- to 10-psig) pressure transducer set at a depth of ~12 m bgs.
The depth-to-water for the test interval measured before testing was 9.69 m bgs. This depth-to-water
level is not representative of “static” conditions since a declining water-level trend of -0.0008104 m/min
was observed for an extended period before and during slug testing.

The three slug tests indicated a recovery response behavior that was extremely slow and over-
damped. Since the recovery times for the slug tests were slow, with <10% recovery of the applied stress,
a test history match approach was used for analyzing the slug withdrawal and injection phases of the tests.
Since a declining water-level trend (i.e., -0.0008104 m/min) was observed during the test phases, the
predicted test responses were super-imposed on this trend to match the observed test responses.

Figure 4.5 shows the observed responses for each of the three slug-test phases and the predicted
time history match for the testing sequence. As noted previously, a declining water-level trend of
-0.0008104 m/min was observed over the test period. As indicated in Figure 4.5, a hydraulic conductivity
K estimate of 0.01 m/day provides a good match to the observed test-response sequence.

To demonstrate the sensitivity of the analytical solution, Figure 4.6 shows the predicted test history
match with K values of 0.01, 0.02, 0.05, and 0.1 m/day. As indicated, test-history matches depart signifi-
cantly from the observed test responses with K values higher than 0.01 m/day. This suggests a K value of
<0.01 m/day for the depth interval tested. Since slough filled in the lower 0.5 m of the well-screen
section before slug testing, there is some uncertainty whether the relatively low hydraulic conductivity
indicated for Zone 3 is representative of in situ formation conditions or is an artifact of borehole insta-
bility around the well screen. Pumping for groundwater samples from the test interval before slug testing
may have contributed to this instability. However, the low-permeability condition is corroborated by the
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proximity of the test interval to the underlying Lower Mud unit of the Ringold Formation and by the
observed slow static water-level recovery trend before and during the slug tests.

4.2 Well 399-3-22 (C5706)

The drilling of 300 Area VOC well 399-3-22 was initiated on October 31, 2007, and continued until
reaching a final depth of 42.8 m bgs on November 13, 2007. The Lower Mud unit of the Ringold
Formation was encountered at a depth of 41.1 m bgs, which represents the bottom boundary of the
unconfined aquifer at this location. Three test-depth intervals were successfully tested at the borehole
location: Zone 1 =16.3 to 16.7 m bgs; Zone 2 = 23.6 to 24.3 m bgs; and Zone 4 = 38.2 to 41.1 m bgs.
Zone 4 represents the final well-screen completion. One projected test-depth interval during drill
advancement, Zone 3 = 39.0 to 41.0 m bgs, was not tested.

34
Well 399-2-5 (C5708)
32 Test Zone 3: 37.5-38.1m
' - - - TestData: SW #1, SI#1, SW #2
- - = = Pre-Test Trend: -0.0008104 m/min
c 3.0 SI #1 (Slug Rod Immersed) —— Time History Match
g |
2 28 T
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&’ 26 ' { ' K = 0.01m/day
1 ' _ 1
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Figure 4.5. Slug Test Pressure Response and Time History Match for Zone 3, Well 399-2-5
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Figure 4.6. Slug Test Pressure Response for Zone 3, Well 399-2-5 and Time History Sensitivity
Analysis Match for Varying K Values

421 Zonel (Depth: 16.3t0 16.7 m)

After reaching a drill depth of 16.8 m bgs, the well-screen assembly was lowered to the bottom of the
borehole, and the 0.2985-m O.D. (11 %-in. O.D.) drill casing was retracted 0.5 m, producing a test/depth
interval for Zone 1 of 16.3 to 16.7 m bgs (bottom end-cap at 16.7 to 16.8 m bgs). The borehole geology
log (Appendix B; Figure B.2) indicates that the test-interval section generally consists of a sandy gravel
unit, composed of >60% gravel, <40% sand, and <1% silt. At the time of testing, the well-screen test
interval was located ~2.8 m below the unconfined aquifer water-table surface, and test results reflect
sediments of the Hanford formation (Unit 1).

A series of five slug-injection tests and four slug-withdrawal tests (five low-stress and four high-
stress tests) were conducted between 0632 hours and 0743 hours (PST), November 6, 2007. The slug
tests were conducted with two different-sized slugging rods, one with a volume of 0.0055 m® and a larger
one with a volume of 0.011 m’. These slug-rod volumes imparted a theoretical applied stress level of
0.30 m for the low-stress tests and 0.61 m for the high-stress tests within the 0.1524-m (6-in.) I.D.
temporary well-screen. For the two high-stress slug-withdrawal tests, the pressure transducer cable was
attached to the slugging rod to prevent the rod and transducer probe from becoming lodged inside the
0.1016-m (4-in.) I.D. casing above the screen during slug withdrawal. Downhole test-interval response
pressures during testing were monitored with a 0- to 69-kPa (0- to 10-psig) pressure transducer set at a
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depth of ~16-m bgs for the first test and ~14-m bgs for the remaining slug tests. The static depth-to-water
for the test interval measured before testing was 13.50 m bgs.

All slug tests for Zone 1 exhibited oscillations attributed to a test-configuration-induced condition.
The oscillatory test pattern is believed to be primarily due to pressure imbalances between the water
column inside the temporary well-screen and the water column in the annular space between the well-
screen and drill casing. A selected example of these test-induced oscillations is shown in Figure 4.7. The
oscillations in Figure 4.7 indicate a pressure change, ~0.04 m, immediately after test initiation that is
significantly less than the theoretical H, value of 0.30 m for this low-stress test (than would occur only
within the well screen). This is an indication that the oscillations reflect the test configuration
(i.e., pressure imbalance) and not an under-damped, oscillatory test response. The actual applied stress,
H,, to the formation is uncertain due to the time it takes (i.e., 1 to 2 seconds) to completely remove the
slug rod and recover the associated rapid test response. Due to very high-permeability test conditions
within the Hanford formation, formational test responses dissipated within the initial seconds (i.e., 90%
recovery within ~3 seconds) of the test and are not discernable in the test-configuration-induced
oscillatory pattern.
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Time, min (t, = 000 hr; 11/6/07)

Well 399-3-22 (C5706)
TestZone 1: 16.3-16.7 m

—o— Test SW #3
- - - - Static Water Level
————Test Initiation

Pressure Response (m)

Figure 4.7. Example of Test-Configuration Induced Oscillatory Response for Zone 1, Well 399-3-22

To provide a bounding, greater-than K estimate for the Zone 1 tests, a series of over-damped slug-test
type curves were generated for various high K values, using Zone 1 test parameters. Normalized plots of
the type curves for K values ranging between 100 and 1000 m/day are shown in Figure 4.8. The plots in
Figure 4.8 indicate a range of K > 400 m/day (and assuming S, = 1.0E-05 m™) that correspond to rapid,
formational test-response recovery of 90% within ~3 seconds. This lower bounding limit value range for
K is the best available estimate for the Zone 1 test/depth interval.

4.11



4.2.2 Zone 2 (Depth: 23.6 to 24.3 m)

After reaching a drill depth of 26.2 m bgs, the packer/well-screen assembly was lowered to the
bottom of the borehole, and the 0.2985-m O.D. (11 %-in. O.D.) drill casing was retracted 2.6 m, exposing
the temporary screen to the formation at a depth interval of 23.6 to 26.1 m bgs (bottom end-cap at 26.1 to
26.2 m bgs). While pumping during groundwater sampling before conducting the slug tests, the bottom
1.8 m of the well-screen section filled in with sediment slough (i.e., fine-grained sediments), effectively
reducing the test/depth interval for Zone 2 to 23.6 to 24.3 m bgs. A depth-to-bottom measurement after
the second slug test indicated that this test/depth interval remained open during three of the four slug tests
performed at this zone. The borehole geology log (Appendix B; Figure B.2) indicates that the test-
interval section generally consists of a silty sand unit, composed of ~90% sand and ~10% silt. At the
time of testing, the well-screen test interval was located ~10.1 m below the unconfined aquifer water-
table surface, and test results reflect sediments of the Ringold Formation (Unit 5).

Well 399-3-22 (C5706)
TestZone 1: 16.3-16.7 m

—sa— K= 1000 m/day
—e— K =400 m/day
—s=— K =100 m/day
—— t=3seconds
90% Dissipation

Dimensionless Head

0.0 Seoge 1l 11
0.1 1.0 10.0 100.0

Time, sec

Figure 4.8. Over-Damped Slug-Test Type-Curve Plots for Various High K Values With Zone 1 Test
Parameters, Well 399-3-22

A series of three slug tests (two low-stress and one high-stress test) were conducted between
1259 hours and 1439 hours (PST), November 8, 2007. A fourth slug test was conducted at 0637 hours,
November 9, 2007, but was abandoned early in the test because of additional slough filling in the
temporary test/screen interval. It is likely that deflating and re-inflating the packer contributed to the
additional slough. The slug tests were conducted with two different sized slugging rods, one with a
volume of 0.0055 m® and a larger one with a volume of 0.011 m’. These slug-rod volumes imparted a
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theoretical applied stress level of 0.68 m for the low-stress tests and 1.36 m for the high-stress tests within
the 0.1016-m (4-in.) I.D. temporary casing string. Downhole test-interval response pressures during
testing were monitored with a 0- to 69-kPa (0- to 10-psig) pressure transducer set at a depth of

~16.6 m bgs for the first three tests. The static depth-to-water for the test interval measured before
testing was 13.55 m bgs.

A diagnostic analysis of slug tests conducted for this test/depth interval indicates a heterogeneous
formation response condition. This test pattern exhibits a high-permeability, inner-zone response during
the initial fast-recovery portion of the test that slowly transitions to a lower permeability response for the
surrounding outer-zone formation. The presence of an elastic, high-permeability inner-zone reflects an
artificially induced condition that was likely attributed to the collapse of unconsolidated formation
sediments around the temporary well screen as the drill casing was retracted. An examination of the
drilling log geologic description indicates sand heaving within this test interval during drilling.

As discussed in Spane (1993), slug tests exhibiting linear response characteristics for heterogeneous
formation tests can be analyzed with the homogeneous formation analysis approaches described in
Section 3.0. A comparison of the normalized, higher and lower stress, slug-test responses indicated stress
dependence, with higher stress tests exhibiting a delayed test recovery. For the homogeneous-formation
analysis, the type-curve method estimates for K ranged between 0.32 and 0.61 m/day (average of
0.44 m/day) for the outer-zone formation, and the estimate was 1.56 m/day for the artificially created,
higher permeability, inner zone. Selected examples of the diagnostic and test-analysis plots for this
test/depth interval are shown in Figure 4.9 and Figure 4.10(a, b), respectively.

4.2.3 Zone 3 (Depth: 39.0to 41.1 m)

After reaching a drill depth of 41.1 m bgs and driving the 0.2985-m O.D. (11 %-in. O.D.) drill casing
to a depth of 39.0 m bgs, the packer/well-screen assembly was lowered to the bottom of the borehole,
producing a test/depth interval for Zone 3 of 39.0 to 41.0 m bgs (bottom end-cap at 41.0 to 41.1 m bgs).
The depth/test interval for Zone 3 was drilled ahead of the drill casing because, unlike the test/depth
intervals for Zones 1 and 2 for this borehole, the formation sediments were consolidated, and the borehole
remained open during drilling. The borehole geology log (Appendix B; Figure B.1) indicates that the
test-interval section generally consists of silty sandy gravel, composed of 60 to 70% gravel, 15 to 30%
sand, and 10 to 15% silt. The well-screen test interval was located ~25.1 m below the unconfined aquifer
water-table surface, and the test/depth interval reflects sediments of the Ringold Formation (Unit 5) that
were resting on the Ringold Lower Mud unit encountered at a depth of 41.1 m bgs.

While pumping during groundwater sampling (before conducting the projected slug tests on
November 15, 2007), the entire well-screen test/depth interval filled in with fine-grained sediment. Slug
tests were not performed at this test/depth interval for Zone 3 because the final, completed well-screen
section was to be constructed over the bottom 2.9 m of the Ringold Formation (Unit 5). However, slug-
test results for characterizing hydraulic properties are available for the final, completed well-screen
section, which has a 0.9-m longer test/depth interval of 38.2 to 41.1 m bgs (see Section 4.2.4 below for
Zone 4).
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Figure 4.10. (contd)
4.2.4 Zone 4 (Final Well-Screen Section, Depth: 38.2 to 41.1 m)

A test/depth interval for Zone 4 of 38.2 to 41.1 m bgs represents the final well-screen section
following well completion. The borehole geology log (Appendix B; Figure B.2) indicates that the final
well-screen test-interval section generally consists of a silty sandy gravel unit, composed of 60 to 75%
gravel, 15 to 30% sand, and 10 to 15% silt. At the time of testing, the well-screen test interval was
located ~24.9 m below the unconfined aquifer water-table surface, and test results reflect sediments of the
Ringold Formation (Unit 5) just above the Ringold Lower Mud unit.

A series of three slug-injection tests and three slug-withdrawal tests (four low-stress and two high-
stress tests) were conducted between 1355 hours and 1512 hours (PST), December 3, 2007. The slug
tests were conducted with two different-sized slugging rods, one with a volume of 0.0055 m® and a larger
one with a volume of 0.011 m’. These slug-rod volumes imparted a theoretical applied stress level of
0.30 m for the low-stress tests and 0.61 m for the high-stress tests within the 0.1524-m (6-in.) I.D. well
casing. Downhole test-interval response pressures during testing were monitored with a 0- to 69-kPa
(0- to 10-psig) pressure transducer set at a depth of ~16 m bgs. The static depth-to-water for the test
interval measured before testing was 13.29 m bgs.

All slug tests exhibited over-damped (exponential-decay response) homogeneous formation behavior,
which is indicative of low to moderate permeability test zone conditions. A comparison of the normal-
ized, higher and lower stress, slug-test responses indicated slight stress dependence, with higher stress
tests exhibiting a slightly delayed test recovery. Slug tests exhibiting this type of response behavior can
be analyzed quantitatively with homogeneous formation analysis approaches, as described in Butler

4.15



(1998). For the homogeneous formation analysis, the standard type-curve method provided estimates of
K ranging between 1.04 to 1.51 m/day, averaging 1.34 m/day, and S, of 1.0E-5 m™. A selected example
of the test-analysis plots for this test/depth interval is shown in Figure 4.11.

4.3 Well 399-4-14 (C5707)

The drilling of 300 Area VOC well 399-4-14 was initiated on October 8, 2007, and continued until
reaching a final depth of 41.5 m bgs on October 24, 2007. The Lower Mud unit of the Ringold Formation
was encountered at a depth of 39.5 m bgs, which represents the bottom boundary of the unconfined
aquifer at this location. Three test-depth intervals were tested successfully at the borehole location:

Zone 1 = 14.5to 15.6 m bgs; Zone 3 =31.9 to 32.7 m bgs; and Zone 4 =36.6 to 39.1 m bgs. One
projected test-depth interval, Zone 2 = 24.5 to 25.4 m bgs, was not tested. Slug tests conducted within the
final, completed well-screen section, with a test/depth interval of 13.0 to 17.7 m bgs, yielded test results
similar to the Zone 1 test results (i.e., full recovery within ~3 seconds after test initiation). Because of
these similar test results, the data analysis for tests conducted within the completed well-screen section
was not included in this report. The slug-test field notes for this test/depth interval, however, are provided
in Appendix A.
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Figure 4.11. Selected Type-Curve Analysis Plot for Zone 4, Well 399-3-22
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4.3.1 Zone 1 (Depth: 14.5t0 15.6 m)

After reaching a drill depth of 16.2 m bgs, the bottom 0.4 m of the borehole filled in with sediment
slough. The well-screen assembly was lowered to the bottom of the borehole at a depth of 15.8 m bgs,
and the 0.2985-m O.D. (11 %-in. O.D.) drill casing was retracted 1.7 m (i.e., from 16.2 to 14.5 m bgs).
Following groundwater sampling from this well screen, the well-screen assembly was inadvertently raised
0.1 m during sample pump removal, producing a test/depth interval for Zone 1 of 14.5 to 15.6 m bgs
(bottom end-cap at 15.6 to 15.7 m bgs). The borehole geology log (Appendix B; Figure B.1) indicates no
sediment sample recovery from a depth of 13.1 to 17.4 m bgs after cleaning out the borehole. A split-
spoon sample collected from a depth (i.e., 13.1 to 14.0 m bgs) above the test-interval section indicates a
unit composed of gravels with a sand matrix. At the time of testing, the well-screen test interval was
located ~1.5 m below the unconfined aquifer water-table surface, and test results reflect sediments of the
Hanford formation (Unit 1).

A series of four slug-injection tests and four slug-withdrawal tests (four low-stress and four high-
stress tests) were conducted between 0933 hours and 1019 hours (PST), October 10, 2007. The slug tests
were conducted with two different sized slugging rods, one with a volume of 0.0055 m® and a larger one
with a volume of 0.011 m’. These slug-rod volumes imparted a theoretical applied stress level of 0.30 m
for the low-stress tests and 0.61 m for the high-stress tests within the 0.1524-m (6-in.) I.D. temporary
screen. Downhole test-interval response pressures during testing were monitored with a 0- to 69-kPa (0-
to 10-psig) pressure transducer set at a depth of ~16-m bgs for the first slug test and at a depth of
~14 m bgs for the remaining slug tests. The static depth-to-water for the test interval measured before
testing was 13.05 m bgs.

All slug tests for Zone 1 exhibited oscillations attributed to a test-configuration-induced condition.
The oscillatory test pattern is believed primarily attributable to pressure imbalances between the water
column inside the temporary well-screen and the water column in the annular space between the well-
screen and drill casing. A selected example of these test-induced oscillations is shown in Figure 4.12.
The oscillations in Figure 4.12 indicate a pressure change, ~0.02 m, immediately after test initiation that
is significantly less than the theoretical H, value of 0.30 m for this low-stress test (than would occur only
within the well screen). This is an indication that the oscillations reflect the test configuration
(i.e., pressure imbalance) and not an under-damped, oscillatory test response. The actual applied stress,
H,, to the formation is uncertain due to the time required (i.e., 1 to 2 seconds) for complete slug-rod
removal and the associated rapid-test-response recovery. Due to very high-permeability test conditions
within the Hanford formation, formational test responses dissipated within the initial seconds (i.e., 90%
recovery within ~3 seconds) of the test and are not discernable in the oscillatory pattern.

To provide a bounding, greater-than-K estimate for the Zone 1 tests, a series of over-damped slug-test
type curves were generated for various high K values, using Zone 1 test parameters. Normalized plots of
the type curves for K values ranging between 100 and 1000 m/day are shown in Figure 4.13. The plots in
Figure 4.13 indicate a range of K > 300 m/day (and assuming S, = 1.0E-05 m™) that correspond to rapid,
formational test response recovery of 90% within ~3 seconds. This value range for the lower bounding
limit for K is the best available estimate for the Zone 1 test/depth interval.
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4.3.2 Zone 2 (Depth: 24.5to 25.4 m)

After reaching a drill depth of 26.2 m bgs, the packer/well-screen assembly was lowered to a depth
of 25.5 m bgs, and the 0.2985-m O.D. (11 %-in. O.D.) drill casing was retracted 0.8 m (i.e., from 25.3 to
24.5 m bgs), producing a test/depth interval for Zone 2 of 24.5 to 25.4 m bgs (bottom end-cap at 25.4 to
25.5 m bgs). The bottom of the open borehole between 25.5 and 26.2 m bgs collapsed after reaching the
drill depth. The borehole geology log (Appendix B; Figure B.1) indicates that the test-interval section
generally consists of sand, composed of >90% sand and <10% silt. The well-screen test interval was
located ~11.5 m below the unconfined aquifer water-table surface, and the test/depth interval reflects
sediments of the Ringold Formation (Unit 5).

While pumping during groundwater sampling (before conducting the projected slug tests on
October 15, 2007), the entire well-screen section filled in with slough (sand) to a depth of 22.4 m bgs just
above the top of the screen. Since “heaving” sand was an observed condition at this test/depth interval
during drilling and borehole cleanout, slug tests were not performed and no slug-test results are available
for characterizing hydraulic properties for Zone 2.

4.3.3 Zone 3 (Depth: 31.9 to 32.7 m)

After driving the 0.2985-m O.D. (11 %-in. O.D.) drill casing to a depth of 31.9 m bgs and then
reaching a drill depth of 35.1 m bgs, the bottom 1.1 m of the borehole filled in with sediment slough. The
packer/well-screen assembly was lowered to the bottom of the borehole at a depth of 34.0 m bgs,
exposing the temporary screen to the formation at a depth interval of 31.9 to 33.9 m bgs (bottom end-cap
at 33.9 to 34.0 m bgs). While pumping during groundwater sampling before conducting the slug tests, the
bottom 1.2 m of the well-screen section filled in with sediment slough (i.e., fine-grained sediments),
effectively reducing the test/depth interval for Zone 3 to 31.9 to 32.7 m bgs. The borehole geology log
(Appendix B; Figure B.1) indicates that the test-interval section generally consists of a silty sandy gravel
unit, composed of 50 to 75% gravel, 30 to 40% sand, and 15 to 20% silt. At the time of testing, the well-
screen test interval was located ~18.7 m below the unconfined aquifer water-table surface, and test results
reflect sediments of the Ringold Formation (Unit 5).

A series of three slug-injection tests and three slug-withdrawal tests (four low-stress and two high-
stress tests) were conducted between 1322 hours and 1511 hours (PST), October 19, 2007. The slug tests
were conducted with two different-sized slugging rods, one with a volume of 0.0055 m® and a larger one
with a volume of 0.011 m®. These slug-rod volumes imparted a theoretical applied stress level of 0.68 m
for the low-stress tests and 1.36 m for the high-stress tests within the 0.1016-m (4-in.) I.D. temporary
casing string. Downhole test-interval response pressures during testing were monitored with a 0- to
69-kPa (0- to 10-psig) pressure transducer set at a depth of ~16-m bgs. The static depth-to-water for the
test interval measured before testing was 13.14 m bgs.

All slug tests exhibited over-damped (exponential-decay response) homogeneous formation behavior,
which is indicative of low-to-moderate permeability test-zone conditions. A comparison of the normal-
ized, higher and lower stress, slug-test responses indicated nearly identical behavior. Slug tests exhibiting
this type of response behavior can be analyzed quantitatively with homogeneous formation analysis
approaches, as described in Butler (1998). For the homogeneous formation analysis, the standard type-

4.19



curve method provided estimates of K ranging between 2.20 to 2.85 m/day, averaging 2.48 m/day, and S
ranging between 7.0E-4 and 1.6E-3 m™'. A selected example of the test-analysis plots for this test/depth
interval is shown in Figure 4.14.
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Figure 4.14. Selected Type-Curve Analysis Plot for Zone 3, Well 399-4-14
4.3.4 Zone 4 (Depth: 36.6 to 39.1 m)

After driving the 0.2985-m O.D. (11 %-in. O.D.) drill casing to a depth of 36.6 m bgs and then
drilling an open hole to a depth of 40.1 m bgs, the bottom 0.5 m of the borehole filled in with sediment
slough. The packer/well-screen assembly was lowered to the bottom of the borehole at a depth of
39.6 m bgs, exposing the temporary well-screen to the formation at a depth interval of 36.6 to 39.5 m bgs
(bottom end-cap at 39.5 to 39.6 m bgs). While pumping during groundwater sampling before conducting
the slug tests, the bottom 0.4 m of the well-screen section filled in with sediment slough (i.e., fine-grained
sediments), producing a test/depth interval for Zone 4 of 36.6 to 39.1 m bgs. The borehole geology log
(Appendix B; Figure B.1) indicates that the test-interval section generally consists of a silty sandy gravel
unit similar to the unit for the Zone 3 test interval (i.e., composed of 50 to 70% gravel, 30 to 40% sand,
and 15 to 20% silt). At the time of testing, the well-screen test interval was located ~23.6 m below the
unconfined aquifer water-table surface, and test results reflect sediments of the Ringold Formation
(Unit 5) just above the Ringold Lower Mud unit.

A series of three slug-injection tests and three slug-withdrawal tests (four low-stress and two high-
stress tests) were conducted between 1250 hours and 1431 hours (PST), October 23, 2007. The slug tests
were conducted with two different-sized slugging rods, one with a volume of 0.0055 m® and a larger one
with a volume of 0.011 m®. These slug-rod volumes imparted a theoretical applied stress level of 0.68 m
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for the low-stress tests and 1.36 m for the high-stress tests within the 0.1016-m (4-in.) I.D. temporary
casing string. Downhole test-interval response pressures during testing were monitored with a 0- to
69-kPa (0- to 10-psig) pressure transducer set at a depth of ~16 m bgs. The static depth-to-water for the
test interval measured before testing was 13.01 m bgs.

Five of the six slug tests exhibited elastic, over-damped (exponential-decay response) homogeneous
formation behavior, which is indicative of low-to-moderate permeability test-zone conditions. Data for a
sixth slug test (slug injection test #3) could not be analyzed because of a perturbation in the test response
at an elapsed time of ~100 seconds. A comparison of the normalized, higher and lower stress, slug-test
responses for the five analyzable tests indicated nearly identical behavior. Slug tests exhibiting this type
of response behavior can be analyzed quantitatively with homogeneous formation analysis approaches, as
described in Butler (1998). For the homogeneous formation analysis, the standard type-curve method
provided estimates of K ranging between 0.93 to 1.12 m/day, averaging 1.04 m/day, and S; ranging
between 1.0E-4 and 2.0E-4 m™'. A selected example of the test analysis plots for this test/depth interval is
shown in Figure 4.15.
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Figure 4.15. Selected Type-Curve Analysis Plot for Zone 4, Well 399-4-14
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5.0 Hydraulic Conductivity Depth Profile

Figure 5.1 through Figure 5.3 show depth profiles of the vertical distribution of hydraulic conduc-
tivity values determined from slug tests conducted at the 300 Area VOC wells 399-2-5, 399-3-22, and
399-4-14, respectively. The distributions are based on test/depth slug-test characterization results
summarized in Table 4.1 and Table 4.2. The unconfined aquifer (not shown) in Figure 5.1 to Figure 5.3
lies between the water table and the top of the Ringold Lower Mud unit. As indicated, the limited vertical
profile information suggests a decrease in hydraulic conductivity with depth at two of the three well site
locations, 399-2-5 and 399-4-14. For well 399-3-22, the vertical profile indicates the highest hydraulic
conductivity within the Hanford unit and lowest hydraulic conductivity within the upper section of the
Ringold Formation (i.e., fine-grained unit). The hydraulic conductivity depth profiles indicate that
K values estimated for the Hanford unit are at least two orders of magnitude greater than K values
estimated for the Ringold Formation. The vertical hydraulic conductivity profiles for these three wells are
consistent with the hydraulic conductivity profile for 300 Area VOC well 399-3-21 provided in Spane
(2007).
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Figure 5.1. Hydraulic Conductivity Depth Profile for Well 399-2-5
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Hydraulic Conductivity Depth Profile
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6.0 Conclusions

Slug-test analysis results were obtained for 8 of 10 planned test/depth intervals during the drilling and
borehole advancement of three 300 Area VOC wells: 399-2-5, 399-3-22, and 399-4-14. Of the eight
successful series of tests conducted, sediment filled in the bottom portion of the well-screen sections
during pumping for groundwater samples before three of these series of tests, resulting in a smaller
test/depth interval. Two of the test/depth intervals planned for slug-test characterization could not be
tested because of sediment filling the entire temporary well-screen section. Following completion of each
of these wells, slug-test results were obtained for one test/depth interval within the final well-screen
section.

Results from the 300 Area well slug tests provide general vertical distribution of hydraulic character-
ization information, for the upper, middle, and lower sections of the unconfined aquifer. The upper
section of the unconfined aquifer lies within the Hanford formation (Unit 1), and the middle and lower
sections occur within the Ringold Formation (Unit 5).

For test-depth intervals within the Hanford formation (Unit 1), slug-test responses dissipated within
the initial seconds of the tests, indicating very-high-permeability conditions. These high-permeability
conditions were confirmed by analyzing for a rapid, exponential-decay (over-damped) test response
recovery of 90% within ~3 seconds. Analyses indicate a range of K > 300 m/day for two of the well sites
(399-2-5 and 399-4-14) and a range of K > 400 m/day for the third well site (399-3-22). These hydraulic
conductivity ranges were derived for test-interval sections that ranged from 0.5 to 1.1 m in length. These
lower bounding hydraulic conductivity values are comparable to the general range of lower bounding
values of >100 to >2,000 m/day and to the estimate of 568 m/day for other Hanford formation test/depth
intervals recently tested in 300-Area characterization boreholes.

All test/depth intervals within the Ringold Formation exhibit exponential-decay (over-damped) slug-
test response behavior. This type of slug-test response pattern is indicative of test intervals with low to
medium permeability. Analysis of slug-test data for these test intervals indicate an average, test-interval
hydraulic conductivity ranging from < 0.01 to 2.48 m/day for the Ringold Formation (Unit 5). The
hydraulic-conductivity estimates were derived for test-interval sections that ranged from 0.6 to 2.9 m in
length. These average hydraulic conductivity values are comparable to the lower range of 0.04 to
41.2 m/day for 16 other Ringold Formation test/depth intervals recently obtained for test characterization
boreholes in the 300 Area.

The limited hydraulic conductivity depth profile information for the three 300 Area VOC wells
suggests a general decrease in hydraulic conductivity with depth. An exception is a slightly lower
hydraulic conductivity in the upper section than in the lower section of the Ringold Formation at one of
the well-site locations.

6.1



7.0 References

Bouwer H. 1989. “The Bouwer and Rice slug test — an update.” Ground Water 27(3):304-309.

Bouwer H and RC Rice. 1976. “A slug test for determining hydraulic conductivity of unconfined
aquifers with completely or partially penetrating wells.” Water Resources Research 12(3):423-428.

Butler JJ, Jr. 1998. The Design, Performance, and Analysis of Slug Tests. Lewis Publishers, CRC Press,
Boca Raton, Florida.

Butler JJ, Jr. and EJ Garnett. 2000. Simple procedures for analysis of slug tests in formations of high
hydraulic conductivity using spreadsheet and Scientific Graphics Software. Open-file Report 2000-40,
Kansas Geological Survey, Lawrence, Kansas.

Hyder Z and JJ Butler, Jr. 1995. “Slug tests in unconfined formations: An assessment of the Bouwer and
Rice technique.” Ground Water 33(1):16-22.

McElwee CD. 2001. “Application of a nonlinear slug test model.” Ground Water 39(5):737-744.

McElwee CD and MA Zenner. 1998. “A nonlinear model for analysis of slug-test data.” Water
Resources Research 34(1):55-66.

Reilly TE, OL Franke, and GD Bennett. 1987. The principle of superposition and its application in
ground-water hydraulics. U.S. Geological Survey, Techniques of Water-Resources Investigations,
Book 3 Applications of Hydraulics, Chapter B6, Reston, Virginia.

Spane FA, Jr. 1993. Selected hydraulic test analysis techniques for constant-rate discharge tests.
PNL-8539, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA, Jr. 2007. 300-Area VOC Program Slug Test Characterization Results for Selected Test/Depth
Intervals Conducted During the Drilling of Well 399-3-21. PNNL-16732, Pacific Northwest National
Laboratory, Richland, Washington.

Spane FA, Jr, PD Thorne, and DR Newcomer. 2001a. Results of Detailed Hydrologic Characterization
Tests — FY 1999. PNNL-13378, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA, Jr, PD Thorne, and DR Newcomer. 2001b. Results of Detailed Hydrologic Characterization
Tests — FY 2000. PNNL-13514, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA, Jr, PD Thorne, and DR Newcomer. 2002. Results of Detailed Hydrologic Characterization
Tests — FY 2001. PNNL-14113, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA, Jr, PD Thorne, and DR Newcomer. 2003a. Results of Detailed Hydrologic Characterization
Tests — FY 2002. PNNL-14186, Pacific Northwest National Laboratory, Richland, Washington.

7.1



Spane FA, Ir, JT Butler, MD White, and TJ Gilmore. 2003b. Improving Pulse/Slug interference tests for
contaminated site hydraulic property characterization. SERDP Fiscal Year 2004 Research Proposal,
submitted February 25, 2003.

Spane FA, Jr and DR Newcomer. 2004. Results of Detailed Hydrologic Characterization Tests —
FY 2003. PNNL-14804, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA, Jr and DR Newcomer. 2008. Results of Detailed Hydrologic Characterization Tests — Fiscal
and Calendar Year 2005. In Press, Pacific Northwest National Laboratory, Richland, Washington.

Springer RK and LW Gelhar. 1991. “Characterization of large-scale aquifer heterogeneity in glacial
outwash by analysis of slug tests with oscillatory response, Cape Cod, Massachusetts.” In: U.S.
Geological Survey Water Resources Investigations. Report 91-4034:36-40.

Thorne PD, MA Chamness, FA Spane, Jr, VR Vermeul, and WD Webber. 1993. Three-Dimensional
Conceptual Model for the Hanford Site Unconfined Aquifer System, FY 93 Status Report. PNL-8971,
Pacific Northwest Laboratory, Richland, Washington.

Williams BA, MJ Nimmons, RE Peterson, BN Bjornstad, DC Lanigan, RJ Serne, FA Spane, and

ML Rockhold. 2007. Limited Field Investigation Report for Uranium Contamination in the 300 Area,
300-FF-5 Operable Unit, Hanford Site, Washington. PNNL-16435. Pacific Northwest National
Laboratory, Richland, Washington.

Zurbuchen BR, VA Zlotnik, and JJ Butler, Jr. 2002. “Dynamic interpretation of slug tests in highly
permeable aquifers.” Water Resources Research, 38(3):10.1029/2001 WR000354.

7.2



Appendix A

Slug Test Field Notes for Wells 399-2-5,
399-3-22, and 399-4-14



Well 399-2-5, Zone 1

Page I of a
PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILI..%:NG
Mo =
Test Date/Time: q,']»g'? well ID: 570k 399-2-5
Test/Depth Interval: _ 3 3-3~ 399 ft bss Borehole In: _ 3925 CS5%E
Pre-Test Depth-to-Water: ,_L ft bb(_ (W""‘ 4 &ﬁhﬁ) Transducer S/N: Z‘!‘f} _? 00-3 IO?S‘rj
Post-Test Depth-to-Water: 36 ft bht wow Multiplier: 2.-"915‘6

Logger S/N: Xl 662"’
L{p CeSms étlh‘" af\"})

Measured Test Lengths

A = Reference Pt (RP) to Top of Inner Casing  F = RP to Bottom of Borehole (Pre- & Post-Test) 6—'
B = RP to Top of Outer Casing 6 = RP to Top of Packer K
Cz-RF‘ioBuﬁumofOu‘IerCusing H'=Pncl<crLu|q1'h D -G 2
P 5 i g2 ofl|f| FEE
Reference Point = Ground Surface e
Test Stre
i i $30 &
T 03B 3‘:’”, gakad 42
7 s N ies™”
4 o310f Y o0
T Post-Test 35.(;); £t | \ A %
Y — ] H
H=H 1004 &
B
Y s Cld-20
! L/—E--: 6"ID ?agf;f' §e rlor
o. 371 Jan < 104 bhs‘
. M Wf W 4-7-7
Time: Field Notes: » gl sign peint i
0807 Sqadnmm‘u I'.oqﬁéf eloele ﬁ wa'{'}uh | {14 '{’ W‘a"‘dﬂ- ‘9\/ X lééll’ 1
420" bloe = b/B | re?
420-374= 4403 S weter toluvn o S
4y4-lo= 34 G of slugnd (¢-7' bns) WGW"W
Only ~5 & (Mt%*c'ddwn S2 po ,)ac{ar wied
yi 7% Casmy to 3.3 clpulled + 33,3 frlgs
e{' ‘l‘f.--o'blf-tf G (e imc bes uf\f baH’-—-
o34z _qeot #) Litucbans[) no reS port ot=025 se¢

Vo bk plrpmestsrlils,
’T"“‘_I get wne C’v"“"d“/"\ o, q‘f“ lo _7‘3:1“- ‘L‘W“‘? 0!‘-‘""1, Sawl'w
Sonaitwal is 0.9 Br¥ & wiliiue

2007/DCL/Slug Test/001 (05/03)

Al



L of_?’

Page __~_
PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)
I . .. well o: __CS 708
Test/DepthInterval: _ 333~ 357 Borehole To: _ 311~ 2-5
Time: Field Notes: (st v on it
ogse La<g sl b wd  lowerecdd Jo 1.0" above bollom of wt[] aud tonweasuels’)
5553 Slug witdraal fest 42 (vony [Hhle—best refpome) ot=o.a55¢c

0¥ Lot wl pu(«'«fﬁ, {....l,-—..u!/ﬂ level.

QoL p C_;h..s whldrieal  dest #3 {la.-gc nd !g./han':, 4:-!.»-.’&()
V&l:} (e rcspaam. ﬁ?-#—'sud.m[,af

Lowe lame A~ back mba wats cliwr . No Sonse o couduct’w\ slug
4\‘%{-»»} Swa il nd lpec anse oF ne 3CSpontl  C. we Ll Conclict Mwo»‘
4241 usi e la.(j._ slu{ =

o710 ‘;h‘&- ulf‘kljrﬂ.uqf ','(S‘{' _-H-'-}' Ly -\-H.L vES punsh

Levge st nd parisally submesed Lo Wﬁ; ek 2,0
- off l’al-la.wo-(" w{[l i-e 3.4 " nd 9“‘0”“'&@?

0704

513 lomesos b
add% Dom loaked data b £ila

CRIO¥X16621_€5709.33-3L 0 dat

Lamg Slugrad has o Mawp “o0.390"F43

D81 Dandlllor s 377 sy (O Rt platly e 3o

Date:
sign print

Prepared by:
2007/DCL/ Slug Test/002 (04/04)

A2



. FIELD ACTIVITY REPORT

Drawing Continuation Page

Page _2_of 3_
Date: 4 - L -0F

Well Name: _gqq aA-

iWeII D: L 2ok

Location: 309 FF=5 i

] Continuation of Report No.:

| _é_mgz@/iéﬁ )é}_‘,r//?ﬁ

W Féxf //ﬂ/

1325 ITWO= 3}:{ o |
(_‘l;'e') (3 lge

57

_|

n
L

}_

j‘ Ground .‘.-u"'cﬂ-u'

q

o1

"?waci <3 mik @“"-a'-\—arm."atu, .

- R \ed priov Yo sampll
ot be colkoked on By

Samyp

R - Qhepl removy qm.'d,

b e punty VAAC:;( up at

l% 7L 5w|o £ /u/k! Yo Lereen
. 4P od'. Boffowr serees /5E€ 363
§ ‘\}i 1[0
\Na- N . r,-,,d/eﬂ/ P Gl A oo /:gj
% v ,4,,4/;/:!:;&52'*?‘6574* S
N 9 Les yng £ /"KM#W’— S crels?
A 3 g b€ 54'»‘"?
N R (

- ot ?43 CLd/

£ e Jew hel

ﬂ/%ﬁ

.srlﬂf/? Swempple , ¥ corvh
" mmﬂ pm,@%mz/ St seaLss
L p.52 54¥ cong pemtovesd, TRt m"
——e " vl QRS 4/;/1)15(/ Yo xEramt ¢ |

pleerie

/3-/:' am/:;-g

></'
%
/ fe a0 kg
| - |a‘tl*10'-\5(~i#h')e.?,ap" l?-aiﬂ
‘335' | / 5z pTw=3.5 565- 0Us - 1/5 (30 mn) @ ~ipgpm= J@dd
L /__f'”ﬁe:o so-sle iz - BOO = “":-_c,:;__:zjai-/m
3.0 3% o (lsar'g“ )
Pset | 7~ Blank/eap Sasyh v, T3, BIALTY
45!4? (03} B E— e
2.2 ha"
Reported By: T, 1\ ., e v Reviewed By:
Tile: /s wop/mg (AP | Date: G-4,-0 | Title: Date:
| Signature: Z M Signature:
67} A-B003-711 (06/03)

A3



Well 399-2-5, Zone 2
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Well 399-2-5, Zone 3
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PNNL SLUE TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)
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Well 399-2-5, Final, Completed Well-Screen Section
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Well 399-3-22, Zone 1

Page / of -~
PNMNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING
’ o o -
Test Date/Time: ___! ! ;"!{’ / J7 Well ID: 3773~ 2 ‘
536 5% bs C 57867
Test/Depth Interval: __0 -5 22 £t V9> Borehole ID:
Pre-Test Depth-to-Water: 4.3 ft ko Transducer S/N: 143 7007
Post-Test Depth-to-Water: Yy 3 ft éﬁ.ﬂ Multiplier: 1171{1‘{’

Logger S/N: X I fb{“?“{

Measured Test Lengths ]
A = Reference Pt (RP) to Top of Inner Casing  F = RP to Bottom of Borehole (Pre- & Post-Test)

B = RP to Top of Quter Casing 6 = RP to Top of Packer 1~ F _
€ = RP to Bottom of Outer Casing H = Packer Length ¥ b f
D = RP to Top of Screen I = Screen Length &y # —a
E = RP to Bottom of Screen _T_
Reference Point = Ground Surface
5§
-Test ft
Test Stress PreTest _ NA
F (1) - L NI
Information . 558 4 ¢
Test#  Stress Applied P°=*-T°=f-b;_f' 45 o [
! YN 3 F@ Iy b
i Cft
2 -
E
3 .
7. L3
H Q2 14t Inner Diometer (inch )
$ ~ well-screen/ ! m
" - I
[4 " testing string —— > ¥ _'l# v
7 i’ drill casing _+~ _* iJ >l /
g o iGsfi* borehole ||/ Vet et otusid [2
I
q e
Y
y el T S5 .455
Prepared by: ﬁﬁé’ A nt’l'f M’W"’an- 1Ap7
Time: Field Neotes:
9710 ~,;g,n¢ bron2del Jogaer ogk, o p-.ui.'m». froc £ va ‘uf-, frina
75 2214 uug.’-L 1y vt o by l "'f: n-'l“r’.f‘)mn ,:’{u brby e wh-f,lq
' . o e M ”
2720 S ey i lich ceble ifh epe o btactil 4 pop of Smat! S1ns o4
T [
S Shos e thm K5t HI - Swaall e 0 a7 € qua (aipmst
- + 7 7
273 5 ."t‘-".f-'t,{. YD uy b D 5 ‘(“ b e Fe Jaltteap,
s 2 . ! ] . 5
2738 %o 2l h O Cha .;I‘J:;f B2, soalldha  Stog 2ol | Semgl! '3“!'//470;‘: r*U’prg,
2 7‘{-; {; fr.asl o ILh J{J 1 #3 " ot o " o
27 5‘-) ¢ "I‘ CoalGe el r *':h.n, a'.‘\,(_‘feﬂ = 112 st ;{r':-'ﬁ{' s -'h-\ -,3‘,(: (x—) 5‘:‘) f'n_f . I.’)-!L. vv\?}
2788 Slyg ety Fst HYy ; lane s Luay el st gten, AL panst
= . T / }
F s st ) Sopefid v Flapn 25 fo 30460
T T
Wwetl 79312 s s atid Veng € b b <l 377-3%-12
2007/0CL/ 5lug Test/001 (05/04)
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Page _—— of _ <

PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)

Test Date/Time: i ",// L !,J? welltd: o 171-3- 22
Test/Depth Interval: 93-S 5% fr 655 Borehole Ib: _<_ 2 128
Time: Field Notes:
LAV ES N Sl shpthy ST FE  Jarg S lecyg (o8¢l lefon, 1res powsk

A Heo 5\;9‘7 xp =25 bg hwv f&-,@; ling ¥4 F
ETES Lontrtd iy A (;,..-,.-Q-{f/ Syibrnegldd  h trverti S,
CE21 30 Slg vtk St H é’ ,z.f,»q \.(M( ,y{j widly XD gtfex M‘:f 45 yﬁ
ﬂﬁb"t&h‘n
s % Lowts el imtbs wader (slann
B e ad DAY

0537.3 Jlu.. wit P+ T lame clng o wth X0 ct bed Fo o
!"{, n\z_, bfbk. *b -‘rvu&“' sh“-{ 115(7

253¢& Lsuwver XD o 1-2 44 it werter-nliamn.

054 | 5!(1ol;hiL€I‘ ™~ 'h.l'f'-ﬂ-‘? o ndl sh.u ro‘p oo [l fory TS sponst
03593 . 3 Gl :.41\ 4:54# . - T - b
0¥5 4 D= 4732 - So = b3 e

0854 D= éo’ bke (47) = bo-S = 55 b

-Da‘l'd' Jmni.mdai ‘L T{i(l. C ?QFUY—ﬁé béd 3?? -l b'f"‘)'f'_\cf. (,{6{"‘

Prepared by: [{f(’f‘fm ‘p‘gl"iﬂ fﬁ:""wbﬁz I;/(/g 7 Reviewed by: _@— &?M?‘W _in,fﬁ.
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Well 399-3-22, Zone 2

Page / of /-‘
PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING
rest bate/Tmes ___[1/8/07 well o: _ 377-3-22
L T __F,i\-? Ly B «
Test/bepth Interval: __1 1.5 - 850 pov ft Borehole I0: ___C 5 704 b ARy
Pre-Test Depth-to-Water: H4.4S f+ 'I:’ji- Transducer S/N: 2437003
Post-Test Depth-to-Water: H 2 78 ft 55 5 Multiplier: 2.32¢€
Logger S/N: ___ X 16C2/
Measured Test Lengths rS/N
A = Reference Pt (RP) to Top of Inner Casing  F = RP to Bottom of Borehole (Pre- & Post-Test)
B = RP to Top of Outer Casing & = RP to Top of Packer 'y
€ = RP 1o Bottom of Outer Casing H = Packer Length i 1.6 f
D = RP to Top of Screen I = Screen Length 5.5 —a
E = RP to Bottom of Screen —""B—-——
Reference Point = Ground Surface
797
Test Stress Pre-Test Tﬁ T2 n
Information - AR — &
Test#  Stress Applied Post-Test _/ /.7 fr - c
] o ;‘r'up%r P F (2 d5.6 )
' : 856 f o
7 0% L‘; &
3 03551 ?
* 2 3% b* Inner Diameter (inch) r
well-screen/ Ty E
testing string 2 ¥ L S— H
drill casing 12_°/%_
borehale _!! fud o ft
I
b1
Y X
5 4 .fa-.b L
Y Lot %-/ . ,
e f-{(',_ln
it
=5
Prepared by: M V) Z}, v lf {{?/cw:u.mbm: l-&-o7 yH
sign pri
(F":‘T} Revi “W:m MDTMD«;: } 9'08
Time: Field Notes: sign print
,133? L_;L_:Au‘. £ v v 2L Ilo;liﬁ clocke. kv thin ij.z.';,]( ta fr dn
) H’(’rj ™ fmm 7?7 +e S’SC llsﬁ;_'-. s fo enly, 2,1'.’4({( r'Ct'Nj ?rp;y{;ﬁ.
1347 P/ Y708 e (4m)
+
|35 0~ |)C7“‘-'- Ker mifcnat, b'l‘ - Bef.t‘xv\ povrim 53¢l ,_-{-‘ s Aornn vt hig Lt £ €21y
7 o T =r ¥
th ner oocd  sude- c‘m.,\a - Pafetr e {.Ivﬂl{{q ;Miks#";{
135.‘-)""3_ Li"‘-} Doy O
—] ) % } ~
135710 3“'<_-fn\ JHJ(C Frrg teo #:" Coea {f 5 "’*‘5 ;‘.}(be (0‘ i Gof-t 3 -) C/WV Caprmenm ber !l deceey
+f72-11 'J'-"*P)“"r(- ﬁMf Sf’(;(r.l'v"tﬂff Y '1(4"{}',' Cteend - 5((7{1 wd‘»ﬁ 1% i{u'-'ﬂ" Ijv'la—'r" o[
S pte 4}{' =lgee 5 f'{. he lewt b DY
14 ‘-'_5 C L'\z'\-"qj_ 4\1 "'a 5’ S
1437 5 le, feut € e lye.i ;I-\n]l\:’ s {-ﬂfc.;,tf-(zn ] - ke, pec foodt ooy at TEE

2007/DCL/ Slug Test /001 (05/04)
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Page.iof 2

PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)

Test Date/Time: “/ 8!/07 - 11/9/57 Well ID: ___ 377-3-22

Test/Depth Interval: __ 7—A—>—5ST L f+ b Borehole ID: C 570%
T2 7T FF e

Time: Field Notes:

/453 758"

145€ Slug withdvowal tesd 42 smat) stug ol (04%f33) st =tcec
j52K 7.9% ’ ’ )
)33 D/R= 2.2 bhe(l") = 794 b g2
1537 g il ihon doot J53, lacg clog od_(039561) Ht
Vo Show Hoot responid
J 26 997 '
St Al b dvan ovtraveluf = ——
BIEA IR Doiunloadad  deda 4o lopbp Compater 4d.4
2717 bhfw= ¢35 bl (4r) = g 3¢ 26 43.78 Lag )y
Trg to lowtr fomfuer post Siug 4 7 *13"'7""*
0730 g kev ok lode S
2731 St ﬂe'-nsdgu;w ot o lespt /Mf: |g 07 S!uj,ﬂ,l? V'—b'r?i-ffo'r.‘/.mf‘

of oty coltyomn 4o -t Frians derer Lebls
0737:/° S{H‘j e thyn tost g4 - Um'v; 5!'14;3 r.;vl?
2t Vot "*’i,fma/znc (‘.ai\"f(!‘/;f, Gbaned g Fesy
07499 D/3= T9F bby (4 5ilked o bopol gereon
Cidtoy. Xlbh ol -
Date  downloucted 4 file  395-3-32,_77-7%4 dat

n

Prepared by: Ik D,n(.:iM”“"ﬂ;;:; N7 pe I by: W %"\}Lﬂ_’imw i‘ﬂ,éﬁ
nt L ¥ sign prin

sign
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Well 399-3-22, Zone 3

(no field notes—slug testing abandoned)
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Well 399-3-22, Zone 4 (Final, Completed Well-Screen Section)

Pugz__[_of _7‘

PNNL SLUE TEST FIELD MEASUREMENTS - DURING DRILLING

Test Date/Time: |2 /3!’07 Well ID: 393- S-22
e ¢ 'ﬂ
Test/Depth Interval: _(25-2" =~ (34,7 fr bss( ‘lqlulf S¢ resn) Borehole ID: Cs 70»{6 H
Pre-Test Depth-to-Water: M#i_{z ft bss Transducer S/N: __ 244 3 7007
Post-Test Depth-to-Water: ft bss Multiplier: + 3'36?
. : X624
Measured Test Lengths NA = does notpply Logger S/N G
A = Reference Pt (RP) to Top of Inner Casing  F = RP to Bottom of Borehale (Pre- & Post-Test)
B = RP to Tap of Outer Casing & = RP to Top of Packer A
€ = RP to Bottom of Outer Casing H = Packer Length 2.0
D = RP to Top of Screen I= ScreenLength 3 £ fr
E = RP to Bottom of Screen ft . : I
Reference Point = Ground Surface e Y- £7 Sl 1o
Pre-Test_ NA -
Test Stress —Em
M f
Information F:} NA # ﬁ !
Test#  Stress Applied Post-Test _ N f1 | c
) c.i9s f+3 F(2) _LZ.S_EQ&
i 34708+
Z L E
3 03548
q. » N - A f\/ ker
Inner Dimeter (inch) o Phrv
5 0iH » P
well-screen/ 6 _J NA #1 Thisrs the
ﬁ‘ o testing string y r ! H
drill casing_MA__ =R Foal wed]
barehole_@__ 4" S¢ SCH o i=H q, 5l casy 4
H I e ran.
4 H K
H — 1372.%1
_ G475 L !
3o
e
ye s
Prepared by: f(}f)}' i Divell M‘"‘o"""’ Date: ! 2'/3/67
sign print
Reviened by, [Pt — R ). W latkod oo _1[9f08
Time:  Field Notes: reved br i priny "
32/ KT S7pc hmm?-uf éséﬁ clock. 5 wi'pho 1 sec of watel, H1g
(53— = Dot um D - ) ’Jx f

T L [a74
140,27 Liwe (oue ber {asna) wusing challer tag 'rhl-,, udich n'NF{
138 27 bss juwbich 't ~24” greate than 3251

Yeasurtd DB was
s o b2 yy127-3 0=

whitlis D[R batdd on_casw_lont,

/345 Ofty = 466" bloe = 426 poo
£ omte p:flﬂﬁw m.wp
1347 Tnstat! {rvansducdr 4o ~ 9" be lom wado- (erel.
135% Initate Slusg fh‘}i&cf{\h tost 4| LfS':h‘S Smalt-dier  slucoek, Sl veE o ey respont.

Cirance R 4t -rms-» 0aS e b {g€e. clu rin, early ,-,e.-.,-{—a.{ffs.‘i.
Q T
0 by 'gdtc, e cover
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Page_ & of 2
PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)

Test Date/Time: 12/3 Jo7

Well ID: 399-3-22
Borehole ID: C52986 L

Test/Depth Interval: 1252 - 12447 44 bs ¢ a:ual SEiten)

Time: Field Notes:
1407 Q5765”7
146 4 0632/
419 dnitnte S’fi—-“\ aithlrenal 4est & CHSTY gl dim 04

Slow rec:amnp Mr-aea_gﬁ Sest n'won&‘?
I4494:%0 _ Tn'tiage st S g ah!”ecﬁm 11 §3, lQr_"émlg

Ovey - ola;u.P;,J[ 465t res pong & 720 g b E!ﬁ, 2 Corer

;‘5;5 Dritade slug w:’{kofr-nu(ksﬁf.‘ha-"t o

FQ30 _Initiads She; injechnn J05¢ %5, Swall Slng o

212 _Lathate Slugwicharnl 6 B4 srqi) sl pl

S22 D/=446 by (auterpolechue Casu fin)

Pr
Dacaosd dake aud Save b il € RIOXXIL621-399 392 15133 4at

h] i
szﬁmW/bvrmj

Prepared by: &2‘2?‘ pﬁ M((!.-‘;:"W Date: JE! 2 ;_‘ o Reviewed by: %WTW: l' 1 ﬁ Q?)
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Well 399-4-14, Zone 1

PNINL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING

Test Date/ Time: 10/ 0/0'7 R0 b well o: __377- 414
2 s hn
Test/Depth Interval: 47‘7 % b{“ ft %S (;S f ost Borehole ID: Cg-7“)7
Pre-Test Depth-to-Water: 4.9 ft blos Transducer S/N: _ 2437003
Post-Test Depth-to-Water: __.‘f.?'?—f? “"_" Multiplier: 2.3 268
. Xlbe2{
Measured Test Lengths Logger S/N
A = Reference Pt (RP) ta Top of Inner Casing  F = RP to Bottom of Borehole (Pre- & Post-Test)
B = RP to Top of Outer Casing & = RP to Top of Packer y
€ = RP to Bottom of Outer Casing H = Packer Length I S i £
D = RP to Top of Screen I = Screen Length .gs' “ A
E = RP to Bottom of Screen e
Reference Point = Ground Surface
re-Test _91-5
Test Stress P -rm—F'("l)i . M #
Information Py Lot 426 # &
Test#  Stress Applied Post-Test 20> _ft | o g c L’L
/ 2.195 f* F@ Sl ¢ b u"Iv s
3 2495 £ 7
‘; 0 3% ?33 Inner Diameter (inch y
iy | msm m
¢ o360 B3 f:s‘t':.;‘:::gé_ v L —L m
7 0.250 f43 drill casingfib_ly__ . :
> Y Y] SCH'ZU . R
% 03903 homuﬂ 1y _;;SH o rtan HJ.;J £t
y ) 037" lons end cop
Prepared by: &/‘l &n{{/ﬂ/@wmwﬂ’ Date: Joﬁaﬂ;‘?
sign
Time: Field Notes: S—— 3 L ] J 1
iooo Arnve al wetl sid<
D/ = 479 boe (%) D/B = 566 bbz (4"
566 -479 = &7 [t of wader alunmn.
1o2-( Sefngkﬂmn_)_ |'a1?v Clee e + withan 1 Sf&d{‘ wated, ,
17 Lover Pansducs + a a&z’_,fh o{’ ~857 bt ond weli Stot witin
Swag ([ ':vljlq r:a(.p
193ao .Ih,qa( Slus o (:z 3 see 4o lovornd) - veny liHfle #St‘rtsowe‘ Al:—o a8 gec
IN33% —",‘-"3 nithdang [ Hest #( (va&?)‘»#feof aufoﬁnm#e teligmn i _fess 1‘1,.4«- J:t{)
1235 Raisce XD S0 F35 onty wm 2-3 £4. £ cter Glumn
1037 L guntr gluu, S lowm ftf mt wattrciling
1937 Drifler imsrtd vl up o lettle

2007/DEL/SlugTest/001 (05/04)
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Pagniuf z
PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)
Test Date/Time: 1o / o / 07

Test/Depth Interval: Y76 S Sl g bas

Well ID: _ 379-4-14

Borehole1b: ___C5707
Bih
Time: Field Notes:
joX! Rl pmoved vp a li#le b ogt AL bots e o Lt V).
1o43 Qlui with. #5F 2L CSme Smal) ok ; Sima (/ uu;!rﬁmj, rls ponsC frs bt
1ods Lontr swqtt Stug wd b fulty sub vtz lovel. Crvt a test)
10H¥ 30 Clug with. tesd #3  smll slu( ,,,él(oqu p.3)
/105 Remor Smatlslug nd gnd cttach lamg Slug nf o cable
(A Lowvee Sl nd Slowly, mb wilé coltpwn

volume o€ p i (0.3% H3)
J1o8 3 _,{u_\ unith, st H o lose R vaised mq;-wk&_(‘-lu::)

3o Slu-“h et 125+ _1;_5 (r weth PRE i 7,,;4.]
1y gfuq “ “.c/w-.-mr st HE (n;ﬂ raied - w!,ce.c)

25 ok a,,ao on rtalting plods Fo tests 34346

Qs cillatons s pongls

jlieas Sheﬁmjc Uhan dest # 7

( 1~Z gt A nzg all Fre M.":‘:mhmﬂ
14¢2 Slag o

T3 Slug widndrons! dcst HE ( |a,g¢,;t..§,.-,2\ XD oyt Cavyht sk
l{;'hc:-sw.c w.-l»s!uq . Rad is |&mv~“£ Dy lles w17 +n¢ t_fap
oh -}onﬂl on Ca-m.. 4o bvgte wdh ctndl bancdury lost. Daes..{w/k._
j15= Da’l“e'r‘ﬁf' Hanso{uu/ v Stuck LH _le,..., with 4 -f-hm[{M anluce
O/aﬁ not opplir + 2 ﬂzﬁlﬂﬁﬂ_,bc, 7

g willwst toncluct Gny i ort Sfl-;r "51‘;‘
i s we (],

Diw= 477" bz

Dlg= § 66" bie

Saved  downloaded data b §ile

CRWY _x It _-Aduly_ 47515 dat

Prepared by: /af"’ _ Jmell Mewvcnsr pate: 19/10f07
sign

: Reviewed Eiﬂ & A 4 :
print by sion mm-ﬁ'g—;wim Date _IP.IQ
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Well 399-4-14, Zone 2

Page ( of /
PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING
Test bate/Time: __[/15/07 wel I>: __ 3T -H-(Y
Test/Depth Interval: _§9: 5 — §3: 5 ft Borehole ID: (5753
Pre-Test Depth-to-Water: H1.19 ft iyf’. Transducer S/N: 2437 vl ( /o r 53)
Post-Test Depth-to-Water: L1 g ft b’jl 5 Multiplier: 2.326%

Logger s/N: __X 1627/

Measured Test Lengths
A = Reference Pt (RP) 1o Top of Inner Casing  F = RP to Bottom of Borehole (Pre- & Post-Test)

B = RP to Top of Outer Casing & = RP to Top of Packer _7\'
€ = RP to Bottom of Quter Casing H = Packer Length - ‘J~
D = RP o Top of Screen I = Screen Length M;:;m u,z-*/l“ _"}_fl
E = RP to Bottom of Screen LB._H_
Reference Point = Ground Surface
24 G
Pre-Test _ 09 ft
Test Stress T _ft
Information _ $0S ¢ z
Test#  Stress Applied Post-Test _jl'?:_ﬂ 735 [
NA A T35 4 D
E
Inner Diameter {inch)
well-screen/
testing string ¥ Y
3
drill casing ﬁ_.{ff_
borehale _L! ¥

Prepared w:lﬂdﬁ%%mﬂ Newrcome pare: _10/(5 /07
E print
Reviewed @i % JZ_«&I’(].ME&:,L j
Time:  Field Notes: ewed by Sign print _!.I__Lh__

[31¢ {J’f.fnr,{.‘lvi),i,u‘ [o‘,*jé'rc. .3 + \'-w'ih;l" [ gec e1( wa'}l{&.
7%
[34s 2~ /5 S('V‘JEJ 4 d"ﬂ fe. 734’ é"f‘ hs e q'/‘é’:gr”r ancd I{’("f"-‘-«‘fn’q
CE ares (a.(ah, t-?vt.!; outer ( Sy« T4 {am)&yp " d(_,,,h\ ‘-;ra-.-erMf'lzt'/ Sfrm-#//‘;,

when Hhty ﬂc.»-ﬁea’ al_a rafe oA 76gpm ank 6’ of dris miloiun.

135 /o= 4785 b Shekup= 47 f
Slug 40stng will be abindoned at 4his  Aestintenal.
7
/
d
yd
/
>

2007/DCL/ Shug Test/001 (05/04)
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Well 399-4-14, Zone 3

Pa.ge._/__ of 2-

PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING

Test Date/Time: /D![‘i_!pq— &> W".(l:"{,!t"-'l,’ Well ID: _z C5707 }
Test/Depth Inferval: ipd = -0+ T ft Borehole ID: —h 3‘1‘1 - L{- “—-‘
Pre-Test Depth-to-Water: _lj__(:"l—__. ft Transducer S/N: 2’“ 5 7923
Post-Test Depth-to-Water: L( L % ft Multiplier: = 57’(’5
Logger S/N: XlbbZ2 |
Measured Test Lengths 9ger 3
A = Reference Pt (RP) to Top of Inner Casing  F = RP fo Bottom of Borehole (Pre- & Post-Test)
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Page anf

PNNL SLUE TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)
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Well 399-4-14, Zone 4

Page Io‘f-;

PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING

Test Date/Time: Jo-23 ""7 Well ID: 399-4- l"f
Test/Depth Interval: _1#07(31-2 ft bas Borehole ID: 51

Pre-Test Depth-to-Water: “2. £27 ft bs& Transducer S/N: 24437003

Post-Test Depth-to-Water: __ 2T ft Ls; Multiplier: 2.326%
: 62|

Measured Test Lengths Logger S/N: X16
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PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)

Test Date/Time: ju/z 3/J7 Well ID: 3%_4'“/
Test/Depth Interval: _? 20~ 1282 ft bss Borehole ID: Cg o7
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Page _Lnf 3

PNNL SLUG TEST FIELD MEASUREMENTS - DURING DRILLING (continuation sheet)

Test Date/Time: o )23 [o7 well ID: 37 ~-&-/¥

120~12%- 2 ft bss Borehole ID: G5 107
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Well 399-4-14, Final, Completed Well-Screen Section

Poge ot Je
PHML 5LUE TEST FIELD MEASUREMENTS - DURIMG DRILLING
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Page_t ol

PhML SLUG TEST FIELD MEASUREMEMTS - DURING DRILLIMNG (contimaation sheet)
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Appendix B

Borehole Logs for Wells 399-2-5, 399-3-22, and 399-4-14



BOREHOLE LOG
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Page _{ of
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BOREHOLE LOG

Page 2 of &
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Project: 7% Cézf_&‘,_é& oo Reference Measuring Point: ¢, ol < ;’ ¢
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B3

P s,
[ BOREHOLE LOG |Page 2 of 44
IDate: F-20~0F
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BOREHOLE LLOG

Pageiof_f/
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-
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BOREHOLE LOG

Page

oo

Date: /0-3/-0F

B.5
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