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Abstract

A number of remedial action programs have been implemented on the Hanford Site that employ
pump-and-treat well systems to control and treat contaminated groundwater as part of their remediation
strategy. Predictive modeling and optimization of the design of large-scale pump-and-treat systems
(particularly within thick unconfined aquifers), however, require additional hydrologic characterization
information that is not commonly available at most extensively contaminated groundwater sites. To meet
these objectives, the acquisition of large-scale hydraulic and storage properties and the vertical
distribution profile of aquifer hydraulic conductivity are particularly critical in accurately modeling the
performance of the pump-and-treat system. The addition of newly constructed extraction wells to a
pump-and-treat system affords the opportunity to acquire both local hydraulic property versus depth
profile information as well as large-scale aquifer characterization information. This hydraulic
characterization information can be obtained both during well construction (i.e., selective well-depth
characterization) and/or following construction of wells designed with long well-screen completions.

This report examines the hydrologic test results for both local vertical profile characterization and
large-scale hydrologic tests associated with a new extraction well (well 299-W15-225) that was
constructed during FY2009 for inclusion within the future 200-West Area Groundwater Treatment
System that is scheduled to go on-line at the end of FY2011. To facilitate the analysis of the large-scale
hydrologic test performed at newly constructed extraction well 299-W15-225 (C7017; also referred to as
EW-1 in some planning documents), the existing 200-ZP-1 interim pump-and-treat system was
completely shut-down ~1 month before the performance of the large-scale hydrologic test. Specifically,
this report 1) applies recently developed methods for removing barometric pressure fluctuations from well
water-level measurements to enhance the detection of hydrologic test and pump-and-treat system effects
at selected monitor wells, 2) analyzes the barometric-corrected well water-level responses for a
preliminary determination of large-scale hydraulic properties, and 3) provides an assessment of the
vertical distribution of hydraulic conductivity in the vicinity of newly constructed extraction well 299-
W15-225. The hydrologic characterization approach presented in this report is expected to have universal
application for meeting the characterization needs at other remedial action sites located within unconfined
and confined aquifer systems.
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Summary

A final Record of Decision (EPA et al. 2008) for the 200-ZP-1 groundwater operable unit was signed
by the U.S. Environmental Protection Agency (EPA), the U.S. Department of Energy (DOE), and the
Washington Department of Ecology on September 30, 2008. The final selected remedy for this
groundwater operable unit (OU) is a combination of pump-and-treat, monitored natural attenuation, flow-
path control, and institutional controls. While interim pump-and-treat operations have been ongoing since
1994 within the 200-ZP-1 OU, the focus to date has been simply controlling the high concentration
portion of the carbon tetrachloride plume (>2,000 ug/L). The interim pump-and-treat system was
designed to treat water at pumping rates as high as 500 gpm. A new full-scale 200-West Area
Groundwater Treatment Facility is currently being designed. This new facility will be placed in operation
by December 31, 2011, and is being designed to treat water at pumping rates as high as 2,500 gpm. The
new facility will treat the eight contaminants of concern identified in the final Record of Decision (EPA
et al. 2008), including carbon tetrachloride, trichloroethylene, total chromium, hexavalent chromium,
technetium-99, iodine-129, tritium, and nitrate.

The 200-West Area Groundwater Treatment Facility may have as many as 20 new extraction wells
and 17 injection wells installed to support final pump-and-treat operations. The first of these new
extraction wells to be installed was well 299-W15-225, which was constructed between February and
June 2009. This well is located to the southwest of the 241-TX-TY Tank Farm. An evaluation was
performed to identify hydrologic test methods that could be implemented at the new extraction well that
would significantly improve the level of hydraulic property characterization within this portion of the
200-ZP-1 OU. The general objective for acquiring detailed hydraulic property information from the new
extraction well 299-W15-225 was to improve and optimize the design and operation of the new 200-West
Area Groundwater Treatment Facility, as described in U.S. Department of Energy/Richland Operations
(DOE/RL 2008). Specific objectives of the hydrologic characterization tests conducted at the newly
constructed extraction well 299-W15-225 were to determine the lateral and vertical distribution of aquifer
hydraulic properties and to assess the lateral extent or area-of-influence of the new extraction well, 299-
W15-225. This type of aquifer test characterization information is important for the detailed modeling of
contaminant capture and the optimum design of pump-and-treat systems (i.e., future extraction well siting
and completion).

To meet these program objectives, three hydrologic test methods that were originally identified in
Spane and Newcomer (2009a) were implemented as part of the well 299-W15-225 field test
characterization program. These characterization methods were designed to provide detailed lateral and
vertical aquifer hydraulic property information within and surrounding the well 299-W15-225 site
location. These three hydrologic tests included:

o Detailed test/depth-interval slug-test characterization during the drilling of well 299-W15-225
e Dynamic electromagnetic flowmeter survey within the completed well 299-W15-225
o Constant-rate pumping test of well 299-W15-225 and monitoring the large-scale areal response

within surrounding and neighboring monitor wells.

In concert with these three identified hydrologic test methods, two step-drawdown tests and an
intervening extensive well-development phase were also performed as part of the overall well
characterization program. These additional well test activities were not designed directly for acquiring



aquifer property characterization information, but rather were used to assess the efficacy of extended
well-development on well production performance and to assess an optimum pumping rate for the
subsequent constant-rate pumping test.

Of these test methods, the constant-rate pumping test and recovery provides the best opportunity for
obtaining detailed, large-scale information for a wide range of hydrologic properties (i.e., transmissivity,
hydraulic conductivity, vertical and horizontal anisotropy, and storativity). Many of these properties
cannot be reliably estimated using standard single-well tests or hydrologic tests of short duration. This
acquisition of large-scale hydrologic characterization information is particularly important for improving
the design of the remediation system, particularly as it relates to siting of additional pump-and-treat
system extraction wells using numerical groundwater flow and contaminant capture models. An inherent
element in analyzing large-scale hydrologic test response results is the quantification and removal of
temporal barometric pressure effects on well water-level response. As demonstrated in Spane (1999,
2002, 2008a) and Spane and Thorne (2000), removing barometric pressure effects is necessary for any
quantitative, detailed analysis of multi-well, constant-rate pumping tests conducted within the general
200-West Area of the Hanford Site.

The following results were obtained from the well 299-W15-225 field test characterization:

1. Barometric pressure effects impose a significant extraneous impact on monitored well water-level
measurements, which are used to monitor aquifer conditions and relative performance/impact of the
200-ZP-1 OU pump-and-treat system. Barometric response patterns for the nearby monitor wells
examined as part of this investigation indicate very similar time-lag characteristics and exhibit time-
lag dependence ranging between ~130 and 180 hours. Barometric pressure effects within well
water-level responses were successfully removed with a universal correction procedure that used a
universal multiple-regression deconvolution technique. The corrected well water-level responses
facilitated detailed analysis of hydrologic tests conducted at well 299-W15-225.

2. Slug test characterization during well construction provided discrete hydraulic property vs. depth
information for two test/depth intervals within the upper-section of the unconfined aquifer. The
average hydraulic property estimates for these two zones are very similar (i.e., 4.6 and 5.7 m/day),
and are slightly higher than the geometric mean value (2.2 m/day) calculated for other surrounding
monitor well slug tested intervals.

3. The electromagnetic borehole flowmeter survey provided detailed characterization information
concerning the relative vertical distribution of hydraulic properties within the unconfined aquifer at
well 299-W15-225. The relative hydraulic property profile, while variable, indicated that the
highest permeability intervals occur within the middle and lower sections of the unconfined aquifer.

4. Two step-drawdown tests were conducted for selecting an optimum pumping rate for the following
constant-rate pumping test and for assessing whether an intervening extensive well-development
program had any discernable effect on extraction well performance. The results of the step-
drawdown test comparison indicate that well 299-W15-225 is highly efficient (well efficiencies
between 88 and 97%) over the pumping rates observed, and that the extraction well performance
increased ~5% following implementing the extensive well development program.

5. Water-levels were monitored at 22 surrounding well locations during the 3-day constant-rate
pumping test conducted at well 299-W15-225. Hydrologic responses associated with the 3-day
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pumping test were observed over well distances of >690 m from the pumped well location. This
indicates that well 299-W15-225 will impose a hydrologic area of influence of greater than 690 m
at similar pumping rates (i.e., ~568 Ipm) and over extended pumping periods commonly employed
for extraction wells within the 200-ZP-1 OU pump-and-treat system.

6. Hydrologic test analysis results for the 3-day constant-rate pumping test were limited in this report
to a composite multi-well analysis for the pumped well and near-field wells 299-W15-40 and 299-
W15-44. The composite multi-well analysis indicated the following best-estimate aquifer property
values: T = 438 m*/day; K = 7.91 m/day (based on an aquifer thickness of 55.4 m); Kp =0.1;

S =9.7E-4; and S, = 0.096. The calculated aquifer hydraulic properties for the near-field monitor
well/well 299-W15-225 analysis fall within the upper-range of similarly derived, large-scale values
determined for the adjacent area.

In conclusion, due to the level of success demonstrated for this field test characterization, it is
recommended that the hydrologic characterization methods used at well 299-W15-225 be considered for
possible use at other selected ZP-1 extraction well locations. These characterization methods would be
most relevant for areas where numerical modeling uncertainty can be significantly reduced by acquisition
of large-scale and vertically-distributed hydrologic characterization information.
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CHPRC

COC

DOE/RL

EBF

FY

LED

MSL

ou

PDT

PNNL

WMA

UHF

USB

Acronyms

CH2M Hill Plateau Remediation Company
contaminant of concern

U.S. Department of Energy/Richland Operations
electromagnetic borehole flowmeter

fiscal year

light-emitting diode

mean sea level

operable unit

Pacific Daylight Time

Pacific Northwest National Laboratory
Waste Management Area

ultra-high frequency

universal serial bus
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Nomenclature

aquifer thickness; L

= slug test damping parameter; dimensionless

vertical pneumatic diffusivity of the vadose zone; L*/T
well efficiency; dimensionless

change in well water-level elevation due to atmospheric pressure change; L
average horizontal hydraulic conductivity; L/T
vertical anisotropy (K./Ky); dimensionless

hydraulic conductivity in the horizontal direction; L/T
horizontal hydraulic conductivity of the ith layer; L/T
hydraulic conductivity in the vertical direction; L/T
test interval or well-screen length; L

effective well water-column length; L

change in atmospheric pressure; F/L*

pumping rate; L*/T

radius of well casing; L

radial distance from pumped well to monitor well location; L
radius of well; L

effective test radius parameter; L

drawdown; L

corrected drawdown due to aquifer dewatering; L
total well drawdown; L

dimensionless drawdown

storativity; dimensionless

specific yield; dimensionless

= transmissivity; LT

time; T
dimensionless time with respect to the S

= dimensionless time with respect to the S,

dimensionless depth within the aquifer, equal to z/b

aquifer depth below water table; L

dimensionless unconfined aquifer parameter, equal to Kp, r*/b’
dimensionless unconfined aquifer parameter, equal to S/S,
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1.0 Introduction

A number of programs have been implemented on the Hanford Site that use the pumping and treat-
ment of contaminated groundwater as part of their remediation strategy (e.g., DOE/RL 2000). CH2M
Hill Plateau Remediation Company (CHPRC) is currently assessing aquifer characterization needs to
optimize pump-and-treat remedial strategies (e.g., siting of new extraction well locations) in the 200-ZP-1
Operable Unit (OU). As part of this assessment, CHPRC is focusing on hydrologic characterization
opportunities that may be available for planned and newly constructed pump-and-treat extraction wells
that will be supporting the new 200-West Area Groundwater Treatment Facility. This new facility will be
placed in operation by December 31, 2011, and is being designed to treat water at pumping rates as high
as 2,500 gpm. The new facility will treat the eight contaminants of concern identified in the final Record
of Decision (EPA et al. 2008), including carbon tetrachloride, trichloroethylene, total chromium,
hexavalent chromium, technetium-99, iodine-129, tritium, and nitrate. The 200-West Area Groundwater
Treatment Facility may have as many as 20 new extraction wells and 17 injection wells installed to
support final pump-and-treat operations. The first of these new extraction wells to be installed was well
299-W15-225, which was constructed between February and June 2009. This well is located near the
southwest corner of the 241-TX-TY Tank Farm.
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Figure 1.1. Location Map Showing New Well 299-W15-225, Adjacent WMA TX-TY Tank Farm Area,
and Surrounding Well Sites

As reported in Spane and Newcomer (2009a), meetings were held on November 21 and December 1,
2008, with staff and consultants of CHPRC and Pacific Northwest National Laboratory (PNNL) to help
identify specific hydrologic tests that would provide needed characterization information to support
optimization of the pump-and-treat system. Based on these meeting discussions, it was decided to focus
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on hydrologic test methods that could be readily applied at a new, to-be-constructed ZP-1 extraction well
location (i.e., 299-W15-225; see Figure 1.1 for location). The general objective for acquiring detailed
hydrologic property information from the new extraction well 299-W15-225 (C7017; also referred to as
EW-1 in some planning documents) was to improve and optimize the design and operation of the 200-
West Area Groundwater Treatment Facility, as described in U.S. Department of Energy/Richland
Operations (DOE/RL 2009). Specific objectives of the hydrologic characterization tests conducted at the
newly constructed extraction well 299-W15-225 were to determine the lateral and vertical distribution of
aquifer hydraulic properties and to assess the lateral extent or area-of-influence of the new extraction
well, 299-W15-225. This type of aquifer test characterization information is important for the detailed
modeling of contaminant capture and the optimum design of pump-and-treat systems (i.e., future
extraction well siting and completion).

To meet these program objectives, three hydrologic test characterization methods were identified in
Spane and Newcomer (2009a) and CHPRC (2009) to provide detailed lateral and vertical aquifer
hydraulic property information. These three hydrologic tests included:

o Detailed test/depth-interval slug-test characterization during the drilling of 299-W15-225

e Dynamic electromagnetic borehole flowmeter survey within the completed new well
299-W15-225

o Constant-rate pumping test of well 299-W15-225 and monitoring the large-scale areal
response within surrounding and neighboring monitor wells.

Of these test methods, the constant-rate pumping test and recovery provides an opportunity for
obtaining detailed, large-scale information for a wide range of hydrologic properties (i.e., transmissivity,
hydraulic conductivity, anisotropy, and storativity/specific yield). Many of these properties cannot be
reliably estimated using standard single-well tests or hydrologic tests of short duration. This acquisition
of large-scale hydrologic characterization information is particularly important for improving the design
of the remediation system, particularly as it relates to siting of additional pump-and-treat system
extraction wells using numerical groundwater flow and contaminant capture models. A key element in
analyzing large-scale hydrologic test response results is to quantify and remove temporal barometric
pressure effects on well water-level response. As demonstrated in Spane (1999, 2002, 2008b) and Spane
and Thorne (2000), it is necessary to remove barometric effects for any quantitative, detailed analysis of
multi-well constant-rate pumping tests conducted within the general 200-West Area of the Hanford Site.

This report discusses hydrologic characterization tests that were conducted during the construction
and immediately following completion of ZP-1 extraction well 299-W15-225 during FY2009. This
report section describes the general hydrogeologic setting and pertinent details concerning the
construction of extraction well 299-W15-225. Section 2.0 provides a general discussion concerning the
performance and analysis of hydrologic test characterization methods conducted at well 299-W15-225.
Section 3.0 describes the relative effects of barometric pressure fluctuations and their removal from
monitor well water levels used in this investigation. Analysis results for hydrologic tests conducted in
well 299-W15-225 are given in Section 4.0. Conclusions and recommendations for subsequent test
characterization activities are presented in Section 5.0, followed by the references cited in the text in
Section 6.0.

Appendices of additional characterization information are also provided (A—borehole geology log
description; B—baseline well water-level versus barometric pressure response plots; C—multiple-
regression coefficient analysis; D—barometric-corrected baseline well water-level response plots; and
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E—summary of electromagnetic borehole flowmeter [EBF] survey test data). Also, a list of the scientific
nomenclature used throughout this report is provided on page xi.

It should be noted that a significant hydrologic test data set was collected for 22 wells monitored
during the course of the constant-rate pumping tests conducted at well 299-W15-225. This report only
provides limited quantitative analysis results for the constant-rate pumping test responses observed at
near-field monitor wells located within 100 m of test well 299-W15-225 (i.e., 299-W15-40, and 299-
W15-44). This is due to the short-duration of time available from test performance (i.e., June 29 to
July 2, 2009), and preliminary results reporting requirements for the end of FY2009. A significant
amount of large-scale hydraulic characterization information can be realized by subsequent test analysis
of available far-field well test response (i.e., for wells >100 m from well 299-W15-225) and incorporation
of vertically-distributed, multi-layer analysis approaches that would be implemented by incorporating the
results of the dynamic EBF test survey results.

1.1 Hydrogeologic Setting

Figure 1.2 shows a generalized east-west geologic cross section of sediments in the vicinity of well
299-W15-225 (across the boundary of the WMA TX Tank Farm). As noted in Spane (2008b) and Spane
and Thorne (2000), the uppermost aquifer in this general 200-West Area is unconfined and lies within
Ringold Unit E. This hydrogeologic unit is reported by Lindsey (1995) to be composed of gravel, with a
fine-sand matrix, and contains local sand and silt beds. These sediments are partially to well-indurated
and have variable amounts of secondary mineralization. The uppermost aquifer is underlain by a
lacustrine mud unit referred to as the Ringold Lower Mud. This mud unit separates the uppermost aquifer
from a locally confined aquifer within the underlying Ringold Unit A gravel (basal Ringold), which lies
above the basalt bedrock. Other confined aquifers are present within the deeper basalt formations. The
mud unit that separates the uppermost unconfined aquifer from the underlying Ringold Unit A gravel is
continuous over most of the Hanford Site, but is missing just north of the 200-West Area and in several
small areas to the east of the 200-West Area. As indicated in the geologic borehole log included in
Appendix A, the Ringold Lower Mud was encountered over a depth interval of 125.1 and 139.6 m bgs
(410.5 and 458 ft). The Ringold Unit A gravel was encountered immediately below the Ringold Lower
Mud and continued to the bottom of the borehole, which was terminated at a depth of 141.7 m bgs (465
ft). Figure 1.3 shows a fence diagram showing sedimentary relationships across the WMA TX-TY and
adjacent WMA T Tank Farm Areas as reported in Reidel and Chamness (2007).

Figure 1.4 shows the general long-term aquifer water-level decline exhibited within monitor well
299-W14-14 located along the eastern boundary of the WMA TX Tank Farm Area. This pattern is
representative of other long-term water-level responses exhibited at other monitor well locations in the
surrounding area. As indicated in the figure, well 299-W14-14 exhibited a consistent well water-level
decline pattern of ~0.35 m/year for the approximately 10-year period. This decline trend is identical to
the historical trend exhibited in the WMA T Tank Farm Area located immediately to the north of WMA
TX-TY, as reported in Spane (2008b). The overall decline in the unconfined aquifer water-table elevation
is consistent with the decrease and cessation of wastewater disposal activities during this period within
the 200-West Area and initiation of ZP-1 extraction well pumping to the south of WMA TX-TY, as
discussed in Spane and Thorne (2000).
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Figure 1.2. Generalized East-West Geologic Cross-Section across WMA TX Tank Farm Area (taken
from Reidel and Chamness 2007)
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1.2 Available Hydraulic Characterization Information

Spane and Newcomer (2009a) provide a summary review of available well information and recently
conducted hydrologic characterization tests that were performed for wells in the vicinity of the TX-TY
Tank Farm. Table 1.1 lists pertinent well completion and distance/location information for various
monitor and extraction wells as it relates to the newly constructed extraction well 299-W15-225. Spane
and Newcomer (2009a) analyzed available hydraulic-property (hydraulic-conductivity) information for
hydrologic tests previously conducted within the TX-TY Tank Farm area from FY 1999 to FY 2005. As
discussed in their report, 12 well sites in the vicinity of extraction well 299-W15-225 have reported slug-
test characterization results. In addition, three well site locations were reported to have had short-duration
(i.e., 213 to 285 minutes) constant-rate pumping tests, one of which (299-W14-15) was a multi-well test
that used nearby observation wells (299-W14-13 and 299-W14-14). The single- and multi-well
hydraulic-conductivity estimates obtained from the pumping tests compare favorably with the single-well
slug tests conducted at these well site locations, as noted in Spane and Newcomer (2009a).

Figure 1.5 shows a histogram distribution of hydraulic conductivity values for slug tests conducted
within the top (i.e., upper 10 meters) of the unconfined aquifer. These tests are reflective of the Ringold
Formation gravel unit E. As shown in the figure, the histogram distribution appears to conform to a log-
normal distribution with a hydraulic conductivity range between 0.07 and 19.9 m/day and a geometric
mean of 2.20 m/day. These hydraulic-conductivity values compare favorably to the range (0.05 to
64.1 m/day) and geometric mean (3.43 m/day) previously reported for slug-test characterization
performed for all wells within the entire 200-West Area (Spane and Newcomer 2008).

1.5



Table 1.1. Pertinent Survey and Completion Information for Wells in the Vicinity of Well 299-W15-225

(modified from Spane and Newcomer 2009a)

NADS3 (91) NAVD(88)
Horizontal Coordinate Elevation
Wells in the Survey Survey Well-Screen Elevation, m Radial Distance from
Vicinity of Well ~ North, East, Brass Cap, MSL Well 299-W15-225,
299-W15-225 m m m MSL (Top — Bottom) m
299-W10-4 136578.08  566734.64 205.26 147.33 — 130.56 475.54
299-W10-5 136474.83  566578.60 204.97 151.62 - 137.90 374.31
299-W10-26  136400.93  566843.40 204.67 138.50 — 127.80 346.33
299-W14-11 136287.62  566901.69 204.38 124.59 — 121.54 302.82
299-Wl14-14  136181.33  566898.39 204.62 138.47 - 127.79 251.79
299-W14-15 136231.04  566899.66 204.58 137.58 — 126.95 271.45
299-W14-18 136344.43  566897.44 204.26 137.78 — 127.11 336.41
299-W14-19 13613532  566898.63 204.90 136.76 — 126.09 242.82
299-W14-72 13594128  567328.44 215.67 89.48 — 84.90 691.80
299-WI5-1*  135042.94  566554.31 206.11 148.18 — 123.79 195.28
299-W15-7* 13592020  566675.88 203.33 147.84 — 96.62 189.59
299-W15-11*  136000.72  566412.30 207.35 151.56—116.80 267.77
299-W15-34*  135960.44  566613.41 204.91 140.79 — 125.46 154.78
299-W15-35%  135853.07  566739.26 202.88 140.03 — 124.77 268.64
299-W15-40* 13620529  566652.49 205.06 138.61 — 127.90 96.53
299-W15-41 136031.99  566757.58 202.79 136.96 — 132.38 126.41
299-W15-43*  136210.34  566490.12 206.78 137.76 — 127.09 195.51
299-W15-44*  136066.82  566685.02 204.17 138.24 - 127.57 50.40
299-W15-45%  135961.16  566432.94 206.79 135.70 — 120.44 268.58
299-W15-49 13597291  566307.20 208.38 136.50 — 125.83 375.53
299-W15-225  136108.88  566657.25 NA NA 0.00
299-W15-763  136029.05  566809.18 202.18 137.62 — 126.93 171.62
299-W15-765%  136373.06  566697.02 204.51 137.44 - 126.77 267.16

*  existing interim ROD 200-ZP-1 extraction well
NA: not available; new well survey not completed.
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Figure 1.5. Hydraulic Conductivity Histogram for Recently Tested Wells in the Vicinity of TX-TY
Tank Farm (adapted from Spane and Newcomer, 2009a)

1.3 Well 299-W15-225 Construction and Completion Description

Drilling of well 299-W15-225 was initiated on January 30, 2009, and continued until reaching a total
borehole depth of 141.7 m bgs, on May 25, 2009. The well was completed over the period May 25 to
June 16, 2009. Specific details concerning the well completion are shown in Figure 1.6. Of hydrologic
test importance are the two separate well-screen sections: a 6.1-m 0.102-cm (0.040-in.) slot well screen
completed over the depth interval 74.7 to 80.8 m bgs; and a 39.6-m 0.140-cm (0.055-in.) slot well screen
was completed over the depth interval 83.9 to 123.5 m bgs. A description of the geologic material
encountered during drilling and within the well-screened interval is presented in Appendix A. Table 1.2
summarizes the schedule of salient well activities as they relate to hydrologic testing performed at well

299-W15-225.
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Figure 1.6. Well 299-W15-225 Completion As-Built Diagram

1.8



Table 1.2. Well 299-W15-225 Activity and Testing Summary

Well Test/
Calendar Date Activity Comments
1/30/2009 Well Drilling Well drilling initiated by Blue Star Drilling Company
Drill-and-Test Slug Test Ten slug tests conducted for test/depth interval 74.5 to 75.6 m bg
3/9/2009 e
Characterization (Zone 1)
Drill-and-Test Slug Test ~ Eight slug tests conducted for test/depth interval 75.7 to 78.3 m
3/23/2009 -
Characterization bgs (Zone 2)
3/26/2009 ZP-1 Extraction Wells Pu.n.qpmg at surr01.1nd1ng., ZP-1 extrac'gon well.s te.rmmat.e d FO
Shutdown facilitate hydrologic testing and baseline monitoring activities
associated with well 299-W15-225 hydrologic characterization
5/4/2009 Distant ZP-1 Extraction Pumping resumed at distant ZP-1 extraction wells
Wells Re-started 299-W15-6, -W15-36, -W15-46, and -W15-47
5/5/2009 Well Construction TD depth of 141.7 m bgs reached

5/12 - 6/16/2009

6/1/2009

6/17/2009

6/18 - 6/26/2009

6/28/2009

6/29 - 7/2/2009

7/2 - 9/2009

7/10/2009
7/13/2009

7/14 - 15/2009

7/15 - 16/2009

Well Completion and
Initial Well
Development
Distant ZP-1 Extraction
Wells Shutdown

Step-Drawdown Test 1

Extensive Well
Development Activities

Step-Drawdown Test 2

Constant-Rate Pumping
Test
Constant-Rate Pumping
Test Recovery
Monitoring
Ambient EBF Survey
Dynamic EBF Survey
Pneumatic Slug Test
Characterization
Pneumatic Slug Test
Characterization

Pumping terminated at distant ZP-1 extraction wells
299-W15-6, -W15-36, -W15-46, and —-W15-47
Four, 2-hr steps conducted at 107.9, 230.2, 347.1, and 461.1
liters per minute

Five, 2-hr steps conducted at 126.8, 230.5, 353.2, 459.2, and
569.3 liters per minute

3-day pumping test conducted at 591.2 liters per minute

Seven slug tests conducted for completed well test/depth
interval 83.9 to 123.5 m bgs (Zone 3)
Six slug tests conducted for completed well test/depth interval
74.7 to 123.5 m bgs (Zone 4)
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2.0 Well 299-W15-225 Hydrologic Test
Characterization Methods

Based on results of an aquifer characterization review and assessment for this study, Spane and
Newcomer (2009a) and CHPRC (2009) identified three hydrologic test characterization methods for well
299-W15-225 during the drilling/construction phase and following its well completion. The three
recommended test methods included:

e progressive test/depth interval slug test characterization during borehole drilling
e ambient and dynamic EBF surveys within the completed well-screen section

e a constant-rate pumping and recovery test of well 299-W15-225, and monitoring the
areal drawdown/recovery response within surrounding and neighboring monitor wells.

The objective of detailed test/depth-interval slug-test characterization was to provide local-scale
hydraulic property characterization of selected test/depth intervals within the penetrated unconfined
aquifer. Since this characterization is conducted during the active drilling phase, it was implemented
before the other two identified hydrologic tests. The discrete aquifer hydraulic conductivity distribution
information obtained with this method is particularly useful for assessing the hydrogeologic controls of
aquifer contamination/depth levels, selecting the well-screen completion design, and refining hydraulic-
property characterization results obtained with the dynamic EBF flowmeter survey and areal, large-scale
constant-rate pumping tests. In addition to detailed test/depth-interval slug-test characterization,
pneumatic slug tests of the two well-screen sections following well completion were also performed.
This test method provided identical aquifer hydraulic property information, but over considerably larger,
aquifer test-interval sections. These pneumatic slug tests are useful for more general analysis of the
constant-rate pumping test and EBF flowmeter survey results.

The focus of the dynamic EBF flowmeter survey was to provide a more continuous characterization
of the relative hydrologic conductivity versus depth profile within the completed well 299-W15-225 well-
screen section. Local to intermediate-scale hydraulic property information is derived using this method,
and when combined with slug and/or pumping test-derived hydraulic property determinations, an absolute
hydraulic-conductivity profile of the well-screened interval within the aquifer can be derived.

The principal objective of the constant-rate pumping test was to generate an areal hydrologic response
that could be monitored at surrounding, variably-distant, monitoring well locations. Analysis of this
imposed hydrologic response provides the opportunity of acquiring intermediate- to large-scale aquifer
hydraulic and storage property information. This type of information is especially relevant for numerical
modeling of contaminant transport and optimization of pump-and-treat systems, particularly when it can
be constrained by depth-derived hydrologic information obtained by other hydrologic test methods
(e.g., depth-interval slug-test characterization).

In concert with these three identified hydrologic test methods, two step-drawdown tests and an
extensive well-development phase between the two step-drawdown tests activities were also performed as
part of the overall well characterization program. These additional well test activities were not designed
directly for acquiring aquifer property characterization information, but rather to be used to assess the
efficacy of extended well-development on well production performance and for assessing an optimum
pumping rate for the subsequent constant-rate pumping test.
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The following is taken largely from Spane (2008a) and Spane and Newcomer (2009a) and provides a
general discussion of the identified three hydrologic test characterization methods and additional well-test
activities, as well as their relevance for acquiring information that can be used for numerical modeling
needs within the study area (i.e., improving contaminant transport and capture and optimizing pump-and-
treat strategies). A description of the performance and analysis of the individual tests initiated at well
299-W15-225 is presented in Section 4.

All field tests were conducted in accordance with standard hydrologic procedures identified in Spane
and Newcomer (2009a) and SGW-40266-Rev 0 (CHPRC 2009). Pertinent test information was recorded
in field test notebooks and/or test specific field data sheets during testing. All field notes, test data sheets,
and test data files will be copied and transferred directly to CHPRC for archival purposes.

2.1 Slug Testing

As noted previously, detailed test/depth-interval slug-test characterization provides discrete aquifer
hydraulic conductivity versus depth information that is useful for assessing hydrogeologic controls of
contamination depth profile levels within the unconfined aquifer. As discussed in Spane and Newcomer
(2008, 2009a), well 299-W14-11, located immediately east of the TX-TY Tank Farm, was previously
characterized using this slug testing method during the course of test-well drilling. No hydraulic test
characterization, however, was performed within the upper ~7 meters of the unconfined aquifer, which
contains the highest **Tc contaminant levels at the well 299-W14-11 location. Because of the lack of
hydraulic test characterization, no quantitative assessment of subsurface hydrogeologic controls on
contamination depth levels was possible for this location. Based on this assessment, it was recommended
by Spane and Newcomer (2009a) that a detailed slug-test-interval characterization be performed at the
new extraction well 299-W15-225, specifically within the upper, middle, and lower sections of the
unconfined aquifer. However as will be discussed, slug testing planned for the middle and lower sections
of the unconfined aquifer were curtailed because of difficulties encountered while preparing the upper
test/depth interval for slug test characterization (i.e., due to retraction of the outer drill casing). Asa
result, no discrete aquifer hydraulic property information for the lower and middle sections of the
unconfined aquifer was obtained using this test method. As a complementing/replacement
characterization activity, pneumatic slug-test characterization was performed over the well-screen
sections of the completed well. The pneumatic slug tests were performed over much-longer test/depth
intervals. As a result, the pneumatic slug tests provide more general hydraulic characterization
information representing larger composite lower and middle sections of the unconfined aquifer. A
description of slug testing during progressive borehole drilling and pneumatic slug-testing in the final,
completed well is provided in the following sections.

2.1.1 Progressive Drill-and-Test Borehole Characterization

General guidance for the performance of slug tests is contained in the PNNL procedures manual
PNL-MA-567, AT-6 (PNNL 1993). Briefly stated, slug tests are initiated by applying an instantaneous
stress and monitoring the pressure recovery response (i.e., well water-level recovery) back to pre-test
conditions. The recovery time and response pattern of the recovery can provide detailed local information
concerning the hydraulic properties of the surrounding test formation, the presence of complicating, non-
formation conditions (e.g., well skin), and the applicable conceptual model (e.g., homogeneous vs.
heterogeneous aquifer).
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Slug tests are commonly implemented mechanically by rapidly immersing or removing a submerged
slugging rod of known displacement or by pneumatically depressing the well water-column using
compressed air (Spane et al. 1996). Generally, mechanically induced slug tests provide more test control;
however, pneumatically conducted tests provided distinct advantages for test intervals exhibiting higher
transmissivity conditions. Because of the expected lower transmissivity conditions, Spane and
Newcomer (2009a) recommended that slug tests conducted progressively during well 299-W15-225
drilling be performed mechanically using slugging rods. The slug tests were conducted using slugging
rods having two different displacement volumes (i.e., 0.0055 m® and 0.0110 m®), which theoretically
impart an applied stress level of 0.68 m for the low-stress tests, and 1.36 m for the high-stress tests within
the 0.10-m (4-in.) I.D. well test system. Multiple slug tests were performed for each stress level to assess
test reproducibility. As noted in Spane and Newcomer (2008 and 2009a), the comparison of normalized
slug-test responses is useful to evaluate stress-dependent, non-linear test well conditions. Evidence of
stress dependence for tests within low to intermediate permeability formations such as the Ringold
Formation may indicate the effectiveness of well development and the presence of near-well
heterogeneities and dynamic skin conditions, as noted in Butler et al. (1996). Dynamic skin conditions
refer to the non-repeatability of test responses conducted at a particular stress level. This non-
repeatability of test response is commonly associated with changing formational conditions near the well
caused by incomplete well development. As described in Butler (1998), hydraulic-property
characterization results obtained from wells exhibiting stress dependence should be viewed with caution,
with more credence given to test responses exhibiting less-lagged response characteristics (e.g., tests
conducted at lower stress levels). Conversely, wells exhibiting repeatable slug-test responses at different
stress levels indicate a stable or static formation condition surrounding the well and suggest that the well
is in good hydraulic communication with the surrounding formation, and the test interval has been
effectively developed.

Slug testing was implemented when the approximate targeted test/depth intervals within the upper
part of the unconfined aquifer were reached during drilling. To prepare the test zone for slug-test
characterization, an inflatable packer attached to a 3.1-m length of 0.076-cm (0.030-in.) slot temporary-
well-screen (0.102 m 1.D.) test assembly was lowered to the bottom of the borehole, as indicated in the
general slug-test configuration shown in Figure 2.1. The outer 0.324-m O.D. drill casing was then
retracted a prescribed length, exposing a well-screen section of ~1 to 3 m to the surrounding formation.
The packer was then inflated within the drill casing, effectively isolating the exposed well-screen/test
interval section from the overlying annulus between the outer drill casing and the inner test-tubing string.
While the packer was inflated, test/depth interval isolation was verified by adding ~20 liters of de-ionized
water down the annular space between the riser tubing and the drill casing before beginning the testing
sequence. After the packer seal was verified and pre-test baseline pressure conditions were stabilized for
~10 to 15 minutes, then slug testing was initiated. Individual slug tests were allowed to reach full
recovery, followed by ~10 to 15 minutes of stable pre-test conditions, before starting the next slug test
within the characterization sequence. A Druck, Inc. or Keller PSI strain-gauge, pressure transducer, with
ranges of 0- to 34.5-kPa (0- to 5-psig), 0- to 69-kPa (0- to 10-psig), or 0- to 138-kPa (0- to 20-psig), was
installed below the fluid-column surface within the riser tubing or well-screen section to monitor the
downhole test-interval pressure responses. Pressure-transducer measurements were recorded with a
Campbell Scientific, Inc. model CR-10 data logger.
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Figure 2.1. General Mechanical Slug-Test Configuration During Progressive Borehole Drilling of Well
299-W15-225 (modified from Spane and Newcomer 2009a)

2.1.2 Pneumatic Slug Tests within Completed Well

After well 299-W15-225 was completed and developed, pneumatic slug testing was performed on the
two sections of the well screen shown in the well as-built in Figure 1.6. Two pneumatic slug test/depth
interval characterizations were performed: individual testing of the lower well screen and composite
testing of both the lower and upper-well screens together. The lower well screen (83.9 to 123.5 m bgs) is
located within the middle and lower sections of the unconfined aquifer. When combined with the
overlying well-screen section (74.7 to 80.8 m bgs), over 80% of the unconfined aquifer thickness is
penetrated by the composite well-screen section.

To prepare for pneumatic slug testing of the lower well screen, a packer assembly connected to a
0.102-m L.D. test tubing string was lowered to the blank section of well casing shown in Figure 1.6 that
separates upper and lower well screens (between 80.8 and 83.9 m bgs). This general test deployment is
shown in Figure 2.2. For pneumatic slug testing of the entire or composite well-screen section, the
packer/test tubing assembly was placed immediately above the upper well-screen section, which was
located ~5 m below the static water-table conditions during the time of testing.
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Figure 2.2. General Pneumatic Slug-Test Configuration for Well-Screen Intervals within the Final,
Completed Well 299-W15-225

Pneumatic slug tests required the use of a wellhead-manifold assembly at the surface for sealing the
test-tubing string (Figure 2.2). The wellhead assembly is also needed to administer the compressed gas
(nitrogen) for pneumatically depressing the fluid column at the prescribed stress levels. Design features
of the wellhead assembly include:
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¢ a sealed, pass-through connection through the top of the manifold to allow passage
of the downhole pressure transducer and cable

e an outside pressure transducer probe connection that allows direct measurement of
the gas pressure within the test casing below the surface seal

e a compressed gas line connection and valve to introduce compressed gas directly to
the inside of the test-casing string

o surface wellhead ball valves for rapidly releasing the compressed gas from the test-
casing string at the time of slug-test initiation.

Compressed gas pressure was controlled by a pressure regulator at the gas bottle and monitored with
a strain-gauge, 0- to 69-kPa (0- to 10-psig) pressure transducer installed at the outside connection on the
wellhead assembly. A low-pressure gauge range (e.g., 207 kPa [30 psi]) on the inflation line side of the
regulator was required to monitor and control the prescribed stress levels. Downhole pressure responses
within the test interval section were monitored with a strain-gauge, 0- to 69-kPa (0- to 10-psig) pressure
transducer installed within the riser test-casing tubing.

After installing the packer/test-tubing and surface wellhead assemblies, the packer was inflated within
the 0.203 L.D. blank well casing, effectively isolating the exposed well-screen/test-interval section from
the overlying annulus between the well casing/upper screen and the inner riser tubing. While the packer
was inflated, test/depth interval isolation was verified by adding ~20 liters of de-ionized water down the
annular space between the riser tubing and the well casing before beginning the testing sequence. After
the packer seal was verified, compressed gas was slowly introduced to the inside of the test-casing string
until the prescribed stress-level pressure was reached. As soon as pressure conditions within the riser
test-casing string stabilized for ~10 to 15 minutes, then slug testing was initiated.

Pneumatic slug tests were initiated by quickly opening the surface ball valves and monitoring the
associated slug-test recovery pressure response with the downhole pressure transducer/datalogger system
until pre-test pressure conditions were reached. A series of three to four different, stress-level slug tests
were performed for each of the two well-screen test characterizations. This was accomplished by
applying different compressed gas pressures within the pressure range of ~7 to 35 kPa (~1 to 5 psi).
Individual slug tests were allowed to reach full recovery, followed by ~10 to 15 minutes of stable pre-test
conditions, before starting the next pneumatic slug test within the characterization sequence.

2.1.3 Analytical Methods

The following discussion pertaining to slug-test response and analysis is taken primarily from Spane
and Newcomer (2008, 2009a). Slug-test analysis is dependent on the well water-level response
characteristics following slug-test initiation. As shown in Figure 2.3 and discussed in Butler (1998),
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 underdamped response, where the slug-test
response oscillates above and below the initial static, with decreasing peak amplitudes with time, and
3) critically-damped, 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 are
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-

2.6



column length) and can be expressed by the response damping parameter, Cp, which Butler (1998) reports
for unconfined aquifer tests as:

Cp = (g/Lo)” r> In (Ry/ry)/(2 K L) 2.1

where g = acceleration due to gravity

L. = effective well water-column length

Te = well casing radius; i.e., radius of well water-column that is active during testing

R. = effective test radius parameter; as defined by Bouwer and Rice (1976)

Iy = well radius

K = hydraulic conductivity of test interval

L = well-screen length.
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Figure 2.3. Diagnostic Slug-Test Response Patterns (adapted 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 the assumed test system dimensions anticipated for testing at new extraction well
299-W15-225 during drilling, the following general guidelines on slug test response prediction are
provided:

e Cp >3 = over-damped response
e Cp1-3 = critically-damped response
e Cp <1 = 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
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where frictional forces (i.e., resistance of groundwater flow from the test interval to the well) are
predominant over test-system inertial forces. Based on test responses exhibited for slug tests conducted
within nearby wells (listed in Spane and Newcomer 2009a), slug tests conducted within new extraction
well 299-W15-225 (with test interval lengths of <5 m) were expected to exhibit over-damped response
characteristics. Figure 2.4 shows predicted slug-test recovery as a function of hydraulic conductivity (K
range: 1 to 25 m/day; 3.05-m test interval) for test intervals exhibiting over-damped response
characteristics for general ZP-1 test well/interval conditions. The test predictions shown in the figure are
based on responses occurring within a test system casing [.D. = 0.102 m (i.e., dimension of the testing
string for the packer/well-screen assembly). As indicated in the figure, test intervals having hydraulic-
conductivity values of approximately 25 m/day or less should be readily resolved for tests exhibiting
over-damped slug-test behavior. For over-damped slug tests, two different methods are commonly used
for the slug-test analysis: the semiempirical, straight-line analysis method described in Bouwer and Rice
(1976) and Bouwer (1989, 1996), and the type-curve-matching method for unconfined aquifers presented
in Butler (1998). A detailed description of over-damped slug-test analysis methods is presented in Spane
and Newcomer (2008).
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Figure 2.4. Over-Damped Slug-Test Response as a Function of Hydraulic Conductivity

As noted above, slug tests exhibiting under-damped or critically damped behavior are not anticipated
for test/depth-interval characterizations conducted at well 299-W15-225 during drilling. However
because of the significantly larger test screen length (and correspondingly higher test interval
transmissivity), under-damped or critically damped slug test behavior was expected for pneumatic tests
conducted within completed well 299-W15-225. Under-damped test-response patterns are exhibited
within stress wells where inertial forces are predominant over formation 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. Tests exhibiting under-damped behavior should be conducted
with very small stress levels compared to the test-interval section, i.e., H, << L, as originally noted in Van
der Kamp (1976) and restated in Butler (1998). Figure 2.5 shows predicted under-damped slug-test
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response characteristics as a function of hydraulic conductivity (K range: 10 to 50 m/day) for the given
well 299-W15-225 well completion characteristics.
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Figure 2.5. Under-Damped Slug-Test Response as a Function of Hydraulic Conductivity

As noted in Spane and Newcomer (2008), slug tests exhibiting under-damped or critically-damped
response characteristics cannot be analyzed quantitatively using the Bouwer and Rice or type-curve
analysis methods. Methods that can be employed for analyzing unconfined aquifer tests exhibiting high
permeability characteristics include methods 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) was used for well 299-W15-225 tests exhibiting high permeability oscillatory
response characteristics, i.e., under- or critically damped (i.e., Zone 3 and Zone 4).

2.2 Dynamic Electromagnetic Flowmeter Survey

EBF surveys are effective for accurately measuring the vertical groundwater-flow distribution in
wells under ambient (static) and dynamic (e.g., pumping-induced) test conditions. As noted in Spane
(2008a), dynamic EBF surveys provide direct measurements of groundwater in-flow along the saturated
well screen during a constant-rate pumping test. The various measured inflow rates vs. depth are directly
related to the vertical profile of hydraulic conductivity outside the well screen within the surrounding
aquifer formation. This type of characterization information is particularly important for designing and
deploying in situ treatment technologies within heterogeneous aquifer systems. To correct the dynamic
flowmeter survey results for natural, in-well vertical flow conditions, an ambient (i.e., non-pumping) EBF
survey is normally conducted before the dynamic flowmeter test. A detailed description of EBF
instrumentation and application of surveys for site characterization is presented in Spane and Newcomer
(2008).
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A review of available hydrologic test-well characterization information indicates that no dynamic
EBF flowmeter surveys have been conducted within wells in the vicinity of well 299-W15-225. A
number of dynamic flowmeter surveys, however, have been successfully completed at other Hanford Site
locations, e.g., 300 Area and 100-D Area, to provide detailed hydraulic-conductivity vs. depth-profile
information (e.g., Newcomer, 2009). Examples of using EBF survey information to develop vertical
depth profiles of hydraulic conductivity and geostatistical realizations within the surrounding aquifer
materials at other, non-Hanford Site locations are also presented in Vermeul et al. (2004) and Li et al.
(2008).

The theory that governs the operation of the EBF is Faraday’s Law of Induction, which states that the
voltage induced by a conductor moving orthogonally through a magnetic field is directly proportional to
the velocity of the conductor moving through the field. For EBF surveys, flowing water is the conductor,
an electromagnet generates a magnetic field, and the electrodes within the flowmeter are used to measure
the induced voltage. For sign convention, upward flow represents a positive voltage signal, and
downward flow represents a negative voltage signal. A more detailed description of the EBF instrument
system and field test applications are provided in Molz et al. (1994) and Young et al. (1998). A schematic
depiction of the field, well-test design is shown in Figure 2.6. The EBF probe consisted of an
electromagnet and two electrodes 180 degrees apart inside a hollow cylinder. The inside diameter of the
hollow cylinder was 2.5 ¢cm (1 in.), and the outside diameter of the probe cylinder was just under 5.1 cm
(2.0 inches). The probe was connected to an electronics box at the surface with a jacketed cable. The
electronics attached to the electrodes transmit a voltage signal directly proportional to the velocity of
water acting as the conductor. Computer software was used to record the voltage signal and convert the
signal to a flow-rate measurement. The EBF probe used for the well 299-W15-225 survey is
manufactured by Quantum Engineering Corporation and is capable of measuring flow ranging from 0.04
to 40 L/min (0.01 to 10.6 gpm).

For the EBF surveys performed in well 299-W15-225, an inflatable packer was used to minimize
bypass flow between the probe and the stainless steel wire-wrap well screen (Figure 2.6). The
inflatable packer consists of a rubber sleeve attached to a stainless steel assembly and is sealed with hose
clamps. The EBF probe cylinder was mounted inside the stainless steel assembly. The packer and all
fittings were checked for gas leaks at the surface before starting the flowmeter survey. At each prescribed
depth, the inflation of the packer was controlled with compressed nitrogen gas, a regulator, and inflation
tubing. Flow conditions in the well were allowed to re-establish for several minutes because of
disturbances caused by movement of the packer/probe assembly. After recording the flow measurement,
the packer was deflated using a vented valve. The probe was raised very slowly to the next depth, and the
measurement procedure was repeated.
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Figure 2.6. General Electromagnetic Borehole Flowmeter Survey Configuration (taken from Spane and
Newcomer 2009a)

In addition to the inflatable packer system, a 0.203-m (8-in.) O.D. rubber gasket was attached to the
bottom of the packer assembly. For each individual measurement depth, vertical flow was measured with
the packer system fully inflated and measured with the packer system un-inflated (i.e., rubber gasket seal
only). The purpose of these repeated measurements at each depth was to 1) verify capture of the dynamic
profile in case the inflatable packer began to leak or fail and 2) account for any potential over-range
problems with the EBF instrument at the upper end of the flow range. Vertical flow measured at higher
flow ranges with only the gasket providing the seal (i.e., packer un-inflated) was not expected to over-
range the instrument because of a greater proportion of bypass flow around the seal.

Both ambient (i.e., static) and dynamic (i.e., pump-induced) flowmeter tests were performed in well
299-W15-225. The ambient and dynamic flowmeter measurements were acquired every ~1.5 m over the
well-screen section. Flowmeter measurements were acquired within a blank section of casing and at one
of the well-screen solid joints to correct the flow measurements for bypass flow between the EBF probe
packer system and the well screen. All flowmeter measurements were referenced to the top of the outer
protective casing.

During the dynamic flowmeter tests, groundwater was pumped from the well and discharged to a
portable tank. The discharge rate was held constant during the dynamic test. The well was pumped
~30 minutes to allow flow conditions to reach near-equilibrium before recording the EBF measurements.
The discharge rate was measured and recorded periodically with a calibrated in-line flowmeter. After
near-equilibrium conditions were established, electromagnetic borehole flowmeter measurements were
made in succession from bottom to top of the saturated well-screen section. Zero flow point
measurements taken with the EBF probe in a container of water at the surface and within the saturated
blank casing above the top of the well screen provided a reference for the survey measurements.
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For EBF survey test analysis, it is assumed that the aquifer within the well-screen section is composed
of a series of horizontal layers, possessing layer-specific hydraulic properties. As discussed in Newcomer
(2009), under ambient-flow conditions (i.e., non-pumping), the difference between two successive well-
screen depth measurements is the portion of ambient flow, Aq;, entering the well screen between depths
where the flow measurements were taken. These two depths are assumed to bound interval i
(I1=1,2,...,n). The portion of flow, AQ;, entering the well screen between these successive depths under
pump-induced conditions is calculated in the same manner. Ambient-flow survey-profile information is
used to correct dynamic flowmeter survey results for background natural vertical-gradient conditions.

The analytical method used for calculating the vertical distribution of relative hydraulic conductivity
from dynamic EBF surveys is summarized in Molz et al. (1989) and Boman et al. (1997). Briefly stated,
assuming that a constant pumping rate and pseudo-steady-state conditions are reached during pumping,
the normalized relative hydraulic conductivity, K,, for each ith interval within the aquifer can be
calculated as follows:

L (AQ - Aq)/Az, i=12,.,n (2.2)

r Kavg - ZI(AQI _Aql)/z Z; ,

where Ki = absolute horizontal hydraulic conductivity of the ith layer

Kag = average horizontal hydraulic conductivity
AQi = difference in EBF flow measurements at the top and bottom of the ith interval under
pumping conditions
Adi = (gifference in EBF flow measurements at the top and bottom of the ith interval under
ambient conditions
AZi =

ith interval thickness.

As indicated in Equation (2.2), the normalized relative hydraulic-conductivity value can be
determined directly from measuring specific depth inflow rates as it relates to total flow pumped from the
entire test interval. An absolute or actual hydraulic-conductivity-value depth profile (i.e., K; versus
depth), however, can be developed if an estimate of K,,, has been determined from a standard hydrologic
test method (e.g., constant-rate pumping test). This can be derived by calculating the dimensional values
of K; for each ith depth interval by multiplying the net dynamic flowmeter test discharge result
relationship (indicated in Equation 2.2) by the previously determined K,,, value.

It should be noted that the analysis method presented previously is strictly valid for EBF surveys
conducted within fully penetrating confined aquifer wells. For EBF surveys conducted within partially
penetrating unconfined aquifer wells, adverse boundary effects associated with flow convergence
(i.e., non-horizontal flow) at the water table and at the base of the well screen are possible. However,
because new well 299-W15-225 was completed at a distance (e.g., 5 to 10 m) below the water table, no
significant water-table boundary effects are expected for flowmeter measurements obtained at the top of
the well screen. Any apparent flow convergence effects that occur at the base (or top) of the well screen
can be accounted for by taking into account the well/aquifer penetration relationship. For these reasons,
the K, relationship expressed in Equation (2.2) is considered valid for determining the vertical distribution
of hydraulic conductivity with depth within the unconfined aquifer at well 299-W15-225. Additionally,
any groundwater-flow bypass that may occur within the sandpack outside the well screen is considered to
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be minor and relatively uniform for the purpose of dynamic EBF testing analysis. Non-uniform sandpack
flow during testing is difficult to quantify and remains an unknown for the test. However, the fact that
head loss for groundwater flow through the well screen would be significantly lower than through the
outside annular sandpack suggests that this factor may be relatively unimportant except where unknown
heterogeneities may occur within the sandpack.

2.3 Step-Drawdown Pumping Tests

Step drawdown tests are normally conducted to assess well/aquifer-loss performance and for
guidance in selecting an optimum pumping rate for a subsequent, longer-duration, constant-rate pumping
test. The test is conducted as a series of sequential, short-duration constant-rate pumping tests, with each
step conducted of uniform duration and at progressively higher pumping rates. As discussed in Spane and
Newcomer (2009a), a minimum of three steps is required, and four or more steps are generally preferred.
For unconfined aquifer step-drawdown tests (and constant-rate pumping tests), drawdown at the pumped
well should be limited to no more than 25% of the pre-test saturated aquifer thickness.

For well 299-W15-225, two separate step-drawdown tests, which were separated by a program of
extensive well development, were conducted. The purpose of the extensive well development was to
improve well production capabilities for the newly constructed extraction well 299-W15-225. Comparing
results obtained from the performance of the first and second step-drawdown test provided the basis for
assessing the impact of the implemented extensive well-development activities. Based on anticipated
hydraulic properties within the general area (Section 1.2), the first step-drawdown test was designed with
four step-discharge rates of ~113.5, 227, 340.5, and 454 liters per minute (30, 60, 90, and 120 gallons per
minute) for the individual pumping steps (i.e., 30-gpm step increments). Each individual step increment
was conducted for a duration of 2 hours. After monitoring recovery following termination of the first
step-drawdown test, extensive well-development activities were implemented within the completed well-
screen sections over a 9-day period. Well development activities included air-lift pumping, surging, and
over-pumping using a high-capacity turbine pump. Following completion and recovery of the well-
development activities, a second step-drawdown test was initiated. The second step-drawdown test used
approximately the same four discharge rates as used during the first test, and an added fifth step was
conducted at ~567 liters per minute (150 gallons per minute).

Well loss at new well 299-W15-225 was assessed by comparing discharge, Q, and the
drawdown/pumping-rate ratio, s,,/Q, (i.e., drawdown/discharge). Using the standard head-loss analysis
plot procedure originally described by Jacob (1946) and Rorabaugh (1953), a non-linear, increasing s,,/Q
vs. Q pattern is indicative of turbulent well-loss conditions, while a constant, linear relationship vs. Q
indicates that well losses exhibited during pumping are laminar in nature.

Jacob (1946) presented the following well loss/drawdown relationship used to assess well-discharge
performance:

s, = BQ +CQ° (2.3)

w
where BQ = laminar aquifer head loss, and CQ* = turbulent well head loss.
As shown in Figure 2.7, a linear-regression slope fit through the step-drawdown test data provides

coefficients for the head loss equation (2.3), with the intercept value equal to coefficient B, and the linear-
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regression slope equivalent to coefficient C. It should be noted that the laminar aquifer head loss, BQ,
includes the effects of true formational aquifer characteristics (i.e., head loss due to hydraulic properties)
and those attributable to well-skin effects (i.e., damage associated with drilling/well construction process).

The well efficiency, E, or percentage of the observed drawdown within the well not
attributed to turbulent well loss components can be calculated based on the following
relationship provided in Roscoe Moss (1990):

E = 100/(1+CQ/B) (2.4)
where equation parameters were previously defined.

Equations 2.3 and 2.4 were used to correct for pumping well 299-W15-225 drawdown during the
3-day constant-rate pumping test and to also assess the hydrologic impact of extensive well-development
activities implemented at the pumping well location, respectively.

s, = BQ + CQ2

Step 4

slope = C = well-loss coefficient

B = aquifer loss coefficient

Specific Discharge, sy/Q

Pumping Rate, Q

\

Figure 2.7. Specific Drawdown Plot Relationships for Calculating Formation Loss (B) and Well Loss
(C) Coefficients from Step-Drawdown Test Data

2.4 Constant-Rate Pumping Test
During constant-rate pumping tests, groundwater is extracted from the aquifer and regulated to

maintain a constant, uniform rate. The pressure response within the pumped well is monitored during the
active withdrawal (drawdown) phase and during the subsequent recovery (build-up) period following
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termination of pumping. The analysis of the drawdown and recovery pressure response within the
pumped well and surrounding monitor wells (i.e., multi-well tests) provides a means for estimating
hydraulic and storage properties of the aquifer as well as for discerning formational and non-formational
flow conditions (e.g., wellbore storage, skin effects, presence of boundaries). Guidance for the
performance of constant-rate pumping tests is contained in the PNNL procedures manual PNL-MA-567,
AT-7 (PNNL 1993). Additional test performance guidelines specific to well 299-W15-225 are provided
in Spane and Newcomer (2009a). An excellent reference for measuring, conducting, and analyzing multi-
well constant-rate pumping tests is presented in Kruseman and de Ridder (2000). Examples of multi-well
constant-rate pumping tests performed on the Hanford Site are presented in Spane et al. (2001a, 2001b,
and 2002) and Spane (2008D).

The extraction of groundwater at a constant-rate from well 299-W15-225 will cause associated
drawdown pressure responses to be imposed within an aquifer that are a function of the pumping rate,
distance from the point of pumping, and surrounding aquifer hydraulic and storage properties. The
collection of drawdown and subsequent recovery data versus time (i.e., since pumping initiated and
stopped, respectively) at the pumped well and various surrounding monitor well locations provides the
analysis basis for determining aquifer hydraulic and storage properties. It should be noted that an
inherent assumption in constant-rate pumping test analysis is that the observed well water-level responses
are caused solely by the imposed hydrologic stress (i.e., due to pumping at new well 299-W15-225).
External man-induced stresses (i.e., from surrounding ZP-1 pump-and-treat extraction wells) as well as
natural stresses such as barometric pressure fluctuations, however, also impose discernable impacts on
well water-level measurements and may significantly mask water-level responses within more distant
monitoring well locations. To enhance the successful performance of a multi-well constant-rate pumping
test at new well 299-W15-225, efforts were implemented to minimize the extraneous effects from
surrounding ZP-1 extraction wells and to remove the effects of barometric pressure fluctuations, as
discussed in Section 3.

After monitoring the recovery following completion of the second step-drawdown test, a 3-day
constant-rate pumping test was initiated at well 299-W15-225. The pumping rate selected for the
constant-rate test was be based on results obtained during the step-drawdown test. The ~567 liters per
minute (150 gallons per minute) pumping rate selected for the 3-day constant-rate test was based on
1) specific drawdown/discharge characteristics exhibited during the two step-drawdown tests, 2) pumping
equipment characteristics, and 3) the limitation of drawdown to less than 25% of the aquifer thickness at
the extraction well location, as identified in Spane and Newcomer (2009a). A recovery period of 6 days
was monitored at the stress well and surrounding monitor well locations following termination of the
3-day constant-rate pumping test.

It should be noted that a significant hydrologic test data set was collected for 22 wells monitored
during the course of the constant-rate pumping tests conducted at well 299-W15-225. This current report
only provides limited quantitative analysis results for the constant-rate pumping test responses observed
at the pumped well and near-field monitor wells located within 100 m of test well 299-W15-225
(i.e., 299-W15-40, and 299-W15-44). This is due to the short-duration of time available from test
performance (i.e., June 29 to July 2, 2009) and preliminary result reporting requirements for the end of
FY2009. A significant amount of large-scale hydraulic characterization information can be realized by
subsequent test analysis of available far-field well test response (i.e., for wells >100 m from well
299-W15-225) and incorporation of vertically distributed, multi-layer analysis approaches that would be
implemented by incorporating the results of the dynamic EBF test survey results.
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The analysis approach is based on type-curve matching methods (i.e., Neuman 1972, 1974, 1975) that
are commonly used to analyze standard pumping test responses. These approaches, however, do not
account for wellbore storage effects either at the pumped well or observation well locations. To account
for wellbore storage effects, type curves were generated using the WTAQ3 computer program described
by Moench (1997). WTAQ?3 can be used to generate pumping test-type curves that represent a wide
range of test and aquifer conditions, including partially penetrating wells, confined or unconfined aquifer
models, and wellbore storage at both the stress (pump) and observation (monitor) well locations. The
type-curve generation program also allows for non-instantaneous release (drainage-delay factor) of water
from the unsaturated zone. The shape of the unconfined aquifer pumping test-type curves used in the
individual well response analysis is sensitive to a number of hydrologic parameters, including radial
distance from the pumping well location, r,, vertical anisotropy, Kp ( i.e., K\/Ky), and the
storativity/specific yield ratio (¢ = S/Sy).

It should be noted that for thin aquifers where drawdown represents a significant percentage of the
total saturated thickness, corrections for dewatering the unconfined aquifer are required to account for the
decrease in associated aquifer transmissivity before applying type-curve analysis. Jacob (1963) provided
an equation to correct drawdown data obtained for pumping tests within thin unconfined aquifers. The
corrected drawdown, s’, which accounts for aquifer dewatering, can be calculated using the following

relationship:
2
S
s'=s—| — 2.5
& 23)

where equation parameters were previously defined.

Since the unconfined aquifer within the general area is relatively thick (i.e., ~55 m), and the observed
areal drawdown at the various surrounding monitor well locations was relatively small (i.e., < 0.1 m), an
associated aquifer dewatering correction for the constant-rate pumping test was not needed (e.g., for s
<0.1 m; s*/2b <0.0001 m).
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3.0 Barometric Effects

The following discussion of barometric effects on well water-level measurements is taken largely
from Spane and Newcomer (2008, 2009a). Briefly stated, barometric-pressure fluctuations can have a
discernible overwhelming impact on well water-level measurements obtained during hydrologic tests for
aquifer property characterization. Although the pressure transducers commonly used in hydrologic
testing are vented to correct the well readings for changes in barometric pressure, barometric fluctuations
can also cause actual changes to the water-level elevation within a well that do not represent actual
surrounding aquifer conditions. This response effect is commonly ascribed to confined aquifers;
however, wells completed within unconfined aquifers may also exhibit associated responses to barometric
changes (Weeks 1979; Rasmussen and Crawford 1997). Water levels in unconfined aquifers typically
exhibit variable time-lagged responses to barometric fluctuations. This time-lag response is caused by the
time required for the barometric pressure change to be transmitted from land surface to the water
table through the vadose zone, as compared to the instantaneous transmission of barometric pressure
through the open well.

To determine the significance of barometric effects and enable their removal from well water-level
measurements taken during the course of hydrologic testing at well 299-W15-225, Spane and Newcomer
(2009a) recommended that an extended baseline monitoring period (e.g., 30 days) be implemented and
observed at all selected monitor well locations (see Figure 1.1) before starting the step-drawdown and
constant-rate pumping tests at well 299-W15-225. Collecting an extended record of well water-levels and
associated barometric pressure readings during this extended baseline monitoring period enables
barometric response functions to be developed for each of the wells selected for monitoring during the
hydrologic test characterization. The development of the barometric response functions provides the
means for removing barometric pressure fluctuation effects from well water-level measurements collected
during the drawdown and recovery phases for the 3-day constant-rate pumping test conducted at well
299-W15-225. Detailed hydrologic test analysis of the imposed hydrologic test response for the various
monitor well locations would not be possible without removing the barometric pressure effects. This is
particularly the case for more distant monitoring wells (i.e., >100 m) from the extraction well where
temporal barometric pressure fluctuations may have a significantly greater impact on well water-levels
than the hydrologic response produced by pumping. A detailed description of the barometric removal
process is presented in Rasmussen and Crawford (1997) and Spane (1999, 2002). Examples of its
application for barometric-pressure removal from similar areal hydrologic test characterization
assessments associated with neighboring ZP-1 extraction well locations are provided in Spane and Thorne
(2000) and Spane (2008b).

Briefly stated, the barometric correction of well water-level measurements provides a measurement of
the water-table in the vicinity of the monitor well. Removal of barometric effects depends on the
diagnostic response model exhibited by the well/ aquifer system with different removal methods
recommended for confined and unconfined aquifers, as well as for those exhibiting composite model-
response behavior. As noted in Spane (1999), removing barometric fluctuations from hydrologic test data
requires the following steps:
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1. Collect test site atmospheric pressure values and associated aquifer formation pressure
values for a pre- or post-test baseline period, during which no other extraneous stresses are
imposed on the well/aquifer system.

2. Perform diagnostic barometric response analysis of the baseline well data record using the
multiple-regression convolution method described by Rasmussen and Crawford (1997) to
distinguish between aquifer or composite well-/aquifer-model behavior.

3. Remove barometric induced changes from the test data record using the multiple-regression
deconvolution technique.

It should be noted that operating the surrounding ZP-1 pump-and-treat system represents a dynamic,
extraneous stress, which would conflict with the Step 1 requirement. To minimize the effect of
surrounding extraction well effects, the ZP-1 pump-and-treat system was shut down on March 26, 2009.
Four of the more distant ZP-1 extraction wells (i.e., >475 m from well 299-W15-225) were restarted on
May 4, 2009, under the assumption that the drawdown effects imposed by these distant extraction well
locations would not have any discernable impact on well water-levels monitored as part of the well 299-
W15-225 test characterization. However, as will be discussed in Section 3.3, during the barometric
analysis and correction process, it was apparent that associated well water-level responses were
detectable in the surrounding vicinity of well 299-W15-225 that could be attributable to these four distant
ZP-1 extraction wells. As a consequence, pumping at these four distant ZP-1 extraction wells was
terminated on June 1, 2009.

3.1 Baseline Well Water-Level Response

To facilitate the barometric pressure removal process, baseline water-level responses were monitored
for the monitor wells selected to assess the areal hydrologic impact imposed by the 3-day constant-rate
pumping test at well 299-W15-225, as listed in Table 1.1. These wells are part of two Hanford Site well
water-level monitoring networks: the Hanford Site monitoring network and the 200-ZP-1 Pump-and-Treat
Operations well system. All water-level data obtained from these listed wells were collected and
maintained either by the CHPRC Technical Reporting Group or by the 200-ZP-1 Pump-and-Treat
Operations Group during the period of investigation. For monitor wells maintained by the CHPRC
Technical Reporting Group, water-level responses were measured at regular intervals (e.g., frequency =
10 minutes) using an automated measurement station that records the pressure of the overlying well
water column above a submerged, in-well pressure transducer, which is connected to a surface datalogger.
The pressure transducers are vented to the atmosphere, which is used as a reference for calculating a
differential pressure that is reflective of only changes in the well fluid-column height above the
submerged, in-well transducer. The in-well fluid-column height measurements were converted to water-
level elevations, expressed in m above mean sea level (MSL), using the reference surface well control
elevation datum and the measured pressure depth setting. Manual depth-to-water measurements were
taken periodically at selected well sites as a field check of the well water-level measurements and
pressure transducer performance. Specific pressure recording and transmittal equipment used in these
wells included:
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¢ Driick PDCR 1830-8388 submersible vented pressure transducer; 5 or 10 psi range
e Campbell Scientific Inc. CR800 series datalogger

e Radio Frequency modem and ultra high frequency (UHF) transceiver and omni-directional antenna.

Barometric pressures were also monitored by PNNL during the course of the investigation at
neighboring wells 299-W11-41 and 299-W11-47, located approximately 630 m from well 299-W15-225.
These site barometric pressure measurements were the basis for removing the adverse impact of
barometric pressure fluctuations on well water-level measurements. The barometric pressures were
measured with a Vaisala barometric pressure transducer (Model # PTB101B) and recorded on a Campbell
Scientific Inc. CR10X series datalogger

All of monitored water-level measurements obtained from indicated ZP-1 extraction wells shown in
Figure 1.1 were maintained and recorded at the well site locations by the 200-ZP-1 Pump-and-Treat
Operations Group. These wells are not part of the site-wide monitor well network and were designed
primarily to monitor operational performance of the individual ZP-1 pump-and-treat extraction wells.
The pressure transducers installed at these ZP-1 extraction well sites are connected to the pump/flow
control panel at each well head. The control panel has a visual readout display (light-emitting diode
[LED]) on top of the panel and is wired with dual universal serial bus (USB) dataloggers connected
within the panel. The pressure transducer readings are expressed as a fluid-column height above the
pressure transducer setting. These pressure readings were not converted to a water-level elevation
because of uncertainties in the actual pressured transducer depth setting below the reference surface
elevation datum.

Figure 3.1(a, b) and Figure 3.2(a, b) compare the observed 2009 calendar year, hourly water-level
response with the barometric pressure for a near-field extraction well (299-W15-40; distance = 96.5 m
from well 299-W15-225) and a more distant monitor well location (299-W14-14; distance = 251.8 m
from well 299-W15-225), respectively. Also indicated in the figures are specific times of events that
might be expected to produce discernable well water-level responses, such as terminating or restarting
pumping at surrounding ZP-1 extraction wells and initiating hydrologic testing activities at well 299-
W15-225. It should be noted that the vertical scale for the near-field extraction well (Figure 3.1a) is
greater in comparison to that used for the far-field well site (Figure 3.2a) to accommodate for the larger
recovery water-level responses associated with termination of pumping at this extraction well site.

The predominant water-level response at near-field extraction well 299-W15-40 (Figure 3.1a) is
associated with termination of pumping activities that occurred at this well site on calendar day 85 (March
26,2009). Also evident in Figure 3.1(a) are the temporal, short-term recovery water-level responses
before calendar day 85 that are attributed to temporary terminations and restarting of pumping at the
extraction well location. The general, inverse relationship of the well water level and barometric pressure
is more evident for the 32-day plot between calendar day 120 and 152 (April 30 and June 1, 2009). This
time period was used for the barometric analysis and was selected based on its observed low water-level
trend pattern characteristics and absence of potential impacting hydrologic events (e.g., before the shut-
down of distant ZP-1 extraction well locations and the initiation of hydrologic testing activities at well
299-W15-225).
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The observed large-scale, areal hydrologic impacts associated with long-term, operational activities of
the surrounding ZP-1 pump-and-treat system is more evident within the observed water-level response
shown in Figure 3.2(a) for the more distant, far-field monitor well 299-W14-14 location. These long-
term, well water-level response patterns, however, are masked to a degree by the temporal, short-term
fluctuations in barometric pressure. Figure 3.2(b) shows the same 32-day time-period plot of observed
well water level versus barometric pressure for well 299-W14-14. As shown, a nearly identical, apparent
inverse response relationship is indicated as was exhibited at near-field extraction well 299-W15-40 for
well water level and barometric pressure (Figure 3.1b). Appendix B presents additional baseline well
water-level versus barometric pressure plots for selected monitor wells listed in Table 1.1 and shown in
Figure 1.1.

3.2 Barometric Response Analysis

A number of methods are available (i.e., time and frequency-domain) that have been shown to be
effective in removing the effects of barometric pressure fluctuations from well water-level measurements.
A detailed comparison and discussion of a number of these removal methods is presented in Spane (1999,
2002) and will not be repeated in this report. Because of the relative-ease and dependable removal
capability, the multiple-regression deconvolution technique was selected for use in removing barometric
pressure effects from the selected wells in the vicinity of well 299-W15-225 monitored during this study.
Multiple-regression deconvolution techniques have been shown in a number of previous Hanford Site
reports to be effective in removing barometric effects, particularly well investigations within the 200-
West Area (e.g., Spane and Thorne 2000; Spane 2008b). To implement the removal procedure, the 32-
day well water-level versus barometric response data set for the calendar year 2009 time period of 120 to
152 days (April 30 and June 1, 2009) was selected (see Figure 3.1b and Figure 3.2b). As noted
previously, this time period was selected based on its observed low water-level trend pattern
characteristics and the absence of potential impacting hydrologic events (e.g., before the distant ZP-1
extraction well locations were shut down, and the hydrologic testing activities at well 299-W15-225 were
initiated).

The 32-day baseline water-level response records for selected wells in the vicinity of the well 299-
W15-225 were analyzed using the multiple-regression convolution technique described in Rasmussen and
Crawford (1997) and Spane (1999). Figure 3.3 shows the well water-level/barometric response patterns
obtained from the multiple-regression analysis for selected near-field and far-field well locations
surrounding well 299-W15-225. The plots shown have been smoothed using a 5-point central moving-
average function. Although some scatter or “noise” is evident in the plots, generally the barometric
response patterns obtained for the wells shown exhibit nearly identical time-delay response behavior.
This suggests that vadose zone pneumatic transmission characteristics are relatively similar for the
immediate areas surrounding the respective TX-TY wells shown for distances up to ~690 m from newly
constructed extraction well 299-W15-225. The wells generally exhibit a barometric time-lag dependence
ranging between ~130 and ~180 hours. The exhibited time-lag range is similar to well time-lag response
characteristics exhibited at other surrounding 200-West Area sites (e.g., Spane 2008b). This relatively
large barometric time-lag dependence is attributed to the presence of lower permeability sedimentary
units within the vadose zone (e.g., Cold Creek Unit) that retard the vertical transmission of barometric
pressure fluctuations from ground level to the water-table surface (see Figure 1.3 for subsurface geologic
depiction).
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3.3 Corrected Baseline Well Water-Level Response

The “noise” or scatter exhibited by some of the well response plots shown in Figure 3.3, is attributed
to the differing pressure instrument resolution/sensitivity characteristics. These instrument noise effects
tend to be random and do not contribute to the overall efficiency of removing barometric pressure effects
from well water-level response records. Because of the overall similarity exhibited by the individual well
water-level barometric response patterns shown in Figure 3.3, the time-lag response characteristics of
well 299-W14-14 were selected for universal removal application of barometric pressure effects at all
monitor well locations. The use of a universal time-lag application provided better correction results (in
comparison to using individual well time-lag characteristics) for well water-level responses, particularly
for well exhibiting “noisy” barometric response patterns. A listing of the hourly, time-lag regression
coefficients for well 299-W14-14 that were used in the universal barometric correction is presented in
Appendix C.

To demonstrate the efficiency of the barometric pressure removal procedure, the observed water
levels for near-field well W15-40 and far-field well 14-14 (previously shown in Figure 3.1a,b and
Figure 3.2a,b, respectively) were corrected using the previously described multiple-regression barometric
correction procedure. Figure 3.4 (a) and Figure 3.5 (a) shows the hourly observed and corrected well
water-level responses for well 299-W15-40 and well 299-W 14-14, respectively, during the baseline
period of calendar days 80 to 191 (March 21 to July 9, 2009). As shown in the figure, barometric
pressure fluctuations were effectively corrected and removed from the observed well water-level
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measurements. Many of the surrounding operational ZP-1 pump-and-treat system activities that were
previously masked by temporal barometric pressure fluctuations are now clearly evident in the
barometric-corrected water level response.

Figure 3.4 (b) and Figure 3.5 (b) show the hourly observed and corrected well water-level responses
for well 299-W15-40 and well 299-W14-14, respectively, during the baseline period of calendar days 167
to 191 (June 16 to July 9, 2009). This time period encompasses the active hydrologic testing activities
associated at newly constructed well 299-W15-225. As shown in the figure, barometric pressure
fluctuations were effectively corrected and removed from the observed well water-level measurements.
Many of the hydrologic testing activities conducted at well 299-W15-225 (e.g., step-drawdown tests,
extensive well development activities, and the 3-day constant-rate pumping test) that were significantly
masked by barometric pressure effects are now clearly exhibited in the barometric-corrected water level
response. A comparison of observed and corrected baseline hourly well water-level response for other
selected wells in the vicinity of well 299-W15-225 is presented in Appendix D.
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4.0 Hydrologic Test Analysis Results

The following provides a discussion of the preliminary results obtained for a hydrologic field-testing
characterization program conducted at recently constructed well 299-W15-225. An in-progress summary
of tests performed and preliminary analysis results were reported recently in Spane and Newcomer
(2009b). The results contained herein represent a more comprehensive discussion of the characterization
tests conducted at well 299-W15-225 based on the test recommendation identified in Spane and
Newcomer (2009a). Based on these test recommendations, the following hydrologic test characterization
program was initiated at well 299-W15-225:

e progressive test/depth interval slug test characterization during borehole drilling
e pneumatic slug test characterization of the completed well-screen section

e ambient and dynamic EBF surveys within the completed well-screen section

o step-drawdown testing

¢ a 3-day constant-rate pumping and recovery test of well 299-W15-225 (with associated detailed
monitoring of the areal drawdown/recovery response within surrounding and neighboring wells).

The objective of each of these hydrologic test characterization elements is discussed in Section 2.0.
All field tests were conducted in accordance with standard hydrologic procedures identified in Spane and
Newcomer (2009a), and SGW-40266-Rev 0 (CHPRC 2009). Pertinent test information was recorded in
field test notebooks and/or test-specific field data sheets during testing. All field notes, test data sheets,
and test data file copies will be transferred directly to CHPRC for archival purposes.

The following discussion describes the performance and analysis of the various hydrologic tests
identified above that were conducted at well 299-W15-225.

4.1 Slug Tests

The following discussion presents pertinent information describing slug-testing activities and analysis
results for well 299-W15-225. Slug test characterizations were performed for two shallow test/depth
intervals within the upper unconfined aquifer during borehole drilling and for two well-screen test
sections after final well completion. As discussed in Section 2.1, the slug tests conducted during drilling
were initiated mechanically by rapidly inserting (slug-injection) or removing (slug-withdrawal) a slugging
rod of known volume into/from the temporary test-system fluid-column. Slug tests were performed
pneumatically for the two slug test/well-screen characterizations performed after the final well
completion. As discussed in Section 2.1, these slug tests were initiated pneumatically by rapidly
releasing compressed gas used to depress the well water-column within the packer/test tubing system. Up
to four different compressed gas pressures were applied to impose different stress levels on the two well-
screen test sections. Table 4.1 presents pertinent slug-test characteristic information for selected
test/depth intervals at well 299-W15-225.
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Table 4.1. Slug-Test Characteristics for Selected Test/Depth Intervals at Well 299-W15-225

Test Information

Number  Depth-to-  Test/Depth Diagnostic Slug-

Test of Slug Water, Interval® Test Response Hydrogeologic
Test Well Zone TestDate  Tests m bgs m bgs Model Unit Tested
Homogeneous
Zone 1% 3/9/09 10 7087  /4+3-756  Formation/ Ringold
(1.1) Exponential-Decay Formation
(over-damped)
Elastic Formation/
75.7-78.3 i
Zone 2 3/23/09 8 70.87 Exponential-Decay Ringold
(2.6) Formation
(over-damped)
299-W15-225 Homogeneous
83.9-123.5 i i
Zone 3© 7/14/09 to 7 69.63 - Forr.natlon/ Rlngo.ld
7/15/09 (38.1)@  Oscillatory (under- Formation
damped)
Homogeneous
7/15/09 to 74.7-123.5 Formation/ Ringold
(©)
Zone 4 5/16/09 6 69.54 (44.2)©  Oscillatory (under- Formation
damped)

(a) Estimated test-interval length (m) listed in parentheses.

(b) Mechanical slug tests performed during borehole advancement.

(c) Pneumatic slug tests conducted within completed well-screen section.

(d) Note: 1.5 m of corrugated sleeve at 110.2 to 111.7 m bgs subtracted from test/depth interval.

(e) Note: 3.1 m of blank casing at 80.8 to 83.9 m bgs and 1.5 m of corrugated sleeve at 110.2 to 111.7 m bgs for
a total of 4.6 m of blank section subtracted from test/depth interval.

The diagnostic slug-test response model identified for the various test/depth intervals ranged from
over-damped (exponential-decay) homogeneous/elastic to under-damped (oscillatory) homogeneous
formation responses (Table 4.1). This range in response model behavior exhibited is directly related to
the transmissivity of the interval tested. Standard type-curve and Bouwer and Rice methods were used to
analyze tests exhibiting over-damped slug-test behavior, while the High-K method was used to analyze
tests indicating under-damped test conditions. These analytical methods are described in Section 2.1.3.
Table 4.2 summarizes the slug-test analysis results for each test/depth interval and the applicable analysis
method used. The borehole geology log is presented in Appendix A, which can be referred to for a
geologic description of the respective well test zone/depth intervals. Details concerning the performance
and analysis of slug tests conducted at each test/depth interval are discussed in the following report
sections.
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Table 4.2. Slug Test Analysis Results for Well 299-W15-225

Bouwer and Rice

Type-Curve Analysis Method Method High-K Method
Hydraulic Hydraulic Hydraulic
Conductivity, K,*) Specific Storage, S, Conductivity, K,  Conductivity, K,
Test Well Test Zone m/day m’ m/day m/day
4.51-6.12 492 -6.28
(b) - -
Zone 1 (5.21) 1.0E-6 to 5.0E-4 (5.65) NA
Zone 2® 441-5.10 5.0E-5 to 1.5E-4 413-4.94 NA
299-W15-225 (4.60) (4.36)
159-242
()
Zone 3 NA NA NA (20.0)
15.0-16.9
(©)
Zone 4 NA NA NA (16.1)

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) Mechanical slug tests performed during borehole advancement.

(c) Pneumatic slug tests conducted within completed well-screen section.

41.1 Zone 1 (Depth Interval: 74.5to 75.6 m)

After reaching a drill depth of 76.3 m bgs, the bottom 0.6 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
75.7 m bgs, and the 0.324 m O.D. drill casing was retracted 1.4 m (i.e., from 75.9 to 74.5 m bgs),
producing a test/depth interval for Zone 1 of 74.5 to 75.6 m bgs. (Note: the projected test/depth interval is
reflective of 0.1 m of sediment infill inside the temporary 0.203 m [.D. well-screen test assembly that
occurred during groundwater sampling activities performed immediately before slug testing). The test
tubing above the well-screen (where slug-test responses occurred) was 0.102 m I.D. The inflatable packer
mounted above the temporary well-screen test assembly was set at a depth of 70.8 to 71.5 m bgs. The
inflated packer provided a seal between the test tubing string and the outer drill casing, which effectively
isolated the overlying annulus from the underlying test/depth interval. The borehole geologic description
of Zone 1 test/depth interval listed in Appendix A indicates a test section composed primarily of a silty
sandy gravel unit within the Ringold Formation, which is composed of 60% gravel, 20% sand, and 20%
silt. At the time of testing, the top of the well-screen test interval was located ~3.6 m below the aquifer
water-table surface.

A series of five slug-injection and five slug-withdrawal tests (four low-stress and six high-stress tests)
were conducted between 1102 hours and 1330 hours PST, March 9, 2009. The slug tests were conducted
with two different sized slugging rods that were partially submerged in the water column. These partially
submerged slug rods imparted a theoretical applied stress level of ~0.2 to ~0.5 m for the low-stress tests
and ~0.4 to ~1.0 m for the high-stress tests within the 0.102-m 1.D. test-tubing string. The slug rods were
not fully submerged because of an inadvertent depth error for the attaching slug-rod cable. For slug
withdrawal tests, the imparted stress and associated test response occurred with the 0.102 m 1.D. and the
underlying, larger-diameter. well-screen/tubing-string attachment. This caused the applied stresses for
slug withdrawal tests to be ~'/2 that applied to the slug-injection tests, whose responses occurred only
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within the overlying 0.102 m 1.D. tubing test string. Because of the complexities imposed by varying the
test system diameter, slug withdrawal test results were not analyzed for Zone 1. The hydraulic property
test characterization results are only reflective of slug-injection tests. Downhole test-interval response
pressures during testing were monitored with a 0- to 69-kPa (0- to 10-psig) pressure transducer for the
first six slug tests. During the sixth slug test, the pressure transducer showed erratic behavior, causing
abrupt decreasing shifts in the test response data. The transducer was replaced with a 0- to 138-kPa (0- to
20-psig) pressure transducer for the remaining four tests. The transducers were set at a depth of

~73 m bgs, and the static depth-to-water for the test interval measured before testing was 70.87 m bgs.

All slug-injection 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
normalized, high and low stress, slug-injection test responses indicates only a slight delay for high-stress
level test responses. Slug tests exhibiting over-damped 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 K estimates ranging from 4.92 to 6.48 m/d
(average of 5.65 m/d). This compares favorably to a slightly lower K range of 4.51 to 6.12 m/d (average
of 5.21 m/d) using the Bouwer and Rice analysis method. Selected examples of the test-analysis plots for
the Zone 1 test/depth interval are presented in Figure 4.1.

4.1.2 Zone 2 (Depth Interval: 75.7 to 78.3 m)

After reaching a drill depth of 78.8 m bgs, the bottom 0.3 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 78.5 m,
and the 0.324 m O.D. drill casing was retracted 2.9 m, producing a test/depth interval for Zone 2 of 75.7
to 78.3 m bgs. (Note: the projected test/depth interval is reflective of 0.2 m of sediment infill inside the
temporary 0.203 m I.D. well-screen test assembly that occurred during drill-casing retraction activities.)

As during Zone 1 testing, the test tubing above the well-screen (where slug-test responses occurred)
for Zone 2 slug test characterization was 0.102 m [.D. The inflatable packer mounted above the
temporary well-screen test assembly was set at a depth of 73.5 to 74.3 m bgs. The inflated packer
provided a seal between the test tubing string and the outer drill casing, which effectively isolated the
overlying annulus from the underlying test/depth interval. The borehole geologic description of Zone 2
test/depth interval listed in Appendix A indicates a test section composed primarily of a silty sandy gravel
unit within the Ringold Formation, which is composed of 60% gravel and ranges from 10 to 30% sand
and 10 to 30% silt. At the time of testing, the top of the well-screen test interval was located ~4.8 m
below the aquifer water-table surface.

A series of four slug-injection and four slug-withdrawal tests (four low-stress and four high-stress
tests) were conducted between 1025 hours and 1222 hours PST, March 23, 2009. Data for one of the
high-stress slug-withdrawal tests were lost due to an inadvertent over-writing of the data on the
datalogger. The slug tests were conducted with two different-sized, and fully submerged slugging rods.
The two slugging rod displacement volumes were 0.0055 m® and 0.0110 m®. These slugging-rod volumes
produced a theoretically applied stress level of 0.68 m for the low-stress tests and 1.36 m for the high-
stress tests within the 0.102 m L.D. test tubing string. Downhole test-interval test-response pressures were
monitored with a 0- to 34.5-kPa (0- to 5-psig) pressure transducer set at a depth of ~73 m bgs. The static
depth-to-water for the test interval measured before testing was 70.87 m bgs.
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Figure 4.1. Selected Slug-Test Analysis Plots for Zone 1; Depth Interval: 74.5 to 75.6 m (Bouwer and
Rice method [top] and type-curve method [bottom])

Most of the slug tests exhibited over-damped (exponential-decay response) elastic formation
behavior, which is indicative of low-to-moderate permeability test zone conditions. A comparison of the
normalized, high and low stress, slug-injection test responses indicates nearly identical test responses,
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which indicates predominately linear test-response behavior. It should be noted that the two high-stress
slug-injection tests exhibited a slight departure in test-response behavior at a time equivalent to ~80%
normalized recovery. The source of the slight departure is unknown, and as a result these tests were not
included in the test zone characterization results.

The slug-test responses for each individual slug test indicate an elastic (concave upward) response
displayed on the Bouwer and Rice analysis plot. An example showing this type of response is presented
in Figure 4.2. This elastic type of test response requires that the normalized head data segment between
0.3 and 0.2 be used when using the Bouwer and Rice (1976) analysis method (Butler 1996, 1998). The
elastic Bouwer and Rice slug test analyses provided K estimates ranging from 4.13 to 4.94 m/d (average
of' 4.36 m/d). This range compares very favorably to the K range of 4.41 to 5.10 m/d (average of
4.60 m/d) obtained with the standard type-curve analysis method. The calculated average hydraulic
properties for Zone 2 are very similar to those calculated for the immediately overlying Zone 1. This
suggests rather the presence of uniform hydrogeologic property conditions extending over this combined
test aquifer section within the Ringold Formation. Selected examples of the test-analysis plots for the
Zone 2 test/depth interval are presented in Figure 4.2.

41.3 Zone 3 (Lower Completed Well-Screen Section; Depth Interval: 83.9 to
123.5 m)

Following well completion and performance of the step-drawdown and constant-rate pumping tests,
pneumatic slug tests were conducted for the lower well-screen section shown in Figure 1.6. The well-
screen interval of 83.9 to 123.5 m bgs represents a composite of well-screen sections that includes a blank
~1.5-m section of corrugated sleeve used to remediate a break in the lower well screen located at a depth
of 110.2 to 111.7 m bgs. The total length of the open well-screen section within this test/depth interval is
38.1 m. The borehole geology log for this long well-screen interval (in Appendix A) indicates variable
sedimentary conditions and consists predominantly of silty sandy gravel, with minor amounts of gravelly
sand and gravelly silty sand. At the time of testing, the top of the lower well-screen was located ~14 m
below the aquifer water-table surface. The test results reflect sedimentary deposits of the Ringold
Formation above the Ringold Lower Mud unit and are reflective of conditions within the middle and
lower-sections of the unconfined aquifer.

A series of seven pneumatic slug tests were conducted at various stress levels between 1500 hours
PST, July 14, 2009, and 1127 hours PST, July 15, 2009. The pneumatic slug tests were conducted by
pressurizing the inside of the 0.102-m I.D. test tubing system used to set the packer assembly. The
applied stress (compressed nitrogen) pressures ranged from 3.5 to 33.8 kPa (0.5 to 4.9 psi), which
depressed the fluid column within the test tubing string, ranging from 0.3 to 3.4 m for individual tests.
During test initiation, the pressure was rapidly released by instantly opening the ball valves at the
wellhead surface manifold. The inflatable packer was set within the ~3-m blank section of casing above
the top of the lower well screen, at a depth of 80.8 and 81.4 m bgs. The inflated packer provided a seal
between the test tubing string and the outer well-screen/casing. This packer seal isolated the overlying
annulus from the underlying lower screen. During the pneumatic slug tests, the inflatable packer was
pressurized to ~410 kPa (~60 psi). The integrity of the packer seal was checked by adding several liters
of de-ionized water down the annulus and monitoring for any communicative downhole pressure
responses below the packer. The integrity tests indicated that the packer provided test-zone isolation
during the performance of the pneumatic tests. The static depth-to-water measured for the test interval
before starting the pneumatic slug tests was 69.63 m bgs.
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The slug tests exhibited under-damped (oscillatory-type response) formation behavior, which is
indicative of moderately high permeability test-zone conditions. A comparison of the normalized slug
tests of various stress levels indicates slight stress dependence, which indicates a slight, non-linear test
behavior. The test responses were analyzed using the High-K analysis method discussed in Section 2.1.3.
The higher stress tests generally exhibited slightly lower amplitude and less noise in the oscillatory test
responses in comparison to the lower stress tests (Figure 4.3). Results obtained using the High-K analysis
method provided a K estimate range of 15.9 to 24.2 m/day, with an average of 20.0 m/day for the Zone 3
lower well-screen section. A selected example of a High-K analysis for Zone 3 test is shown in
Figure 4.4.

414 Zone 4 (Composite Completed Well-Screen Section; Depth Interval: 74.7
to 123.5 m)

After slug test characterization of the lower well screen was completed, pneumatic slug tests were
conducted for the composite upper and lower well-screen sections, as shown in Figure 1.6. The well-
screen interval of 74.7 to 123.5 m bgs represents a composite of well-screen sections that includes a blank
~1.5-m section of corrugated sleeve used to remediate a break in the lower well screen located at a depth
of 110.2 to 111.7 m bgs as well as a ~3 m blank well casing section between 80.8 and 83.9 m bgs. The
total length of the open well-screen section within this test/depth interval is 44.2 m. The borehole
geology log for this long well-screen interval (in Appendix A) indicates variable sedimentary conditions
and consists predominantly of silty sandy gravel with minor amounts of gravelly sand and gravelly silty
sand. At the time of testing, the top of the upper well-screen was located ~5 m below the aquifer water-
table surface. The test results reflect sedimentary deposits of the Ringold Formation above the Ringold
Lower Mud unit and are reflective of conditions throughout most of the unconfined aquifer, except for the
upper 5 m of the aquifer.

A series of six pneumatic slug tests at various stress levels were conducted between 1326 hours PST,
July 15,2009, and 0732 hours PST, July 16, 2009. The pneumatic slug tests were conducted by
pressurizing the inside of the 0.102-m L.D. test tubing system used to set the packer assembly. The
applied stress (compressed nitrogen) pressures ranged from 9.0 to 37.3 kPa (1.3 to 5.4 psi), which
depressed the fluid column within the riser casing, ranging from 1.1 to 3.5 m for individual tests. During
test initiation, the pressure was rapidly released by instantly opening the ball valves at the wellhead
surface manifold. The inflatable packer was set within the blank section of casing above the top of the
upper well screen at a depth of 73.2 and 73.8 m bgs. The inflated packer provided a seal between the test
tubing string and the outer well-screen/casing. This packer seal isolated the overlying annulus from the
underlying lower screen. During the pneumatic slug tests, the inflatable packer was pressurized to
~410 kPa (~60 psi). The integrity of the packer seal was checked by adding several liters of de-ionized
water down the annulus and monitoring for any communicative downhole pressure responses below the
packer. The integrity tests indicated that the packer provided test zone isolation during the performance
of the pneumatic tests. The static depth-to-water measured for the test interval before starting the
pneumatic slug tests was 69.54 m bgs.

The slug tests exhibited under-damped (oscillatory-type response) formation behavior, which is
indicative of moderately high permeability test zone conditions. A comparison of the normalized slug
tests of various stress levels indicates nearly identical test response patterns, which indicates linear test
behavior. The test responses were analyzed using the High-K analysis method discussed in Section 2.1.3.
Results obtained using the High-K analysis method provided a K estimate range of 15.0 to 16.9 m/day,
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with an average of 16.1 m/day for the Zone 4 lower well-screen section. A selected example of a High-K
analysis for Zone 3 test is shown in Figure 4.5.
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4.2 Dynamic Electromagnetic Flowmeter Survey

The following section describes the EBF surveys and analysis results conducted for well 299-W15-
225. The surveys were performed in the final completed well-screen section following well development
and performance of the step-drawdown and constant-rate pumping tests. A summary of pertinent
information pertaining to the EBF survey is provided in Table 4.3. Detailed well-construction
information for well 299-W15-225 (as it relates to the performance of the EBF survey) and a summary of
the EBF analysis data are provided in Figure 1.6 and Appendix E, respectively.

Table 4.3. Summary of EBF Survey Information for Well 299-W15-225

Static/Pump-
Depth/Test Induced Depth- Average
Type of EBF EBF Survey Interval to-Water Discharge Rate  Hydrogeologic

Survey Date m bgs m bgs Lpm® Unit Tested

. 74.7 to 123.5 Ringold
Ambient 7/10/09 (44.2)® 69.65/NA 0 Formation

. 74.7to 123.5 Ringold
Dynamic 7/13/09 (44.2)® 69.66/69.80 36.2 Formation

(a) Liters-per-minute.
(b) Open well-screen length over the indicated test/depth interval (see Figure 1.6 for construction details).

As discussed in Section 1.3 and shown in Figure 1.6, well 299-W15-225 is completed with two well
screen sections: a 39.6-m-long section of 0.140-cm (0.055-in.) slot screen over the depth interval 83.9 to
123.5 m bgs, and a 6.1-m section of 0.102-cm (0.040-in.) slot screen over the depth of 74.7 to 80.8 m bgs.
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The well completion includes a 3.1-m long section of blank casing situated between the two well screen
sections, and an ~1.5 m blank corrugated sleeve occurs over the depth interval 110.2 to 111.7 m bgs. Six
blank well-screen joints occur at evenly spaced depth intervals of 6.1 m from a depth of 86.9to 117.4 m
bgs within the lower well-screen section. No blank well-screen joints occur in the upper-section of well
screen. The well is completed with blank well casing from the top of the upper well screen to land
surface. These blank casing sections provide a means of calibrating the EBF survey at various depth
locations within the well completion.

Ambient and dynamic flowmeter surveys were conducted on July 10 and July 13, 2009, respectively.
For each survey, the vertical flow was measured at ~1.5-m intervals in a direct succession from bottom to
top within the completed well screen. The surveys were performed in accordance with survey procedures
and methods discussed in Section 2.2. Due to EBF cable-depth limitations, the lowest measurement
survey depth was at 118.0 m bgs. The uppermost survey measurement occurred at a depth of 73.8 m bgs
within the blank casing above the top well-screen section. Vertical flow within the bottom 5.5 m of the
well-screen section (i.e., between 118.0 and 123.5 m depth) was examined as a composite measurement
depth location for the EBF analyses. Because vertical no-flow calibration measurements could not be
measured directly within the well-screen sump section at the bottom of the well, zero-reference flow
measurements were taken within a blank test section of 0.203-m I.D. casing at land surface before and
after EBF testing. Zero-flow EBF instrument calibrations were also available within the blank casing
immediately above the top of the well screen during the ambient survey. These zero-reference flow
measurements were consistently within ~5% of agreement. Vertical flow calibrations were also
performed within the ~3-m-long section of blank casing at a depth of 82.9 m bgs and at the 93.0-m depth
screen joint to account for bypass flow between the inflatable packer/rubber gasket seal assembly and the
surrounding well screen.

Following the ambient survey, the intake of a 2-Hp Sub Drive 100 submersible pump (model
#25SD154) was installed to a depth of 71.9 m bgs using a 0.025-m L.D. test-tubing string. A digital inline
flowmeter was installed in the discharge line at the surface for measuring the discharge flow rate, and a
gate valve was used to control flow. During the dynamic survey, the in-well flow rate measured with the
EBF within the blank well casing above the top of the well-screen section was 32.7 L/min. This flow rate
is ~10% lower than the average constant discharge rate of 36.2 L/min measured with the surface, in-line
digital flowmeter. This flow measurement discrepancy is within the maximum range of error (i.e., up to
~10%) reported for the EBF flow measurements.

For each individual EBF depth-flow measurement, vertical flow was measured both with the packer
system fully inflated and not inflated (i.e., rubber gasket seal only). No packer bypass failures were
observed during the course of the dynamic EBF survey. It should be noted, however, that while the
packer was inflated for uppermost depth-flow measurements (i.e., 74.7 to 79.9 m bgs), including the
measurement within the blank well casing immediately above the top well screen, the instrument over-
ranged because of a malfunction in the electronics box. Vertical flow measured at these same depths with
only the gasket providing the seal (i.e., packer un-inflated) did not over-range the instrument, however,
because of a greater proportion of bypass flow around the seal. Inflated packer vertical flow
measurements for these few measurement depth locations was estimated based on the inflated vs. non-
inflated EBF probe measurement established for underlying measurement-depth locations. The average
calculated flow ratio for inflated versus non-inflated measurements was established as a correction ratio
of 3.04:1.
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Ambient and dynamic vertical flow profile results are shown in Figure 4.6. The ambient vertical flow
profile indicates downward flow ranging from ~0.5 to ~1.0 L/min over the two separate well-screen
sections. The measured net flow profile (i.e., induced minus ambient flow) indicates that the largest
change (increase) in flow contribution was at 113.4 to 118.0 m bgs near the bottom of the well screen and
at 99.7 to 102.7 m bgs within the central part of the lower well-screen section. Net flow contribution at
depth intervals of 74.7 to 99.7 m bgs and 102.7 to 113.4 m bgs were generally similar as indicated by the
similar slope of the flow profile at these depths. The corrugated sleeve and blank casing sections did not
contribute to the flow profile as shown by the zero net change in flow at the depths of these blank sections
(i.e., between 110.2 and 111.7 m bgs and between 80.8 and 83.9 m bgs, respectively).

Data from the net profile shown in Figure 4.6 were used to calculate the normalized hydraulic
conductivity distribution with the two well-screen sections. The profile of normalized hydraulic
conductivity, presented in Figure 4.7 indicates that relative K ranged from 0.002 to 0.19, with the highest
relative K values occurring at depths of ~100 to 101 m bgs and ~116 to 118 m bgs. A composite well-
screen length of 44.2 m, which does not include the corrugated sleeve and blank casing sections, was used
to calculate the normalized hydraulic conductivity values. As a result, no relative K values were assigned
to these blank sections of the well screen.
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Figure 4.6. Ambient and Dynamic Vertical Flow Profiles for Well 299-W15-225
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4.3 Step-Drawdown Testing

As discussed in Section 2.3, step-drawdown testing is normally performed to assess well performance
and for guidance in selecting an optimum pumping rate for a subsequent, longer-duration, constant-rate
pumping test. Two separate step-drawdown tests were conducted during the characterization conducted
at well 299-W15-225. The two step-drawdown tests were separated by a program of extensive well
development. The purpose of the extensive well development was to improve well production
capabilities for the newly constructed extraction well 299-W15-225. Comparison of results obtained from
the performance of the first and second step-drawdown test provided the basis for assessing the impact of
the implemented extensive well-development activities. A description of the step-drawdown tests and a
preliminary assessment of the efficacy of the extensive well development on well 299-W15-225 is
provided in the following report sections.

4.3.1  Step-Drawdown Test 1

An initial step-drawdown test was conducted at well 299-W15-225 between 0701 and 1500 hours,
PDT, on June 17, 2009. Four 2-hour pumping steps were employed during the course of performing the
step-drawdown test at planned pumping rates of ~113.5, 227, 340.5, and 454 liters per minute (30, 60, 90,
and 120 gallons per minute). A 50-HP Crown submersible pump (Model 5 CH225 STD) that was
provided by the Blue Star well-drilling company and employed for initial well development activities was
used to perform the step-drawdown test. The subsurface pump intake was set at a depth of 119.8 m bgs
and was not equipped with a downhole foot/check valve. The absence of a foot/check valve within the
downhole pumping assembly produces flow back of pumped groundwater back into the well column
when the pumping is terminated. This impacts recovery water-levels within the pumped well during
carly-stages of recovery following completion of the pumping test. Surface discharge rates were
monitored with two in-line surface flowmeters (Great Plains Industries, Inc, Industrial Grade, 0.051 m
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1.D., Digital Turbine Flowmeter, and a 0.051 m I.D., McCrometer Totalizer Flowmeter), and surface
discharge rates were regulated using an in-line surface flow valve. Groundwater produced during testing
was discharged to temporary surface storage tanks, which allowed settling of any produced suspended
material before pumping and ultimate discharge of the produced groundwater to the ZP-1 pump-and-treat
groundwater disposal system. Water levels were measured within well 299-W15-225 during testing with
an In-Situ, Inc., 20 psi pressure transducer that was installed within an in-well 0.025 m [.D., access
stilling-well. The pressure transducer readings were recorded on a Hermit 3000 datalogger system. The
surrounding monitor and the ZP-1 extraction well water-levels were maintained and collected during
testing using the Hanford network data systems discussed in Section 3.1.

Figure 4.8 shows the observed drawdown associated with actual indicated step pumping rates used
during the course of conducting the first step-drawdown test. The test information obtained during the
course of the step-drawdown test was used in the head-loss analysis plot shown in Figure 4.9, using the
analysis methods discussed in Section 2.3. As indicated by the linear-regression fit, laminar flow
conditions are indicated for the step-drawdown test, both within the well and surrounding aquifer. Based
on the head-loss regression analysis, an aquifer loss coefficient, B, of 0.0041 m, and a relatively low well
loss coefficient, C, of 1.27E-6 m/lpm2 are indicated for the test.

Figure 4.10 shows the predicted drawdown versus head-loss component plot (i.e., aquifer loss, well
loss, and total head loss) for this well, based on the head-loss analysis results indicated in Figure 4.9. As
indicated in the figure, drawdown associated with well loss is relatively minor and secondary in
comparison to drawdown associated with aquifer loss. It should be recognized that information presented
in Figure 4.10 is extended significantly beyond the actual pumping rates used during Step-Drawdown
Test 1. This would only be valid if the same flow regime characteristics are operative at the higher
projected pumping rates (i.e., linear aquifer system response and laminar flow conditions). If this
extension is valid, then a pumping rate vs. drawdown relationship can be selected that best meets the ZP-1
pump-and-treat operational needs.

Figure 4.11 shows the well efficiency relationship based on the step-drawdown information provided
in Figure 4.9 and Figure 4.10. A relatively high well efficiency is indicated for the pumping rate range
used during the step-drawdown test (i.e., Q = 107.9 to 461.1 Ipm and E = 97 to 88 %, respectively). At
higher predicted pumping rates, well efficiency declines because of the increasing significance of well
loss at the higher pumping rates as indicated in Figure 4.10.

4.3.2 Step-Drawdown Test 2

The second well 299-W15-225 step-drawdown test was separated from the first step-drawdown test
by a program of extensive well development. The purpose of the extensive well development was to
improve well production capabilities for the newly constructed well. Comparing results obtained from
the performance of the first and second step-drawdown test provided the basis for assessing the impact of
the implemented extensive well-development activities.

The second step-drawdown test was conducted at well 299-W15-225 between 0713 and 1720 hours,
PDT, on June 28, 2009. Five 2-hour pumping steps were employed during the course of performing the
step-drawdown test at the same four planned pumping rates used during Step-Drawdown Test 1 and an
additional fifth step at a pumping rate of ~568 liters per minute (150 gallons per minute). A 20-HP
Grundfos pump (Model 150S200-9) was used to perform this step-drawdown test. The subsurface pump
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intake was set at a depth of 118.2 m bgs and (unlike Step-Drawdown Test 1) was equipped with a
downhole foot/check valve. The presence of the foot/check valve within the downhole pumping
assembly eliminated the possibility of pumped groundwater flowing back into the well column when the
pumping was terminated. The same surface-flow measurement and control equipment and downhole
pressure measuring equipment were used during testing as was employed during Step-Drawdown Test 1.
Groundwater produced during testing was discharged to temporary surface storage tanks, which allowed
any produced suspended material to settle before pumping and ultimate discharge of the produced
groundwater to the ZP-1 pump-and-treat groundwater disposal system. Surrounding monitor and ZP-1
extraction well water-levels were maintained and collected during testing using the Hanford network data
systems discussed in Section 3.1.
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Figure 4.8. Pertinent Test Information and Observed Well 299-W15-225 Water-Level Response During
and Following Step-Drawdown Test 1
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Figure 4.11. Well Efficiency Plot for Well 299-W15-225 Step-Drawdown Test 1

Figure 4.12 shows the observed drawdown and associated step pumping rates used during the course
of conducting the second step-drawdown test. As was done for the first step-drawdown test, the test
information obtained during the course of the second test was used to also calculate the head-loss analysis
relationships after implementing the extensive well development activities. Figure 4.13 shows a
comparison of the two step-drawdown test head-loss relationships. As is shown, a very slight reduction
in aquifer and well loss coefficient components is indicated for Step-Drawdown Test 2 (i.e., Test 2 in
comparison to Test 1 results: aquifer loss coefficient, B = 0.0039 m < 0.0041 m; well loss coefficient, C =
1.23E-6 m/Ipm”* < 1.27E-6 m/lpm” are indicated).

Similarly, a comparison of calculated well efficiencies is provided in Figure 4.14 for the two step-
drawdown tests. As indicated in the figure, a nearly identical relatively high well efficiency is indicated
for the pumping rate range used during the step-drawdown test. Based on the head-loss comparison and
well-efficiency comparisons presented in Figure 4.13 and Figure 4.14, respectively, a slight improvement
of ~ 5 percent in well production/drawdown characteristics is assigned to the extensive well development
activities that were implemented between Step-Drawdown Tests 1 and 2.
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4.4 Constant-Rate Pumping Test

As discussed in Section 2.4, the constant-rate pumping test provides the opportunity to determine
large-scale hydraulic characterization property information over the inter-well distances monitored.
Surrounding wells monitored during the course of this test were located at distances from the pumped
well 299-W15-225 from 50 to 690 m (Table 1.1). As discussed in Section 3.0, because the areal
hydrologic responses associated with the constant-rate test were relatively small, and the masking effects
of temporal barometric pressure fluctuations were evident during testing, monitor well water-level
responses were corrected for barometric effects to facilitate hydrologic test analysis. In addition,
extraneous imposed hydrologic stresses within the general area were minimized by shutting down the
surrounding ZP-1 pump-and-treat extraction well system, as recommended in Spane and Newcomer
(2009a). Because of prescribed program reporting requirements for the well 299-W15-225
characterization program, this report only provides a preliminary quantitative analysis for the constant-
rate pumping test responses observed at near-field monitor wells located within 100 m of test well 299-
W15-225 (i.e., 299-W15-40, and 299-W15-44). As noted previously, a considerable data set for monitor
well water-levels were collected during the constant-rate test that can be analyzed for more large-scale
areal characterization information across the area.
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Following completion and recovery of Step-Drawdown Test 2, an ~3-day constant-rate pumping test
was conducted at well 299-W15-225 between 1654 hours, PDT, June 29, 2009, and 1658 hours, PDT,
July 2, 2009. Except for the period of flow-rate regulation that occurred during the initial 5 minutes of
the pumping test, pumping rates remained relatively uniform during the course of the 3-day test, varying
only ~7.0 liters per minute and averaging 591.2 liters per minute for the duration of the test. The 20-HP
Grundfos pump (Model 150S200-9) that was used during Step-Drawdown Test 2 was also used to
perform the constant-rate test. The subsurface pump intake was set at a depth of 118.1 m bgs, and was
equipped with a downhole foot/check valve. The presence of the foot/check valve within the downhole
pumping assembly eliminated the possibility of pumped groundwater flowing back into the well column
when the pumping was terminated. A flow-back condition into the well column would adversely affect
recovery water-level measurements within the pumped well. Surface discharge rates were monitored with
two in-line surface flowmeters (Great Plains Industries, Inc, Industrial Grade, 0.051 m 1.D., Digital
Turbine Flowmeter, and a 0.051 m [.D., McCrometer Totalizer Flowmeter), and surface discharge rates
were regulated using an in-line surface flow valve. Groundwater produced during testing was discharged
to temporary surface storage tanks, which allowed settling of any produced suspended material before
pumping and ultimate discharge of the produced groundwater to the ZP-1 pump-and-treat groundwater
disposal system. Water levels were measured within well 299-W15-225 during testing with an In-Situ,
Inc., 20 psi pressure transducer, which was installed within an in-well 0.025 m [.D., access stilling-well.
The pressure transducer readings were recorded on a Hermit 3000 datalogger system. The surrounding
monitor and the ZP-1 extraction well water-levels were maintained and collected during testing with the
Hanford network data systems discussed in Section 3.1. Recovery water-level measurements were
monitored at all well locations identified in Table 1.1 until July 9, 2009, as part of this hydrologic test
characterization.

Examples of observed and barometric-corrected well responses for selected monitor well locations
during the period of constant-rate pumping and the subsequent recovery period are shown in Figures 3.4
and 3.5 and in Appendix D. The barometric-corrected drawdown well response is the basis for the
constant-rate pumping test analysis for the monitor well locations since the corrected recovery data
exhibited essentially identical well response characteristics.

A simultaneous composite test analysis of the corrected drawdown response calculated for the two
near-field well sites 299-W15-40 and 299-W15-44 was performed in concert with the corrected recovery
response exhibited at pumping well 299-W15-225. The recovery response data for well 299-W15-225
was used in the analysis because of the drawdown variability that occurred during the early-stages of the
pumping test due to flow-rate adjustments. Essentially identical intermediate and late-time water-level
behavior was exhibited for corrected drawdown and recovery response at the pumped well. The
drawdown/recovery responses at the pumped well were corrected for well loss effects calculated for the
average discharge rate observed during the test (591.2 liters per minute) and the well loss relationship
established during the second step-drawdown test (shown in Figure 4.13).

To facilitate the composite analysis process, the automated analytical pumping test type-curve
program ANIAQX (HydraLogic 1989) was used as an initial screening tool. These initial analysis
parameters served as input to the WTAQ analytical model (described in Section 2.4), which was used in
the finalized composite analysis. The ANIAQX program does not account for a number of well
complexities (i.e., wellbore storage, well skin) that can be considered in the WTAQ model or lend itself to
rapid parameter manipulation and test data/type-curve matching. It should be noted, however, that the
finalized WTAQ model solutions were essentially identical to that determined with the ANIAQX model.
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A finalized, best-match WTAQ composite analysis for the three wells is shown in Figure 4.15. As
indicated, simulated WTAQ test responses for the respective wells were generated based on the following
aquifer properties: T = 438 m*/day; K = 7.91 m/day (based on an aquifer thickness of 55.4 m); Kp = 0.1;
S =9.7E-4; and Sy = 0.096. The analysis for these near-field well locations is considered to be robust for
T and K. Similar type-curve matches could be realized for S, values ranging between 0.08 and 0.13. The
analysis appears least sensitive for Kp. This lack of sensitivity may be attributed, in part, to the fact that
the pumping well nearly fully penetrates the unconfined aquifer, while the near-field monitor wells are
completed only in the upper ~12% of the aquifer. The calculated aquifer hydraulic properties for the
near-field monitor well/well 299-W15-225 analysis fall within the upper-range of similarly derived, large-
scale values determined for the adjacent area. For the more extensive WMA T Tank Farm Area
characterization, Spane (2008b) reported large-scale analysis results as follows: T = 300 to 475 m*/day; K
=6.11 to 9.69 m/day (geometric mean = 8.01 m/day).

It should be noted again that this report only provides limited quantitative analysis results for the
constant-rate pumping test responses observed at near-field monitor wells located within 100 m of test
well 299-W15-225 (i.e., 299-W15-40, and 299-W15-44). A significant amount of large-scale hydraulic
characterization information can be realized by subsequent test analysis of available far-field well test
response (i.e., for wells >100 m from well 299-W15-225) and incorporation of vertically-distributed,
multi-layer analysis approaches that would be implemented by incorporating the results of the dynamic
EBF test survey results.
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Figure 4.15. Composite Multi-Well Corrected Drawdown/Recovery Analysis: Wells 299-W15-225,
299-W15-40, and 299-W15-44
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4.5 Software Quality Assurance (QA)

The WTAQ3 software (version 3 of the WTAQ program) used for calculations described in this
report was developed by the U. S. Geological Survey and is documented in Barlow and Moench (1999).
The program calculates hydraulic-head drawdowns in an aquifer that result from pumping at a well. The
calculations are based on published equations of groundwater flow. Quality assurance of the program
calculations is based on verification by hand calculating the equations. This program is “safety software”
under the provisions of 10 CFR 830 and DOE Order 414.1C because the results may be used in decisions
related to provide protection from existing or future radiological hazards. The software is “acquired” and
has low potential impact in its application for this report because the results may be used in regulatory
permitting or to plan for potential radiological releases. The major risk is that drawdowns in new pump-
and-treat extraction wells may be greater or less than those predicted. The corrective action in this case is
to adjust pumping rates or possibly install additional extraction wells. The predicted drawdowns will be
verified through onsite pumping operations. The software is maintained by the U. S. Geological Survey
and errors or software bugs can be reported to Paul Barlow, U.S. Geological Survey, 10 Bearfoot Road,
Northborough, MA 01532.

The automated analytical pumping test type-curve program ANIAQX Version 2.5 (HydraLogic 1989)
was used only for initial screening to narrow the range of input parameters for the WTAQ3 program.
Therefore, calculations performed with the ANIAQX program had no impact on the results presented in
this report.
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5.0 Conclusions and Recommendations

Preliminary analysis results for hydrologic tests conducted at newly constructed extraction well 299-
W15-225 indicate that detailed large-scale vertical and lateral hydraulic property information was
obtained for the general area surrounding well 299-W15-225 as part of this field test characterization.
Specific findings pertaining to the various hydrologic test elements and characterization activities are
summarized below.

5.1

1.

5.2

Barometric Pressure Analysis

Barometric pressure effects impose a significant extraneous impact on observed well water-level
measurements that are used to monitor aquifer conditions and relative performance/impact of the
200-ZP-1 OU pump-and-treat system. Removing barometric pressure fluctuations using the
multiple-regression deconvolution technique significantly improves the ability to detect and
analyze hydrologic stresses (e.g., 0.01 m) conducted either as part of imposed specific hydrologic
tests or by general operational pump-and-treat system activities.

The barometric response pattern for monitor wells examined as part of this investigation indicate
very similar time-lag characteristics and exhibit time-lag dependence ranging between ~130 and
180 hours. Well water-level responses were successfully removed with a universal correction
procedure based on time-lag characteristics exhibited at monitor well 299-W14-14.

Slug Test Characterization

Slug test characterization was conducted at well 299-W15-225 for the purpose of providing
discrete hydraulic property vs. depth information within the unconfined aquifer. Two test/depth
intervals were successfully characterized (Zone 1 and 2) within the upper-section of the
unconfined aquifer during active borehole drilling/advancement. The average hydraulic property
estimates for these two zones are very similar (4.6 and 5.7 m/day) and are slightly higher than the
cited geometric mean value (2.2 m/day) calculated for other surrounding monitor well slug test
results, as reported in Spane and Newcomer (2009a). This characterization method was
abandoned during the course of drilling well 299-W15-225 because of well construction risk
concerns and difficulties in retracting the drill casing for test zone exposure.

To compensate for the lack of vertical, aquifer-depth, slug test characterization information that
would be obtained during borehole drilling, pneumatic slug tests were implemented within the
two long well-screen sections within well 299-W15-225 after final well completion. Because of
the extremely long, well-screen completions (and associated higher test interval transmissivity),
these slug tests provided less quantitative hydraulic property information. The two test zone
characterizations (Zone 3 and 4), however, do indicate that the lower screen section (which
penetrates the middle and lower sections of the unconfined aquifer) possess higher hydraulic
properties than the overlying well-screen section.
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5.3

5.

5.4

5.5

Dynamic Electromagnetic Flowmeter Survey

The EBF survey provided detailed characterization information concerning the relative vertical
distribution of hydraulic properties within the unconfined aquifer at well 299-W15-225. The
relative hydraulic property profile, while variable, indicated that the highest permeability
intervals occurred within the middle and lower sections of the unconfined aquifer. The relative
hydraulic property distribution obtained from the EBF survey can be quantified (i.e., to absolute
hydraulic conductivity vs. depth) by using the constant-rate pumping test results obtained from
the composite, near-field well analysis. This type of hydraulic property characterization is
particularly useful as input for more complex numerical model simulations (i.e., using
heterogeneous, multi-layer approaches) of contaminant capture in the vicinity of well 299-W15-
225.

Step-Drawdown Test Characterization

Two step-drawdown tests were conducted at well 299-W15-225 as part of the general
well/aquifer characterization investigation. The step-drawdown tests were implemented to select
an optimum pumping rate for the following 3-day constant-rate pumping test and for assessing
whether an intervening extensive well-development program had any discernable effect on
extraction well performance. The results of the step-drawdown test comparison indicate that well
299-W15-225 is highly efficient (well efficiencies between 88 and 97%) over the pumping rates
observed, and that the extraction well performance increased ~5% after implementing the
extensive well development program.

Constant-Rate Pumping Test

A 3-day constant-rate pumping test was conducted at well 299-W15-225 at an average pumping
rate of 591.2 Ipm (156.2 gpm). Water-level responses were monitored in the pumped well and
within 22 surrounding well locations during the pumping test and during the following ~6-day
recovery period. A cursory examination of barometric-corrected well water-level responses
indicates that the 3-day pumping test imposed a large-scale areal hydrologic response within the
surrounding unconfined aquifer. Hydrologic responses associated with the 3-day pumping test
were observed over well distances of >690 m from the pumped well location. This indicates that
well 299-W15-225 will impose a hydrologic area-of-influence even greater than 690 m at these
pumping rates and over extended pumping periods commonly employed for extraction wells
within the 200-ZP-1 OU pump-and-treat system.

Hydrologic test analysis results for the constant-rate pumping test were limited in this report to a
composite multi-well analysis for the pumped well and near-field wells 299-W15-40 and 299-
W15-44. The composite multi-well analysis indicated the following best-estimate aquifer
property values: T = 438 m*/day; K = 7.91 m/day (based on an aquifer thickness of 55.4 m);
Kp=0.1; S =9.7E-4; and Sy = 0.096. The analysis for these near-field well locations is
considered to be robust for T and K. Similar type-curve matches could be realized for S, values
ranging between 0.08 and 0.13. The analysis appears least sensitive for Kp. This lack of
sensitivity may be attributed, in part, to the fact that the pumping well nearly fully penetrates the
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unconfined aquifer, while the near-field monitor wells are completed only in the upper ~12% of
the aquifer.

9. The calculated aquifer hydraulic properties for the near-field monitor well/well 299-W15-225
analysis fall within the upper-range of similarly derived, large-scale values determined for the
adjacent area. For the more extensive WMA T Tank Farm Area characterization, Spane (2008b)
reported large-scale analysis results as follows: T = 300 to 475 m*/day; K = 6.11 to 9.69 m/day
(geometric mean = 8.01 m/day).

5.6 Recommendations

Because of the large hydrologic data set collected during the course of the constant-rate pumping test
(i.e., for 22 surrounding wells), additional hydraulic property information can be derived from subsequent
hydrologic test analysis. In particular, the following follow-on hydrologic test analysis elements are
recommended:

1. Far-field individual and composite well test analysis (i.e., for wells >100 m from well 299-W15-
225). This will provide larger-scale, inter-well information >100 m from the extraction well 299-
W15-225 location. In addition, targeted multi-well grouping analyses can provide information
concerning horizontal anisotropy within the unconfined aquifer.

2. Quantification of the EBF survey results to obtain an absolute hydraulic conductivity versus depth
profile for the well 299-W15-225 location. This can be realized using the composite near-field well
analysis presented in this report.

3. Application of more complex, heterogeneous, multi-layer analysis of selected monitor well test
responses. Based on the results of 1 and 2, selected multi-well data sets can be re-analyzed using
the vertical permeability profile structure described by the dynamic EBF test survey results. This
analysis will indicate whether homogeneous or heterogeneous formation approaches are best-suited
for modeling performance of the 200-ZP-1 OU pump-and-treat system.

While the constant-rate pumping test has and can provide extensive hydraulic property
characterization information for the general area, it should be realized that it is still only a limited test.
Larger scale information can be obtained (i.e., more reflective of ZP-1 pump-and-treat system operations)
and hydrologic parameter analysis uncertainty can be significantly reduced by performing a constant-rate
pumping test of longer duration (e.g., 2 to 4 weeks). An extended constant-rate pumping test can be
realized without significant expenditure of additional characterization costs by performing the extended
test within the existing 200-ZP-1 operational framework and relying on the existing, surrounding monitor
well networks. To implement an extended constant-rate pumping test at well 299-W15-225, existing ZP-
1 extraction wells would have to be shut down ~2 to 3 months before start-up of well 299-W15-225.
Well 299-W15-225 would then be placed on-line and pumped continuously for the prescribed 2- to 4-
week period. Following this 2- to 4-week constant-rate pumping period, the other ZP-1 extraction wells
could be placed back on-line. No additional well monitoring would be required outside the existing
monitoring well networks.

In conclusion, due to the level of success demonstrated for this field test characterization, it is
recommended that some of the characterization methods used at well 299-W15-225 be considered for
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possible use at other selected ZP-1 extraction well locations. These types of test characterizations would
be most relevant for areas where numerical modeling uncertainty can be significantly reduced by
acquiring large-scale and vertically distributed hydrologic characterization information.

54



6.0 References

Barlow P and A Moench. 1999. WTAQ - A Computer Program for Calculating Drawdowns and
Estimating Hydraulic Properties for Confined and Water Table Aquifers. Water Resources Investigations
Report 99-4225, U.S. Geological Survey.

Boman GK, FJ Molz, and KD Boone. 1997. “Borehole Flowmeter Application in Fluvial Sediments:
Methodology, Results, and Assessment.” Ground Water 35(3):443-450.

Bouwer H. 1989. “The Bouwer and Rice Slug Test — an Update.” Ground Water 27(3):304-309.
Bouwer H. 1996. “Discussion of Bouwer and Rice slug test review articles.” Ground Water 34(1):171.

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 JT, Jr. 1996. “Slug tests in site characterization: some practical considerations.” Environmental
Geosciences 3(3):154-163.

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.

Butler JJ, CD McElwee, and W Liu. 1996. “Improving the Quality of Parameter Estimates Obtained
from Slug Tests.” Ground Water 34(3):480—490.

CHPRC. 2009. Description of Work for Aquifer Testing at Well 299-W15-225, Rev. 0, SGW-40266,
CH2M HILL Plateau Remediation Company, Richland, Washington.

DOE/RL. 2000. Fiscal year 1999 annual summary report for the 200-UP-1, 200-ZP-1, and 100-NR-2
pump and treat operations and operable units. DOE/RL-99-79, Rev. 0, U.S. Department of Energy,
Richland Operations Office, Richland, Washington.

DOE/RL. 2008. Proposed plan for remediation of the 200-ZP-1 groundwater operable unit, record of
decision, Hanford 200 Area, 200-ZP-1 superfund site, Benton county, Washington. DOE/RL-2007-33,
Rev.0, U.S. Department of Energy, Richland Operations Office, Richland, Washington.

DOE/RL. 2009. 200-West Area 200-ZP-1 pump-and-treat remedial design/remedial action work plan,
DOE/RL-2008-78, Rev.0, re-issue, U.S. Department of Energy, Richland Operations Office, Richland,
Washington.

EPA, Ecology, and DOE. 2008. Record of Decision, Hanford 200 Area, 200-ZP-1 Superfund Site,
Benton County, Washington, 09-AMCP-0003, U.S. Environmental Protection Agency, Washington State
Department of Ecology, and U.S. Department of Energy, Olympia, Washington.

6.1



HydralLogic, Inc. 1989. “ANIAQX Operations Guide.” Version 2.50, HydralLogic, Inc., Missoula,
Montana.

Jacob CE. 1946. “Drawdown Test to Determine Effective Radius of an Artesian Well.” In: Proceedings,
ASCE, Paper No. 2321.

Jacob CE. 1963. “Determining the permeability of water-table aquifers.” In: Methods of Determining
Permeability, Transmissibility, and Drawdown. U.S. Geological Survey, Water-Supply Paper 1536-
1:245-271.

Kruseman GP, and NA de Ridder (with assistance from JM Verweij). 2000. Analysis and evaluation of
pumping test data. International Institute for Land Reclamation and Improvement, Wageningen, The
Netherlands. Publication 47, Second Edition (Completely Revised), 377 p.

Li W, A Englert, OA Cirpka, and H Vereecken. 2008. “Three-Dimensional Geostatistical Inversion of
Flowmeter and Pumping Test Data.” Ground Water 46(2):193-201.

Lindsey KA. 1995. Miocene- to Pliocene-aged suprabasalt sediments of the Hanford Site, south-central
Washington. BHI-00184, Bechtel Hanford Inc., Richland, Washington.

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.

Moench AF. 1997. “Flow to a Well of Finite Diameter in a Homogeneous, Anisotropic Water-Table
Aquifer.” Water Resources Research 33(6):1397-1407.

Molz FJ, RH Morin, AE Hess, JG Melville, and O Gueven. 1989. “The Impeller Meter for Measuring
Aquifer Permeability Variations: Evaluation and Comparison with Other Tests.” \Water Resources
Research 25(7):1677-1683.

Neuman SP. 1972. “Theory of Flow in Unconfined Aquifers Considering Delayed Response of the
Water Table.” Water Resources Research 8(4):1031-1045.

Neuman SP. 1974. “Effect of Partial Penetration of Flow in Unconfined Aquifer Considering Delayed
Gravity Response.” Water Resources Research 10(2):303-312.

Neuman SP. 1975. “Analysis of Pumping Test Data from Anisotropic Unconfined Aquifers Considering
Delayed Gravity Response.” Water Resources Research 11(2):329-342.

Newcomer DR. 2009. Electromagnetic Borehole Flowmeter Surveys at Selected In-Situ Redox
Manipulation Barrier Wells, Zero-Valent Iron Site, Hanford, Washington. PNNL-18218, Pacific
Northwest National Laboratory, Richland, Washington.

PNNL. 1993. Procedures for Ground-Water Investigations: AT-5, Rev.2: “Constant-rate discharge and
recovery tests”; AT-6, Rev.2: “Slug injection and withdrawal tests”; AT-9, Rev. 0: “Electromagnetic
borehole flowmeter survey.” PNL-MA-567, Pacific Northwest National Laboratory, Richland,
Washington.

6.2



Rasmussen TC and LA Crawford. 1997. “Identifying and removing barometric pressure effects in
confined and unconfined aquifers.” Ground Water 35(3):502-511.

Reidel SP and MA Chamness. 2007. Geology Data Package for the Single-Shell Tank Waste
Management Areas at the Hanford Site. PNNL-15955, Rev.1, Pacific Northwest National Laboratory,
Richland, Washington.

Rorabaugh MI. 1953. “Graphical and Theoretical Analysis of Step Drawdown Tests of Artesian Wells.”
Proceedings, ASCE 79 Paper No. 362.

Roscoe Moss Company. 1990. “Handbook of Ground Water Development”. Wiley-Interscience
Publication, John Wiley & Sons, New York, New York, 512 p.

Spane FA, Jr. 1999. Effects of Barometric Fluctuations on Well Water-Level Measurements and Aquifer
Test Data. PNNL-13078, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA, Jr. 2002. “Considering barometric pressure in groundwater flow investigations.” Water
Resources Research 38(6):14:1-18.

Spane FA. 2008a. Aquifer Testing Recommendations for Supporting Phase 11 of the T-Area
Technetium-99 Data Objectives Process — Letter Report. PNNL-17433, Pacific Northwest National
Laboratory, Richland, Washington.

Spane FA. 2008b. Analysis of the Hydrologic Response Associated with Shutdown and Restart of the
200-ZP-1 WMA T Tank Farm Pump-and-Treat System. PNNL-17732, Pacific Northwest National
Laboratory, Richland, Washington.

Spane FA, and DR Newcomer. 2008. Results of Detailed Hydrologic Characterization Tests — Fiscal and
Calendar Year 2005. PNNL-17348, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA and DR Newcomer. 2009a. Aquifer Testing Recommendations for Well 299-W15-225:
Supporting Phase I of the 200-ZP-1 Groundwater Operable Unit Remedial Design. PNNL-18279, Pacific
Northwest National Laboratory, Richland, Washington.

Spane FA and DR Newcomer. 2009b. Preliminary EW-1 Hydrologic Characterization Results. PNNL-
SA-67462, Pacific Northwest National Laboratory, Richland, Washington.

Spane FA, Jr., and PD Thorne. 2000. Analysis of the Hydrologic Response Associated with Shutdown
and Restart of the 200-ZP-1 Pump-and-Treat System. PNNL-13342, Pacific Northwest National
Laboratory, Richland, Washington.

Spane FA, Jr., PD Thorne, and LC Swanson. 1996. “Applicability of Slug Interference Tests for
Hydraulic Characterization of Unconfined Aquifer: (2) Field Test Examples.” Ground Water
34(5):925-933.

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.

6.3



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.

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.

Van der Kamp, G. 1976. “Determining aquifer transmissivity by means of well response tests.” Water
Resources Research 12(1):71-77.

Vermeul VR, BN Bjornstad, CJ Murray, DR Newcomer, ML Rockhold, JE Szecsody, MD Williams, and
Y Xie. 2004. In Situ Redox Manipulation Permeable Reactive Barrier Emplacement: Final Report —
Frontier Hard Chrome Superfund Site, Vancouver, WA. PNWD-3361, Battelle—Pacific Northwest
Division, Richland, Washington.

Weeks EP. 1979. “Barometric Fluctuations in Wells Tapping Deep Unconfined Aquifers.” Water
Resources Research 15(5):1167-1176.

Young, SC, HE Julian, HS Pearson, FJ Molz, and GK Boman. 1998. Application of the Electromagnetic
Borehole Flowmeter. U.S. Environmental Protection Agency Research Report EPA/600/R-98/058, Ada,
Oklahoma.

Zurbuchen BR, VA Zlotnik, and JJ Butler, Jr. 2002. “Dynamic interpretation of slug tests in highly
permeable aquifers.” Water Resources Research 38(3):7:1-18.

6.4



Appendix A

Selected Borehole Geology Log Information for Well 299-
W15-225; Depth Interval: 60.96 to 141.7 m bgs (200 to 465 ft)



Appendix A: Selected Borehole Geology Log Information for
Well 299-W15-225; Depth Interval: 60.96 to
141.7 m bgs (200 to 465 ft)

Page (g of '
BOREHOLE LOG B';tgé'mn! /T
Well 1D: ¢ Fes (3 | Wl Nome: 299 4o 225 [Location: 203y )l T3¢ Sevens,
Project: ZP- 4 e O+ TV recat Reference Measuring Point. (Sme | Gov for e
Sample Sample Description Comments
D{:?t)h Type Blows Grfgglc Group Name, Grain Size Distribution, Soil Classification, De th of Casing, Drilling Method,
No. Rocovery| "9 | Golr ilgte Conen,corig, Angury Winerlogy. | ispad of BivRo g Toot
Do .5 :Q?a‘?ﬂ See DQ p 5 f‘iotﬂb\. "hGILL
= ‘-'-O.d..c_? 179 =219 2 soundy sifhy (:m.m.\ Gomb) = [Mowmder uﬂfﬂ.u’ votecy
- --.'bé-gv aroved “SYa S\lllll\' "i"'_;c;' "—-u_.. ri IC}?.: o I~
il %QT— 2 2 Earghiue !
| z;;'@--g o0%) Su\s - rnc& comcl” Ping o d 150 aul uxd
Do G5 .C-:—Q;'{-écneﬁsg 5!5&-:}19‘! li‘lﬂ‘oHH mag fre 80&-30L"b HU&:
_ Ok ; . \savelaoshe
" 9 R R
ol Q%Ei" —? qreael e b 55U gt 3T g diemilavebiue © 205 "
| %é‘ == ‘MA wir te 'J-G% 65?95.“&0!.[ 2&’3& L) H‘ i;..D—STIAj paas el Iv\c,u-’u{!:f idt)
o 2fe T OOZUZQR: 51ty sady GRAVEL (msC) rive “alder 207"
" "OELQM]M 51 H’ 15%, am-rl up
o2 Q_Oﬂéu ave i Zin'
_ 5050 cand fine b coarse m.--a."‘ :
i 20.-91223- 33 gandy GRAVEL (&)
P22 _go:ao%m; Sand 20%, silF ST e rom
1854 — o Fe K] e, g st
1SSesls D7 > 207 bis* o comented, no i to HC/
ABEE D] & ,@tovﬂg_sim_;nmy_; sl q_h_’r!u(-’ 11‘1’1:.,;.5 %ALJ o) cufc Ao
( 20 & a’-%b = Vepy wm.;t"@.Zf‘rZ;EJh_i le b elgen st 25"
F1 7 A g .5 '-Q;- 2 'Fé-h‘g ine to G’Of 4099,1,...,( '_""".‘-“"—"'W
g p2.01= LW bys coblles wp to £V Cable el rigu/drive lonrel
Pl | = ur..tf - k . {-—M‘--"'W-""""‘
o= '?2.3'3’ Jme colables up g7 Split spory 2157 F=212).0
: CooubiplvPos
. hjye Trom S5 Gl abd_
arthie @ 227
223.7-131.2 30133 Neen
archive@ 230’
DNC13, G AYCIos,
BCLL (BIYDOA ol TEhers
Water dable @233 by s
Aryhiye & IZS7
Reported By: S8 ex%gﬂ Reviewed By: LoDk e
e Geoleg,yt e Geglogist
SignatumW Jeot i.Se{-Jm|Date 3/ 9 /8 4 | signature: ﬂ%&aﬁé’—? |Data: gf‘l’/ [vid

A-6003-642 (03/03)

Al



BOREHOLE LOG

Page F of 1%

ThAt; E
Diate: t‘a':'?lf;y:t 3009

Well ID: £ Fo i+

1 Well Name: 244 -w| 5-a3c

Location: 2 Opr W ab TH e

Project; 2. P -1 Px.._m,p Heat Reference Measuring Poirt: Grien o soi Facee
Depth Sample Grap:hic Sample Dns::ripl"mn Comments
i i il
5.5 3 ; mb!g tosl #ig ,g 10" Aoy
i | g% a LEY, barre |
- -nfgs m .' bqﬁ-:;-j':ﬁ. 5“—&;{.‘{ Fr ﬂ!ﬂ'\ln‘!'gﬂ'- [Q -
B P le 4%, ne an archive @ 246" b as
- %FMA% = s DI =
g | CS OO = decornae <lY 4o IO%W@ DY archive @ 24S°
- 31‘ '._::"'?':. _Q—;QO 2 anereres o M e _3\-::".&4.:‘5- 2557
ds 3355565, decveat Mt & Fee” Whter sample | whew]: 24452404
= %gﬂi’t%—:g Lngoopse gerd ) 2ll” Coelude 4 b @ 245"
- — o -;E; =7 M) d;mwl Sime dewuse fo w3847 _
o5 oy ey drhe .05
N e g : =
o &G_? el . o ()
_ :{}8?; e | C.EJ% Sand O CH i+ 2%
- . ':'-J{‘;-“'@G Ecmc‘t T \EF ‘hﬁ il @ .rwJ My ,
O . 7N £ g irlige & 255"
) Q.E‘OEE % ?n%} -n.'(‘r &%, '{;‘(ldf g e Tes
_ 8Cm ¢ sand T e v trse ﬁ\m.‘w.c.a& $WL“"'3 H %Mf 5[{-@#( fex/ cates
_ D B e 0% bumlt, Gov. Telsizs, sabmel B ondl e 3ar HaC
St f% z = nay qtl Sipe ;mrem +s 222627 /L’&Ce‘f ; HD
.w)__:ﬁ-#r b 5 "_‘. m feror | T T ] ‘:rv Fiial i {4 b 2 ¢
E P P BRAVEL(ws ) el /260" Bs
- Fa%ee] anuel P Sl 20te 5t 0% Sigur ancrlysi> NeoL@Zbe
il ;’?’-\EQ 50_-4‘:!. r./é e ? ﬂﬁ_hn-c.-ij- .ﬁm.uc..i %’ "'j
_ by _._&M . ! -
2£S 5. I 3 | nercage 4 ] te Co% @ 264 archive @ 245 l"3—'!
s = Jeteregse. st to 209 & 2497 SV, e Lysc JN.B &ad
2 {;'),[J ?/;1‘.",1‘5 X{L‘;\\’ﬁ%@jﬁ th.ch\_.kJ
9 b5 o= 3| b o] (mel5) archive snd_siour gro b8 27
2 [ : L tobbs . Gz
—OND =20 - 2t —
B < -7 = Ao dhye Gy semfle & 2725-2723
5 A
] > b % hin Mtf f:b-nﬂf- tollectism
| rClocts w/ entlopabe thials Stam conesHe] [171-273 Doy adives, tivar
_ 227155 decceon, o 20% 25YR Y3 brosabhCis BYCAL, BYCYo Y
AR ARAAN (BB

Reported By: T Thvuelie/ AL alfurs

Reviewed By:

Leb.Calke r

| Title: Gelog 151, Gredoorist o Geslow St
Signature: /}%M}ﬁk | Date: 3/35! Signature: ,;WM Date: 57?'/9?

A2

A AR RAT fAANT



BOREHOLE LOG Ez‘{gﬁ.‘ﬂy ,3;;’-3 ,
welio: (" 20 17 | wei Name: 249-131S~22S] Location: 20, W, & Th Tank Fcn
Project: J0D~2P-~1 EU, Pary +Tread Referance Measuring Point: (2 evnd, Siaplace
Sample Sample Description Comments
Paem T Blows kel ol Group Name, Grain Size Distribution, Soil Classification, Dg;()th of Casmg Drilling Method,
(FL.) ype Log
No_ecovery G e A ey, | Mot of B iy oot
7 o, 5. gﬁoc? archive and s e anglsss
a =y 3--76’5.571!1“}, Orovel lense qoale @ 27’
_ .:l-.‘?'{+5.'. loese E_r:._\.r‘lglu farmiel d-d&[_ é@c\al Lt e o~
| g ret ar el i
273 | 6.5 270> 31k A Si'H\,’ S‘Zﬁ,ffl[ pre hve -.mit_s_!,uf;. thﬂ,}—w
= ERAVEL S A
_ Bewn el as 1) the cot. |
o rig & 0’
[
M e T e
1z &5 : ocehive -gieve anvb 285
-1 -:.\ e " =
— § 3 a .
oo 0:5- 14 19K T ,
_ & T e
2 s B
; p ]
J, B g (:5.£245": Brpr B1YD 87
s X - O mbwvc ksigve ,w}ﬁb_
- L Semple -7 T00 )
A F O wa':' m 'rc'rq,
- i 8 F,i'-rr:.vs Blyrya
200 C4: 9;6 300”0 {neceasg tand% to Yo%) 8ol SPo |grchiet sige gl @ 200"
Ji _‘Q@.J P 10%
144 " i & Siga ¢ b RAL
05 b.¢ %p frenive t S, PRLEE KL
- ach
— i o '-u
1l éQJ
Sla__éLSL. _@g farehy ve ©5 ey ﬁrnﬂ:.ﬂ Py [cjf
lee] 9%
Reported BY: T Theee [r4 Reviewad By; Z ‘ k.’i e /’z’hi’,&*
Title: o) o s Title: 655!9'?::5{'
Signature: w% IDaIe; "I{é-’-]&q Signature: é@M |Date: 3’/?/{7:?
i

A-BD03-642 (03/03)

A3



Page_“ of 1.
LE LOG e
B e s
wel ID: CFo 7 Well Name: Z99-4 1S =225, Location: L a W, 65 TH Forme
Project 200 -FpP-1 00U Pump +Treat Reference Measuring Point:_ Greundy S wltace
e Sample — Sample Description Comments
p : raphic — . —— =
; Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method,
(P |UES RS;":EW Log cé?ﬁ?mgi%;ﬁ %ﬁ}gﬁ?ﬁ“ﬁ% félg#@%ﬁ Tﬁiﬂé?ﬁéﬁ?. MZ?ESE: oﬁé&%&g s"a;r?? ing ool
G5 nEE OS] ) Aie Ret. 12" Thoeahedd cysing
L Wakr [, 5 LA A
J i Geubs seeple: BUCDZ 7@ IS
_ i . ] Acbive +civue :_rm.l:.a 35
| TP Wa: $E-3E
5. bl Bivnsl, g1vD 22, B2,
S CaRH BlyDel
] Mbive +sicw grusof® 220
a e .
i BT sy sand GRAVEL (ms G
o (5.5 \‘Q‘_O'_SM_HM 505'9{ st 10% ﬁ'ﬁhiv‘efx@ﬂﬂnﬂ-g")lg
- )2 | g sertel, sahebed, acauelis sabrad., o rxn
_ 'C} ‘—,._"m el
a8 Tl Qﬁa’ Preghive vsiod g 330
Z r o
A 8 ﬂ? ! Graby ample € 335" RIYD
s eSS 6%2 Archietsieve arab@ 33¢
35 Waler ',' i vl
| ] "Cg BIYD, EIVD25, RIVD 36,
[ @ ks BivDaz, RIYDED
ot Lo @O Archive + Sieye grb@ 390 |
X , S, g Borrlioe 4 Siowe qub@® 3HS
i b ‘-—L%
. iy,
4 @fg)}‘_—lﬂﬂﬁzﬁmﬂ”ﬁm&%&iﬁﬁ
SO E}“’:-;E- sift 2or, fechiive +Sieue 3#&5@}50
Y 2
Kl B8 = | aswelly silt SAND(3nS)
.'."?-:Q-. !Lﬂ se. 209,: f -]'_:E g wacfﬁbmiﬂ}¥
Reparted By: T‘- MI A Reviewed By: g J. wWee ./Iih'i ~
Title: ﬂ@‘ﬂn P Title: éf?d /UC{ P ¥ _
Signature: % |DaIJE: "7'[/23/:;0[ Signature: fﬁ:}M | Date: 3/":’/:::?

A.

A-GO03-642 (03/03)

4



BOREHOLE LOG

PageQ of 1

ale: Fiity 23 %9

well ID: LF 0|7 | Well Name: 249 -W[§-2.25 |Location: 2.0 pa, 1Wh of TX tank Carnn
Project: 20020~ OU Pump+Treat Wells Reference Measuring Point. (arpand  Surface
Sample Sample Description Comments
S B R Emu Nare, G Siee Disiby00n. 500 C=aaicaion Deplh of Casing, Diling Method
(Ft) | Type | Blows | jog wl Dby - Jularity, Mineralogy, | Method of Driving Sampiing Toal,
No. |Recovery Color, Motsﬁiari gg:?};gt.s ?Zcértm .Anigglta;rlﬁcrl\dmsra o0y, & omn rr1\,'l QW teF?Lgvel |
| ) Fior chewical onaly s
;o ATEr ample t B55-255C
w01 G S BIYD2.8, D24, BIYDRO,

Ry ral, BiY Ded

Brchive 4 cieve greh @360’

Brchive tsieve Eab@aﬂs“

Yob T \rerpase. 10 EMF

pr fpn i3
- &g R Prechivet sieve grab@3 70"
15125 005 Archive t+ Gew groo 8375
- Sampe | 0. O &‘h%fw.u?ﬁ.ﬁ?'_?’ﬂ'
_ " .. 1 Waker gample: 53 5-37¢’
7] ' _ X £l lme5) BIYD3D BIVO 33, RICD3M,
-] P sl 107 raue) 6O% biebzs RlvpLs
i G5 Po¥s Wads gyt iBs up te '_‘.in-:lw-.}
| .| 2 s . dehive +siegegrals Lzn’
2 BT archive +n‘g¢r_3a.kﬂ€5"_
. o ds
3 1 6. arclive t sievegrab € 390"
g AR inccease sand s o 507, 511X 280,
il . toeture to fok gwmﬂﬂﬂ'm
Reported By: J, Thywe1: A Reviewed By: L:.d. ﬁ(}) f!ﬁ"" 'l
Tille: Gom loa mst Title: GCeclog st
Signature: /5_3./ W |Dale.- LG‘(?E’({W Signature: | Date:! 57‘{/0:?
“~ A-6003-642 (03003)

A5



BOREHOLE LOG

Page Il of |22
B RL R

0%

iwan o: CFelF

|Wsll Name: 249 = W1 <025 | Location: Z2¢7 wy. Wi & TA Yepn e oy run
|Pm;ect 200-FF-] pU Mgl ening Wells Reference Measuring Point. (9ra, mal St c
Depth Sample Graphic Sample Descriptlon Comments
I
345 .5, %‘{DW Alr Mfc-:w-' ll”‘lhml oy
| 6hlﬂ'rt|v tl'\rrm‘cn; wﬁysriaz‘k{
+
_ [hdee songhe: 395~ Sﬂ%"
4 6.5 BIYD3¢, B 1Y D37, By D 3
= 5\?{)3“\ BIMDEE
i ) Precluive + siewe ab @400
- i O MY  Tacreaser sand o to Yoo, o ruvel Y0P
os,— | G- 5. ; ','-.E;-I $ily Zok Archive + Sieve orah@Hos"
can 0
n .'5",\5-\‘_:
165 Q.p A
Y] Ty
4p 202 | ) vehivet Sieve .,.LQ_CuL
1 Gs, M‘:_ 14 10.5-458 " .’.JM.I' () Frechive unnln@ yu’
- ZIoD I brown, ‘U‘?ﬂ_ Sr: hon B HU' I iah
= ~reel plackicihy s mal] perigataap o 571 (57
i B0®. | X5 (Ringeld Lower Mud)
ys—&= [ Aodive aralo® 415
i e Rl Donsine mﬁy_\!"m.i
= Pt
. e
L 6. P Arelive amb® Yo
== "
=} e e el
5 A,."‘J:.f:_’.;
o ‘___M_,...—
= Moot
(a5 &:5: i Acdnive grab@ G257
b | At
= ——
e~
el o
- S DrrOR
ch é5‘ P - 1 i SF il &L 1*' ﬁrr‘c‘h;!. ?’ml- [ ‘{E’
= et
Y s
= o
Reporied By: 7. Theeplin Reviewed By: L., Wi [ e
Title: Gy, ,;,5‘-,3-— Title: Ceclmef
)
Signaturez,//z_/ - o [Date:sf’-f,-’m Signature: ﬁ%M |Date: %'_,6?

A.6

A-B003-642 (03/03)



BOREHOLE LOG

Page 17, of |2

ate: Finivhn', §/804
Well ID:¢ F e |F |Well Name: 244 - W S&-228 | Location: )\, W, of TH Yauk Ben
Project: I 1p-2P-/ 60U P FTreat  Wells Reference Measuring Point: Sve uined S Tac e
Sample i Sample Description Comments
Beph T Bl Rrsphlc Group Mame, Grain Size Distribution, Soll Classification, | Depth of Casing, Drilling Method
(e | Gpe Jorovs: ] Log istu ' ularity, Mineralogy, | Method of Driving Sampling Tool,
No. |[Recovery Color, Moisture Con_lelm. Sortin .apgtr?gxllaunﬁt?.ﬂmem logy. elsgmoifer ré\]rér;g waa;'nep: ing Too
tygg— b l2: S o=~ |H3S: ingrease in aill coateat; So% silt; som |Bir ”’%E'v%ﬁfffff oy
| = J_ln?r_;_mcy_hmi,_umﬁil whest s.‘!i-},-;
— :P: :/_bbuil_in_mlmpﬁiw‘y areenish | Prechive 5~b@q35’
_ et - Vo YV PO - T ) 'ninwu.“u fusty brewn inole-
P g T T
g i Anhive arab® H40"
— — P =
~=rd
= i
— i
P 11 o Ahive goub® 4487
- :’:/—- Gl'aﬁn MIE dr:H?nj (&M
21 Hyel-4es!
%0.:_&_&_ Archive arelo @450’
tgs— Avclive. arab® 455
s : Rerhive qmb€ 458
i S Y L{bs:er GRAVEL (&) ]
.5 0T B0 % send, S0% Emg[ soad i3 bewwn wilh hi
LG b &of L | £ | acirasd | ﬁ{'ﬁ‘ cal @ e
:.ﬁm < ‘ 2 el sechal sund watery, acavels aee sado tnd , (Wakersamplet Yl 452"
= wWae £ 5090 To lsic, Sot bewaltfote HETS & pyDY4,bly D YS
. Curt® " iU, BIyDUF., I CDLR
45 6.5, e Arhive @ Yeb'
] Totel Depth (D=HES’
0
Reported By: J, Theeal;, Reviewed By: £, S M e r
Title: &f‘)lﬁ%i ot Title: @_r:d{ec“':gf' )
Sgnaure: /2, 4 “FZ AL |vste 5 04| sinawre: e [oate: 7 Jo7
rd e

A7

A-6003-642 (D3/03)



Appendix B

Selected Well Plots of Observed Water-Level versus
Barometric Pressure Response in the Vicinity of WMA TX-TY



Appendix B: Selected Well Plots of Observed Water-Level
versus Barometric Pressure Response in the Vicinity of
WMA TX-TY

B.1 Observed Well 299-W14-72 Water Level versus Barometric Pressure Response:
(a) Calendar Year 2009; (b) Calendar Year 2009, Days 120 to 152

B.2 Observed Well 299-W15-41 Water Level versus Barometric Pressure Response:
(a) Calendar Year 2009; (b) Calendar Year 2009, Days 120 to 152

B.3 Observed Well 299-W15-43 Water Level versus Barometric Pressure Response:
(a) Calendar Year 2009; (b) Calendar Year 2009, Days 120 to 152
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Appendix C

Multiple-Regression Coefficient Analysis for
Monitor Well 299-W14-14



Appendix C: Multiple-Regression Coefficient Analysis for
Monitor Well 299-W14-14

Well 299-W14-14 Water-Level/Barometric Regression Analysis

Time Regression | Smoothed Time Regression | Smoothed
Lag, Regression | Coefficient | Regression Lag, Regression Coefficient | Regression
hr Coefficient Sum® Response hr Coefficient Sum® Response™
0 -0.84884 0.84884 0.88253 28 -0.00111 0.40884 0.39975
1 -0.06303 0.91187 0.87966 29 0.00345 0.40539 0.38146
2 0.02500 0.88687 0.87470 30 0.04905 0.35634 0.36018
3 0.01582 0.87105 0.87082 31 0.02733 0.32901 0.33950
4 0.01618 0.85487 0.84112 32 0.02769 0.30132 0.31728
5 0.02541 0.82946 0.82292 33 -0.00413 0.30545 0.30375
6 0.06610 0.76336 0.79865 34 0.01117 0.29428 0.30142
7 -0.03248 0.79584 0.78050 35 0.00560 0.28868 0.31480
8 0.04612 0.74972 0.76732 36 -0.02870 0.31738 0.31819
9 -0.01442 0.76414 0.75647 37 -0.05085 0.36823 031717
10 0.00058 0.76356 0.73240 38 0.04586 0.32237 0.31698
11 0.05447 0.70909 0.70793 39 0.03317 0.28920 0.30188
12 0.03359 0.67550 0.67270 40 0.00148 0.28772 0.26975
13 0.04813 0.62737 0.63643 41 0.04585 0.24187 0.24854
14 0.03938 0.58799 0.60829 42 0.03427 0.20760 0.23841
15 0.00580 0.58219 0.58690 43 -0.00873 0.21633 0.22377
16 0.01378 0.56841 0.58392 44 -0.02218 0.23851 0.21600
17 -0.00014 0.56855 0.57608 45 0.02395 0.21456 0.21585
18 -0.04392 0.61247 0.56824 46 0.01154 0.20302 0.21909
19 0.06370 0.54877 0.55898 47 -0.00381 0.20683 0.21355
20 0.00576 0.54301 0.54229 48 -0.02568 0.23251 0.21265
21 0.02093 0.52208 0.51015 49 0.02168 0.21083 0.21156
22 0.03696 0.48512 0.49065 50 0.00076 0.21007 0.20478
23 0.03337 0.45175 0.46920 51 0.01252 0.19755 0.19344
24 0.00046 0.45129 0.44887 52 0.02461 0.17294 0.18695
25 0.01551 0.43578 0.43340 53 -0.00287 0.17581 0.19074
26 0.01535 0.42043 0.42481 54 -0.00259 0.17840 0.20185
27 0.01270 0.40773 0.41563 55 -0.05061 0.22901 0.20666

(a) Absolute values for regression coefficient summation.

(b) Smoothed using a 5-point central moving average function
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Well 299-W14-14 Water-Level/Barometric Regression Analysis

Time Regression | Smoothed Time Regression | Smoothed
Lag, Regression | Coefficient | Regression Lag, Regression Coefficient | Regression
hr Coefficient Sum® Response hr Coefficient Sum® Response™
56 -0.02410 0.25311 0.20113 84 0.02404 0.08460 0.09102
57 0.05613 0.19698 0.19443 85 -0.01348 0.09808 0.07972
58 0.04882 0.14816 0.17098 86 0.03351 0.06457 0.06918
59 0.00327 0.14489 0.14453 87 0.02188 0.04269 0.06296
60 0.03312 0.11177 0.12415 88 -0.01329 0.05598 0.06019
61 -0.00908 0.12085 0.12521 89 0.00248 0.05350 0.06492
62 0.02577 0.09508 0.12015 90 -0.03073 0.08423 0.07943
63 -0.05839 0.15347 0.13337 91 -0.00395 0.08818 0.08669
64 0.03390 0.11957 0.14376 92 -0.02708 0.11526 0.09379
65 -0.05832 0.17789 0.14786 93 0.02298 0.09228 0.09062
66 0.00510 0.17279 0.14105 94 0.00328 0.08900 0.08670
67 0.05719 0.11560 0.13622 95 0.02062 0.06838 0.06925
68 -0.00378 0.11938 0.12626 96 -0.00021 0.06859 0.05820
69 0.02395 0.09543 0.11264 97 0.04057 0.02802 0.04461
70 -0.03266 0.12809 0.11996 98 -0.00897 0.03699 0.03875
71 0.02339 0.10470 0.12268 99 0.01591 0.02108 0.04104
72 -0.04749 0.15219 0.12633 100 -0.01798 0.03906 0.04229
73 0.01922 0.13297 0.12070 101 -0.04100 0.08006 0.04832
74 0.01928 0.11369 0.12474 102 0.04582 0.03424 0.05365
75 0.01375 0.09994 0.11483 103 -0.03291 0.06715 0.05683
76 -0.02495 0.12489 0.10262 104 0.01940 0.04775 0.04368
77 0.02221 0.10268 0.09451 105 -0.00719 0.05494 0.05131
78 0.03076 0.07192 0.08344 106 0.04063 0.01431 0.04631
79 -0.00122 0.07314 0.07412 107 -0.05811 0.07242 0.04665
80 0.02856 0.04458 0.07342 108 0.03029 0.04213 0.04191
81 -0.03370 0.07828 0.08077 109 -0.00733 0.04946 0.05893
82 -0.02091 0.09919 0.08306 110 0.01821 0.03125 0.06076
83 -0.00945 0.10864 0.09376 111 -0.06812 0.09937 0.06001

(c) Absolute values for regression coefficient summation.

(d) Smoothed using a 5-point central moving average function
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Well 299-W14-14 Water-Level/Barometric Regression Analysis

Time Regression Smoothed Time Regression Smoothed
Lag, Regression | Coefficient | Regression Lag, Regression | Coefficient | Regression
hr Coefficient Sum® Response™® hr Coefficient Sum® Response™®™
112 0.01777 0.08160 0.05351 140 -0.00146 0.03348 0.00963
113 0.04323 0.03837 0.04885 141 0.03095 0.00253 0.00289
114 0.02143 0.01694 0.02914 142 0.03303 -0.03050 0.00808
115 0.00897 0.00797 0.01479 143 -0.00743 -0.02307 0.00348
116 0.00713 0.00084 0.01189 144 -0.08103 0.05796 0.00942
117 -0.00899 0.00983 0.02104 145 0.04750 0.01046 0.01995
118 -0.01402 0.02385 0.02971 146 -0.02181 0.03227 0.03355
119 -0.03885 0.06270 0.03718 147 0.01015 0.02212 0.02376
120 0.01137 0.05133 0.04432 148 -0.02280 0.04492 0.02300
121 0.01316 0.03817 0.04747 149 0.03589 0.00903 0.01624
122 -0.00740 0.04557 0.04470 150 0.00238 0.00665 0.01457
123 0.00600 0.03957 0.03568 151 0.00818 -0.00153 0.00177
124 -0.00930 0.04887 0.03081 152 -0.01533 0.01380 0.00035
125 0.04265 0.00622 0.02379 153 0.03291 -0.01911 -0.00662
126 -0.00762 0.01384 0.02171 154 -0.02104 0.00193 -0.01633
127 0.00340 0.01044 0.02133 155 0.03012 -0.02819 -0.01547
128 -0.01876 0.02920 0.02405 156 0.02188 -0.05007 -0.00014
129 -0.01777 0.04697 0.02498 157 -0.06816 0.01809 0.00568
130 0.02716 0.01981 0.02997 158 -0.03944 0.05753 0.01007
131 0.00132 0.01849 0.03364 159 0.02648 0.03105 0.02344
132 -0.01691 0.03540 0.02412 160 0.03732 -0.00627 0.01600
133 -0.01215 0.04755 0.01637 161 -0.02309 0.01682 0.00667
134 0.04818 -0.00063 0.01276 162 0.03594 -0.01912 -0.00794
135 0.01834 -0.01897 0.00652 163 -0.02999 0.01087 -0.00338
136 -0.01943 0.00046 -0.00087 164 0.05287 -0.04200 -0.00453
137 -0.00373 0.00419 0.00566 165 -0.05854 0.01654 0.00283
138 -0.00642 0.01061 0.01615 166 0.00550 0.01104 -0.00010
139 -0.02141 0.03202 0.01657 167 -0.00665 0.01769 0.00824

(e) Absolute values for regression coefficient summation.

(f) Smoothed using a 5-point central moving average function
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Well 299-W14-14 Water-Level/Barometric Regression Analysis

Time Regression Smooth.ed Time Regression Smooth.ed

Lag, Regression | Coefficient | Regression Lag, Regression | Coefficient | Regression

hr Coefficient Sum® Response hr Coefficient Sum® Response™
168 0.02147 -0.00378 0.00382
169 -0.00349 -0.00029 -0.00730
170 0.00527 -0.00556 -0.01574
171 0.03899 -0.04455 -0.02471
172 -0.02002 -0.02453 -0.02337
173 0.02409 -0.04862 -0.01995
174 -0.05502 0.00640 -0.00310
175 -0.00517 0.01157 0.00886
176 -0.02811 0.03968 0.02135
177 0.00442 0.03526 0.01754
178 0.02143 0.01383 0.01339
179 0.02648 -0.01265 0.00621
180 -0.00349 -0.00916 -0.00697
181 -0.01292 0.00376 -0.01074
182 0.03439 -0.03063 -0.00903
183 -0.02559 -0.00504 -0.00686
184 -0.00097 -0.00407 -0.01452
185 -0.00577 0.00170 -0.00613
186 0.03624 -0.03454 -0.00742
187 -0.04585 0.01131 -0.00690
188 0.02281 -0.01150 -0.00873
189 -0.01001 -0.00149 -0.00503
190 0.00596 -0.00745 -0.01093
191 0.00858 -0.01603 -0.00587
192 0.00213 -0.01816 -0.00592
193 -0.03195 0.01379 -0.00554
194 0.01556 -0.00177 -0.00205

(g) Absolute values for regression coefficient summation.

(h) Smoothed using a 5-point central moving average function
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Appendix D

Selected Well Plots of Observed and Barometric-Corrected
Well Water-Level Response in the Vicinity of WMA TX-TY



Appendix D: Selected Well Plots of Observed and
Barometric-Corrected Well Water-Level Response in the
Vicinity of WMA TX-TY

D.1 Observed and Corrected Baseline Well 299-W14-72 Water Level Response: (a)

Calendar Year 2009, Days 80 to 192; (b) During Well 299-W15-225 Hydrologic
Testing Time-Period

D.2 Observed and Corrected Baseline Well 299-W15-41 Water Level Response: (a)

Calendar Year 2009, Days 80 to 192; (b) During Well 299-W15-225 Hydrologic
Testing Time-Period

D.3 Observed and Corrected Baseline Well 299-W15-43 Water Level Response: (a)

Calendar Year 2009, Days 80 to 192; (b) During Well 299-W15-225 Hydrologic
Testing Time-Period
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Appendix E

Summary of EBF Survey Test Data:
Well 299-W15-225



Appendix E: Summary of EBF Survey Test Data:

Well 299-W15-225

Depth Net Flow AQ Az Normalized
m bgs LPM LPM m Ki/Kave K Comments
123.5 0.0000
118.0 1.1281 1.128 5.55 0.275 0.009
116.4 7.4888 6.361 1.52 5.644 0.189
114.9 9.6961 2.207 1.52 1.959 0.065
113.4 11.1001 1.404 1.52 1.246 0.042
111.7 12.1086 1.009 1.69 0.809 0.027 Corrugated Sleeve
110.2 12.1086 0.000 1.50 0.000 0.000 Corrugated Sleeve
108.8 12.3570 0.248 1.39 0.242 0.008
107.3 12.7084 0.351 1.52 0.312 0.010
105.8 14.9957 2.287 1.52 2.030 0.068
104.2 15.1552 0.159 1.52 0.142 0.005
102.7 15.7587 0.604 1.52 0.536 0.018
101.2 17.6663 1.908 1.52 1.693 0.057
99.7 22.0988 4.432 1.52 3.933 0.131
98.1 22.1820 0.083 1.52 0.074 0.002
96.6 22.5430 0.361 1.52 0.320 0.011
95.1 23.1255 0.583 1.52 0.517 0.017
93.6 23.7560 0.631 1.52 0.560 0.019
93.0 23.9828 0.227 0.61 0.503 0.017
92.0 24.3045 0.322 0.91 0.476 0.016
90.5 24.7780 0.474 1.52 0.420 0.014
89.0 25.5085 0.730 1.52 0.648 0.022
87.5 26.8995 1.391 1.52 1.234 0.041
86.0 28.2822 1.383 1.52 1.227 0.041

Static D/W (m bgs) = 69.66
Pumped D/W (m bgs) = 69.80

Qpump (LPM) =36.2
Depth of Open Well Screen (m bgs): 74.7 - 80.8; 83.9 - 110.2; and 111.7 - 123.5
Well Screen Bottom, m bgs = 123.5
Dynamic b (m) = 44.2

Kave = > AQ/Az = 0.7394

Detection Limit (LPM) = +/- 0.04
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Depth Net Flow AQ Az Normalized
m bgs LPM LPM m Ki/Kave K Comments
85.2 28.3995 0.117 0.76 0.208 0.007
84.4 28.5168 0.117 0.76 0.208 0.007
83.9 28.7514 0.235 0.53 0.599 0.020 Blank Casing
80.8 28.7514 0.000 3.10 0.000 0.000 Blank Casing
79.9 29.2233 0.472 0.94 0.677 0.023
78.3 30.8417 1.618 1.52 1.436 0.048
76.8 31.8263 0.985 1.52 0.874 0.029
75.3 32.4225 0.596 1.52 0.529 0.018
74.7 32.6594 0.237 0.55 0.584 0.020
Sum 32.66 44.2 29.92 1.00

Static D/W (m bgs) = 69.66
Pumped D/W (m bgs) = 69.80

Qpump (LPM) =36.2
Depth of Open Well Screen (m bgs): 74.7 - 80.8; 83.9 - 110.2; and 111.7 - 123.5
Well Screen Bottom, m bgs = 123.5
Dynamic b (m) = 44.2

Kave =Y AQ/AZz = 0.7394
Detection Limit (LPM) = +/- 0.04

* Note: corrugated sleeve and blank casing sections were not included in Az summation
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