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SECTION 1
INTRODUCTION

11 PURPOSE

From August 2005 through November 2005, five new groundwater monitoring wells
were installed at Solid Waste Management Unit (SWMU) B-3, located at Camp Stanley
Storage Activity (CSSA). These well installations were performed under Task Order
0006 (TO-6), Work Breakdown Structure (WBS) 07000.

The wells were installed to aid in the horizontal and vertical delineation of solvent
contamination within the middle Trinity Aquifer (the aquifer) at CSSA. The aquifer
consists of the Lower Glen Rose Limestone (LGR), the Bexar Shale (BS), and the Cow
Creek Limestone (CC) formations. This report describes the field methods, results,
conclusions, and recommendations associated with the SWMU B-3 groundwater
monitoring well installation activities. New wells constructed under TO-6 WBS 06000
will be included in reports scheduled for delivery under that WBS.

1.2 PROJECT AUTHORIZATION

The monitoring well installations were authorized under Air Force Center for
Environmental Excellence (AFCEE) Contract Number FA8903-04-D-8675, TO-6. This
work was conducted by Parsons under the technical supervision of AFCEE, and has been
overseen by the U.S. Environmental Protection Agency (EPA) Region VI Resource
Conservation and Recovery Act (RCRA) Enforcement Section since October 1993.

This report summarizes work associated with new monitoring well installations at
SWMU B-3. Limited interpretation of data collected during installation of the wells,
including data from discrete-interval sampling, is presented in this report. Detailed
interpretation of the CSSA well data collected under TO-6 will be presented in an update
report addendum to the Hydrogeologic Conceptual Site Model (HCSM) Report
(Parsons 2005).

A chronology of work conducted in association with the CSSA groundwater
investigation is provided in Volume 1-1 of the CSSA Environmental Encyclopedia
(Encyclopedia). A detailed review of the investigation’s regulatory basis, and previous
monitoring well installation reports, is contained in Volume 4-1 of the Encyclopedia.
Decontamination and investigation-derived media management procedures are also
explained therein.

1.3  OBJECTIVES AND SCOPE OF INVESTIGATION

The objective of the additional monitoring well installation is to provide additional
data for determining the extent of groundwater contamination in the aquifer at CSSA, and
to monitor the effects of an interim remedial action at SWMU B-3. Parsons was
contracted to perform a Pilot Study to evaluate enhanced anaerobic bioremediation as a
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remedial option for groundwater contaminants at the SWMU B-3 landfill. The Pilot
Study will involve injection of an organic substrate into the LGR Formation at SWMU
B-3 and monitoring the effects of the substrate on anaerobic contaminant biodegradation
rates.  For Pilot Study details, see the Work Plan For Enhanced Anaerobic
Biodegradation Pilot Test At SWMU B-3 (Parsons 2005) and Groundwater Tracer and
Organic Substrate Injection Specifications (Parsons Technical Memorandum,
January 2006). The SWMU B-3 well installation efforts included the following specific
objectives:

1. Install one conventional monitoring well and three multi-port monitoring wells
in the LGR.

2. Install one multi-port monitoring well into the CC Formation with monitoring
access to all three members of the aquifer.

3. Conduct downhole geophysical surveys at each drilling location.

4.  Conduct a hydrophysical survey at the deep CC multi-port monitoring well
location.

5. Collect soil vapor samples from selected hydrologic zones at each multi-port
well borehole. Provide laboratory analysis for up to four samples from each
borehole for the predetermined list of volatile organic compounds (VOC).

6.  Collect up to four discrete groundwater samples from selected hydrologic zones
at each multi-port well borehole. Analyze samples for the predetermined short
list of VOCs.

7. Develop the monitoring wells.
8.  Survey new monitoring well locations.

9.  Complete the conventional monitoring well so it is capable of also serving as a
groundwater and substrate injection well.

10. Manage investigation-derived media and construction debris.
11. Prepare a well installation report.

1.4  REPORT ORGANIZATION

This report is organized into five sections. Section 1 presents an overview of the
report, including the project purpose, objectives, and scope of the well installation work
accomplished under TO-6. Section 2 contains the methods used for installation of the
wells. This includes discussion of the drilling activities, monitoring well construction,
surface completions, monitoring well development, geophysical and hydrophysical
logging (HPL), discrete interval sampling, and well location surveys. A field narrative of
relevant events in chronological order is presented in Section 3. Section 4 describes
findings of the ongoing groundwater investigation. Section 5 contains report conclusions
and recommendations. Supporting data and electronic data compact discs (CDs) are
included in the appendices.
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SECTION 2
WELL INSTALLATION METHODS

21 SCOPE

A total of five groundwater monitoring wells were drilled and installed at SWMU
B-3. Four wells were designed to monitor selected, discrete-depth intervals within the
aquifer and were completed with Westbay® (WB) MP-38 Multi-port Systems. Three of
the WB wells also monitor the lower portion of the Upper Glen Rose Limestone (UGR).
The main purpose of these wells is to generate data from the Pilot Study substrate
injection and monitor the effects of subsequent interim remedial efforts against the
solvent plume associated with SWMU B-3. A fifth well was constructed as a
conventional monitoring well, monitoring only one screened interval, and will serve a
dual purpose as an injection well and monitoring well.

2.2 DETERMINATION OF WELL LOCATIONS

Well locations were selected in accordance with project objectives and with
consideration given to drilling rig accessibility and existing utilities. The CSSA
Environmental Office approved the specific drilling locations after review of Parsons’
recommendations. Final well locations are shown in Figure 1.

Drilling locations for the four TO-6 WB monitoring wells were selected to optimize
observations of recharge and flow pathways, both vertically and horizontally, from
SWMU B-3. The possible recharge pathways are intended to represent the contaminant
flow paths within the aquifer. Monitoring in areas of higher contamination (closer to
SWMU B-3) provided data to assess effects of enhanced biodegradation within the
bioreactor cells.

The selected Pilot Study location is between the suspected source area at the SWMU
B-3 landfill and well CS-MW16-LGR, where known contaminants are present in the
groundwater. The monitoring/injection well (CS-B3-MWO01) was installed along the
migration pathway between the suspected source and well MW16-LGR to facilitate
injection of organic substrate. The deepest WB monitoring well (CS-WBO05) will be
utilized as the downgradient monitoring point for the study. Well CS-WB05 was
installed between CS-B3-MWO01 and the pilot study’s pumping wells (CS-MW16-LGR
and CS-MW16-CC). It will also be utilized as the main downgradient monitoring point
for the substrate injection test. CS-WBO05 also served as the main multi-port observation
well for the CS-MW16 cluster pumping tests conducted under TO-6 WBS 12000.
CS-WBO06 and CS-WBO07 will monitor the study’s effects in the southward and westward
downgradient directions, respectively, from SWMU B-3. Well CS-WBO08 was drilled in
an upgradient location, east of SWMU B-3, and should provide site background data.
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2.3  WORK PLAN DEVELOPMENT
2.3.1  Original TO-6 Statement of Work

Construction of monitoring wells at SWMU B-3 under TO-6 was conducted in
accordance with AFCEE’s Model Field Sampling Plan (MFSP) Version 1.1, and the TO-
6 Sampling and Analysis Plan (SAP) Addendum. Two modifications were completed for
the initial SOW.

2.3.2  TO-6 Modification 01, September 2004
Modification 01 did not impact TO-6 WBS 07000.
2.3.3  TO-6 Modification 02, June 2005

Modification 02 additions to WBS 07000 included extending one of the WB wells
into the CC (instead of terminating the well in the lower portion of the LGR), additional
geophysical logging and discrete sampling services as a result of the added borehole
depth, hydrophysical logging and testing for all four WB wells, and use of FLUTe™
liners. The liners were added to seal the boreholes and prevent cross contamination
during periods of inactivity between construction and testing phases.

In addition, construction of a monitoring/injection well was added. Originally, Well
CS-D was to be used as an injection well for the push-pull substrate test. It was later
determined that well CS-D would not be suitable for the push-pull substrate test. The
new well was constructed for injection of tracer and substrate material into the
groundwater as part of the B-3 enhanced anaerobic biodegradation pilot study.

24  WELL INSTALLATION

Monitoring well installations at each location generally followed the same sequence
of events, beginning with the set up of a safety and quality assurance/quality control
(QA/QC) exclusion zone around the drilling rig and impacted area. A containment area
was constructed to surround the wellhead and the drilling table of the rig. The overall
size of each exclusion zone depended on the well location and anticipated volume of
water and cuttings that might be produced. Each well was drilled using air rotary
methods in accordance with the SAP. The subcontractor for drilling operations was
GeoProjects International, Inc. (GPI) located in Austin, Texas. Non-chlorinated water
used for fluid injection during drilling was obtained from CSSA water supply well CS-9.
Drilling through the dry portions of the limestone formation requires small amounts of
injected water for lubrication, cooling, and to assist in lifting the drill cuttings out of the
hole. For the installation of the wells at SWMU B-3, the drilling subcontractor did not
use foaming agents or other drilling additives to aid fluid circulation.

A “TOTCO” single shot declination tool was used during drilling to check the
plumbness every 50 feet of borehole advancement. According to the Work Plan,
borehole declination may not deviate more than 2 degrees from true vertical as per
AFCEE specifications. A summary of results for the declination surveys is included in
Appendix A. After drilling, the well was cleaned by surging and forced air-lifting.
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All investigation-generated water, soil, and cuttings were characterized by laboratory
analysis prior to final disposition. All water produced during SWMU B-3 drilling and
development was assumed to contain tetrachloroethene (PCE) or trichloroethene (TCE)
and was treated at the on-post granular activated carbon (GAC) system and released at
Texas Pollutant Discharge Elimination System (TPDES) permitted Outfall 002. For
safety purposes, air at the drilling areas and active wellheads was periodically screened
by photoionization detector (PID) to monitor for the presence of VOCs. Concentrations
of VOCs and metals in all solid media were below Texas Risk Reduction Program
(TRRP) Tier 1 Residential Primary Contaminant Levels (PCL), and the media were
discharged on-post as per the CSSA RCRA Facility Investigation and Interim Measures
Waste Management Plan approved by the EPA and Texas Commission on
Environmental Quality (TCEQ).

2.5 INJECTION WELL CONSTRUCTION

Well construction design for the monitoring/injection well CS-B3-MWO01, followed
specifications used for previous monitoring well installation work at CSSA. Monitoring
well construction materials included 4-inch diameter Schedule 80 polyvinyl chloride
(PVC) risers, 10 feet of 4-inch diameter stainless steel well screen, clean %-inch pea
gravel, bentonite, and cement-bentonite grout.

Surface completion followed standard specifications, with a 4-foot square concrete
pad on top, and 3-foot bollards emplaced at each outside corner of the pad. The terminal
end of the PVC riser above ground is protected by a lockable, steel cover cemented into
the pad.

Well CS-B3-MWO01 was drilled with a 7-"/g-inch diameter tri-cone drill bit to a depth
of 292.5 feet below ground surface (bgs). Drilling depth was based on geophysical logs
from CS-WBO05 located adjacent to the CS-B3-MWO1 borehole. During this portion of
the project, geophysical logs from CS-WBO05 were used to determine hydrostragraphic
zones suitable for substrate injection. Visual observations of cuttings were recorded to
provide indication of unusual or unexpected changes in rock characteristics.

Geo Cam, Inc., of San Antonio, Texas conducted geophysical logging at the
injection well. A 10-foot, Schedule 304 stainless steel, continuous-wrap screen was
installed at an interval determined by geophysical logging, water injection tests, and
discrete interval groundwater (DIGW) sampling results at the adjacent CS-WBO05. The
diameter of the well screen is 4 inches, and the wire-wound slot size is 0.050 inch.

Using a decontaminated scoop and approximately 1 to 2 gallons per minute (gpm) of
clean water, clean pea gravel was deposited downhole into the annulus between the well
screen and the rock formation. The pea gravel was deposited to a depth 3 feet above the
top of the screen. Gravel was used instead of sand because the particular grain size of
sand needed was unavailable from several suppliers. A finer-grained filter pack with
reduced porosity and conductivity would not allow the injected substrate to flow through
the well screen and filter pack at the required rates. The pea gravel was thoroughly
washed and steam-cleaned before use. Dehydrated bentonite pellets were then added to
create a 6.5-foot thick plug above the gravel. These uncoated pellets were added slowly

2-4 September 2007



Volume 5: Groundwater Well Installation Report
5-1. Groundwater Investigations Overview

by hand to prevent bridging in the upper portions of the well. The bentonite pellets were
then allowed to hydrate for 2 hours before proceeding with grouting in the annular space
above. The annular space was pressure-grouted in small separate lifts, from bottom to
surface. The grout slurry mixture consisted of water, Portland cement, and 3 to 5 percent
bentonite powder mixed to a density of 14.5 pounds per gallon.

26  WESTBAY WELL CONSTRUCTION

Three WB multi-port well systems were constructed to profile the upper portions of
the LGR and the basal layers of the UGR in the SWMU B-3 area. These wells were
completed 330 to 335 feet bgs to the base of the LGR. One WB well was completed to
480 feet bgs to monitor the Middle Trinity horizon from the top of the LGR to the base of
the CC.

26.1 WB Borehole Construction

The start of the WB installation process was the same as that of the injection well.
An exclusion zone was set up around the wellhead and the drill rig. Containment around
the wellhead was erected using 2’x10”” boards and heavy plastic liner. The drilling
subcontractor used no foaming agents or other drilling additives during drilling or well
construction.

Overdrilling at 7-"/g-inch diameter was performed, and then PV/C surface casing was
installed and temporarily grouted with bentonite chips. The UGR at the CS-WB05
location was cased off due to borehole stability concerns. Borehole drilling proceeded at
a nominal diameter of 4.25 inches to total depth.

A “TOTCO” single shot declination tool was used at all the boreholes during drilling
to check the plumbness every 50 feet of advancement. When the well total depth was
reached, the drillers surged the wells to remove loose sediment. After review of the logs,
discrete interval soil gas (DISG) sampling and DIGW sampling was performed for
selected geologic zones. Geophysical logging and discrete sampling procedures followed
the procedures presented in Sections 2.8 and 2.9 of the TO-42 Well Installation Report
(TO-42 Report), Volume 4-1 of the Encyclopedia.

RAS, Inc. (RAS) performed geophysical logging and video surveying for each new
WB borehole. Hydrophysical logging was also conducted at the deeper CC borehole.
Parsons and GPI then performed standard DIGW sampling at selected zones utilizing
GPI’s dual packer apparatus. Discrete groundwater samples were analyzed for short list
VOCs (see Sec. 2.10). The wells were developed and the discharge transported to the
on-post GAC system for treatment. Following development, each borehole was
temporarily sealed by flexible FLUTe liner technology pending mobilization of RAS.
After logging, the wells were resealed with FLUTe liners until emplacement of WB
systems was complete.

2.6.2 Interim Sealing of WB Boreholes

After drilling, a lapse of several weeks occurred between significant operations at the
four new WB wells. To prevent contaminant communication between separate
hydrologic zones in the boreholes, flexible FLUTe liners were installed.
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FLUTe liners were delivered on large reels. Liners were clamped onto the
temporary surface casings and filled with clean water, causing them to descend into the
monitoring well. Once installed, the flexible liners sealed the boreholes against vertical
flow of subsurface contaminants. The head of clean water within the liner was
maintained above the head of surrounding groundwater to maintain positive liner
pressure against the borehole wall. Neighboring wells were monitored on a weekly basis
to ensure the liner did not lose positive pressure to possible groundwater fluctuations.
Clean water was added to the liner as needed to ensure maintenance of positive pressure.

The process of liner removal was opposite to that of installation. Clean water inside
the liner was pumped out as the liner was pulled upward. The liner exited the wellhead
inverted and was rewound onto its reel.

2.6.3 WB Well Installation

All lithologic, geophysical, and video logs were reviewed before final well
specifications were given to Westbay personnel. Special consideration regarding
possible faults, fractures, and joints, water-bearing zones, karstic, and other geologic
features was given toward selection of WB monitoring intervals. Final designs were a
result of consultation between Parsons geologists, CSSA, and Westbay personnel. CSSA
approved the specific placement of WB discrete monitoring intervals after a detailed
review of justification in the Construction Recommendations for Proposed Westbay
MP38 System Wells at CSSA SWMU B-3 (Parsons Technical Memorandum,
October 2005 [Appendix B]).

The WB apparatus was assembled in sections at CSSA according to Parsons final
specifications. The WB well materials consisted of 1.5-inch PVC casing with multiple
purge ports and 0.125-inch button valve sampling ports separated into zones by inflatable
packers. The bottom portion of casing was capped.

Trained Westbay personnel carried out the installation of each WB system. GPI
provided a winch truck and operators to assist with lowering the WB apparatus into the
boreholes several sections at a time. Once the PVC pipe reached the water level in the
borehole, clean water was added to the casing interior to counter buoyancy. There was
no communication between the inside contents of the casing and the formation waters
that filled the borehole annular space. Installation of the WB apparatus involved no
reaming, outer casing, or grouting as required for the injection well.

Packers were inflated after an entire WB string was assembled and inserted into the
borehole to the required depth. Packers were inflated with clean water and effectively
isolated the selected sampling intervals. Westbay personnel used a MOSDAX® pressure
probe to profile each WB interval. The pressure probe monitored the unique hydraulic
pressure of each interval for change over time, which if observed would have indicated
either a possible faulty seal between zones, or hydraulic connection with other zones via
geologic features. Based on the readings, Westbay was able to assure that each zone was
isolated and that the packers had sealed the sampling intervals properly. Parsons
supervised and documented the installations. Digital photographs were taken at various
points during the drilling and installations. Detailed construction specifications of each
WB well are itemized in the Completion Report, MP38 Monitoring Wells: WBO05,
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WB06, WB07, and WBO08, prepared by Westbay Instruments, Inc. (Appendix A).
Specific details about WB casing installation may be found in the TO42 Report and
TOA42 SAP, in the Encyclopedia.

2.7 SURFACE COMPLETIONS

CS-B3-MWO01 was completed with risers extending approximately 2.5 feet above
ground surface (ags). The WB well risers were completed 1.2 feet ags to accommodate
sampling equipment setup. A 6-inch square lockable well protector was installed over
each monitoring wellhead. These housings consist of a 5-foot length of square tubing set
2 feet into concrete, leaving a remaining stick-up of 3 feet. The top portion of the square
tubing is sealed, hinged, and provided with a lockable hasp.

A concrete pad, 4 feet square and 6 inches thick, was constructed around each well.
A 2-inch diameter brass monument permanently stamped with the well identification was
set into the concrete pad. Protective bollards, consisting of 4-inch-diameter carbon steel
in 5-foot lengths, were installed at the corners of each well pad to provide protection to
the aboveground portion of the well. The bollards were set in cement 2 feet below grade,
leaving 3 feet above grade. The steel well protector and bollards were painted yellow.

2.8 GEOPHYSICAL AND HYDROPHYSICAL LOGGING
2.8.1 Remote Access Services

Hydrophysical logging, optical borehole imaging (OBI), natural gamma logging,
electromagnetic induction (EM) logging, electrical resistivity logging, and caliper
logging to characterize subsurface hydraulic characteristics at the four SWMU B-3
boreholes was performed by RAS. Characterization was achieved by:

e Evaluating temperature and fluid electrical conductivity (FEC);

o identifying fractures and features intersecting the boreholes and orientation of the
features;

e quantifying groundwater flow in the boreholes;

e evaluating the vertical distribution of flow and interval-specific permeability for
all identified water-producing fractures or intervals; and

e evaluating and correlating the lithology with transmissive zones.

Hydrophysical logging (HPL) was performed under non-pumping and pumping
conditions to fully evaluate the water-bearing horizon of each well. Test results are
explained in greater detail in the RAS Hydrophysical and Geophysical Logging Results
Report, included in Appendix C.

2.8.1.1 Hydrophysical Logging

HPL was conducted by injecting deionized water (DI). Testing was conducted in
two runs, pumping and non-pumping. During this process, FEC changes in the fluid
column were recorded. These changes occurred when electrically contrasted formation
water was drawn back into the borehole by pumping or by naturally occurring subsurface
pressures (for non-pumping characterization). A downhole wireline HPL tool, which
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simultaneously measures FEC and temperature, was employed to log the physical and
chemical changes of the emplaced fluid.

Additionally, prior to emplacement of DI water, ambient FEC and temperature
(FEC/T) logs were acquired to assess the ambient fluid conditions within the borehole.
During these runs, no pumping or DI emplacement was performed, and precautions were
taken to preserve the existing ambient hydrogeological and geochemical conditions.
These ambient water quality logs were completed to provide baseline values for the
undisturbed subsurface groundwater conditions prior to testing. Computer analysis
utilized the data for identification and evaluation of hydraulically conductive intervals
and quantification of interval-specific flow rates. No heat-pulse flow metering was run
by RAS.

2.8.1.2 Optical Televiewer

The optical borehole imaging televiewer, or OBI, provided direct optical observation
of the borehole wall face. Precise measurements of the dip and direction of bedding and
joint planes, along with other geological features, were possible in both air and clear
fluid-filled boreholes.

The OBI tool directly imaged the borehole wall face. As the instrument was
lowered, the raw analog video signal from the camera was transmitted uphole via coaxial
wireline to televiewer surface instrumentation, where the analog signal was digitized and
recorded. Features were picked by COLOG throughout each well by visual inspection of
the digital images and analyzed by computer. Orientations were based on magnetic north
and were corrected for declination.

2.8.1.3 Wireline Straddle Packer Apparatus

The basic operation of the RAS straddle packer system was similar to previous
sampling efforts (see RL83 and TO42 Reports in the Encyclopedia). The main
difference being that RAS employed three pressure transducers on its packer system to
simultaneously monitor hydraulic pressure above, within, and below the interval being
sampled. This allowed for real-time monitoring of any unusual pressure changes, which
could be an indication of poor seal or potential hydraulic connections across geologic
intervals.

2.8.2  Geophysical Logging

Geophysical logging of the injection well borehole was performed by GeoCam.
GeoCam logged spontaneous potential (SP), gamma ray, caliper, and electrical resistivity.
The log sheet is located in Appendix C.

2.9 DISCRETE INTERVAL SOIL-GAS SAMPLING

Packers were set to collect samples where the borehole walls appeared to be stable,
relatively free of sharp features, and where optimum coverage could be achieved
according to the geologic logs. The analytical parameter list consisted of PCE, TCE,
cis-1,2-dichloroethene  (cis-1,2-DCE), trans-1,2-dichloroethene  (trans-1,2-DCE),
1,1,1-trichloroethane (1,1,1-TCA), 1,1-dichloroethane (1,1-DCA), 1,1-dichloroethene
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(1,1-DCE), 1,2-dichloroethane (1,2-DCA), dichloromethane (DCM), vinyl chloride (VC),
chloroform, and benzene.

The DISG samples were collected from 4.25-inch diameter boreholes utilizing a dual
packer apparatus with an open interval of 20 feet. Packers were inflated by compressed
nitrogen gas. A submersible pump was affixed between the packers on the end of a
1-1/2-inch diameter pipe string. Air was drawn up the pipe by an air pump at the ground
surface. The packer systems were assembled, maintained, and operated by GPI in the
same manner as described in the TO42 Report. Parsons field personnel collected the
samples and supervised the efforts.

2.10 DISCRETE INTERVAL GROUNDWATER SAMPLING

Discrete intervals were selected based on interpretation of the geologic and
geophysical logs. The general strategy was to gather groundwater data from permeable
zones throughout the local portion of the Middle Trinity Aquifer. Yield of these zones is
dependent upon many factors, such as porosity, permeability, and transmissivity. Other
major factors affecting sample collection are seasonal effects on groundwater levels.
Some zones that could be easily sampled during wet seasons may be dry during the late
summer and fall months. Analytical and general flow data provide information relevant
to plume delineation and potential migration pathways for groundwater contamination.

The sampling parameter list included acetone, cis-1,2-DCE, trans-1,2-DCE,
isopropanol (IPA), methyl ethyl ketone (MEK), PCE, TCE, and toluene. All samples
were analyzed by Gulf Coast Analytical Laboratory, in Baton Rouge, Louisiana. Each
sampling interval was purged of at least three volumes of water, or until the water
appeared clear. Occasionally, time constraints, low-flow zones, and persistent turbidity
problems caused samples to be collected before normal purging quantity and quality
standards could be completely satisfied. In some instances, purging was carried out over
an extended period of time for critically located intervals exhibiting poor yield. In those
cases, a sample was collected after alternating periods of pumping and recovery. Some
zones exhibiting good flow had to be purged of larger volumes to reduce turbidity prior
to sampling. Most intervals selected for WB DIGW samples in the LGR corresponded
stratigraphically from well to well. This allowed for direct observation of changes in
contaminant concentrations at various distances from the source area.

The DIGW samples were collected in 4.25-inch diameter boreholes utilizing a dual
packer apparatus with an open interval of 20 feet. Packers were inflated by compressed
nitrogen gas. A 1.5 horsepower (hp) pump was affixed between the packers on the end of
a 1-1/2-inch diameter pipe string (5-to 21-foot sections). The packer systems were
assembled, maintained, and operated by GPI in the same manner as described in the
TOA42 Report. Parsons field personnel collected the samples and supervised the efforts.

2.11 WELL DEVELOPMENT

Well development was performed by air-lifting, bailing, and pumping. Each well
was surged using the drill rig immediately after achieving final drilling depth. Bailing
was accomplished by the drill rig before demobilizing to the decontamination pad.
Pumping took place after the majority of work around the well was finished.
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Development by pumping was performed twice at each WB borehole, after drilling and
airlifting and after final FLUTe liner removal. Borehole development field records are in
Appendix A.

2.11.1 Air-Lifting

Air-lifting was performed after a well had been reamed to its final depth, but before
casing emplacement. At this point, the bottom portion of a well was still an uncased
borehole. Compressed air was injected downhole via the drill pipe string to within
20 feet of the total depth of the well. This process flushed out the majority of loose,
heavy sediments produced during final stages of drilling. At selected intervals, the driller
jetted the well by releasing bursts of air pressure in the saturated column, causing the
sediments to become suspended and airlifted to the surface where they were expelled and
collected in the rig containment pit.

2.11.2 Bailing

The injection well was bailed 48 hours after grouting was complete and prior to any
pumping. The WB boreholes were not completed with conventional well screens and
were not bailed. The bailing apparatus used was a 6-foot steel dart valve with a 3-gallon
capacity bailer. Drilling subcontractor personnel operated the bailing apparatus. A pump
installation truck (Smeal™) was backed over each well and the bailer was lowered and
raised by a motorized cable reel. The drill rig derrick cable and pulley system was also
used to operate the bailer prior to demobilizing off the wellhead.

The bailer was gently lowered to the bottom of the screened interval, and then raised
several feet. The cable was marked at that point so the operator would have an indication
as to when the bailer approached the bottom of the screen. This allowed rapid descent of
the bailer in the well while preventing the heavy bailer from striking the screen bottom.
The bailer was lowered within the well screen and then quickly raised to surge the
screened interval.

Parsons geologists occasionally monitored the color and odor of bailed groundwater.
Bailing continued until visible sediments were no longer observed in the discharge.
Bailed groundwater was contained in 55-gallon drums. Development water was then
transported to the GAC via GPI vacuum truck or in a 500-gallon flatbed-mounted tank.
The injection well was bailed “dry” several times. In such cases, bailing was suspended
until the well recovered adequately for bailing to resume.

2.11.3 Pumping

Once visible sediment was removed by air-lifting or bailing, well development was
completed by pumping. Each completed WB borehole was pumped with a
decontaminated 1.5-hp Grundfos submersible pump.

The developed volume of each well was monitored by tank volumes and rate/time
calculations. Field parameters, including turbidity, odor, temperature, pH, conductivity,
and specific conductivity, were periodically monitored. This process continued until the
water removed from the wells was clear, field parameters stabilized, and the volume
withdrawn surpassed the estimated volume of water injected during drilling. Strict

2-10 September 2007



Volume 5: Groundwater Well Installation Report
5-1. Groundwater Investigations Overview

adherence to this procedure was not always feasible as in the case of the injection well.
This well was bailed dry before the requisite volume of groundwater could be evacuated.

Stabilization was achieved when water appeared sediment-free, turbidity remained
within 10 nephelometric turbidity units (NTU), temperature was +/- 1.0°C; pH was +/-0.1
units within a range of 6.5 to 8; and conductivity was +/- 5 percent; for a period of at least
30 minutes. Procedures were followed according to the CSSA WP and FSP. All
developed groundwater was discharged into rolloff containment for processing through
the on-post GAC.

2.12 WELL SURVEYING

Surveying for the new wells was completed by Baker Surveying and Engineering
(Baker). Baker surveyed the northing, easting, and elevation for the survey monument
set within each well pad, a notch at the top of the PVC casing, and natural ground
elevations. A licensed surveyor performed the surveying.

Control was established using existing survey data and permanent benchmarks
previously constructed at CSSA. Reference points were established during prior
surveying efforts by Baker to National Vertical Geodetic Datum [NVGD] 1983 and
horizontal control to North American Datum [NAD] 1983. All points required to control
the survey were occupied as stations within a closed and adjusted traverse. The controls
met or exceeded third-order accuracy standards.

Baker completed the survey using a professional-grade Trimble Real-Time
Kinematic (RTK) global positioning system (GPS), and reported all coordinate point data
in Universal Transverse Mercator (UTM), Zone 14 North, NAD 1983. The northings and
eastings were recorded in meters, and the elevations are reported in U.S. feet above mean
sea level (msl). Surveying data reported by Baker are presented in Appendix D.
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SECTION 3
CHRONOLOGICAL FIELD NARRATIVES

Five new wells were installed at CSSA under AFCEE TO-6 WBS 07000 (Figure 1).
Drilling of the wells was performed by GPI under direct supervision of Parsons
geologists. GPI maintained one crew during the field event, which mobilized to CSSA
on July 25, 2005. The field crew was equipped with a Gardner-Denver 1500 drilling rig,
a 2,900-gallon water truck, a 2,900-gallon vacuum truck, a winch truck, and various
support vehicles and well installation equipment. A rig and equipment decontamination
station was constructed by GPI before drilling activities began. Rolloff containers for
containment of investigation-derived waste (IDW) were provided by Prudent
Environmental, Inc. as a tiered subcontractor through GPI. Final site restoration tasks
were completed on November 21, 2005. Surveys of the new wells were completed on
March 7, 2006.

3.1 MULTI-PORT WELL INSTALLATION

Four WB multi-port wells were constructed for CSSA as part of the TO-6 well
installation fieldwork. One WB well, CS-WBO05, was drilled to the base of the CC and
completed with sampling ports in all three members of the Middle Trinity Aquifer. The
three other WB wells, CS-WB06, CS-WBO07, and CS-WBO08, were drilled to the base of
the LGR portion of the aquifer.

311 CS-WBO05

CS-WBO05 was installed approximately 150 feet southeast of the CS-MW16 well
cluster and approximately 150 feet from the north boundary of SWMU B-3. CS-WBO05
was placed between SWMU B-3 and the CS-MW16 cluster to serve as an observation
well for future CS-MW16 pumping tests and to facilitate data collection for a pumping
gradient on SWMU B-3 contaminants.

Drilling of CS-WBO05 took place July 26-28, 2005. The well was drilled to 480 feet
bgs. The 7-"/g-inch diameter overdrill was advanced to 30 feet bgs rather than the
originally planned 10 feet due to many soft, weathered, unstable layers encountered in the
shallow overburden. The 4.5-inch ID PVC surface casing was set to 30 feet bgs in
unweathered limestone to eliminate the risk of hole collapse. No elevated PID readings
were observed at the wellhead during drilling. Excess drilling fluids were periodically
transported to rolloff boxes located adjacent to the CSSA on-post GAC unit.

The borehole was developed on July 29, 2005, discharging 590 gallons via
submersible pump. After development, the drill rig was demobilized and
decontaminated. Parsons then installed a FLUTe liner in the borehole with assistance
from FLUTe, Ltd. personnel. FLUTe generated a fluid conductivity log during the
installation of the liner. This was a newly developed process, and was analyzed by a
Parsons senior geologist for future potential (Appendix C).
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On August 15, 2005, the CS-WBO05 liner was removed and geophysical logging was
performed. Hydrophysical logging was performed 2 days later. The FLUTe liner was
redeployed overnight on August 18-19, 2005.

On August 19, 2005, RAS attempted to collect DIGW samples from 0-200 feet (top
packer disengaged) and 203-223 feet bgs, but water could not be brought to surface. A
purge was initiated on the next zone, 268-288 feet bgs, but was abandoned. These
intervals were too low-yielding to obtain a water sample using the submersible pump
straddle packer apparatus. The packers were then inflated at the Bexar Shale (BS)/CC
contact to keep the LGR and CC separated overnight and prevent migration of
groundwater contaminants.

The next day the tool was brought to the surface and reconfigured with a low-flow
bladder pump. With the low-flow setup, DIGW samples were collected from 268-288,
290-310, and 320-340 feet bgs, at flow rates of 0.05, 0.2, and 0.15 gpm, respectively.

On August 23, 2005, the RAS straddle packer tool was converted to conduct
injection testing. Parsons and RAS used the HPL logs to select intervals for injection
testing. Intervals 168-188, 198-218, 230-250, and 268-288 feet bgs were tested. The
next day, seven soil gas samples were collected in 20-foot intervals from the majority of
the borehole above the saturated level, from between 30 and 176 feet bgs.

RAS was unable to complete DIGW sampling at CS-WBO05 and other wells due to
time lost when their tool became wedged downhole. On August 26, 2005, GPI and
Parsons collected a discrete groundwater sample from 416-436 feet bgs. The FLUTe
liner was then reinstalled into CS-WBO05 until WB installation.

The CS-WBO05 FLUTe liner was extracted for the final time on November 9, 2005.
The borehole was developed for 2.5 hours with the pump set at 420 feet bgs. Later, the
pump was raised into the LGR, 300 feet bgs, and pumped for an additional 3 hours for a
total of approximately 5500 gallons. A borehole development summary is shown in Table
3.1

Development stabilization parameters were monitored during the final round of
pumping. Westbay and GPI personnel installed the WB multi-port system at CS-WB05
on November 11-12, 2005. The system comprised nine isolated monitoring intervals.
Integrity of the system was tested the same day by profiling each interval with a
MOSDAX pressure probe. The test indicated all zones were properly sealed and the
ports functioned properly.

3.12 CS-WBO06

CS-WBO06 was installed approximately 120 feet south of SWMU B-3. GPI
mobilized to the site on July 29, 2005, and drilling began on August 1, 2005. Temporary
surface casing was installed to 10 feet bgs. Drilling was completed to 333 feet bgs on
August 3, 2005.

Approximately 1,300 gallons were purged from the well during development.
Development water was conveyed to rolloff containers by GPI. After development, the
drilling rig was moved to the decontamination pad and a FLUTe liner was installed.
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RAS performed geophysical logging at CS-WBO06 from August 16-18, 2005 and the
FLUTe liner was reinstalled following the logging.

From September 6-8, 2005, DISG and DIGW samples were collected. The liner was
reinstalled on September 9, 2005. The liner was removed on November 6, 2005 and an
additional 4,680 gallons of water were pumped from the well.

Westbay and GPI personnel installed the CS-WB06 multi-port system on
November 8, 2005. There are five isolated monitoring intervals contained in the
CS-WBO06 system. Integrity of the system was tested by profiling each interval with a
MOSDAX pressure probe. The test indicated all zones were properly sealed and the
ports functioned properly.

Table 3.1
Borehole Development Summary

July — November 2005

Development B3-
Process WB05 WB06 WBO07 WB08 MWO1
Date Date Date Date Date
Surged and
Airlifted 675 (7-28) 150 (8-3) 600 (8-9) 300 (8-15) 300 (9-15)
Bailed 0 0 0 0 470 (9-23 to
9-28)
Borehole 590 (7-29) 400 (8-3) 1,800 | (8-10) 80 (8-15)
pumping
900 (8-4) 303 (8-11) | 1,012 | (8-16) 0
Total DIGWSs
purges 229 (8-20) 505 (9-8) 485 (9-7) 552 (8-26) 0
Pre-WB Install | 2250 |(11-10)| 290 | (11-6) | 2,366 | (11-7) | 2,665 | (11-9) 0
Borehole
Pumping 2,655 |(11-11)] 2,436 | (11-7)
Total pumped
development 5,495 4,026 4,469 3,757 0
Total Volume
Withdrawn 6,399 4,681 5,554 4,609 770
IDW Fluid
Processed at
GAC* 17,146 8,271 8,946 8,828 3,473

* Includes fluids and groundwater ejected during drilling and total withdrawals.

3.1.3 CS-WBO7

CS-WBO07 is located approximately 114 feet from the western boundary of SWMU
B-3. Drilling began on August 4, 2005 and concluded on August 9, 2005. The well was
drilled to a depth of 335 feet bgs. The overdrill and surface casing were to 10 feet bgs.
Approximately 1,800 gallons were pumped from CS-WBO07 on August 10, 2005, but a
severe storm caused pumping to be suspended before stabilization parameters could be
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recorded. The next morning, an additional 300 gallons were pumped from the well and a
FLUTe liner was installed.

Geophysical logging was completed on August 19, 2005, and the FLUTe liner
reinstalled. On September 6, 2005, the FLUTe liner was removed and two shallow soil
gas intervals were sampled. On September 7, 2005, the DISG and DIGW sampling was
completed.  Parsons reinserted the liner the following day. The borehole was
intermittently developed, discharging approximately 4470 gallons.

Westbay and GPI personnel installed the multi-port sampling system on
November 10, 2005. The system comprises five isolated monitoring intervals. Integrity
of the system was tested by profiling each interval with a MOSDAX pressure probe. The
test indicated all zones were properly sealed and the ports functioned properly.

3.14  CS-WBO08

CS-WBO08 is located approximately 108 feet upgradient of the eastern boundary of
SWMU B-3. Dirilling was completed to 355 feet bgs on August 15, 2005. The next day,
1,012 gallons were discharged to rolloff containment during development of CS-WBO08.
RAS conducted geophysical logging between August 16-18, 2005.

Collection of DISG samples took place on August 24, 2005. Collection of three
DIGW samples occurred on August 26, 2005. The FLUTe liner was reinstalled
following DIGW sampling. The final liner extraction at CS-WB08 occurred on
November 8, 2005, and the borehole was redeveloped by approximately 2,500 gallons,
for an approximate total of 3760 gallons.

Westbay and GPI personnel installed the multi-port sampling system on
November 10-11, 2005. The system comprises five isolated monitoring intervals.
Integrity of the system was tested by profiling each interval with a MOSDAX pressure
probe. The test indicated all zones were properly sealed and the ports functioned

properly.

3.2 INJECTION WELL

CS-B3-MWO01 was installed 35 feet southeast of CS-WBO05, directly between
CS-WBO05 and SWMU B-3. The location and distance of CS-B3-MWO01 with respect to
CS-WBO05 were based on calculated estimates of groundwater velocities (see Technical
Memo, Appendix E). For permitting purposes, the well was designated, designed, and
constructed as a conventional monitoring well.

The well was drilled at a 7-/g-inch diameter to 292.5 feet bgs during September
12-15, 2005. The same day that total depth was achieved, the borehole was surged by
GPI and geophysically logged by GeoCam. Excess drilling fluids were transported to
rolloffs located adjacent to the CSSA on-post GAC. The fluid was processed through the
GAC and discharged at CSSA Outfall 002 (see Table 3.1).

A water injection test was performed on September 16, 2005 at CS-B3-MWO01. The
injection interval was selected for its porosity, permeability potential, position relative to
impermeable layers, and depth in the saturated zone.
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GPI provided and operated a dual packer system, which isolated the injection zone
from other portions of the open borehole during the test. The packers were inflated
(110 psi) at the injection test zone (274.5-287 feet bgs). Water from Well CS-9 was used
for injection. Injection flow was controlled and measured by a ball valve and totalizing
flowmeter between the pump and wellhead.

For the first step of the test, water was pumped into the test zone at 5 gpm for
20 minutes. At this rate the zone apparently accepted all the injected water without
build-up of pressure in the system. At 8 gpm and 12.5 gpm, the same result was
observed. No positive pressure was measured in the system between the surface pump
and the borehole interval. Subsequently, the packers were then inflated to their
maximum limit of 140 psi to verify no leakage of packer gas was occurring which might
have lessened the integrity of the seal, and the pump’s maximum rate of 25 gpm was
applied to the interval. Again, the interval readily accepted the influx and no pressure
built up in the system. A total of 502 gallons was injected during the stepped injection
tests. Normal packer inflation pressure is 110 psi, which is usually adequate for sealing a
borehole section. 140 psi is the maximum that the packers can safely sustain, and is
almost never utilized. The ability to maintain 140 psi showed that the packers themselves
were not leaking gas, that the packers were pressed against the walls to the greatest extent
possible, and that the system was properly deployed. If there was any rapid flow of water
out of the sealed zone laterally into the formation it would have to be attributed to
existing geologic features and characteristics (e.g. karst, porosity), not the packers.
Likewise, any water circumventing the packers would have been due to geologic features
not discernable in the geophysical and video logs used for packer placement. The packer
apparatus had been successfully tested in a section of blank casing prior to tripping into
the borehole.

Well completion activities were conducted in late September. On
September 21, 2005, the borehole was back-plugged to 287 feet bgs. The well screen
was set 277 to 287 feet bgs and riser materials were installed. A pea-gravel pack was
emplaced 287 to 274 feet bgs, and a 6.5-foot bentonite seal installed on top. After
hydration, one 60-gallon lift of grout was pumped by tremie pipe above the seal.
Grouting continued by periodically pumping in small lifts and was completed on
September 26, 2005. Development by bailing began once 50 percent of the well had
been grouted and after at least 48 hours had passed since the first lift was installed.
Bailing activities were conducted during September 23-28, 2005.

The Parsons Technical Memorandum (September 2005) provides a summary of the
injection well details and is included in Appendix E.
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SECTION 4
RESULTS AND INTERPRETATION

41  GEOPHYSICAL LOGS

Collection of geophysical and downhole imaging data was performed by RAS and
GeoCam. FLUTe, Ltd. performed one conductivity differential logging run at the
CS-WBO05 borehole. The geophysical parameters recorded by RAS were SP, gamma ray,
caliper, electrical resistivity, FEC, and optical televiewing. RAS logged CS-WBO05,
CS-WB06, CS-WB07, and CS-WB08. RAS also performed hydrophysical logging at
CS-WB05. GeoCam ran one standard geophysical suite at CS-B3-MWO1 consisting of
caliper, gamma, and resistivity logs. Logging runs were complete through the entire
depth of each borehole, excluding surface-cased portions.

Geophysical logging identified features such as water-bearing zones, dry and
impermeable layers, subsurface voids, faults, and fractures. Many of the features will
allow for correlation between the wells, thus contributing to the overall picture of
subsurface conditions, most notably groundwater occurrence and movement, and
contaminant transport. The geophysical logs and the RAS report of findings can be
viewed in Appendix C. Discussion of previous CSSA geophysical results and base-wide
geological correlations are described in the CSSA HCSM, Volume 5, of the
Encyclopedia.

41.1 Hydrophysical Logging at WB05

Processing and interpretation of the geophysical and HPL logs in CS-WBO05 suggest
the presence of three identifiable water producing intervals in this borehole. The
intervals are 166-171, 203-215, and 295-305 feet bgs. Another interval, 430-448 feet bgs
showed outflow under ambient conditions. Only the two deepest zones had flows large
enough to be quantified. Inflow at 295-305 feet bgs showed a rate of 0.75 gpm, while
430-448 feet bgs had an outflow of 0.75 gpm. During ambient conditions, CS-WB05
fluid exhibited overall downward vertical flow. A downward vertical pressure gradient
was observed in the borehole under ambient conditions. Ambient flow was observed to
enter the wellbore at three of the above-mentioned zones and migrate downward. Water
flow exited the borehole at 432-450 feet bgs.

Injection and pressure testing was performed to determine suitable zones for use
during the enhanced anaerobic biodegradation pilot test. Zones were tested based on
examination of geophysical logs.  Straddle packer injection testing produced
transmissivities of 1.9 square feet (ft’)/day and 1.1 ft’/day for 168-188 feet bgs and
198-218 feet bgs intervals, respectively. Interval 268-288 feet bgs had an estimated
transmissivity of 6.1 ft*/day and was subsequently selected as the best candidate for the
LGR injection zone (see Location and Construction Information for the Proposed
Injection Well at SWMU B-3, Parsons Technical Memorandum, September 2005
[Appendix E]). Pressure testing of the 203-223 feet bgs interval indicated no flow.
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4.2  DISCRETE INTERVAL SAMPLING

A total of 30 DISG samples were collected and field-screened by PID for oxygen,
carbon dioxide, and VOC. Based on the field screening, 15 DISG samples were collected
in summa canisters and submitted for laboratory analysis. While collecting air samples,
the vacuum pressure (inches H,O) at each sampled zone was recorded. The samples
were analyzed for the following VOCs: PCE, TCE, cis-1,2-DCE, trans-1,2-DCE,
1,1,1-TCA, 1,1-DCA, 1,1-DCE, 1,2-DCA, DCM, VC, chloroform, and benzene. Air
samples were collected from as much of the dry portion of the borehole as possible. All
DISG sample collection attempts were successful. Table 4.1 shows a summary of the
DISG sample collection effort and results.

A total of 14 DIGW samples were collected from selected geostratigraphic zones at
the four SWMU B-3 WB boreholes. Attempts to collect groundwater samples from WB
sampling zones were aborted due to poor groundwater yield. These low flow zones were
typically found in the UGR, the upper part of the LGR, and throughout the BS at CSSA.
No attempts were made to collect samples from the BS during this field effort.
Groundwater samples were analyzed for the following VOCs: PCE, TCE, cis-1,2-DCE,
trans-1,2-DCE, 1,1-DCE, DBCM, BDCM, DCDFM, DCM, VC, bromoform, chloroform,
naphthalene, and toluene.

Table 4.2 shows a summary of the DIGW sample collection effort and results.
Sampling interval depths in the following narratives are referenced to depth below
ground surface. Comprehensive laboratory analysis reports can be found in Appendix F.

421  CS-WBO05

In contrast to the other WB wells, DIGW sampling at CS-WB05 was based more
upon results of hydrophysical logging rather than geophysical logging. The zones
sampled were selected based on flow potential. Out of six DIGW intervals chosen to be
sampled at CS-WBO05, two, 169-200 bgs (with top packer disabled, borehole open from
200 feet up to water level) and 203-223 feet bgs, could not be sampled due to very low
yield. Interval 268-288 feet bgs was sampled with a low-flow bladder pump at an
approximate rate of 0.05 gpm. Intervals selected below 288 feet readily produced water
for sampling. Zones 304-316, 327-339, and 362-374 feet bgs are in the LGR, and zone
416-436 feet bgs is in the middle of the CC main water-bearing zone.

VOC concentrations detected in CS-WBO05 soil-gas samples show increasing
concentrations with depth until the 156-176-foot bgs interval, which was immediately
above the water table. This area is in the middle of the “smear zone,” where water levels
tend to fluctuate greatly. Cis-1,2-DCE concentrations drop from 368 parts per billion by
volume (ppbv) in the 116-136-foot bgs interval to 47.7 ppbv in the 156-176 foot bgs
interval. PCE also declines from 439 ppbv to 157 ppbv across the same intervals, and
TCE drops from 479 ppbv to 328 ppbv (Table 4.3).

The CS-WBO05 discrete groundwater interval sample results show PCE
concentrations increasing with depth. LGR concentrations increased from
31.3 micrograms per liter (ug/L) to 319 pg/L. TCE follows the same pattern in the LGR.
TCE increases from 152 pg/L to 427 pg/L in the LGR, but drops to 375 pg/L in the CC.
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Cis-1,2-DCE shows the same pattern as TCE, rising from 286 ug/L in the middle section
of the LGR to 533 pg/L in the lower section of the LGR, then decreasing to 465 pg/L in

the CC.
Table 4.1
TO-6 Discrete Interval Soil Gas Samples
August and September 2005
W i - % | ©o, | U Vaguam | Adiusted | Purging
ell PID Pressure Duration
No. Depth Pressure Date
(fbgs) Formation % % \?grgs inches H,O | inches H,O | minutes
30-50 LGR 21 0.05 0.0 91 45 20
52-72 LGR 21 0.05 0.0 82 36 20
71-91 LGR 21 0.05 0.5 63 17 20
WBO05 89-109 LGR 21 0.05 0.1 80 34 20 8/25/05
116-136 LGR 20 04 0.8 47 1 20
136-156 LGR 21 0.05 18 48 2 20
156-176 LGR 21 0.05 4.6 48 2 20
10-30 UGR/LGR 13 8.8 0.0 54 8 20
30-50 LGR 19 2.2 0.0 57 11 24
50-70 LGR 175 3.2 0.2 59 13 20
WBO06 70-90 LGR 17.6 34 0.2 60 14 20 9/08/05
90-110 LGR 18.7 2.3 0.0 63 17 20
110 -130 LGR 20.9 0.3 0.0 120 74 20
130-150 LGR 19.5 15 0.0 118 72 20
10-30 UGR/LGR | 16.5 35 6.1 69 23 18
30-50 LGR 20.5 0.4 0.2 98 52 23
50-70 LGR 21 0.05 0.0 52 6 20
70-90 LGR 21 0.05 0.0 101 55 20
weo? 90-110 LGR 21 0.05 0.0 109 63 20 9/07/105
110-130 LGR 20 0.2 0.0 105 59 20
130-150 LGR 20.2 0.1 0.0 106 60 20
150-170 LGR 20.8 0.05 0.0 97 51 20
10-30 UGR/LGR 18 25 19.5 49 3 20
32-52 LGR 21 0.05 1.3 48 2 20
49-69 LGR 21 0.1 2.0 66 20 30
WBO08 69-89 LGR 21 0.1 2.8 84 38 20 8/24/05
89-109 LGR 20 0.5 4.2 91 45 20
111.5-131.5 LGR 20.5 0.1 3.4 84 38 24
136-156 LGR 20 0.5 4.6 58 12 21
156-176 LGR 18.5 0.7 3.7 72 26 23
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Table 4.2
TO-6 Discrete Interval Groundwater Samples
August and September 2005
Well No. I%](ieff\?;l Roqk LEErE] \I/rc])tlirr\rgil Vol ﬁ:ﬁ?g?ﬁ; Pump!ng Sampled Date
Depth Unit Volume Purged Purged Rate Duration
(fbgs) Formation| (gal) (gal) (gpm) (hrs, mins) (Y/N)
169-200° LGR 22.3 0 0 n/a 15 min N
203-223 LGR 14.4° 0 0 n/a 15 min N 8/19/05
268-288 LGR 14.4 0 0 <1 30 min N
WBO05 268-288 LGR 14.4 0.6 8.5 0.05 2 hr, 50 min Y
290-310 LGR 14.4 1.04 15 0.2 1 hr, 15 min Y 8/20/05
320-340 LGR 14.4 1.07 15.2 0.152 1 hr, 40 min Y
297-309 CcC 14.4 13.2 190 6.3 30 min Y 8/26/05
225-245 LGR 14.4 0 0 <1 20 min N
WBO06 260-280 LGR 14.4 12.1 175 6.25 28 m!n Y 9/08/05
284-304 LGR 14.4 11.1 160 7.3 22 min Y
308-328 LGR 14.4 11.8 170 6.8 25 min Y
1 hr, 45 min
200-220 LGR 14.4 1 14.5 0.28 pumping Y
intermittently
WBO7 | 265-285 LGR 14.4 9.03 130 6.5 20 min Y 9/07/05
285-305 LGR 14.4 11.1 160 7.3 22 min Y
310-330 LGR 144 125 180 5.6 32 min Y
280-300 LGR 14.4 13.2 190 7.3 26 min Y
WB08 305 - 325 LGR 14.4 13.9 200 7.4 27 min Y 8/26/05
3??51f5‘ LGR 14.4 11.3 162 5.4 30 min Y

a = This interval from borehole water level surface to 200 feet bgs with top packer disabled.
b = 20 feet interval x 0.72 gal/ft in 4.25-inch diameter hole.

¢ = low-flow bladder pump instead of submersible pump.

Low concentrations of trans-1,2-DCE were detected in the 290-310 foot bgs interval
and 416-436 foot bgs interval, at concentrations of 4.94 and 16.4 pg/L, respectively. The
presence of trans-1,2-DCE and accompanying levels of cis-1,2-DCE are indicative of
reductive dechlorination.

A low toluene detection of 4.18 ug/L in the 268-288 foot bgs interval is the only
toluene detection in the WB DIGW sampling effort. At CSSA, toluene has usually been
attributed to sampling equipment since historic detections have been sporadic,
inconsistent, and at very low levels.

4-4
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Table 4.3 CS-WBO05 Discrete Interval Sampling Results
“?tee%gl Matrix | PCE | TCE 1,2:—:DC tzragéllz 1'1’XTC TCM | DCM | VC |Benzene| Toluene
feet bgs soil gas results (ppbv)
30-50 air 120 77.1 | 17.8J ND ND ND ND ND ND ND
71-91 air 204 167 110 ND ND ND ND ND ND ND
116-136 air 479 439 368 ND ND ND ND ND ND ND
156-176 air 328 157 47.7 ND 0.732J | 0.870J [ 6.00J | 1.22J | 6.21J ND
groundwater results (ug/L)
268-288 water 313 | 152 286 ND ND ND ND ND ND 4.18
290-310 water 160 273 344 4.94 ND ND ND ND ND ND
320-340 water 319 427 533 ND ND ND ND ND ND ND
416-436 water 392 375 465 16.4 ND ND ND ND ND ND
MCL water 5 5 70 100 200 80 2 5 5 1000

"ND" =Not Detected above Method Detection Limit (see results reports in Appendix F).

422  CS-WBO06

Six soil-gas samples were collected from CS-WBO06 and screened in the field. The
three intervals, results from which are presented in Table 4.4, were selected for analysis
based on field screening results for oxygen and carbon dioxide. VOC concentrations
appear to increase with depth in the dry, shallow part of the borehole, then decrease in the
smear zone. PCE detections ranged from 540 to 1570 ppbv, TCE detections ranged from
490 ppbv to 1270 ppbv, and cis-1,2-DCE concentrations ranged from 520 ppbv to
931 ppbv. The other target VOCs listed in Table 4.4 were not detected. Water level in
the CS-WBO06 borehole during sampling was 167 feet bgs.

Four efforts were made to collect DIGW samples from CS-WBO06, one of which was
unsuccessful. Sampling intervals were selected for their moderate to low gamma values
and high resistivity values. The successfully sampled intervals are shown in Table 4.4.
The interval with inadequate flow was 225-245feet bgs.  Sampling occurred
September 8, 2005.

The groundwater interval results show VOC concentrations increasing with depth:
PCE increases from 151 pg/L to 337 pg/L, TCE increases from 159 ug/L to 268 pg/L,
and cis-1,2-DCE increases from 287 pg/L to 435 pg/L. No other target VOCs were
detected in CS-WBO06.
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Table 4.4 CS-WBO06 Discrete Interval Groundwater Sampling Results
”?ti?f/gl Matrix | PCE | TCE | cis12-DCE | " L#PC | 11pcE Vo
feet bgs soil gas results (ppbv)

10-30 air 1270 711 856 ND ND ND
50-70 air 1570 1270 931 ND ND ND
130-150 air 540 490 520 ND ND ND
groundwater results (ug/L)
260-280 water 151 159 287 ND ND ND
284-304 water 297 268 413 ND ND ND
308-328 water 337 268 435 ND ND ND
MCL water 5 5 70 100 7 5

"ND" =Not Detected above Method Detection Limit (see results reports in Appendix F).

423  CS-WBO07

Discrete sampling at CS-WBO07 began on September 6, 2005, immediately following
FLUTe liner removal, and was concluded on September 7, 2005.

Eight DISG samples were collected from the dry portion of the CS-WBO07 borehole
(10-170 feet bgs). The water level depth during sampling was 172 feet bgs. The zones
listed in Table 4.5 show the chemical analysis of the four air samples that were submitted
for laboratory analysis.

VOC concentrations exhibit a declining trend with depth. The PCE trend is
moderate, but the TCE and cis-1,2-DCE trends show large declines in the top 50 feet of
the shallow subsurface, decreasing from 4,160 ppbv to 937 ppbv and 1,340 ppbv to
229 ppbv, respectively.

Four DIGW samples were collected from CS-WBO07. The uppermost sampling
interval, 200-220 feet bgs, was pumped intermittently for about 105 minutes to allow for
recovery periods. This interval contains the *“scissor-tail” resistivity marker horizon used
to correlate hydrogeologic strata throughout CSSA. The correlating interval in CS-WB05
proved to be a no-flow zone under the hydrologic conditions present at the time. During
periods of low water levels this zone can become a very low-flow to no-flow zone in
other areas as well.

The efforts made to sample three more intervals below the first DIGW sampling
zone went more quickly, each being purged between an average of 5.6 and 7.3 gpm. The
upper interval (200-220 feet bgs) contains VOCs in much lower concentrations than the
three lower intervals (Table 4.5) with PCE, TCE, and cis-1,2-DCE results of 34.7 pg/L,
47.9 ug/L, and 56.1 pg/L, respectively. Results from sampling zones between 265 and
330 feet bgs show PCE concentrations decreasing from 293-221 pg/L and TCE
concentrations decreasing from 322-277 ug/L. Cis-1,2-DCE concentrations decreased
from 361 pg/L to 322 ug/L between 265 and 305 feet bgs before rising to 403 pg/L in the
deepest sampling interval.
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Table 4.5 CS-WBO07 Discrete Interval Groundwater Sampling Results

”?ti?f/gl Matrix | PCE | TCE | cis12-DCE | " L#PC | 11pcE Vo
feet bgs soil gas results (ppbv)
10-30 air 83.3 4160 1340 ND ND ND
30-50 air 25.7 937 229 ND ND ND
70-90 air 4,57 106 27.1 ND ND ND
110-130 air 215 94.3 25.5 ND ND ND
groundwater results (ug/L)
200-220 water 34.7 47.9 56.1 ND ND ND
265-285 water 293 322 361 ND ND ND
285-305 water 254 306 322 ND ND ND
310-330 water 221 277 403 ND ND ND
MCL water 5 5 70 100 7 5

"ND" =Not Detected above Method Detection Limit (see results reports in Appendix F).

424  CS-WBO08

Discrete interval sampling at CS-WBO08 resulted in four DISG samples and three
DIGW samples being submitted for laboratory analysis. Field parameters were
monitored from eight soil vapor zones. Soil gas samples were collected for field
screening from most of the dry portion of the borehole (10 to 176 feet bgs) Samples were
not collected from 30-32 feet bgs, 109-111.5 feet bgs, and 131.5-136 feet bgs. These
gaps were skipped due to poor borehole integrity interfering with proper packer
operation. The uppermost 42 feet of the borehole (10 to 52 feet bgs) offered almost no
resistance to the vacuum pump, showing three or less inches (adjusted) of H,O on the
pressure gauge.

The uppermost sampling zone, 10-30 feet bgs, exhibited very high VOC
concentrations: PCE concentration of 12,200 ppbv, TCE concentration of 9,520 ppbv,
and a cis-1,2-DCE concentration of 2,790 ppbv. The remaining sampling intervals also
contain high VOC concentrations, with PCE concentrations ranging from 3,310 ppbv to
5,010 ppbv, TCE concentrations ranging from 2,220 ppbv to 3,970 ppbv, and
cis-1,2-DCE concentrations ranging from 431 to 753 ppbv, all concentrations increasing
with depth. VC concentrations ranged from 69.3 ppbv to 509 ppbv (Table 4.6).

Contrary to the soil gas results, the three DIGW samples from CS-WBO08 showed
lower target VOC concentrations than those reported at other WB boreholes. Results
show high concentrations of PCE, moderate TCE and toluene concentrations, and very
low cis-1,2-DCE concentrations (Table 4.6). The detected concentrations show slight
overall increases with depth. PCE rises from 38.6 ug/L to 53.7 ug/L, TCE increases
from 41.8 pg/L to 57.3 ug/L, and cis-1,2-DCE increases from 98.8 pug/L to 115 pg/L.
Trans-1,2-DCE is the only other target VOC detected in the CS-WB08 DIGW samples.
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Table 4.6 CS-WBO08 Discrete Interval Groundwater Sampling Results
Ir?é?f/gl Matrix | PCE | TCE | cis12-DcE | "™ L1#PC | 11pcE Vo
feet bgs soil gas results (ppbv)

10-30 air 12200 | 9520 2790 ND ND 509
89-109 air 3310 2220 431 ND ND 73.6
138-158 air 4270 2730 506 ND ND 69.3
156-176 air 5010 3970 753 ND ND 234

groundwater results (ug/L)
200-220 water 38.6 41.8 108 ND ND ND
265-285 water 50.9 57.3 98.8 ND ND ND
285-305 water 53.7 54.2 115 462 ND ND
MCL water 5 5 70 100 7 5

"ND" =Not Detected above Method Detection Limit (see results reports in Appendix F).

4.2.5

CS-B3-MWO01

Geophysical logs from the proposed injection well borehole showed that the
stratigraphy of the well correlates with the adjacent CS-WBO05 well without noticeable

vertical displacement.

The chemistry of discrete intervals would be assumed to also

correlate to nearby CS-WBO05 intervals which had been sampled and analyzed. An initial
composite groundwater sample was not taken from the well due to its low yield.
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SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

5.1  CONCLUSIONS

The data reinforce conclusions of previous RL83 and TO42 groundwater
investigation work.  The subsurface at SWMU B-3 contains many dry, hard,
impermeable zones that greatly impede or prevent downward contaminant migration.
These layers are faulted in sections of the aquifer. Some contaminants have migrated
downward from the more heavily impacted middle and upper LGR into the underlying
BS and CC via faults and fractures. This downward migration may have also been aided
by former open borehole wells, such as the former Well CS-16. Local faulted zones may
also allow groundwater to move laterally at a greater rate than through unfaulted
subsurface zones.

It is likely that CC contamination in the vicinity of the former Well CS-16 is
primarily due to cross-connection associated with its former open borehole construction.
Contaminants entering the borehole through middle and upper LGR zones followed the
downward flow gradient (as determined by hydrophysical logging) and entered the
deeper, highly conductive CC water-bearing zones.

Laboratory reports from the TO-6 discrete interval sampling show VOC detections in
every UGR, LGR, and CC zone sampled. The BS was not sampled during this effort.
The more affected areas are nearest the plume source areas. Sub-vertical faults likely
provide conduits through impermeable layers, allowing the transport of contamination to
the main water-bearing zones of the LGR and, through the BS, into the CC.

DIGW samples were obtained from the new WB boreholes. The conventional
monitoring well, CS-B3-MWO01, was not selected for DIGW sampling because the final
screened zone was scheduled to be sampled after final well completion and DIGW
sampling was already carried out at the adjacent CS-WBO05 well. Laboratory analysis of
the groundwater samples indicates that all the WB wells are within the SWMU B-3
plume. VOC contamination is present throughout the unsaturated zone and within the
SWMU B-3 aquifer. PCE and TCE were detected well above drinking water maximum
contaminant levels (5ug/L) in the LGR and CC. Contaminant concentrations for
groundwater are lower at CS-WBO08, which is located upgradient from the plume source
area. However, VOC concentrations in soil gas at CS-WBO08 are far above the levels at
the other downgradient WB wells. This may be attributed to CS-WBO08 being located
near the former SWMU B-3 East Trench.

Discrete samples collected from new wells installed near source areas showed
significant concentrations of PCE, TCE, and cis-1,2-DCE throughout the LGR and CC at
the down- and cross-gradient locations.

Soil gas sample results show PCE ranging from 4.57 ppbv in CS-WBO07 to
12,200 ppbv in the upper 30 feet of CS-WBO08. TCE trends follow the PCE trends, only
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somewhat subdued. TCE in soil gas ranges from 77.1 ppbv in the upper portion of
CS-WBO05 to 9,520 ppbv at the upper portion of CS-WBO08. Drinking water MCLs for
PCE and TCE were exceeded in all samples from the WB wells. The CS-WB05 CC
sample results show concentrations of PCE and TCE at 392 pug/L and 375 pg/L,
respectively. Concentrations of cis-1,2-DCE show an overall increasing trend with depth
in CS-WBO05, from 286 to 465 pug/L. Very low detections of trans-1,2-DCE were
reported in two zones at CS-WBO05 and in the deepest discrete groundwater interval at
CS-WBO08.

The trans-1,2-DCE and cis-1,2-DCE results indicate that degradation (reductive
dehalogenation) of the original contaminating solvents is occurring near the source areas.

The PCE, TCE, and cis-1,2-DCE levels in the new WB wells, in addition to data
from other nearby monitoring wells, suggest SWMU B-3 plume advancement to the
northwest, west, and south from the SWMU B-3 landfill trenches. Advancement of the
plume in the northwest direction is opposite the regional groundwater flow trend and is
attributed mostly to an artificial gradient created by historical pumping at the former
CS-16.

5.2 RECOMMENDATIONS

This phase of the groundwater investigation provided valuable insight into the local
character of the Middle Trinity Aquifer, and the extent of SWMU B-3 plume
contamination. Continued monitoring of these new wells will provide data to further
expand and refine the understanding of plume behavior, which is crucial toward selecting
appropriate remediation methods. The new wells are suitably located and constructed for
serving their intended purposes.

The Enhanced Anaerobic Biodegradation Pilot Study, including the excavation and
removal of continuing source media (buried debris and contaminated soils) at SWMU
B-3, the bioreactor construction, the expansion and enhancement of existing soil vapor
extraction system, and other interim remedial measures designed for SWMU B-3 under
TO-6 should proceed as planned.
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Borehole Declination Surveys
Camp Stanley Storage Activity
July - September 2005

Depth

(ft bgs)| [B-3_MwWo1 WBO05 WB06 WBO07 WB08
50’ 1/4° 1/4° 1/8° 1/2° 1/2°
100" 1/4° 1/4° 1/8° 1/4° 1/4°
150" 112° 1/8° 0° 1/4° 3/4°
200’ 3/4° 1/4° 116° 1/8° 112°
250" 1° 1/4° 116° 1/2° 1/4°

1/4°
300’ /| I 1/8° 1/8° 1/4° 1/2°
TD = 292.5'
350" 3/4° TD = 333" TD = 335’ 1/2°
TD = 333"

400’ 1-1/4°
450’ 1-3/4°
500" TD = 480"

x\\\\\\\\\\\\\\\& = backplugged to 287" bgs.




November 28, 2005
WB816

Mr. Scott Pearson

Parsons Engineering-Science Inc.
8000 Center Park Drive

Austin, TX 78754

Subject: Completion Report for Westbay Multi-Level Monitoring Wells
No. CS-WBO05, CS-WB-06, CS-WB07 and CSWB-08, San Antonio TX

Dear Mr. Pearson,

This report summarizes the work carried out by Westbay Instruments Inc. related to the
installation of four MP38 monitoring wells at the Camp Stanley Storage Facility in San
Antonio, Texas. This work was carried out under Parsons Engineering purchase order
N0.744223.00003-00. Westhbay representative Mr. Darcy Sinclair was on-site from
November 7 to 12, 2005. The four MP38 multilevel monitoring wells were successfully
installed passing all of Westbay’s standard quality assurance tests.

We look forward to working with you in the future. Please call if you have any questions
or comments.

Yours truly,

Darcy Sinclair

Encl.: Bound Completion Report for Westbay MP38 wells: CS-WB05, CS-WBO06,
CSWBO07, and CS-WBO08.
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COMPLETION REPORT

MP38 Monitoring Wells:
CS-WB05, CS-WB06, CS-WBO07 and CS-WBO08.
Camp Stanley,
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Prepared for:

Parsons Engineering-Science Inc.
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U.S.A.

Prepared by:
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1. Introduction

This report and the attached Appendices document the technical services carried out by
Westbay Instruments Inc. under Parsons Engineering-Science Inc. (Parsons) P.O.
N0.744223.00003-00 A Westbay MP-38 groundwater monitoring system was installed in
boreholes No. CS-WB05, CS-WB06, CS-WB07 and CS-WB08 at the Camp Stanley site in
San Antonio, Texas.

Installation of the Westbay MP-38 wells was conducted over the period November 7 to 12,
2005. This report documents the installation tasks and related QA checks.

2. Personnel

Westbay technical services representative Mr. Darcy Sinclair was on site from November 7
to 12, 2005 to carry out the installation of the four wells. Assistance during the installation
was also provided by personnel from Parsons and drillers contracted to Parsons.

3. Installation
The monitoring wells were installed as indicated below.

(Note: all depths are with respect to top of four- inch PVC casing. Monitoring well reference
elevations were not available at the time of writing). We understand that the PVC surface
casing at each well was modified by Parsons personnel after the installation work was
completed. All depths in this report are referenced to the original top of PVC surface casing,
and are not corrected for any later modification.

Table 1, Summary of MP Well Installations

Monitoring Well | Installation Date Borehole MP38 Casing No. Monitoring
No. Depth (ft) Length (ft) Zones
CS-WBO05 November 11-12, 480 475.2 8
2005
CS-WB06 November 7-8, 333 332.2 5
2005
CS-WBO07 November 8-9, 335 333.2 5
2005
CS-WBO08 November 9-10, 357 356.2 5
2005
Westbay Instruments Inc. 1 5/4/2006
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The wells were installed according to the procedure described below.

3.1 Previous Activities

A nominal 4-inch diameter borehole was drilled using an air rotary method. A set of
geophysical logs, including video and caliper, were run in each borehole by a subcontractor
to Parsons. Fluid was pumped from each open borehole to remove and reduce the effects of
drilling and cross flow. On completion of pumping a FLUTe™ liner was installed in each
borehole to minimize the effects of cross flow between different horizons. The FLUTe™
liners were removed, and the boreholes were pumped again prior to the installation of the
Westbay wells.

3.2  Preparation of Monitoring Well Design

Preliminary monitoring zone locations for the Westbay MP38 wells were sent to Westbay by
Mr. Scott Pearson of Parsons. Westbay prepared MP Casing Log/Casing Installation Log,
which specifies the location of components in the boreholes, prior to arrival at the site. The
logs were reviewed by Mr. Eric Tennyson of Parsons and approved in the field prior to
installation of the wells. The MP Casing Log/Casing Installation Logs as approved were used
as an installation guide in the field. Field copies of the logs are in the Appendices.

Monitoring wells No. WB-06,WB-07, and WB-08 were each designed with 5 sampling
zones and WB-05 was designed with 8 sampling zones. An MP measurement port coupling
was included in each zone to provide the capability to measure fluid pressures and collect
fluid samples. A pumping port coupling was also included in each zone to provide purging
and hydraulic conductivity testing capabilities.

Prior to MP System installation, the MP System casing components were set out near the
borehole according to the sequence indicated on the appropriate MP Casing Log/Casing
Installation Log. Each casing length was numbered beginning with the lowermost as an aid
to confirming the proper sequence of components. The appropriate MP System couplings
were attached to the casing sections. Magnetic location collars were attached 2 feet below
the top of the MP measurement port in each sampling zone. Pumping ports were positioned
at various intervals above the bottom-most packer in each zone.

Each casing component was visually inspected. Serial numbers for each MP packer, MP
pumping port and MP measurement port coupling were recorded on the MP Casing
Log/Casing Installation Logs. The well component layout was confirmed with the log before
the components were lowered into the boreholes.

3.3  Lowering of MP Components

The MP casing components were placed in the well using a SMEAL rig provided by
Geoprojects Drilling International (GeoProjects). Each casing joint was tested with a
minimum internal hydraulic pressure of 150 psi for one minute to confirm hydraulic seals.
The measurement ports were tested with a minimum internal hydraulic pressure of 100 psi
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for one minute to confirm hydraulic seals. A record of each successful joint test and the
placement of each casing component are noted on the MP Casing Log/Casing Installation
Logs by check marks.

Clean water was supplied by GeoProjects for testing of joint seals during lowering and for
packer inflation.

3.4  Hydraulic Integrity Testing

After the MP casing was lowered into the borehole, the water levels inside the MP casing
was monitored at depths different from the open borehole water level for a minimum period
of thirty minutes to confirm hydraulic integrity of the casing. The data from the hydraulic
integrity tests are shown on the first page of the respective MP Casing Log/Casing
Installation Log in the Appendices. Table 2 (below) also lists the data for the hydraulic
integrity tests.

Table 2, Summary of Borehole and Westbay water levels

Monitoring Borehole Westbay
Well No. water level water level
(ft) (ft)
CS-WBO05 222.38 453.45
CS-WBO06 207.25 321.60
CS-WBO07 211.60 319.95
CS-WBO08 228.60 343.60

3.5 Positioning of MP Components

After the components were lowered into the well, the MP casing string was positioned as
indicated on the cover page of the Summary Casing Logs. The top of the four-inch PVC
surface casing was used as the borehole datum. The MP casing string was supported in this
position while packer inflation was carried out. Summary Casing Logs, which show the final
“as-built” locations of the components in each well, are included in the Appendices. The
depths of key items in the wells are shown in Tables 3-6.

3.6 Pre-inflation Profiles

A pre-inflation pressure profile was carried out at the well prior to inflating the packers to
confirm the proper operation and position of measurement ports and magnetic collars. The

Westbay Instruments Inc. 3 5/4/2006



Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08 WB816

data confirmed that the ports operated properly and are positioned correctly. The data for the
pre-inflation profiles are located in the Appendices and on the Field Data and Calculation
Sheets.

3.7 Inflation of MP System Packers

The MP packers were inflated sequentially beginning at the bottom of the well using clean
water. Westbay's model No. 6055 vented inflation tool was used for packer inflation. All of
the packers appear to have inflated normally. The data for inflation of each packer are
provided on the MP Packer Inflation Records included in the Appendices.

4. Fluid Pressure Measurements

After packer inflation was completed, fluid pressures were measured at each measurement
port. At that time, the in-situ formation pressures may not have recovered from the pre-
installation activities and potential groundwater pressure increases in monitoring zones may
have resulted from packer inflation. This latter effect may be more likely to occur in
monitoring zones located in low-permeability geological formations. Longer term
monitoring may be required to establish representative fluid pressures.

A plot of the Piezometric levels in all zones in each well is shown on Figure 1 in the
respective Appendices. The data were examined to confirm proper operation of the
measurement ports and as a check on the presence of annulus seals between monitoring
zones. The calculation sheets for the pressure profiles of the MP monitoring wells are also
enclosed in the Appendices.
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Table 3 - Depths of Key Items for MP Monitoring Well WB-05
Zone No. Monitoring MP Packer Packer Nominal Magnetic Measurement | Pumping
Interval* Casing No. Serial Packer Port
No. No. Position Collar Port Depth** | Depth**
(ft) (from Depth
MP (ft) *** (ft) (ft)
Log) (fH
Zonel 449.0-475.0 1-5 462.0 460.0 465.0
Packer 6 1 14453 444.0 ---
Zone 2 395.0-444.0 7-14 434.0 432.0 437.0
Packer 15 2 14569 390.0
Zone 3 347.0-390.0 16-22 364.0 362.0 237.0
Packer 23 3 14585 342.0 ---
Zone 4 291.0-342.0 24-33 331.0 329.0 334.0
Packer 34 4 13163 286.0
Zone 5 277.0-286.0 35-37 279.0 277.0 282.0
Packer 38 5 14454 272.0 -
Zone 6 197.0-272.0 39-50 218.0/264.0 216.0/262.0 267.0
Packer 51 6 14286 192.0 -
Zone7 114.0-192.0 52-62 184.0 182.0 187.0
Packer 63 7 13161 109.0 ---
Zone 8 32.0-109.0 64-73 101.0 99.0 104.0
Packer 74 8 13162 27.0 ---
casing 0.0-27.0 75-79
* Note: depths are with respect to original top of 4-inch PVVC surface casing before modification.
** Component positions are referenced to the top of the subject MP System coupling.
*** Packer positions are referenced to the top MP System coupling on the packer.
Westbay Instruments Inc. 5/4/06




Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08 WB816

Table 4 - Depths of Key Items for MP Monitoring Well WB-06

Zone No. Monitoring MP Packer | Packer Nominal Magnetic Measurement | Pumping Port
Interval* Casing No. Serial Packer Collar
No. (from No. Position Depth Port Depth** Depth**
(ft) MP Log)
(ft) *** (ft) (ft) (ft)
Zone 1 275.0-335.0 1-7 322.0 320.0 325.0
Packer 8 1 13169 270.0
Zone 2 189.0-270.0 9-21 209.0/262.0 207.0/260.0 265.0
Packer - 22 2 13078 184.0 -
Zone 3 108.0-184.0 23-32 176.0 174.0 179.0
Packer 33 3 13168 103.0
Zone 4 35.0-103.0 34-43 95.0 93.0 98.0
Packer - 44 4 13080 30.0 -
Zone 5 12.0-30.0 45-49 22.0 20.0 25.0
Packer - 50 5 13079 7.0 -
casing 0.0-7.0 51-54

* Note: depths are with respect to original top of 4-inch PVC surface casing before modification.

** Component positions are referenced to the top of the subject MP System coupling.

*** Packer positions are referenced to the top MP System coupling on the packer.

Westbay Instruments Inc. 5/4/06



Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08 WB816

Table 5 - Depths of Key Items for MP Monitoring Well WB-07

Zone No. Monitoring MP Packer | Packer Nominal Magnetic Measurement | Pumping Port
Interval* Casing No. Serial Packer Collar
No. (from No. Position Depth Port Depth** Depth**
(ft) MP Log)

(ft) *** (ft) (ft) (ft)
Zone 1 272.0-333.0 1-8 320.0 318.0 323.0
Packer 9 1 13084 267.0
Zone 2 190.0-267.0 10-22 - - 210.0/259.0 208.0/257.0 262.0
Packer 23 2 13083 185.0 -
Zone 3 105.0-185.0 24-32 - - 177.0 175.0 180.0
Packer 33 3 13082 100.0
Zone 4 29.0-100.0 34-42 - - --- 92.0 90.0 95.0
Packer 43 4 13085 24.0 -
Zone 5 9.0-24.0 44-46 16.0 14.0 19.0
Packer 47 5 13081 4.0 -
casing 0-4.0 48-50

* Note: depths are with respect to original top of 4-inch PVVC surface casing before modification.

** Component positions are referenced to the top of the subject MP System coupling.

*** Packer positions are referenced to the top MP System coupling on the packer.

Westbay Instruments Inc. 5/4/06



Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08

WB816

Table 6 - Depths of Key Items for MP Monitoring Well WB-08

Zone No. Monitoring MP Packer | Packer Nominal Magnetic Measurement | Pumping Port
Interval* Casing No. Serial Packer Collar
No. (from No. Position Depth Port Depth™* Depth**
(ft) MP Log)
(Ft) =+ (ft) (Ft) (Ft)
Zone 1 288.0-356.0 1-9 343.0 341.0 346.0
Packer 10 1 13160 283.0
Zone 2 208.0-283.0 11-19 230.0/275.0 228.0/273.0 278.0
Packer 20 2 13165 203.0
Zone 3 130.0-203.0 21-30 195.0 193.0 198.0
Packer 31 3 13164 125.0
Zone 4 53.0-125.0 32-40 117.0 115.0 120.0
Packer 41 4 13166 48.0
Zone 5 12.0-48.0 42-47 40.0 38.0 43.0
Packer 48 5 13167 7.0
casing 0.0-7.0 49-51
* Note: depths are with respect to original top of 4-inch PVC surface casing before modification.
** Component positions are referenced to the top of the subject MP System coupling.
*** Packer positions are referenced to the top MP System coupling on the packer.
Westbay Instruments Inc. 5/4/06




Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08 WB816

APPENDIX 1

Monitoring Well CS-WBO05

Summary Casing Log -4 pages
Pre-Inflation Piezometric Pressure/Levels

Field Data and Calculation Sheet (dated November 12, 2005) -1 page
Figure 1, Pre-Inflation Piezometric Pressure Profile -1 page
Post- Inflation Piezometric Pressure/Levels

Field Data and Calculation Sheet (dated November 12, 2005) -1 page
Figure 2, Post-Inflation Profile -1 page
MP Casing Log/Casing Installation Log (field copy) - 12 pages
MP Packer Inflation Records -9 pages

Westbay Instruments Inc. 5/4/06



Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08 WB816

APPENDIX 2

Monitoring Well CS-WBO06

Summary Casing Log - 4 pages
Pre-Inflation Piezometric Pressure/Levels
Field Data and Calculation Sheet (dated November 8, 2005) - 1 page
Figure 1, Pre-Inflation Piezometric Pressure Profile - 1 page
Post- Inflation Piezometric Pressure/Levels
Field Data and Calculation Sheet (dated November 8, 2005) - 1 page
Figure 2, Post-Inflation Profile - 1 page
MP Casing Log/Casing Installation Log (field copy)

- 7 pages
MP Packer Inflation Records - 6 pages

Westbay Instruments Inc. 5/4/06



Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08 WB816

APPENDIX 3

Monitoring Well CS-WBO07

Summary Casing Log - 4 pages
Pre-Inflation Piezometric Pressure/Levels

Field Data and Calculation Sheet (dated November 9, 2005) - 1 page
Figure 1, Pre-Inflation Piezometric Pressure Profile - 1 page
Post- Inflation Piezometric Pressure/Levels

Field Data and Calculation Sheet (dated November 10, 2005) - 1 page
Figure 2, Post-Inflation Profile - 1 page
MP Casing Log/Casing Installation Log (field copy) - 7 pages
MP Packer Inflation Records - 6 pages

Westbay Instruments Inc. 5/4/06



Completion Report: CS-WB05, CS-WB-06, CS-WB07, CS-WB08 WB816

APPENDIX 4

Monitoring Well CS-WBO08

Summary Casing Log - 5 pages
Pre-Inflation Piezometric Pressure/Levels
Field Data and Calculation Sheet (dated October 19, 2005) - 1 page
Figure 1, Pre-Inflation Piezometric Pressure Profile - 1 page
Post- Inflation Piezometric Pressure/Levels
Field Data and Calculation Sheet (dated October 25, 2005) - 1 page
Figure 2, Post-Inflation Profile - 1 page
MP Casing Log/Casing Installation Log (field copy)

- 8 pages
MP Packer Inflation Records - 6 pages

Westbay Instruments Inc. 5/4/06
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Well Development and Purge Form
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Well Report: Tracking #:79418 Page 1 of 2
STATE OF TEXAS WELL REPORT for Tracking #79418

Owner: U.S. GOVERMENT Owner Well #: CS-B3-MW1

Address: 25800 RALPH FAIR ROAD Grid #: 68-20-1
BOERNE , TX 78015

Well Location: 25800 RALPH FAIR ROAD Latitude: 29°42'39" N
BOERNE , TX 78015

Well County: Bexar Longitude: 098° 36' 49" W

Elevation: 1240 ft. GPS Brand Used: GARMIN

Type of Work:  New Well Proposed Use: Monitor

Drilling Date: Started: 9/13/2006

Diameter of Hole:
Drilling Method:

Borehole
Completion:

Annular Seal Data:

Completed: 9/21/2006
Diameter: 7 7/8 in From Surface To 292.5 ft
Air Rotary

Gravel Packed From: 274 ft to 287 ft
Gravel Pack Size: 1/4 GRAVEL

1st Interval: From O ft to 267.5 ft with CEMENT-6 (#sacks and material)

2nd Interval: From 267.5 ft to 274 ft with BENTONITE-2 (#sacks and material)
3rd Interval: From 274 ft to 287 ft with PEA GRAVEL-9 (#sacks and material)
Method Used: TREMIE

Cemented By: LEE GEBBERT

Distance to Septic Field or other Concentrated Contamination: No Data
Distance to Property Line: No Data

Method of Verification: No Data

Approved by Variance: No Data

Surface Alternative Procedure Used
Completion:
Water Level: Static level: No Data
Artesian flow: No Data
Packers: No Data
Plugging Info: Casing or Cement/Bentonite left in well: No Data

Type Of Pump:
Well Tests:

No Data
No Data

Water Quality:

Certification Data:

Company
Information:

Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which contained undesirable constituents: No

The driller certified that the driller drilled this well (or the well was drilled under the driller's direct
supervision) and that each and all of the statements herein are true and correct. The driller
understood that failure to complete the required items will result in the log(s) being returned for

completion and resubmittal.

GEOPROJECTS INTERNATIONAL, INC
8834 CIRCLE DRIVE

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=79418

3/28/2006



Well Report: Tracking #:79418 Page 2 of 2

AUSTIN , TX 78736

Driller License 2525
Number:
Licensed Well LEE GEBBERT

Driller Signature:

Registered Driller No Data
Apprentice
Signature:

Apprentice No Data
Registration
Number:

Comments: PLUG BACK WITH BENTONITE-2
FROM 292.5-287

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the
well was drilled) to keep information in Well Reports confidential. The Department shall hold the contents
of the well log confidential and not a matter of public record if it receives, by certified mail, a written
request to do so from the owner.

Please include the report's Tracking number (Tracking #79418) on your written request.

Texas Department of Licensing & Regulation
P.O. Box 12157
Austin, TX 78711
(512) 463-7880

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (ft) To (ft) Description Dia. New/Used Type Setting From/To
0-17 UPPER GLEN ROSE 4 NEW SCH 40 PVC RISER 0-277

17-292.5 LOWER GLEN ROSE 4 NEW 304 SSWW RB SCREEN 277-287 0.050

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=79418 3/28/2006



Well Report: Tracking #:74396

Page 1 of 2

STATE OF TEXAS WELL REPORT for Tracking #74396

Owner: U.S. GOVERMENT Owner Well #: CS-WB05

Address: 25800 RALPH FAIR ROAD Grid #: 68-20-1
BOERNE , TX 78015

Well Location: 25800 RALPH FAIR ROAD Latitude: 29°42' 38" N
BOERNE , TX 78015

Well County: Bexar Longitude: 098° 36' 51" W

Elevation: 1240 ft. GPS Brand Used: GARMIN

Type of Work:  New Well Proposed Use: Monitor

Drilling Date: Started: 7/26/2005

Diameter of Hole:

Drilling Method:

Borehole
Completion:

Annular Seal Data:

Completed: 7/29/2005

Diameter: 7 7/8 in From Surface To 30 ft
Diameter: 4 1/4 in From 30 ft To 480 ft

Air Rotary
Open Hole

1st Interval: From O ft to 30 ft with CEMENT-10 (#sacks and material)
2nd Interval: No Data

3rd Interval: No Data

Method Used: TREMIE

Cemented By: LEE GEBBERT

Distance to Septic Field or other Concentrated Contamination: No Data
Distance to Property Line: No Data

Method of Verification: No Data

Approved by Variance: No Data

Surface Alternative Procedure Used
Completion:
Water Level: Static level: No Data
Artesian flow: No Data
Packers: No Data
Plugging Info: Casing or Cement/Bentonite left in well: No Data

Type Of Pump:
Well Tests:

No Data
No Data

Water Quality:

Certification Data:

Company

Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which contained undesirable constituents: No

The driller certified that the driller drilled this well (or the well was drilled under the driller's direct
supervision) and that each and all of the statements herein are true and correct. The driller
understood that failure to complete the required items will result in the log(s) being returned for

completion and resubmittal.

GEOPROJECTS INTERNATIONAL,INC

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74396

3/28/2006



Well Report: Tracking #:74396

Information: 8834 CIRCLE DRIVE
AUSTIN, TX 78736

Driller License 2525

Number:

Licensed Well LEE GEBBERT

Driller Signature:

Registered Driller No Data
Apprentice
Signature:

Apprentice No Data
Registration
Number:

Comments: No Data

Page 2 of 2

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the
well was drilled) to keep information in Well Reports confidential. The Department shall hold the contents
of the well log confidential and not a matter of public record if it receives, by certified mail, a written
request to do so from the owner.

Please include the report's Tracking number (Tracking #74396) on your written request.

Texas Department of Licensing & Regulation
P.O. Box 12157
Austin, TX 78711
(512) 463-7880

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (ft) To (ft) Description Dia. New/Used Type Setting From/To
0-17 UPPER GLEN ROSE LIMESTONE 4.5 NEW SCH 40 PVC RISER +2.5-30

17-336 LOWER GLEN ROSE LIMESTONE
336-393 BEXAR SHALE

393-469 COW CREEK LIMESTONE
469-480 HAMMETT SHALE

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74396

3/28/2006



Well Report: Tracking #:74398

Page 1 of 2

STATE OF TEXAS WELL REPORT for Tracking #74398

Owner: U.S. GOVERMENT Owner Well #: CS-WB06

Address: 25800 RALPH FAIR ROAD Grid #: 68-20-1
BOERNE , TX 78015

Well Location: 25800 RALPH FAIR ROAD Latitude: 29°42' 32" N
BOERNE , TX 78015

Well County: Bexar Longitude: 098° 36' 52" W

Elevation: 1232 ft. GPS Brand Used: GARMIN

Type of Work:  New Well Proposed Use: Monitor

Drilling Date: Started: 8/1/2005

Diameter of Hole:

Drilling Method:

Borehole
Completion:

Annular Seal Data:

Completed: 8/3/2005

Diameter: 7 7/8 in From Surface To 10 ft
Diameter: 4 1/4 in From 10 ft To 333 ft

Air Rotary
Open Hole

1st Interval: From O ft to 10 ft with CEMENT-4 (#sacks and material)
2nd Interval: No Data

3rd Interval: No Data

Method Used: TREMIE

Cemented By: LEE GEBBERT

Distance to Septic Field or other Concentrated Contamination: No Data
Distance to Property Line: No Data

Method of Verification: No Data

Approved by Variance: No Data

Surface Alternative Procedure Used
Completion:
Water Level: Static level: No Data
Artesian flow: No Data
Packers: No Data
Plugging Info: Casing or Cement/Bentonite left in well: No Data

Type Of Pump:
Well Tests:

No Data
No Data

Water Quality:

Certification Data:

Company

Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which contained undesirable constituents: No

The driller certified that the driller drilled this well (or the well was drilled under the driller's direct
supervision) and that each and all of the statements herein are true and correct. The driller
understood that failure to complete the required items will result in the log(s) being returned for

completion and resubmittal.

GEOPROJECTS INTERNATIONAL,INC

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74398

3/28/2006



Well Report: Tracking #:74398

Information: 8834 CIRCLE DRIVE
AUSTIN, TX 78736

Driller License 2525

Number:

Licensed Well LEE GEBBERT

Driller Signature:

Registered Driller No Data
Apprentice
Signature:

Apprentice No Data
Registration
Number:

Comments: No Data

Page 2 of 2

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the
well was drilled) to keep information in Well Reports confidential. The Department shall hold the contents
of the well log confidential and not a matter of public record if it receives, by certified mail, a written
request to do so from the owner.

Please include the report's Tracking number (Tracking #74398) on your written request.

Texas Department of Licensing & Regulation
P.O. Box 12157
Austin, TX 78711
(512) 463-7880

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (ft) To (ft) Description Dia. New/Used Type Setting From/To
0-17 UPPER GLEN ROSE LIMESTONE 4.5 NEW SCH 40 PVC RISER +2.5-10

17-330 LOWER GLEN ROSE LIMESTONE
330-333 BEXAR SHALE

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74398

3/28/2006



Well Report: Tracking #:74399

Page 1 of 2

STATE OF TEXAS WELL REPORT for Tracking #74399

Owner: U.S. GOVERMENT Owner Well #: CS-wWBO07

Address: 25800 RALPH FAIR ROAD Grid #: 68-20-1
BOERNE , TX 78015

Well Location: 25800 RALPH FAIR ROAD Latitude: 29°42' 36" N
BOERNE , TX 78015

Well County: Bexar Longitude: 098° 36' 52" W

Elevation: 1233 ft. GPS Brand Used: GARMIN

Type of Work:  New Well Proposed Use: Monitor

Drilling Date: Started: 8/4/2005

Diameter of Hole:

Drilling Method:

Borehole
Completion:

Annular Seal Data:

Completed: 8/11/2005

Diameter: 7 7/8 in From Surface To 10 ft
Diameter: 4 1/4 in From 10 ft To 335 ft

Air Rotary
Open Hole

1st Interval: From O ft to 10 ft with CEMENT-4 (#sacks and material)
2nd Interval: No Data

3rd Interval: No Data

Method Used: TREMIE

Cemented By: LEE GEBBERT

Distance to Septic Field or other Concentrated Contamination: No Data
Distance to Property Line: No Data

Method of Verification: No Data

Approved by Variance: No Data

Surface Alternative Procedure Used
Completion:
Water Level: Static level: No Data
Artesian flow: No Data
Packers: No Data
Plugging Info: Casing or Cement/Bentonite left in well: No Data

Type Of Pump:
Well Tests:

No Data
No Data

Water Quality:

Certification Data:

Company

Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which contained undesirable constituents: No

The driller certified that the driller drilled this well (or the well was drilled under the driller's direct
supervision) and that each and all of the statements herein are true and correct. The driller
understood that failure to complete the required items will result in the log(s) being returned for

completion and resubmittal.

GEOPROJECTS INTERNATIONAL,INC

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74399

3/28/2006



Well Report: Tracking #:74399

Information: 8834 CIRCLE DRIVE
AUSTIN, TX 78736

Driller License 2525

Number:

Licensed Well LEE GEBBERT

Driller Signature:

Registered Driller No Data
Apprentice
Signature:

Apprentice No Data
Registration
Number:

Comments: No Data

Page 2 of 2

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the
well was drilled) to keep information in Well Reports confidential. The Department shall hold the contents
of the well log confidential and not a matter of public record if it receives, by certified mail, a written
request to do so from the owner.

Please include the report's Tracking number (Tracking #74399) on your written request.

Texas Department of Licensing & Regulation
P.O. Box 12157
Austin, TX 78711
(512) 463-7880

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (ft) To (ft) Description Dia. New/Used Type Setting From/To
0-13 UPPER GLEN ROSE LIMESTONE 4.5 NEW SCH 40 PVC RISER +2.5-10

13-330 LOWER GLEN ROSE LIMESTONE
330-335 BEXAR SHALE

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74399

3/28/2006



Well Report: Tracking #:74401

Page 1 of 2

STATE OF TEXAS WELL REPORT for Tracking #74401

Owner: U.S. GOVERMENT Owner Well #: CS-wWB08

Address: 25800 RALPH FAIR ROAD Grid #: 68-20-1
BOERNE , TX 78015

Well Location: 25800 RALPH FAIR ROAD Latitude: 29°42' 36" N
BOERNE , TX 78015

Well County: Bexar Longitude: 098° 36' 48" W

Elevation: 1252 ft. GPS Brand Used: GARMIN

Type of Work:  New Well Proposed Use: Monitor

Drilling Date: Started: 8/11/2005

Diameter of Hole:

Drilling Method:

Borehole
Completion:

Annular Seal Data:

Completed: 8/16/2005

Diameter: 7 7/8 in From Surface To 10 ft
Diameter: 4 1/4 in From 10 ft To 355 ft

Air Rotary
Open Hole

1st Interval: From O ft to 10 ft with CEMENT-4 (#sacks and material)
2nd Interval: No Data

3rd Interval: No Data

Method Used: TREMIE

Cemented By: LEE GEBBERT

Distance to Septic Field or other Concentrated Contamination: No Data
Distance to Property Line: No Data

Method of Verification: No Data

Approved by Variance: No Data

Surface Alternative Procedure Used
Completion:
Water Level: Static level: No Data
Artesian flow: No Data
Packers: No Data
Plugging Info: Casing or Cement/Bentonite left in well: No Data

Type Of Pump:
Well Tests:

No Data
No Data

Water Quality:

Certification Data:

Company

Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which contained undesirable constituents: No

The driller certified that the driller drilled this well (or the well was drilled under the driller's direct
supervision) and that each and all of the statements herein are true and correct. The driller
understood that failure to complete the required items will result in the log(s) being returned for

completion and resubmittal.

GEOPROJECTS INTERNATIONAL,INC

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74401

3/28/2006



Well Report: Tracking #:74401

Information: 8834 CIRCLE DRIVE
AUSTIN, TX 78736

Driller License 2525

Number:

Licensed Well LEE GEBBERT

Driller Signature:

Registered Driller No Data
Apprentice
Signature:

Apprentice No Data
Registration
Number:

Comments: No Data

Page 2 of 2

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the
well was drilled) to keep information in Well Reports confidential. The Department shall hold the contents
of the well log confidential and not a matter of public record if it receives, by certified mail, a written
request to do so from the owner.

Please include the report's Tracking number (Tracking #74401) on your written request.

Texas Department of Licensing & Regulation
P.O. Box 12157
Austin, TX 78711
(512) 463-7880

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (ft) To (ft) Description Dia. New/Used Type Setting From/To
0-35 UPPER GLEN ROSE LIMESTONE 4.5 NEW SCH 40 PVC RISER +2.5-10

35-349 LOWER GLEN ROSE LIMESTONE
349-355 BEXAR SHALE

http://134.125.70.235/drillers-new/insertwellreportprint.asp?track=74401

3/28/2006
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PARSONS

Technical Memorandum

To: Glaré Sanchez, Jeff Aston and Chris Beal, CSSA

From: Parsons Staff

CC: file (744223.07)

Date: November 1, 2005

Re: Construction Recommendations for proposed Westbay® MP38 System

Wells at CSSA SWMU B-3

This Technical Memorandum presents construction information and recommendations
for the new Westbay wells (WBs) WB05, WB06, WB07, and WB08 at SWMU B-3
located in Camp Stanley Storage Activity (CSSA). These recommendations for the new
WBs are for your review and comment. For information on the scope of work beyond
WB construction refer to the Draft TO-06 Work Plan and Draft TO-06 Sampling and
Analysis Plan.

PROJECT BACKGROUND AND OBJECTIVES

In July and August 2005, Parsons drilled four open boreholes around SWMU B-3 to be
completed with Westbay MP38 Systems as part of Task Order 0006. The locations of
the existing well boreholes are shown on Attachment 1 to this memorandum. The
Westbay systems are multi-port wells capable of monitoring several vertically distinct
and separate hydrogeologic zones within one borehole. During the interim design phase
of the WB wells, the boreholes have been sealed against vertical groundwater and
contaminant migration by FLUTe™ borehole liners. Parsons has, and will, monitor and
maintain the appropriate interstitial head levels within the FLUTe liners until the actual
WB installations scheduled to begin on 7 November 2005.

The WB wells are intended to monitor volatile organic compound (VOC) contamination
and other subsurface conditions in various geologic layers beneath SWMU B-3 as part
of a substrate injection pilot study, a bioreactor treatability study, subsequent O&M
periods, groundwater pumping tests, and other ancillary groundwater monitoring needs.
Well WBO05 is completed to the base of the Cow Creek (CC) formation in support of a
groundwater pumping test to be performed in December 2005. The focus of the
pumping test is to assess the vertical leakage potential of the Bexar Shale (BS) in the
vicinity of SWMU B-3 and the CS-16 well cluster, and general aquifer characterization.
The pumping tests will also help assess the groundwater flow paths that ultimately led to
the contamination discovered in 1991 at Well 16. The remaining wells (WB06, WBO07,
and WBO08) are not specifically tied to the pumping tests, but to SWMU B-3 bioreactor
monitoring, and therefore are completed to the base of the Lower Glen Rose (LGR)
formation only. A design image of the wells is shown on Attachment 2.

J:\744\744223 B3 & AOC65\07000-B3 Monitoring Network\westbay tech memo\B3_WB_Tech_Memo (final).doc
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The CC and the bottom of the LGR contain the two main water-bearing zones of the
Middle Trinity aquifer and are separated by the Bexar Shale aquitard. Previous work at
the CS-MW16 well cluster has demonstrated that contamination in excess of maximum
contaminant levels (MCLs) is present within the major water-bearing units of the LGR
and CC members. The design of WB05 and implementation of the MW16 pumping test
will help determine the nature of how contamination is distributed downward into
underlying strata.

Part of the SWMU B-3 Enhanced Anaerobic Bioremediation (EAB) Pilot Study involves
injection of an organic substrate into a portion of the LGR formation at SWMU B-3 at the
location and depth interval described in the technical memorandum recommending
injection well location and injection intervals (see Parsons Technical Memo from Gary
Cobb, September 2005). WBO05 will facilitate monitoring the effects that the substrate
has on geochemistry and associated biological activities related to anaerobic
dechlorination of PCE and TCE. A conventional monitoring well also suitable for
injection purposes (CS_B3-MWO01) was installed along the presumed migration pathway
between the VOC source area and the MW16 well pair to facilitate injection of the
organic substrate. It is believed that prolonged pumping activities associated with
groundwater production at the former Well 16 induced groundwater gradient reversals
that literally pulled contamination within its sphere of influence toward the pumping well,
rather than traveling along its natural flow paths southward and southwestward, and
significantly influenced the shape of the resultant VOC plume. Data from groundwater
monitoring suggests that absent the continuous pumping activities previously performed
at Well 16 groundwater flow would trend more southward rather than northwesterly
toward Wells D and 16. Renewing pumping operations at MW16 wells during the EAB
injection pilot study will partially recreate the past conditions that originally contributed to
the spread of SWMU B-3 contamination and should provide a hydraulic gradient that
increases the probability that WB05 will be located ideally between the injection well and
Well 16, and thus able to provide appropriate and significant data regarding the
performance of the substrate injection. The injected substrate is expected to follow the
same general groundwater flow paths under the recreated conditions as the original
contamination, enhancing contaminant degradation along the way. The remaining WBs
completed into the LGR will complement WBO0S primarily in the monitoring of the
formation during operation of bioreactor treatment cells planned for construction in the
SWMU B-3 excavation scheduled for early 2006.

Drilling locations for the four monitoring wells were selected with the objective of
optimizing observations of recharge and flow pathways from SWMU B-3. The possible
recharge pathways are intended to represent the flow paths followed by the
contaminants when they initially impacted the aquifer. Monitoring in areas of higher
contamination, such as those closer to SWMU B-3, should also provide sufficient
quantities of data to assess the effects of the enhanced biodegradation resulting from
the operation and maintenance of the bioreactor cells throughout the vertical profile of
the formation. Well WB08 was drilled in the apparent upgradient location east of SWMU
B-3. CS-WBO05 was installed between the SWMU B-3 ‘injection well’ and the pilot
study’s pumping wells (MW16-LGR & -CC). It will be utilized as the main downgradient
monitoring point for the substrate injection test and the main observation well for MW16
pumping tests (local aquifer characterization). WBs 06 and 07 will monitor the study’s
effects in the southward and westward downgradient directions from SWMU B-3,
respectively.

J:\744\744223 B3 & AOC65\07000-B3 Monitoring Network\westbay tech memo\B3_WB_Tech_Memo (final).doc
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SITE CHARACTERIZATION

Geophysical, optical, and Hydrophysical logging (HpL) was conducted by RAS, Inc.
following the installation of the boreholes in August 2005. Geophysical and video logs
were used to correlate the stratigraphy of individual boreholes and establish a site
model, and compare/contrast these results to other geophysical work conducted
throughout CSSA. The HpL testing conducted at WBO05 primarily identified zones of
groundwater flow and potential injection zones within the saturated interval of the
formation. The data from this testing was also evaluated to assist in selecting
appropriate WB sample port depths. Analysis of the HpL testing completed at WB05
identified the optimum injection zone for CS_B-3_MWO01 (see Parsons Technical Memo
from Gary Cobb, September 2005) at the 278 to 287-foot interval.

Parsons and its subcontractors collected discrete soil-gas and groundwater samples
initially from each borehole to screen the subsurface for any VOC contamination
emanating from SWMU B-3. In short, every aqueous and air sample collected from the
SWMU B-3 boreholes exhibited VOC contamination. From the data it is reasonable to
assume that the entire horizon from ground surface to the base of the LGR at SWMU B-
3 is contaminated by VOCs. Detected constituents in both the soil-gas and groundwater
samples typically included PCE, TCE, and cis-1,2,-DCE. To a lesser extent, trans-1,2-
DCE, 1,1,1-TCA, 1,1-DCE, benzene, chloroform, methylene chloride, and vinyl chloride
were reported in some samples. For the purposes of this memorandum, PCE will be
used as the indicator constituent when discussing the subsurface contamination, even
though multiple organic compounds were detected in each sample. A full tabulation of
the sampling results by borehole is provided in Attachment 4.

At WBO05, PCE soil-gas concentrations ranged from 120 to 479 parts per billion by
volume (ppbv) between the depths of 30 and 176 feet below ground surface (bgs), with
the greatest concentrations occurring between 116 to 136 feet bgs. Likewise, PCE soil-
gas levels ranged between 540 and 1,570 ppbv between the depths of 10 and 150 feet
bgs, with the highest concentration occurring at 150 feet bgs. The least amount of soil-
gas contamination was found at WBO07, where PCE concentrations were reported
between 4.57 and 83.3 ppbv from 10 to 130 feet bgs. At WBO07, the highest
concentration occurred within the upper 30 feet of strata. The greatest soil-gas
contamination was detected at WB08, which is located adjacent to the former SWMU
B-3 east trench. PCE concentrations in soil gas ranged from 3,310 to 12,200 ppbv
between 10 and 150 feet bgs, with the greatest concentration occurring within the same
strata as the landfill (and former east trench) between 10 and 30 feet bgs.

In groundwater, VOCs were ubiquitously reported in all 14 samples (Attachment 4). At
WBO05, PCE concentrations ranged from 31.3 to 392 micrograms per liter (ug/L) between
depths of 268 and 436 feet bgs. At WBO05, the VOC concentrations increased with
depth, and contamination was found to extend down through the BS into the CC, where
the highest concentrations were detected. Likewise, at WBO06, reported PCE
concentrations in groundwater increased between the depths of 260 and 328 feet bgs,
with concentrations ranging between 151 and 337 pg/L. WBO7 results indicate that
throughout the water column, PCE concentrations ranged between 34.7 and 293 ug/L at
depths from 200 to 330 feet bgs. At WBO08, while soil-gas results are indicative of the
wells proximity to the landfill, the groundwater results suggest that the well is slightly
hydraulically upgradient. WB08 PCE concentrations ranged from 38.6 to 53.7 ug/L, and
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increased with depth between 280 and 351 feet bgs.

DESIGN METHODOLOGY

Multiple factors were considered when designing WB well construction including water-
bearing strata, zones of hydraulic distinction, site-specific characterization results in
terms of hydrogeology and contaminant distribution, and optimal placement for well
components (packer seals and monitoring ports). Finally, the observations and
experiences gained from operating similar WB wells located at AOC-65 were also
considered during the design phase.

Following prior work performed by the USGS with respect to the Upper Glen Rose
(UGR) formation at Camp Bullis and CSSA, the basewide Hydrogeologic Conceptual
Site Model (HCSM) has divided the Middle Trinity aquifer into 10 definable zones based
upon both stratigraphic and hydrologic character (Parsons, 2005). Six of these zones
are in the LGR (A-F), and 4 remaining zones are split equally between the BS and CC
members.

At AOC-65, the HCSM model was further subdivided into 17 intervals (1 UGR, 11 LGR,
2 BS, and 3 CC) as monitored by the AOC-65 WB network. While those designs were
comprehensive, several years of monthly data from those WB intervals has indicated
that some of these individual zones behave in a similar fashion as a group, both from
hydraulic and contaminant concentration standpoints. The insight gathered from this
monitoring has indicated that combining discrete zones which behave in similar fashion
is prudent and economical for future monitoring and generation of meaningful data.
Therefore, this approach has been adopted for the WB effort at SWMU B-3.

Site-specific data germane to SWMU B-3 were obtained and reviewed to develop a
conceptual monitoring network to meet the goals of the study, which included the EAB
Pilot Study and the groundwater pumping tests. The geophysical logging that was
performed in each borehole was used to correlate the SWMU B-3 subsurface features
with the established HCSM. While some units varied locally with respect to elevation or
thickness, the general hydrostratigraphy at SWMU B-3 is consistent with the basewide
HCSM and AOC-65 WB observations.

Next, direct measurements of hydraulic properties via HpL, hydraulic profiling (via
FLUTe system), straddle packer injection tests, and discrete interval soil-gas and
groundwater sampling were reviewed. The findings of these data sets were evaluated
with respect to the site hydrogeology. Typical results indicated that soil-gas
contamination was present throughout the vadose zone, decreasing in concentration
with depth below the SWMU B-3 landfill. Conversely, contaminant concentrations were
detected throughout the groundwater column (LGR and CC, BS at SWMU B-3 not yet
sampled) showing that concentrations increased with depth. Hydraulic characterization
(HpL and FLUTe) confirmed the HCSM model of the primary water-bearing units of the
Middle Trinity aquifer, occurring in the basal portion of the LGR and the upper portion of
the CC. Very minor water-bearing units were identified above the basal unit, but were
generally thin-bedded and very low yielding.

Based on the site-specific data, a conceptual monitoring network of WB intervals was
established which addresses the hydrogeologic conditions, and considers locations of
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identified flow zones and the occurrence of contaminants. The next step was to select
packer locations within the boreholes that would provide adequate seals between the
intervals to keep them hydraulically separated. That task was accomplished by
identifying suitable borehole wall conditions (smooth, narrow, and without cracks or
sharp edges) on the geophysical caliper log. All potential packer locations were visually
confirmed with data from the Optical Televiewer (OTV) and the downhole analog video.
Based on the visual observations, some packer placements were ultimately adjusted
from their ideal positions to avoid potentially interfering features and to increase the
likelihood of a suitable hydraulic seal.

The final step was to place the sampling and purge ports of each WB well interval. In
accordance with WBs standard design recommendation, all WB discrete intervals will
have a purging/pumping port 5 feet up from the bottom of the zone (top of bottom
packer). Also in accordance with WB recommendations, the intervals will have their
sampling port 5 feet above the pumping port. The distance of 5 feet between packer top
and the ports is the minimum necessary for proper operation of the WB probe and
sampling equipment.

In the basal portion of the aquifer, the measurement/sampling ports were placed
adjacent to identified flow paths (vugs, fractures, etc.). Since water levels are known to
decline in many zones during dry periods, the sampling ports in upper intervals will be
placed as low as feasible in the to minimize the potential for water levels falling below
the port, which would preclude sample collection. At monitoring intervals where
seasonally declining groundwater levels is less of a concern such as in the basal portion
of the LGR, some sampling ports are planned at depths corresponding to a flow-zone
identified through the HpL and packer testing.

The selected WB zones will be sufficiently distributed so monitored natural attenuation
(MNA) parameters, and changes in contaminant concentrations in various hydrogeologic
zones can be monitored and accurately measured and quantified. Contamination within
the LGR appears to be ubiquitous around SWMU B-3; therefore contaminant
concentrations played a minor role in interval selection, although it is important to note
that the presence of contamination throughout the formation measured in the packer test
samples suggests that the monitoring wells were properly located for their stated
purpose, that of monitoring the effects of the bioreactor in the apparent core of the
plume’s source area.

WELL COMPLETION

Hydraulic properties of the different geologic layers exert a major influence on the rate
and direction of groundwater flow through the formation. Corresponding SWMU B-3 WB
intervals all include correlated geologic zones that contain significant permeable layers
capable of facilitating groundwater and contaminant movement. While the zone
selections are tailored to the site-specific conditions encountered at SWMU B-3,
generally speaking, most intervals are assimilations of comparable zones that are
discrete in the AOC-65 WBs. The recommended 23 sampling intervals are shown in
Attachment 2, and are discussed below. The deeper WB well, WB05, will have 8
monitoring zones. The remaining shallower wells (WB06, WB07, and WB08) will have 5
zones each. Groundwater sampling by WB system is very low-flow and removes only a
small amount of water (120 ml per sample). Samples can be collected by WB system
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from intervals where other conventional methods would fail (e.g., bailer, submersible

pump).

Table 1

Comparison of the B-3 Site-Specific Design with Respect to the HCSM

and AOC-65 Design

HCSM Model Layer

AOC-65 WB Design

SMWU B-3 WB Design

UGR(D) UGRO1
UGR(E) UGRO1 (plus upper ~10’ of LGR[A])
LGR(A) LGRO1
LGRO02 LGRO1
LGR(B) LGRO3
LGR0O4
LGR(C
© LGRO5 LGR02
LGRO06
LGR(D) LGRO7
LGRO08 LGRO3
LGR(E) LGR09
LGR10 LGRO4
LGR(F) LGR11 (WBO0S5 divided into 4A and 4B)
BS(A) BSO01 BS01
BS(B) BS02
1
CC(A) 2282 CCo1
CC(B) CCo3 CCo02

For the overall WB design at SWMU B-3, the subsurface has been divided into single
zone for the UGR, 4 monitoring zones in the LGR, 2 zones for the BS (WBO05 only), and
2 zones for the CC (WBO05 only). For reference, Table 1 provides an index of the SWMU
B-3 zones with respect to the HCSM stratigraphy and equivalent zones at AOC-65.
Table 2 summarizes the rationale for zone selections at SWMU B-3. Attachment 3 lists
precise positions of all intervals. The paragraphs following summarize the reasoning for

zone selections.
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Summary and Rationale of Discrete Westbay Interval Selections at

SWMU B-3

Monitoring

Zone General Description Specific Results Rationale
Weathered limestones and | PCE in soil gas ranging | Will almost always be dry except
evaporites of the basal UGR | between 83 ppbv and | during heavy precipitation events,
and upper LGR that easily | 12,200 ppbv at B-3. when high concentrations of
erode into large voids near the contaminants will be expected.
contact (contact approx. 13-17 Thin segment of UGR available
feet bgs at SWMU B-3). This below surface casing precluded
zone is typically dry through UGR-only monitoring.
most of the year. Measurement ports are located at
the UGR/LGR contact. Lower

UGR-01 packer of this zone is 10" below

UGR/LGR contact because of large
caliper openings. Design will allow
for shallow vadose drainage and
perched groundwater to sufficiently
accumulate for sampling after
heavy rainfall.

Not monitored at WBO05, cased off
due to borehole instability.

LGR-01 Low permeable mudstones | PCE in soil gas ranging | Monitor horizons containing
grading to periodically | between 4.6 ppbv and | flowpaths from contaminant source
fossiliferous and moderately | 3,310 ppbv at B-3. to the saturated zone, and effects
porous limestones. of bioreactor on downward moving

and perched water.

LGR-02 Low permeable mudstones | PCE in soil gas ranging | As above, and to monitor minor
grading into moderately | between 21.5 ppbv and | water-bearing zones near base of
fossiliferous, grainy limestones | 5,010 ppbv at B-3. interval. Zone is mostly to
containing  occasional thin, completely saturated during
vuggy, permeable layers. periods of high water levels.

Monitoring port is between two of
the most permeable layers through
which shallow recharge water is
transmitted.

LGR-03 Majority is tight, competent | PCE > 30 ppb in | HpL and injection tests showed
limestone, but with several | groundwater. low-yielding groundwater is
laterally continuous intervals of available in a vuggy zone generally
more permeable, vuggy | Little to no injection | at an elevation of 1030" MSL. A

limestone that have shown to
be low-yielding groundwater
zones.

attained during straddle

packer test of 20-foot
“scissor-tail” resistivity
marker zone.

monitoring port has been placed
adjacent to that zone. This LGR-
03 interval may partially dewater
during droughts, therefore a
secondary port has been placed at
the base of the zone to ensure
groundwater samples can still be
obtained during low groundwater
conditions.

J:\744\744223 B3 & AOC65\07000-B3 Monitoring Network\westbay tech memo\B3_WB_Tech_Memo (final).doc




Page 8 of 12

Table 2
Summary and Rationale of Discrete Westbay Interval Selections at
SWMU B-3

LGR-04 Very porous and permeable, | PCE ranging between | One of two main water-bearing
fossiliferous limestone, more | 31.8 and 337 ppb in initial | zones in Middle Trinity Aquifer from
honey-combed with depth. discrete water samples. which groundwater withdrawals are
Can yield high volumes of pumped; main source for local
groundwater. water supply wells. High potential

for  transmitting contamination.
Sample port placed in most
contaminated flow path.

BS-01 Poor hydraulic conductivity, | HpL indicates very low- | Having very low permeability, the
shaley limestone and | flow zone. BS still has groundwater storage
calcareous shale, with silty | Nearby MW1-BS quarterly | capabilities and over time exhibits
dolomitic and marl areas. Acts | groundwater results show | leakage from/into the adjoining
as an aquitard between the | periodic TCE detections | LGR and CC. Zone will monitor
LGR and CC. < lab RL and DCE 0.12- | water in storage and what may be

1.3 ppb. moving through BS via nearby
fractures, and response to MW16
pumping test as part of aquifer
characterization.

CC-01 High porosity and permeability, | PCE detected at 392 ppb | One of two main water-bearing
portions vuggy and honey- | in initial discrete water | zones in Middle Trinity Aquifer from
combed, fossiliferous limestone. | sample. which groundwater withdrawals are
Main water-bearing portion of pumped; a source for local water
the CC. supply wells. Zone will be an

important observation point for
MW16 pumping test.

CC-02 Dolomitic to shaley limestone, | Not yet sampled at B-3, | Will be monitored as part of the
contains permeable zones but | but exhibits VOC | CC, may have close interaction
generally less porous than CC- | contamination at wells | with above CC-01.

01. Permeability and porosity | downgradient (WB04)

decrease with depth as CC | from other AOCs.

transitions  into  underlying | Zone is expected to be

Hammett Shale. contaminated at B-3.
B3-UGR-01

Due to land surface elevation differences, the UGR at SWMU B-3 is much thinner than
at AOC-65. Once the state-mandated minimum surface casing of 10 feet is installed, the
remaining open UGR interval can be less than 10 feet. Generally speaking, the SWMU
B-3 landfill is excavated into this stratum, thereby making it an important monitoring
interval. The zone is characterized by sequences of weathered limestones that are
fractured and easily erodible. In fact, borehole stability issues at WB05 made it
necessary to use 30 feet of surface casing, effectively eliminating the B3-UGR-01
monitoring zone from that WB well. Under typical conditions, it is expected that this
zone will be dry throughout most of the year. However, as a potentially important flow
path during high precipitation events and from percolation from the saturated bioreactor
cells, the UGR needs to be monitored. During drilling, the UGR interval is quite
susceptible to erosion and washout by the rotary action, and often results in a borehole
diameter that is too large for the standard WB packer. At SWMU B-3, the best location
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for UGR-01 packer seals actually does not occur until 10 feet below the UGR/LGR
formation contact. The upper seal for this zone will consist of a packer inflated within the
surface casing.

Soil-gas packer samples (see Attachment 4) collected from this approximate interval
indicated near-surface VOC contamination, with PCE concentrations ranging between
83 and 12,200 ppbv. The vacuum pressures necessary to obtain the UGR-01 samples
were generally one-third of the required vacuum needed at lower sampling intervals
within B3-LGR-01 and B3-LGR-02. This indicates that the weathered nature of the
UGR-01 can exhibit a higher permeability the upper zones of LGR-01 and -02. Below
this interval, VOC concentrations in the soil-gas generally decrease with depth
throughout the vadose zone. At the time of the investigation, no perched groundwater
was encountered in this interval.

The thinness of the UGR coupled with eroded, enlarged borehole diameter made the
singular monitoring of the UGR unattainable. The interval design will be open to the
washed out portions the UGR and upper LGR. The monitoring port has been placed at
the formational contact of the two units. Therefore, the UGR-01 intervals in the SWMU
B-3 WBs include the basal portion of the UGR as well as the approximate top 10 feet of
the LGR(A) subdivision to increase the likelihood of obtaining some data from this zone
throughout the study and bioreactor O&M periods.

B3-LGR-01

The upper half of this unit is characterized by alternating layers of pale yellow
mudstones. In contrast, the lower half of this monitoring interval can be fossiliferous,
and subsequently exhibits some vuggy porosity. At the AOC-65 piezometers, this unit is
known to perch groundwater on a seasonal basis. It is likely that this zone will be dry for
part of the year. To maximize the ability to obtain samples from this zone, the
monitoring port has been placed at the base of the interval to obtain water samples
during depressed groundwater levels. A fracture system was noted at WB06 at a depth
of approximately 100 feet below grade. The measurement port has been placed
adjacent to this feature in anticipation that it may be a water-bearing structure.

At the time of drilling, no groundwater was encountered in this interval, precluding any
HpL results. However, discrete interval soil-gas samples were collected by straddle
packer system approximately every twenty feet in each WB borehole. During soil-gas
sampling in the LGR-01 interval, some 20-foot sections maintained relatively low
vacuum pressure (6 to 20 inches H,0), indicating potentially high permeability. VOC
contamination was detected, with PCE reported as ranging between 4.6 and 3,310 ppbv.

B3-LGR-02

The mudstones of the upper half of this interval can be described as alternating layers of
tannish-brown and greenish-gray bioturbated muds with a low percentage allochemical
constituents (e.g., fossils). The rock is competent and highly styolitic (susceptible to
diagenetic pressure solutioning). The lower half of this unit consists of a more grain-
supported limestone, and contains a pervasive bed of permeable vuggy limestone near
the bottom third of the interval. At the time of drilling, the static groundwater level at all
boreholes was found to coincide with this vuggy permeable layer. The HpL findings
indicated that two thin water-bearing zones, approximately 5 feet in thickness and
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separated by 11 feet, are present in the bottom third of this interval. The interval has
been designed such that these low-yielding zones will be near the base of LGR-02 zone,
and the monitoring port has been placed between the two intervals of saturation. This
will allow for groundwater samples to be obtained to within 10 feet of this zone possibly
becoming completely dewatered during droughts.

Multiple subsurface vapor samples were collected from the B3-LGR-02 interval. PCE
concentrations ranging between 21.5 to 5,010 ppbv were reported within this interval
below SWMU B-3. Because of the low-yielding groundwater characteristics, no samples
were recovered using the standard investigation methodologies employed at CSSA.

B3-LGR-03

The HpL testing identified a low-yielding groundwater zone within the top third of interval
B3-LGR-03. The identified zone is characterized by a unique geophysical marker, which
has been referred to as the “scissor tail” by on-site geologists, referring to a scissor-tail-
like resistivity graph pattern. This resistivity feature represents a short sequence of
packstone/mudstone/packstone that is more or less uniformly present through most of
CSSA. While optical logging indicates that this zone is somewhat vuggy, an injection
test performed at this interval indicated very low permeability characteristics, meaning
the void spaces are not well connected. Sample collection was attempted from this
interval, but none could be obtained with the conventional packer apparatus. The
remainder of the interval consists of a 55-foot layer of tan and light brown wackestones
with intermittent thin fossiliferous layers and grain-supported rock. The unit is fairly
unremarkable overall and does not appear to contain a significant groundwater flow path
or permeability.

The design of this zone is unique relative to the other intervals such that 2 measurement
ports have been included, rather than one. The rationale is that the “scissor-tail”
packstone area is likely the only section in the interval that will produce a sufficient
amount of sample quantity utilizing the WB sampling tools. Ideally, it is preferable to
have the primary measurement port adjacent to the flowpath, even if it is very low-
yielding. However, it is quite feasible that the aquifer will dewater below this elevation
during drought periods, rendering that measurement port inoperable. Therefore, a
secondary sampling port has been incorporated to the LGR-03 zone near the base of
the unit. If the water table declines past the primary port, a groundwater sample can still
be obtained from the lower port to characterize the zone for that sampling event.
Though the water level may decline significantly in very dry seasons, smaller, multiple
seams of groundwater seepage will continue to contribute to the total accumulation in
the interval, thus assuring adequate sample quantities even when the ideal target flow
zone cannot be directly sampled.

B3-LGR-04

B3-LGR-04 comprises the main groundwater production zone within the Middle Trinity
aquifer throughout CSSA. It is composed of a 50 to 60-foot reef complex whose lateral
extent appears to extend beneath the entire confines of CSSA. The occurrence of this
reef has been well documented within boreholes drilled at CSSA and neighboring areas.
The interval is described as a white to tan, very fossiliferous packstone/grainstone with a
significant level of moldic porosity in the basal 40 feet. The interval is characterized by
its relatively low gamma response and high resistivity response. The vuggy porosity left

J:\744\744223 B3 & AOC65\07000-B3 Monitoring Network\westbay tech memo\B3_WB_Tech_Memo (final).doc



Page 11 of 12

as a result of fossil dissolution has resulted in voids that range from several millimeters
to 5 centimeters in size. Extensive basewide testing through packer tests indicate that
the interval is capable of yielding groundwater in excess of 75 gallons per minute (gpm).
Where fractures or karstic caverns exist, groundwater production can easily exceed 150,
even 300 gpm.

HpL logging and FLUTe profiling has found that over 60 percent of the LGR-04 interval
(40 feet, in 5 distinct beds) has a high groundwater yield relative to the rest of the
borehole. VOC contamination in groundwater is present throughout the interval at
SWMU B-3, and PCE was found in concentrations ranging from 31.8 to 337 ug/L. At
each borehole, three discrete interval samples were collected from the B3-LGR-04
interval. The general trend appears to be that total VOC contamination slightly
increases with depth in this unit. At each WB well, the measurement port has been
placed adjacent to the lower flow path, which generally shows the greatest VOC
concentration.

At WBO05, the LGR-04 zone has been subdivided into an “A” and “B” interval to facilitate
monitoring of the adjacent “injection” well, B-3_MWO01 injection zone. The “A” zone is
completed at an equivalent depth and length corresponding to the screened interval of
the “injection” well. This approach will allow the affects of the substrate injection into the
upper horizon of LGR-04 to be closely monitored. This distinction has not been made at
the other WB locations because of their long distances from the injection point.

B3-BS-01 (WBO5 only)

The BS forms a relatively impermeable aquitard for the overlying LGR water-bearing
zones, effectively hampering the hydraulic communication between the LGR and
underlying CC members. Otherwise, any significant vertical fluid movement in the BS
would be anticipated to be through fractures and faults only. The upper 25 feet of the
unit is a dolomitic wackestone that is dark gray in color. In terms of texture, this “dirty
limestone” is very similar to the mudstones of interval LGR-03, including the presence of
fossils and limited moldic porosity. The gamma count is high in comparison to the
overlying LGR-04, and the resistivity of the entire layer is very low. The basal 30 feet of
the BS is more characteristic of shale lithology with increasing mud content and a
laminated, fissile bedding structure, and has an olive gray appearance.

In WBO05 the BS is considered as one zone, BS-01. Data from AOC65-WB04 monitoring
indicate only very slight differences between the two BS zones there, so only one
monitoring interval is recommended for the BS at WB05. The measurement port was
placed adjacent to an extremely low-flowing zone (less than 0.05 gpm) as identified by
the HpL testing.

At WBO05, the well has penetrated the BS and CC intervals to discretely monitor the
response of these zones during the pumping tests, and will help assess the potential of
vertical leakage or contaminated groundwater through the BS. During the drilling
investigation, it was determined that groundwater production from this interval was too
low to warrant an attempt at retrieving a groundwater sample. This monitoring interval
will be able characterize the condition of this zone from a contaminant perspective.
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B3-CC-01 (WBO5 only)

Interval B3-CC-01 is characterized by alternating layers of white and light gray
packstones and grainstones. On geophysical logs, the occurrence of the CC Limestone
is easily identified by its geophysical signature relative to the BS. The large decrease in
gamma count indicates the reduction in the amount of mudstone, and the sharp increase
in overall resistivity supports the lithologic change, indicating the capability of increased
groundwater storage. Moderate to large amounts of groundwater are expected to be
produced from this interval. Both the HpL logging the FLUTe profiling also indicated
lesser flow paths throughout this interval at WBO05.

One groundwater sample was obtained from this interval at WB05. A PCE concentration
of 392 ppb was reported within this interval, and was the highest reported concentration
throughout the entire WB05 water column. This zone has also been designed to
compliment the efforts of the pumping test. The lower packer has been placed at an
elevation consistent with the total depth of the primary pumping well (CS-MW16-CC).
The measurement port has been placed at an elevation proximal to the midpoint of the
pumping well’s screened interval.

B3-CC-02 (WBO05 only)

The basal 20 feet of the CC Limestone represents a conformable transition with the
underlying Hammett Shale. The grainstones and packstones of unit B3-CC-01 grade
into a soft olive gray silty mudstone. Being that the contact is transitional, there are
numerous interbeddings between soft shaley members and more competent limestone
rock. The increase of shale content is reflected in the geophysical surveys with an
increasing gamma count and decreasing resistivity. At this depth the unit is more
characteristic of shale rather than limestone. The contact with the underlying Hammett
Shale is interpretive due to the transitional nature of the contact.

The CC-02 interval appears to have low porosity and permeability, and will be qualified
by the data collected at the measurement port. Hydraulic testing did not indicate any
significant flow paths within this interval.
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Attachment 3

Westbay MP Monitoring Zones

SWMU B-3
Camp Stanley Storage Activity
October 2005

Logger
Casing Monitored Pumping | Corrosponding AOC-65
MP Well | Reference Zone Upper Packer Lower Packer |Interval Length| Sampling Port Port Westbay Zones
(above grade) (feet BTOC) (feet BTOC) (feet) (feet BTOC) (feet BTOC)
Primary  Secondary

LGR-01 27 - 32 109 - 114 77 99 104 UGR-01, LGR-01, 02, 03
LGR-02 109 - 114 192 - 197 78 182 187 LGR-04, 05, 06

9 LGR-03 192 - 197 272 - 277 75 216 262 267 LGR-07, 08, 09

“;3 > LGR-04A 272 - 277 286 - 291 9 277 282 top LGR-10

& LGR-04B 286 - 291 342 - 347 51 329 334 LGR-10, 11

O BS-01 342 - 347 390 - 395 43 362 367 BS-01, 02
CC-01 390 - 395 444 - 449 49 432 437 CC-01
CC-02 444 - 449 482 33 460 465 CC-02, 03

© UGR-01 7 - 12 30 - 35 18 20 25 UGR-01, top LGR-01

Q LGR-01 30 - 35 103 - 108 68 93 98 LGR-01, 02, 03

= 2.5 LGR-02 103 - 108 184 - 189 76 174 179 LGR-04, 05, 06

8' LGR-03 184 - 189 270 - 275 81 207 260 265 LGR-07, 08, 09
LGR-04 270 - 275 335.5 60.5 320 325 LGR-10, 11

~ UGR-01 4 - 9 24 - 29 15 14 19 UGR-01, top LGR-01

Q LGR-01 24 - 29 100 - 105 71 90 95 LGR-01, 02, 03

= 1.75 LGR-02 100 - 105 185 - 190 80 175 180 LGR-04, 05, 06

8' LGR-03 185 - 190 267 - 272 77 208 257 262 LGR-07, 08, 09
LGR-04 267 - 272 336.75 64.75 318 323 LGR-10, 11

© UGR-01 7 - 12 48 - 53 36 38 43 UGR-01, top LGR-01

Q LGR-01 48 - 53 125 - 130 72 115 120 LGR-01, 02, 03

= 2.5 LGR-02 125 - 130 203 - 208 73 193 198 LGR-04, 05, 06

8' LGR-03 203 - 208 283 - 288 75 228 273 278 LGR-07, 08, 09
LGR-04 283 - 288 357.5 69.5 341 346 LGR-10, 11

Notes:

-All Depths are referenced from Below Top of Casing (BTOC), which is 4.5" ID PVC Surface Casing.

-The Total Depth of the borehole will serve as the lower isolation point for the bottom-most zones.
-Uppermost packers in each borehole will be inflated into the base of the PVC surface casing.

-CS-WBO05 does not have a UGR zone due to borehole instability at that depth. Zone was subsequently cased off.
-Interval LGR-03 has an alternate sampling port at bottom of zone for when water level drops below primary port at scissor-tail vugs.
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Attachment 4

Results of SWMU B-3 Soil Gas and Groundwater Packer Testing

Camp Stanley Storage Activity - Boerne, Texas

August/September 2005

Depth (feet bgs) Analyte Result Unit

PCE 120 ppbv

30-50 TCE 77.1 ppbv

cis-1,2-DCE 17.8J ppbv

PCE 204 ppbv

71-91 TCE 167 ppbv

cis-1,2-DCE 110 ppbv

PCE 479 ppbv

9 116-136 TCE 439 ppbv

O cis-1,2-DCE 368 ppbv

S 1,1,1-TCA 0.732 ] ppbv

» 1,1-DCE 1.237] ppbv

Benzene 6.21J ppbv

Chloroform 0.870J ppbv

o) 156-176 Methylene chloride 6.00J ppbv
o PCE 328 ppbv
m TCE 157 ppbv
; Vinyl chloride 1.22] ppbv
! cis-1,2-DCE 47.7 ppbv
N PCE 31.3 pg\L
© 268-288 toluene 4.18 Mg\l
TCE 152 pg\L

cis-1,2-DCE 286 pg\L

PCE 160 pg\L

o) i TCE 273 ug\L

g 290-310 cis-1,2-DCE 344 ug\L

° trans-1,2-DCE 4.94 pg\L

3 PCE 319 g\l

10 320-340 TCE 427 pg\L
cis-1,2-DCE 533 Hg\L

PCE 392 pg\L

TCE 375 Ho\L

416-436 cis-1,2-DCE 465 HO\L

trans-1,2-DCE 16.4 pg\L

PCE 1270 ppbv

10-30 TCE 711 ppbv

cis-1,2-DCE 856 ppbv

@ PCE 1570 ppbv

© 50-70 TCE 1270 ppbv

3 cis-1,2-DCE 931 ppbv

(o} PCE 540 ppbv
o 130-150 TCE 490 ppbv
g cis-1,2-DCE 520 ppbv
1 PCE 151 pg\L
w 260-280 TCE 159 pg\L
O |3 cis-1,2-DCE 287 Ko\l
g PCE 297 Ho\L

= 284-304 TCE 268 pg\L

3 cis-1,2-DCE 413 Ho\L

o PCE 337 g\l

308-328 TCE 268 pg\L

cis-1,2-DCE 435 pg\L
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Attachment 4

Results of SWMU B-3 Soil Gas and Groundwater Packer Testing

Camp Stanley Storage Activity - Boerne, Texas
August/September 2005

Depth (feet bgs) Analyte Result Unit

PCE 83.3 ppbv

10-30 TCE 4160 ppbv

cis-1,2-DCE 1340 ppbv

PCE 25.7 ppbv

9 30-50 TCE 937 ppbv

o cis-1,2-DCE 229 ppbv

=z PCE 4.57 ppbv

0 70-90 TCE 106 ppbv
cis-1,2-DCE 27.1 ppbv

™~ PCE 21.5 ppbv
8 110-130 TCE 94.3 ppbv
; cis-1,2-DCE 25.5 ppbv
, PCE 34.7 Ho\L
N 200-220 TCE 47.9 Hg\L
@) cis-1,2-DCE 56.1 Ho\L
5 PCE 293 Ho\L

B 265-285 TCE 322 Ho\L

z cis-1,2-DCE 361 Ho\L

= PCE 254 Ho\L

o 285-305 TCE 306 Hg\L

© cis-1,2-DCE 322 HO\C

PCE 221 Ho\L

310-330 TCE 277 Ho\L

cis-1,2-DCE 403 HO\L

PCE 12200 ppbv

1,1-DCE 320 ppbv

10-30 TCE 9520 ppbv

Vinyl chloride 509 ppbv

cis-1,2-DCE 2790 ppbv

PCE 3310 ppbv

TCE 2220 ppbv

" 89-109 Vinyl chloride 73.6 ppbv

P cis-1,2-DCE 431 ppbv

© T.1.DCE 5.7 bpbv

3 PCE 4270 ppbv

0 138-158 TCE 2730 ppbv
o Vinyl chloride 69.3 ppbv
m cis-1,2-DCE 506 ppbv
= 1,1-DCE 135 ppbv
! PCE 5010 ppbv
8 156-176 TCE 3970 opbv
Vinyl chloride 234 ppbv

cis-1,2-DCE 753 ppbv

PCE 38.6 Ho\L

280-300 TCE 41.8 Hg\L

= cis-1,2-DCE 108 Ho\L

= PCE 50.9 Ho\L

z 305-325 TCE 57.3 po\L

= cis-1,2-DCE 98.8 o\l

g PCE 53.7 Ho\L

TCE 54.2 Ho\L

331.5-351.5 cis-1,2-DCE 115 Ho\L

trans-1,2-DCE 4.62 ] HO\L
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Integrated Subsurface Evaluation

311 Rock Avenue = Golden, CO 80401
PH 303.526.4432  FAX 303.526 4426
www.rasine.org * bpedlen@rasine. org

November 15, 2005

Mr. Scott Pearson

Parsons Engineering Science, Inc.
8000 Centre Park Drive, Suite 200
Austin, Texas 78754

RE: Geophysical, Hydrophysical and Straddle Packer Report
Camp Stanley, San Antonio, Texas

Dear Mr. Pearson:
Attached please find RAS’s Report presenting results from our Geophysical,
Hydrophysical and Wireline Straddle Packer testing work conducted at the Camp

Stanley Army Training Center in San Antonio, Texas.

We appreciate the opportunity to work with you on this project and look forward
to receiving your comments.

Please call with any questions.

Best Regards,
RAS, Inc.

William H. Pedler
President
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Executive Summary

During the period from August 15 through August 24, 2005, RAS, Inc., of Golden,
Colorado conducted borehole logging and testing in four borings located at the Camp
Stanley Army Training Center in San Antonio, Texas. This work was performed for
Geoprojects International under their contract with Parsons Engineering Science, Inc.
The objective of this work was to employ borehole geophysical, hydrophysical and
wireline straddle packer testing methods in selected borings in advance of installing
multi-level monitoring wells in these borings as part of a groundwater investigation at
Camp Stanley.

RAS applied natural gamma, electromagnetic induction (EM), 16-64 resistivity, single
point resistance (SPR), analog video, optical borehole imaging (OBI), and three-arm
caliper tools in four borings CS-WB-05, CS-WB-06, CS-WB-07, and CS-WB-08. In
addition, wireline straddle packer (WSP) and hydrophysical logging (HPL) were
conducted in CS-WB-05. While not originally identified in the work scope,
hydrophysical logging was additionally applied to quickly identify zones to subsequently
test with the WSP system. The purpose of the testing was to evaluate lithologic and
groundwater flow characteristics of the subsurface.

Analysis of the data collected and presented in this report suggest the following:

1) The OBI logs and other geophysical testing in all four boreholes indicate that there
are sufficient fractures and dissolution features such that multiple, but discrete,
pathways for flow are possible. However, the detailed hydrophysical and WSP tests
conducted in CS-WB-05 also indicate that the mere presence of such features does
not mean that flows are occurring or likely.

2) Based on the geophysical logging results in the four boreholes, there may be a rough
correlation between a slightly depressed gamma response, slightly elevated induction
log response, and the occurrence of organic contaminants, primarily between 260 to
350 feet below the top of casing. However, given the weak correlation and the lack
of hydrophysical or WSP testing in CS-WB-06, CS-WB-07, and CS-WB-08, the
relationship should be considered tentative.

3) The hydrophysical testing suggested the presence of a specific downhole flow
component in CS-WB-05. This downflow suggests a general potential for downward
migration of water at least in the local area. Under the ambient conditions in CS-WB-
05, inflows of 0.75 gpm occurred between 297 feet to 307 feet below TOC with an
outflow of 0.75 gpm occurring between 432 feet and 450 below the TOC. It is
possible that leakage or vertical flow in the aquifer is occurring in one area (such as
documented in CS-WB-05) but not in all areas of the study site.

4) The relative pressure test results documented in CS-WB-05 suggest that the deepest
productive interval near 432 to 450 feet below TOC had a hydraulic head difference
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5)

6)

7)

that was 19 feet lower than the static water level in the borehole. This significant
head difference would not be likely unless the hydraulic communication between the
overlying formations was limited and/or there was significant nearby pumping from
the deeper formations. In the absence of more detailed information from other
boreholes in the area describing the hydraulic behavior of the formations, it is
difficult to fully interpret the reasons or significance for the relative pressure
difference.

The wireline straddle packer testing in CS-WB-05 suggested that not all apparent
groundwater bearing zones are sufficiently productive to sustain limited pumping or
slug testing. Many portions of the formation may exhibit very low flow rates. In
situations where flows are too low, the presence of contaminants originating out of
the halo surrounding pathways that are remote from the borehole may be the source
of contaminants encountered in a borehole. Testing is required to tell the difference.

The OBI documented extensive occurrence of dissolution features and fractures that
were generally filled with fine grained sediments and tended to be hydraulically
nonproductive. The general occurrence of similar features at roughly the same depths
in other boreholes cannot be taken to automatically infer hydraulic connection
between boreholes at these intervals. Given the frequency of features, hydraulic tests
are needed to define the existence of specific pathways.

In CS-WB-08, the surface contamination (soil gas results) was much higher in
relative terms than at the other boreholes. In addition, the groundwater contamination
levels were significantly lower in CS-WB-08 than in the other boreholes. If more or
less spatially uniform vertical leakage was widespread, then it would be reasonable to
expect locally high groundwater contamination in or around CS-WB-08.
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1.0 Introduction

This report has been prepared and issued by RAS, Inc. (RAS), as subcontractor to
GeoProjects International, Inc., to describe the results of RAS’s geophysical,
hydrophysical, and straddle packer testing at the Camp Stanley Army Training Site in
San Antonio, Texas. The field activities described in this report were conducted in
accordance with the plan outlined by Parsons Engineering Science unless otherwise
described in this document. The purpose of this testing was designed to gain a better
understanding of the groundwater flow and the potential for contaminant transport in the
vicinity. Specifically, the logging was conducted to provide information regarding the
stratigraphy and lithology in the wells, to characterize the aquifer hydraulics, and to
evaluate the nature and pattern of karst features. This report details methods, testing
results, and concluding remarks and suggestions from analyses of test data.

RAS’s investigation involved logging and testing four existing Camp Stanley borings
drilled as part of an investigation of groundwater contamination. This testing program
involved using geophysical and hydrophysical logging, analog video, and straddle packer
testing, all of which were selected on the basis of their appropriateness for the site and
well conditions and to meet the stated objectives of characterizing the physical and
hydraulic nature of the karst system underlying the site. The geophysical methods
included natural gamma, electromagnetic (EM) induction, galvanic resistivity (16-64 inch
normal and SPR), three-arm caliper, and optical borehole imaging (OBI) of the borehole
sidewalls. Natural gamma, (EM) and galvanic resistivity were applied to characterize
and correlate lithologic properties such as limestone, siltstone, claystone, weathered
(karst) limestone and competent limestone units while the caliper log was used to verify
construction of surface casing and diameter variations in the open hole sections. The
hydrophysical logging method was applied to identify water-bearing intervals, quantify
associated flow rates during ambient and pumping conditions, and select depths for depth
specific estimates of hydraulic conductivity. Straddle packer testing was conducted on
intervals selected from the hydrophysical data to conduct depth-specific evaluations of
formation pressure, hydraulic properties, and collect interval specific water samples.

The four borings investigated (CS-WB-05, CS-WB-06, CS-WB-07, CS-WB-08) were
pre-existing borings were made available for testing with RAS’s logging equipment.
Boring CS-WB-05 was nominally 4.25 inches in diameter with 4-inch PVC casing to ~30
feet and a total depth of about 480 feet. CS-WB-06 was nominally 4.25 inches in
diameter with 4-inch PVC casing to about 12 feet and total depth of about 352 feet. CS-
WB-07 was nominally 4.25 inches in diameter with 4-inch PVC casing to about 12 feet
and total depth of about 340 feet. CS-WB-08 was nominally 4.25 inches in diameter
with 4-inch PVC casing to about 12 feet and total depth of about 360 feet.

Prior to logging each borehole, the geophysical logging tools were decontaminated and
calibrated prior to logging. Each boring was logged with the video camera. Work on
these first days also included review of site safety procedures and site conditions. Once
boring CS-WB-05 was geophysically logged, the boring was then logged using the
hydrophysical method. Based on the results from hydrophysical and geophysical imaging
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logs, the straddle packer system was used to isolate and conduct hydrogeologic tests to
determine hydraulic conductivity values for the selected test intervals.

Procedures regarding tool use and data acquisition at this site were controlled according
to RAS’s Technical and Operating Procedures. These Technical Procedures stipulate
steps for acquiring quality data which can be credibly used for understanding the site.
While summarized discussion of procedures has been included in the write-up of this
report, a full copy of these Technical Procedures has been included as Appendix E to this
report for reference.

Due to the amount of data collected and the interrelationship of these data, results from
testing are presented for each well in large color montages which form an integral part of
this report. = These montages include side-by-side integrated illustrations of the
geophysical, hydrophysical (as applicable), lithologic, straddle packer (as applicable) and
well construction data, and are included in Appendix A. The most detailed data
collection and subsequent analysis was conducted in CS-WB-05. Hydrophysical and
wireline straddle packer data and figures are presented in Appendix B as backup to the
summarized conclusions in the written report. A table summarizing the hydrophysical
and wireline straddle packer results from CS-WB-05 is presented in Appendix C. A CD-
ROM with all original data, including field notes, and calibration details is included in
Appendix D (these are not presented in paper form). Technical procedures are presented
in Appendix E.
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2.0  Methodology

As part of this investigation, geophysical, hydrophysical and wireline straddle packer
testing methods were employed at Camp Stanley to characterize the geological formation,
lithology and stratigraphy as well as to directly evaluate the depths of water bearing
zones and associated groundwater flow. The geophysical methods employed were
natural gamma, EM induction, resistivity, optical televiewer, borehole video, and three-
arm caliper. The hydrophysical method involved the application of RAS’s multiple
sensor NxHpL™ temperature and fluid electrical conductivity logging tool for direct
evaluation of the groundwater regime under ambient and stressed conditions. Based on
the results of the hydrophysical testing and review of the geophysical data, a downhole
straddle packer was deployed to isolate and further characterize the hydraulic properties
of the identified water bearing features.

These methods were selected based on their applicability for the geologic regime, well
construction conditions and industry acceptance of these methods. The availability of
open sections in the boreholes provided the opportunity to apply fracture imaging
technologies (video and OBI). The hydrophysical method can be applied in both cased
and open hole environments and requires fluid over the interval(s) of interest, which was
present in the subject borehole where this method was applied. The straddle packer
method was applied in CS-WB-05 at depths selected from the geophysical and
hydrophysical data.

There are several means which were used at the site to ensure quality data and correct
tool operation as fully described in the Technical Procedures. In brief, tools were
calibrated in the shop prior to mobilizing for the project to verify conformance with
expected settings. Once on the project site, calibrations were again verified both pre- and
post-logging wusing various field jigs and standardized fluids. Calibration forms
documenting these procedures were completed and are included with the field notes on
CD-ROM (Appendix D) for this project. Manual confirmation of accurate depth readings
was also conducted and upon arrival at each wellhead, all depths are referenced to top of
casing (TOC). One of the most important and easiest methods to control data quality and
tool function is to run a repeat section of each log in each well which was done in all
cases as standard protocol.

2.1 Geophysical Logging Methods
2.1.1 Natural Gamma

Natural Gamma or gamma logs are the most widely used for the identification of
lithology and for stratigraphic correlation because they provide useful data under the
greatest range of borehole conditions and for a wide range of rock types. Gamma logs do
not measure lithology directly; instead they use a downhole scintillometer to measure the
amount of natural radioactive isotopes that occur in the rocks. While rocks can be
characterized according to their gamma intensity, knowledge of the local geology is
needed to accurately identify lithology. Correlation among stratigraphic units is also a
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common application as the gamma measurement is often included on multi-parameter
tools." At the Camp Stanley site, the gamma and induction measurements were acquired
at the same time from the same tool and generally were among the first measurements
acquired in each well. The natural gamma tool was calibrated in the factory but was not
calibrated in the field because gamma calibration requires use of a radioactive source and
commensurate licenses from the US Nuclear Regulatory Commission.

2.1.2 Electromagnetic Induction

While various kinds of resistivity and induction logs are useful for lithologic purposes,
standard resistivity probes require conductive fluid in uncased wells. The EM induction
tool provides reliable measurements in air or PVC-cased holes and is little affected by
borehole fluids which pointed to its applicability at this site. The basic induction system
uses low frequency (about 20 kHz) electromagnetic signals to stimulate eddy currents in
the formation several borehole diameters away from the borehole. These eddy currents
set up secondary magnetic fields which induce a voltage in the receiving coil of the tool.
The magnitude of the received current is proportional to the electrical conductivity of the
rock which can then be used to identify formations.” Calibration of the induction tool
followed the manufacturer’s (Century Geophysical) specifications and are outlined in
detail in the Technical Procedures. In brief, prior to logging, the tool is placed in a
calibrated ring of known resistivity. Then the tool is held up in the air (which has near-
zero conductivity). Readings of the tool are then verified to these calibrated and known
values.

2.1.3 Galvanic Resistivity (16-64 inch Normal, Single Point Resistance)

The 16-64 inch normal logs refer to quantitative resistivity logs made with four
electrodes that employ spacings between 16 and 64 inches to investigate different
volumes of material around the borehole. Formation resistivities are measured by
sending current into the formation and measuring the ease of the electrical flow through
it; the voltages are measured between the measure electrodes. A current of constant
intensity is passed between two electrodes and the resultant potential difference is
measured between two other electrodes. The distance between the electrodes is referred
to as the spacing (16-inch spacing for the short normal and 64-inch spacing for the long
normal). Generally, the longer the spacing, the deeper the instrument measures into the
formation. As resistivity is a function of the dimensions of the material being measured
and is an intrinsic property of that material, normal resistivity curves can be interpreted
quantitatively when they are properly calibrated. The resistivity of the formation depends
upon resistivity of the formation water, amount of water present, and pore structure
geometry. As the response of long-normal resistivity logs is affected significantly by bed
thickness and the single point resistance log is not affected by bed thickness, it is
desirable to run the single point as an aid to the interpretation of the normal logs.>"

' Keys, W.S,, 1997, A Practical Guide to Borehole Geophysics in Environmental Investigations.
(ISBN 1-56670-232-1, 1997).

> Ibid

* Ibid
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Single point resistance (SPR) logs cannot be used for quantitative measurements, but they
can be very useful for lithologic information. Single point resistance logs measure the
resistance in ohms between an electrode in the well and an electrode at the surface or
between two electrodes in the well. Because no provision is made for determining the
length or cross sectional area of the travel path of the current, the measurement is not an
intrinsic characteristic of the rock or sediment between the electrodes. SPR logs are
useful for obtaining information on lithology and the interpretation is generally
straightforward. SPR logs deflect in the proper direction in response to the resistivity of
the materie;_ls near the electrode regardless of bed thickness and thus have a high vertical
resolution.

2.1.4 Borehole Video

The borehole video is essentially a downhole television camera which provides either an
axial or radial view of the borehole. The equipment employed at Camp Stanley allowed
for an axial view utilizing a fish eye lens and light source that gives a view looking down
the borehole. The radial view allows for viewing of the side of the borehole wall. This
system is very useful for examining the condition of casing, screens and borehole
lithologic and other parameters both above and below water level, assuming fluid
conditions are sufficiently clear to allow viewing. Above water level, water can be seen
entering a well and cascading down the wall. Although changes in lithology, bedding and
fractures can be seen with a video, these features may not be as conspicuous as on BHTV
logs.

2.1.5 Three-arm Caliper

Caliper logs provide a continuous record of borehole diameter and are widely used for
logging at environmental sites. Caliper logs are essential to guide the interpretation of
other logs because many types of logs are affected by changes in well diameter.® They are
also useful for providing information on well construction, such as identifying breaks or
obstructions, and borehole breakouts. The three-arm caliper tool employs three
mechanical arms that are extended to the borehole wall using a “worm gear” type
assembly. The arms are extended after the tool is lowered to the bottom of the zone of
interest. The extended arms press against the borehole wall and the average diameter is
recorded. The caliper log can be useful to test the appropriateness of subsequent logging
with respect to preventing loss or damage to downhole tools and to the wells themselves.
Interpretation of the caliper tool is based on direct evaluation of borehole diameter size
and variations throughout the tested interval. Calibration of the caliper tool involves
measuring tool readouts with two rings of known size and verifying tool output.

* Schlumberger, Log Interpretation Principles/Applications, Schlumberger Educatonal Services, 1987
> Keys, W.S., A Practical Guide to Borehole Geophysics in Environmental Investigations, CRC Press 1997.
6 .

Ibid.
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2.1.6 Optical Televiewer

The optical imaging tool generates a continuous, oriented 360° image of the borehole
wall. This instrument uses a downhole CCD camera which views a reflection of the
borehole wall in a conic mirror. The package includes an orientation device with a
precision 3-axis magnetometer and 3 accelerometers. These attributes allow for accurate
borehole deviation data to be obtained and precise orientation of the image. The purpose
of using this optical tool is as an alternative to the acoustic televiewer as it can provide
detailed, oriented, structural information in air filled portions of the borehole.
Application includes fracture detection and evaluation, detection of thin beds and bedding
dip, and lithology characterization.

2.2 Hydrophysical Logging

Advanced hydrophysical logging (NxHpL™) is based on replacing the native formation
water in a wellbore with environmentally safe deionized water and then profiling the
fluid column with RAS’s proprietary fluid electrical conductivity and temperature multi-
sensor arrayed hydrophysical logging tool.” The deionized water is used to create a low
electrical conductivity background in the well for subsequent observation of electrically
contrasting formation fluids which enter the well over time either by pumping or native
formation pressure. As formation fluids have a higher fluid electrical conductivity than
the deionized water, when these fluids enter the wellbore, the locations of entry can be
readily identified with the hydrophysical logging tool. By logging during ambient and at
least one stressed (pumping or slug test) condition, the velocities of flows at the identified
producing zones can be quantified. Prior to and at the completion of testing, the tool was
calibrated at the wellhead by placing the sensor array in known fluid electrical
conductivity solutions. These solutions are independently calibrated for site-specific
conditions and verify that the tool values are consistent with the known calibration
solutions.

At each well, the first step is to acquire a baseline temperature/fluid electrical
conductivity log to provide a background profile to use as reference for subsequent
testing. Fluid electrical conductivity (FEC) signatures are measured and evaluated as
background readings. Temperature is used to compensate for any temperature variations
in the fluid column during the period of testing.

Following the baseline log, the wells are evaluated for characterization of ambient flow.
For this step of the testing, formation water in the wellbore was replaced or diluted with
deionized water, and the borehole was left undisturbed to allow any natural flow to occur.
This natural, or ambient, flow is driven by the local horizontal hydraulic gradient.

Prior to the test period and throughout all NxHPL™ testing, water levels were monitored

7 Throughout this report, the terms Hydrophysical and NxHpL™ are used interchangeably and refer to
application of the Hydrophysical method using RAS’s advanced instrumentation.
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and recorded. An example and description of the drawdown and pumping data is given
below in annotated Figure 1. Ambient flow evaluation is reported for the period after the
water surface, or drawdown, has returned to near pre-dilution elevation. Actual

drawdown and pumping data from the wells tested at the Camp Stanley site have been
included in Appendix C.
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Figure 1. Example of Drawdown and Pumping Data Obtained During Hydrophysical
Testing

Figure 1 presents an example and description of drawdown and pumping data obtained
during hydrophysical testing, and this image should be used to understand figures and
data from the Camp Stanley (Appendix B). A series of FEC and temperature logs is then
conducted to identify FEC changes in the fluid column associated with ambient flow.

Please refer to the annotated Figure 2 for ambient flow characterization below for a
description of these data.
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Figure 2. Example Data Set Illustrating Ambient Flow Characterization During
Hydrophysical Logging

Given the relatively high transmissivities in CS-WB-05, pumping during injection testing

procedures were conducted in these wells. These procedures involve replacing the

borehole fluids with deionized water and pumping at a constant rate during injection of
deionized water to induce changes in the borehole fluid column.
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Figure 3. Example data set illustrating Hydrophysical Logging while Pumping During
Injection

Analysis of the resulting hydrophysical data was performed using the methods described
by Pedler and Urish (1988), Tsang and Hale (1988), Pedler et al. (1990, 1992) and Lowe
et al, (1989). Analysis of the hydrophysical data for ambient flow consisted of two parts.
The first part is the centroid and integral analysis as described by Lowe et al, 1989. This
analysis is also employed for the logging data derived from pumping during injection
procedures. This analysis can be briefly described as the first moment analysis, or straight
integration, of the FEC logs while the centroid (or center of mass) evaluation is described
as the second moment analysis. An annotated figure for these analyses is presented in
Figure 4. Note that for easier understanding, previous figures for the NxHpL™ results
have displayed the results from only one of the four FEC sensors, however, for analysis,
the data from all sensors is displayed.
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Figure 4. Example of Hydrophysical Data Interpretation
2.3 Wireline Straddle Packer Testing

To procure interval specific groundwater samples and further characterize the hydraulic
properties of the identified water bearing fractures identified by the geophysical,
hydrophysical and imaging data, RAS employed its straddle packer system at selected
intervals within the wells. This straddle packer system utilizes three pressure
transducers; one above, below and within the tested interval. The packer system
incorporates downhole digitizing of the data from the three pressure transducers and real
time display of the pressure transducer data. The real time display helps to ensure the
integrity of the packer seal and confirms isolated hydraulic testing.
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Figure 5. Example Straddle Packer Pressure Data

In summary, the straddle packer system is lowered to the test depth, and pressure
conditions are allowed to stabilize prior to packer inflation. During this period and
throughout all testing, pressure data from the three pressure transducers are reviewed in
real time and recorded to disk. This pre-inflation pressure monitoring is important as
these values are compared to the post-inflation levels to evaluate ambient formation
pressure. After stable pressure values are observed (or the allotted time has expired), the
packers are pneumatically inflated and the post-inflation pressure conditions are allowed
to stabilize. After this stabilization period, pumping is initiated. During extraction
procedures, close attention is paid to the upper and lower pressure transducers for any
pressure leakage which may be associated with a bad packer seal. While small decreases
in pressure observed by these pressure transducers would be expected in a hydraulically
connected fracture system, large changes in pressure and those which are
contemporaneous with the middle (or test interval) pressure transducer are indicative of a
leak at the packer.

Typically, an appropriate constant rate of extraction is initiated and the pressures are
monitored until a sufficient volume of fluid is extracted and a sample is collected. The
volume extracted is typically equivalent to three times the volume which has been packed
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off. The rate of extraction is generally estimated from the results gained from
hydrophysical logging. At the conclusion of pumping, the pressure recovery curve is
recorded and the pressure is then released from the packers. Constant rate extraction data

can be analyzed for aquifer hydraulic properties. See Figure 5.
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3.0 Individual Borehole Results

These discussions regarding the individual well results are intended to be read together
with the data montages which present significant additional detail regarding the analysis
of tests conducted.

3.1 Borehole CS-WB-05
3.1.1 Geophysical Intepretation

On August 15 and 16, 2005, RAS conducted borehole imaging and geophysical logging
in CS-WB-05. On August 15, the first log to be run in this well was the three-arm caliper
log followed by the optical imaging tool (OBI). Logging was continued in CS-WB-05
with the 16-64-inch normal resistivity tools. On August 16, the borehole video log was
run followed by the natural gamma and electromagnetic induction logging. Standard
calibration and quality assurance procedures were applied for these tools and methods,
and all tools calibrated within accepted limits.

In CS-WB-05, the uncased, open portion of the borehole was saturated with groundwater
from about 169 feet below the ground surface (BGS) during testing. The OBI logs
displayed an abundance of karst features including vugs, dissolution enhanced bedding
planes and other dissolution features through most of the open hole interval. The
massive, or portions of the formation with limited direct evidence of dissolution activity,
was rather limited, only occurring at depths of 144 — 148, 163 — 167, and 462 — 467 feet.
These massive portions account for 13 feet of the 450 feet of open hole in the boring.
The open hole portion of the boring, from 30 ft to the total depth of 480 feet, varied in
diameter from 4.375 to 5.875 inches as indicated by the caliper log with the largest
diameter noted at 136 — 138 ft.

In general, the gamma response appears to be the inverse of the EM induction response.
The correlated inverse response is most evident where there appears to be a concentration
of weathered bedding features and vugs and other dissolution features. Once below the
water level in the boring there appears to be a slight shift or increase in the response of
both the gamma and EM. Between 265 and 313 feet, there is a generalized drop in the
gamma activity that is not well correlated with the EM response. Within the same
general interval, resistivity increases somewhat (285 — 335 feet). Between the depths of
286 and 330 feet, the diameter of the borehole increases from about 4.75 inches to 5.875
inches in the upper part of the interval and then narrows to approximately 4.75 inches.
Collectively, the increase in borehole diameter and resistivity along with the drop in
gamma activity are correlated with the upper quantified ambient flow zone producing
0.75 gpm. Below 335 feet in depth, gamma activity has already increased to a peak value
of 300 at a depth of 336 feet at the same point where resistivity begins a rapid drop and
EM induction begins to decline. Between 340 and 395 feet, resistivity remains uniform
and gamma varies between 100 to 200 API units while the EM drops to between 5 and 10
ohm/m. From 395 feet to near 470 feet in depth, gamma and EM induction exhibit their
strong inverse correlation. Overall the gamma log is fairly uniform without the very
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large jumps characteristic of fundamental changes in lithology.

The OBI logs are revealing as to the subsurface structure as well. The upper 50 feet of
the boring appears less affected by dissolution features than the rest of the borehole. The
gamma activity seems to increase somewhat in areas where there is a greater frequency of
karst weathering features such as vugs and the weathered bedding. The increase gamma
activity which is associated with the dissolution features could be more directly
associated with increases in clay mineral content that commonly accumulate in karst
features. Between 95 to 125 feet in depth, the gamma activity seems to increase
somewhat, but the frequency of karst vugs and similar features is about the same as the
rock above and below the interval; consequently, the increased gamma response may
indicate a generally more argillaceous limestone matrix. Below about 290 feet in depth,
the frequency of dissolution features increases dramatically with fairly large karst
features in evidence.

3.1.2 Flow Evaluation and Contaminant Characterization

On August 17 - 24, 2005, hydrophysical and wireline straddle packer (WSP) testing were
conducted in CS-WB-05. Hydrophysical logging was initiated on August 17, with the
acquisition of an ambient fluid electrical conductivity and temperature log. This log is
run first to establish baseline conditions and was followed by emplacement of the
borehole fluids with deionized water. Hydraulic conditions in this well indicated that
testing under ambient conditions was most applicable (see Section 2.0 Methodology,
where details are provided on application of the hydrophysical technology).
Hydrophysical testing under ambient conditions involved replacing borehole fluids with
deionized water followed by logging under ambient or non-stressed conditions until
hydraulically conductive intervals were identified and associated flow rates were
quantified. The hydrophysical data indicated inflow intervals under ambient conditions
at 168 to 173, 205 to 218 and 297 to 307 feet below top of PVC casing (ftbtopvcc) and
one outflow interval from 432 to 450 (TD) feet.. However, analysis of the ambient data
indicates only two intervals over which flows could be quantified. The interval from 297
to 307 feet had an inflow rate of 0.75 gpm under ambient conditions, and the interval
from 432 to 450 had an outflow rate of 0.75 gpm.

WSP testing was conducted over three intervals identified by the hydrophysics to
determine formation hydraulic characteristics. Water quality samples were collected
from four intervals using the WSP prior to hydraulic characterization. Hydraulic
characteristics were determined by conducting injection tests using potable water. Tests
were conducted on five intervals including from 168 to 188 feet, 198 to 218 feet, 230 to
250 feet, and 268 to 288 feet; the interval from 203 to 223 feet was pressure tested and
the interval was confirmed, as suggested by HPL, as a no flow zone. Interval specific
transmissivities were determined for the three segments from 168 feet to 188 feet, 198 to
218 feet, and 268 to 288 feet. The calculated transmissivities were 190 ftz/day, 110
ft*/day, and 6.1 ft*/day respectively. For the segment from 230 to 250 feet, only an upper
end estimate of transmissivity of about 0.01 ft*/day or greater was possible due to
formation leakage likely from above/below the tested zone; the interval is effectively a no
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flow zone.

As part of the hydraulic testing, relative formation pressures were also noted. Formation
pressures relative to static hydraulic head as measured in the open borehole provide
insight into the dynamics of potential flows within the formation. During the WSP test
process, the local formation pressures are noted when the segment to be tested is isolated
after packer inflation. If the post packer inflation formation pressures rise relative to the
static pressures in the borehole, it suggests that the segment of the formation is likely to
contribute flows to the borehole under ambient conditions. Conversely, if the pressure
falls relative to static borehole pressures then the formation segment will likely receive
flow from the borehole. Four segments were tested including intervals from 198 to 218
feet, 268 to 288 feet, 320 to 340 feet, and 343 to 450 feet. The upper three intervals all
posted positive relative pressures varying between +1.0 to +2.4 feet of head greater than
static pressures, but the segment from 343 to 450 feet indicated a negative relative
pressure difference equivalent to -19.1 feet of head.

Water samples were also collected as part of the WSP testing phase. Samples were
collected from the intervals at 268 to 288 feet and 320 to 340 feet and were sent to a third
party laboratory for testing. The sample results indicated concentrations of TCE at 152
ug/L, PCE at 31.3 ug/L, and cis-1,2 DCE at 286 ug/L in the interval from 268 to 288 feet.
Concentrations of TCE at 427 ug/L, PCE at 319 ug/L, and cis-1,2 DCE at 533 ug/L were
encountered in the interval from 320 to 340 feet.

The montage for CS-WB-05 also summarizes data collected by RAS and others as well
as indications of water bearing zones and organic contaminants, including chlorinated
organics such as TCE, PCE, and their degradation products. Water bearing zones were
identified at the depths from 168-173, 184-189, 205-218, 278-287, 289-297, 303-309,
321-333, 336-340, 358-362, and 432-450 feet below TOC. The contaminants were
documented by samples collected at a number of depth intervals, both in soil gas and
groundwater samples. Table 3.1.2 summarizes the principal organic contaminants
encountered in CB-WS-05. A comprehensive summary table indicating results from
hydrophysical, packer testing and sampling is presented in Appendix C of this report.

CS-WB-05 Organic Contaminant Summary

Depth Below TOC ~ Sample Type TCE PCE cis-1,2DCE Units
30-50 Soil Gas 77.1 120 17.8] ppbv
71-91 Soil Gas 167 204 110 ppbv
116 — 136 Soil Gas 439 479 368 ppbv
156 — 176 Soil Gas 157 328 47.7 ppbv
268 — 288 Groundwater 152 313 286 ug/L
290 - 310 Groundwater 273 160 344 ug/L
320 -340 Groundwater 427 319 533 ug/L
416 — 436 Groundwater 375 375 465 ug/L
Table3.1.2
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3.2 Borehole CS-WB-06
3.2.1 Geophysical Interpretation

On August 17, 2005, RAS conducted borehole imaging and geophysical logging in CS-
WB-06, which had a maximum depth of 352 feet. The first log to be run in this well was
the three-arm caliper log followed by the optical borehole imaging log. Logging was
continued in CS-WB-06 with the 16-64-inch normal resistivity tool. The borehole video
was then run followed by the natural gamma and electromagnetic induction. Standard
calibration and quality assurance procedures were applied for these tools and methods,
and all tools calibrated within accepted limits. At the time of testing, depth to water was
170 feet below ground surface. This water level results in the open hole section being
unsaturated from bottom of casing (12 ft) to water level (170 ft).

Overall, the caliper log indicated a regular fairly smooth borehole that, over the majority
of the boring, slowly tapers from 4.75 inches to 4.50 inches in diameter near the bottom
of the boring. However, above a depth of 65 feet, the boring is somewhat ragged with a
maximum diameter of about 7.25 inches just below the casing at about 14 feet in depth.

The gamma and EM induction logs appear to be inversely correlated but there is so little
variation in the overall trends of the two logs that the relationship is not very evident.
While the gamma log shows variations of about 60 API units (60 to 120) over short
distances, the only real deviation from the gamma pattern is the subdued but very
uniform gamma expression of about 60 API units that occurred from 274 feet to 306 feet
BGS. However, an equivalent, but inverse, response in the EM induction is not apparent.
The gamma response below 306 feet BGS increases suddenly to about 150 CPS and
continues between 80 to 200 API units to the end of logging.

The resistivity logs are unremarkable with a fairly uniform profile. Resistivity increases
somewhat below 275 feet BGS and appears to be associated with an increase in the
degree of vuggy dissolution features evident in the OBI logs. The OBI logs showed that
the distribution of dissolution features intercepted by the borehole are relatively
uniformly distributed with sets of weathered bedding features occurring as well as small
to medium vugs to a depth of about 275 feet BGS. Below a depth of 275 feet the
frequency of dissolution features appears to increase significantly along with a number of
large voids.

No hydrophysics or WSP testing were conducted in CS-WB-06 during this phase of
work.

3.2.2 Contaminant Characterization

Samples were collected by others to document contaminant species and concentrations in
CS-WB-06. A range of organic contaminants was encountered including chlorinated
organics such as TCE, PCE, and their degradation products. The contaminants were
documented by others in six intervals in CS-WB-06 as summarized in Table 3.2.2.

Parsons — Camp Stanley, San Antonio, Texas Page 18
-2

wmm



CS-WB-06 Organic Contaminant Summary

Depth Below TOC | Sample Type TCE PCE cis-1,2DCE Units
10.5-32.5 Soil Gas 711 1270 856 ppbv
52.5-72.5 Soil Gas 1270 1570 931 ppbv

132.5-152.5 Soil Gas 490 540 520 ppbv

262.5—-282.5 Groundwater 159 151 287 ug/L

286.5 —306.5 Groundwater 268 297 413 ug/L

310.5-330.5 Groundwater 268 337 435 ug/L
Table3.2.2

33 Borehole CS-WB-07
3.3.1 Geophysical Interpretation

On August 17, 2005, RAS conducted borehole imaging and geophysical logging in CS-
WB-07, the maximum depth of which was 340 feet. Overall, the geophysical logs
appeared to be very similar to those collected from CS-WB-06. The first log to be run in
this well was the three-arm caliper log followed by optical borehole imaging. Logging
was continued in CS-WB-07 with the 16-64-inch normal resistivity tools. The borehole
video log was then run followed by the natural gamma and electromagnetic induction.
Standard calibration and quality assurance procedures were applied for these tools and
methods, and all tools calibrated within accepted limits. At the time of testing, the depth
to water was 165 feet below the ground surface. This water level results in the open hole
section being unsaturated from bottom of casing (12 ft) to water level (165 ft).

Overall the caliper log indicates a regular fairly smooth borehole that, over the majority
of the boring, slowly tapers from 5.25 inches to 4.50 inches in diameter near the bottom
of the boring. However, above a depth of 65 feet the boring is somewhat ragged with a
maximum diameter of about 7.25 inches just below the casing at about 14 feet in depth.
In addition, near the bottom of the borehole at a depth of 333 feet BGS the caliper
indicated a sudden jump in borehole diameter of just over 7.50 inches in association with
either relatively large dissolution features, or washed out rock of compromised strength.

The gamma and EM induction logs appear to generally be inversely correlated but there
is so little variation in the overall trends of the two logs that the relationship is not very
evident. The EM induction log acquires a subtle increase at the water surface that is not
present in CS-WB-06. The gamma log shows variations of about 60 API units (60 to
120) over short distances. The only significant deviations from the gamma pattern is the
subdued but very uniform gamma expression of about 40 CPS that occurred from 273
feet to 308 feet below top of PVC casing, and three to four short intervals that are similar
above 90 feet. However, an equivalent response in the EM induction is not apparent.
The gamma response below 306 feet increases suddenly to about 120 and continues
between 120 to 200 to the bottom of the borehole.
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The resistivity logs are unremarkable with a fairly uniform profile. Resistivity increases
somewhat below 270 feet and appears to be associated with an increase in the degree of
vuggy dissolution features evident in the OBI and video logs. However, the long normal
resistivity profile fails to shift with the rest of the resistivity suite.

The OBI logs showed that the distribution of dissolution features intercepted by the
borehole are relatively uniformly distributed with sets of weathered bedding features
occurring as well as small to medium vugs to a depth of about 155 feet. Below a depth of
155 feet the frequency of dissolution features appear to increase significantly along with
a number of large voids. The frequency of weathered bedding features is much higher in
the bottom 90 feet of the boring as are the occurrence of large voids.

3.3.2 Contaminant Characterization
Samples were collected by others to document contaminant species and concentrations in
CS-WB-07. A range of organic contaminants were encountered including chlorinated
organics such as TCE, PCE, and their degradation products. The contaminants were

documented by others in six intervals in CS-WB-07 as summarized in Table 3.3.2.

CSWB-07 Organic Contaminant Summary

Depth Below TOC ~ Sample Type TCE PCE cis-1,2 DCE Units
12-32 Soil Gas 4160 83.3 1340 ppbv
32-52 Soil Gas 937 25.7 229 ppbv
72-92 Soil Gas 106 4.57 27.1 ppbv

112 -132 Soil Gas 943 21.5 25.5 ppbv

202 - 222 Groundwater 47.9 34,7 56.1 ug/L

267 — 287 Groundwater 322 293 361 ug/L

287 -307 Groundwater 306 254 322 ug/L

312 -332 Groundwater 277 221 403 ug/L
Table3.3.2

34  Borehole CS-WB-08
3.4.1 Geophysical Interpretation

On August 16, 2005, RAS conducted borehole imaging and geophysical logging in CS-
WB-08, and the maximum depth was 360 feet. The first log to be run in this well was the
three-arm caliper log followed by optical borehole imaging. Logging was continued in
CS-WB-08 with the 16-64-inch normal resistivity tools. The borehole video log was then
run followed by the natural gamma and electromagnetic induction logging. Standard
calibration and quality assurance procedures were applied for these tools and methods,
and all tools calibrated within accepted limits. At the time of testing, the depth to water
was 179 feet below the ground surface. This water level results in the open hole section
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being unsaturated from bottom of casing (12 ft) to water level (179 ft).

Overall, the caliper log indicated a regular fairly smooth borehole that, over the majority
of the boring, slowly tapers from 4.75 inches to 4.50 inches in diameter near the bottom
of the boring. However, above a depth of 85 feet the boring is somewhat ragged with a
maximum diameter just over 6.25 inches at a depth of about 30 feet.

The gamma and EM induction logs appear to be inversely correlated but there is so little
variation in the overall trends of the two logs that the relationship is not very evident.
While the gamma log shows variations of about 80 API units (50 to 130) over short
distances, the only major deviation from the gamma pattern is the subdued but very
uniform gamma expression of about 50 API units that occurred from 287 feet to 326 feet
BGS. However, an equivalent inverse response in the EM induction log is not apparent.
The gamma response below 326 feet increases suddenly to about 125 and then continues
to rise to about 200 near the end of logging; at the bottom of the borehole the gamma
response jumps to 300 API units. There are a number of short spikes in the gamma
response that are coupled with an EM response scattered along the profile; where the
spikes occur above the water level the EM response tends to be more robust.

The resistivity logs are unremarkable with a fairly uniform profile. The long normal
profile is particularly uniform when measured against the intermediate and short
resistivity profiles.

The OBI logs showed that the distribution of dissolution features intercepted by the
borehole are variably distributed. The rock in the upper 45 feet appears to be beset by a
reasonably high frequency of dissolution features in the form of small to large vugs and
voids with a high frequency of weathered bedding features as well. Between 45 to 85
feet the frequency of dissolution features drops significantly with occasional weathered
bedding features and a lower density of small and medium sized vugs, but with a few
large voids indicated. = Then, from 85 to 110 feet the frequency of large vugs and
weathered bedding features increases significantly before returning to a lower frequency
of such features below 110 feet and extending to 179 feet. The high frequency of
weathered bedding features and medium to large vugs then extends from 179 to 245 feet
in depth before the density of dissolution features drops again. However, below 293 feet
the density and frequency of large dissolution features becomes high and includes a
number of large voids as well.

3.4.2 Contaminant Characterization

Samples were collected by others to document contaminant species and concentrations in
CS-WB-08. A range of organic contaminants were encountered including chlorinated
organics such as TCE, PCE, and their degradation products. An interesting contrast in
contaminant distribution is evident in the borehole. The shallow soil gas contamination is
relatively high compared to soil gas concentrations in other boreholes. Yet the
underlying groundwater contamination is lower than in the other boreholes. This
suggests that the highly dissolution riddled rock under the site provides complex
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pathways that are not necessarily vertical. The contaminants were documented by others
in six intervals in CS-WB-08 as summarized in Table 3.4.2.

CS-WB-08 TCE Contaminant Summary

Depth Below TOC Sample Type TCE PCE cis1,2DCE Units
12.5-32.5 Soil Gas 9520 12200 2790 ppbv
91.5-111.5 Soil Gas 2220 3310 431 ppbv
140.5 - 160.5 Soil Gas 2730 4270 506 ppbv
158.5-178.5 Soil Gas 3970 5010 753 ppbv
282.5-302.5 Groundwater 41.8 38.6 108 ug/L
307.5-327.5 Groundwater 57.3 50.9 98.8 ug/L

334 354 Groundwater 54.2 53.7 115 ug/L

Table3.4.2
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4.0  Concluding Remarks and Suggestions

Based on the results of RAS’s hydrophysical and wireline straddle packer testing in CS-
WB-05, the geophysical logging of all four boreholes, review of water sampling results,
and compiling geologic logging information supplied by others, the following are offered
for your consideration:

1y

2)

3)

The hydrophysical testing indicated a specific downhole flow component in
CS-WB-05 that suggests a general potential for downward migration of water
at least in the local area. Under the ambient conditions in CS-WB-05, inflows
of 0.75 gpm occurred between 297 feet to 307 feet below TOC with an
outflow of 0.75 gpm occurring between 432 feet and 450 below the TOC.
The OBI logs in all four boreholes indicate that there are sufficient fractures
and dissolution features present such that multiple, but discrete, pathways for
flow are possible. However, the detailed hydrophysical testing, WSP tests
and OBI logging results also indicate that the mere presence of such features
does not indicate that flows are occurring in any specific set of features. It is
possible that leakage or flow is occurring in one area (such as documented in
CS-WB-05) but not in all areas.

Based on the geophysical logging results there may be a rough correlation
between a slightly depressed gamma response, slightly elevated induction log
response, and the occurrence of organic contaminants in certain intervals.
Organic contaminants were encountered in all boreholes between 260 and 350
feet below TOC. However, in CS-WB-05 contamination was also
documented in a deeper segment of the borehole that included the ambient
outflow zone from 432 to 450 feet below TOC. The data suggests that
contaminated flows originating from shallower intervals with higher hydraulic
heads are migrating deeper to zones where lower hydraulic head conditions
exist. In all four boreholes contaminated groundwater was documented near
the 285 to 305 foot depth interval where a weak correlation between a
depressed gamma response and slightly elevated EM induction response was
noted in all of the boreholes. The interval is also where the 0.75 gpm ambient
inflow zone in CS-WB-05 is located. However, due to the lack of information
describing the specific flow characteristics of potential productive intervals in
all four boreholes, it is difficult to do more than speculate that the distribution
of contamination at depth is the result of flows that are horizontal and are not
related to wide spread vertical communication with shallower groundwater.

The relative pressure test results documented in CS-WB-05 indicated that the
lowest productive interval near 432 to 450 feet below TOC had a hydraulic
head difference that was 19 feet lower than the static water level in the
borehole. This significant head difference would not be likely unless the
hydraulic communication between the overlying formation was limited and/or
there was significant near by pumping from the deeper formations. In the
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absence of more detailed information describing the hydraulic behavior of the
formations, such as that collected in CS-WB-03, it is difficult to fully interpret
the available information.

8) The WSP testing in CS-WB-05 documented that not all apparent groundwater
bearing zones (i.e. those identified with hydrophysical testing) are sufficiently
productive to sustain pumping or slug testing. Many portions of the formation
may exhibit very low flow rates. WSP testing is aimed at defining flows that
are greater than what might be sustained by discharges from a very fine
grained formation matrix, or from dissolution pockets with limited storage and
connectivity. Diffusive flows into the formation (sediment filled karst
carbonates), with or without contaminants, are probable in the general vicinity
of transmissive pathways within the formation. When the pathways are
encountered directly by the borehole, flow rates can be measured or are
otherwise indicated by hydrophysical testing. In situations where flows are
too low to be indicated, the presence of contaminants originating out of the
halo surrounding the pathways may be the source of contaminants
encountered in a borehole. Testing is required to tell the difference.

9) The OBI documented extensive occurrence of dissolution features and
fractures that were generally filled with fine grained sediments and tended to
be hydraulically nonproductive. The general occurrence of similar features at
roughly the same depths in other boreholes cannot be taken to automatically
infer hydraulic connection between the intervals. Given the frequency of
features, hydraulic tests are needed to define the existence of specific
pathways.

10) In CS-WB-08 the surface contamination (soil gas results) was much higher in
relative terms than at the other boreholes. In addition the groundwater
contamination levels were significantly lower in CS-WB-08 than in the other
boreholes. If more or less spatially uniform vertical leakage was widespread,
then it would be reasonable to expect locally high groundwater contamination
in or around CS-WB-08.

11) The water level CS-WB-05 is significantly lower than in adjacent and
shallower wells making it appear anomalous. However, the lower water level
appears reasonable given the data showing the down well flows under current
ambient conditions. CS-WB-05 is quite a bit deeper than the other wells and
documents a part of the groundwater flow system untapped by the other
boreholes. Based on the data it can not be determined if the deeper outflow
zone (lower hydraulic head) is the result of a generally higher transmissive
zone under the site that acts as a drain under ambient conditions, or if the
condition is temporary because of the influence of remote pumping from the
interval. What is clear is that the deeper zone is somewhat isolated from the
overlying aquifer as documented by the -19.0 ft relative head difference.
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5.0 Limitations

Water levels have been measured in the wellbores at the times and under the conditions
stated in the report. These data have been reviewed and interpretations have been made
in the text of this report. However, it must be noted that fluctuations in the level of the
groundwater may occur due to variations in rainfall and other factors different from those
prevailing at the time measurements were made.

Except as noted within the text of the report, no quantitative laboratory testing was
performed to verify the calibration of the logging tool. Where such analyses have been
conducted by an outside laboratory, RAS, Inc. has relied upon the data provided, and has
not conducted an independent evaluation of the reliability of these data.

Conclusions and recommendations contained in this report may be based in part upon
various types of chemical data and are contingent upon their validity. These data have
been reviewed and interpretations made in the report. As indicated within the report,
these data are developed based on the field calibration of the logging tool. Where more
specific information is necessary, the tool measurements should be verified based on
quantitative lab analyses of grab samples obtained directly from the wellbore. Moreover,
it should be noted that the variations in the types and concentrations of groundwater
constituents and variations in their flow paths may occur due to seasonal water table
fluctuations, past site practices, the passage of time, and other factors. Should additional
chemical data become available in the future, these data should be reviewed by RAS, and
the conclusions and recommendations presented herein modified accordingly.

The values for bedrock hydraulic conductivity, if given in this report, should be viewed
as "equivalent hydraulic conductivities", which are computed based on an assumed, or
equivalent, interval length and a uniformly pervious porous media behavior. This
industry standard approach has several limitations, which are well documented in the
current literature. In addition, the accuracy of the equivalent hydraulic conductivities
when presented herein is subject to the applicability of the boundary condition
assumptions inherent in the permeameter/slug test/pumping test analysis method used.

RAS’s logging was performed in accordance with generally accepted industry practices
involving similar studies at the same time and in the same general area. RAS has
observed that degree of care and skill generally exercised by others under similar
circumstances and conditions. Interpretation of logs from the newly developed
techniques, Scanning Colloidal Borescope Flowmeter, Hydrophysical Logging
(“NxHpLy”) and Wireline/Straddle Packer Testing (“WSPy”) (whether made directly
from visual observations or by data processing or otherwise), or interpretation of test or
other data, and any recommendation or hydrogeologic description based upon such
interpretations, are opinions based upon inferences from measurements, empirical
relationships and assumptions. These inferences and assumptions require engineering
judgment, and therefore are not scientific certainties. As such, other professional
engineers or analysts may differ as to their interpretation. Accordingly, RAS cannot and
does not warrant the accuracy, correctness or completeness of any such interpretation,
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recommendation or hydrogeologic description.

All technical data, evaluations, analysis, reports, and other work products are instruments
of RAS’s professional services intended for one time use on this project. Any reuse of
work product by Client for other than the purpose for which they were originally intended
will be at Client's sole risk and without liability to RAS. RAS makes no warranties, either
express or implied. Under no circumstances shall RAS or its employees be liable for
consequential damages.
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APPENDIX B-WELL CSWB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Figure CS'WB-05: 1. Ambient Fluid Electrical Conductivity and Temperature Log.
One water type of 490 to 630 uS/cm was apparent.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING
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Figure CS'WB-05: 2. Pumping, Injection and Pressure History. Emplacement was
conducted from 1540 to 1745 hours. Total Extraction = 39.3 gallons. Total Injection =
33.5 gallons. Pumping During Injection was conducted from 1638 to 1743 hours, during
which time 3 logs were acquired. Borehole pressure conditions were reasonably stable
after approximately 5 minutes. Ambient Flow Characterization was conducted from
1746 to 1935 hours, during which time 5 logs were conducted. Pumping After
Emplacement was conducted from 1936 to 2019 hours, during which time 2 logs were
acquired. Pump was at the well bottom and injection was at the surface.
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APPENDIX B-WELL CSWB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Crat Tomer
11441
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Figure CS-WB-05: 3. Pumping During Injection Log. Emplacement occurred from
1540 to 1745 hours. Pumping during injection data set, processed below.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING
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Figure CS-WB-05: 4. PDI Logs and Analysis. Results of analysis suggest inflow at the
following intervals: 289 to 297, 303 to 309, 321 to 333, 336 to 340 and 358 to 362 feet
below TOC.
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APPENDIX B-WELL CSWB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

5 Saftware (w1407 - FEC Data Stanler CSWB0DS AFChin
Ay i

Figure CSWB-05: 5. Ambient Flow Characterization. Presented data includes four
channels, down logs only. Data suggest inflowing intervals are from 168 to 173 and 205
to 218 feet below TOC and outflowing intervals are from 432 to 450 (TD) feet below
TOC.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING
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Figure CS-WB-05: 6. Results of Centroid and Integral Analysis of Ambient Flow Data.
Integration Interval from 296 to 450 feet. Data suggest inflow at an interval from 297 to
307 feet below TOC. Data suggest a flow rate of 0.75 gpm.
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APPENDIX B-WELL CSWB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Figure CS'WB-05: 7. Pumping after emplacement.
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APPENDIX B-WELL CS-WB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Figure

&, RAS HPL Asalysis Safteiss (v

CS-WB-05: 8. Emplacement

for PE.

Figure CS'WB-05: 9. Summary Straddle Packer Testing, Descending to 203 (BOTP) ft
below TOC. Data used only for confirmation of pressure transducer and telemetry
response.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

w. HPL_analysis Packer (Head + Water Level} vs Depth

Slope =09712 Intercept=-163.88
Linefit limits: 8.3 2031

Figure CS'WB-05: 10. Summary Straddle Packer Testing. Descending to 203 (BOTP)
ft below TOC. Pressure versus Head analysis.
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APPENDIX B-WELL CS-WB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Figure CS'WB-05: 11. Summary Straddle Packer Testing. Seal test at 203 (BOTP) to
223 (TOBP) feet below TOC.
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APPENDIX B-WELL CS-WB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Figure CS'WB-05: 12. Summary Straddle Packer Testing. Tested interval 203 (BOTP)
to 223 (TOBP) feet below TOC. Pumping was initiated at 1744 hours, but pump
problems and lightning necessitated termination of testing. Formation fluid pressure for
the interval approximately 1.7 feet above open hole hydrostatic at this interval. Based on
rising head data for two slug tests, interval transmissivity 4.2-5.0 e+2 feet” per day.
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APPENDIX B-WELL CS-WB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Figure CS'WB-05: 13. Water Level and Injection Data During Injection Testing.
Extraction interval 203 (BOTP) to 223 (TOBP) feet below TOC. Pump performance
affected by very low yield of interval.
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ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING
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Figure CS-WB-05: 14. Falling Head Test. 203 feet below TOC.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING
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Figure CS'WB-05: 15. Summary Straddle Packer Testing. Descending to 268 (BOTP)
ft below TOC. Data used only for confirmation of pressure transducer and telemetry
response.
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APPENDIX B-WELL CS-WB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

w, HPL_analysis Packer (Head + Water Level} vs Depth

Slope = 2.0144 Intercept = -344.67
Linefitlimits: 8.3 268

Figure CS'WB-05: 16. Summary Straddle Packer Testing, Descending to 268 (BOTP)
ft below TOC. Pressure versus Head analysis.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Figure CS-WB-05: 17. Summary Straddle Packer Testing. Seal Test at 268 (BOTP) to
288 (TOBP) ft below TOC. Data suggests test interval formation fluid pressure 1.0 foot
greater than open hole hydrostatic pressure.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING
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Figure CSWB-05: 18. Summary Straddle Packer Testing, Tested interval was 268
(BOTP) to 288 (TOBP) feet below TOC. Packer was inflated at 1015. Pumping was
initiated at 1017. Pumping was terminated at 1321. Packer was deflated at 1323.
Bladder type pump was employed for sample collection, and cyclic nature of bladder
pump operation caused shatter of pressure data in the test interval. Lack of pressure
variations in upper and lower PT indicate an excellent seal was obtained and a viable
sample collected.
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Figure CS'WB-05: 19. Water Level and Injection Data During Injection Testing.
Injection testing at 268 (BOTP) to 288 (TOBP) feet below TOC. Average injection rate
from digital flowmeter recorded for first injection test was observed at 3.9 gpm.
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Figure CS'WB-05: 20. Water Level and Injection Data During Injection Testing.
Injection testing at 268 (BOTP) to 288 (TOBP) feet below TOC. Average injection rate
from digital flowmeter recorded for second injection test was observed at 5.3 gpm.
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HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES

ALL DEPTH

SREFERENCED TO TOP OF PROTECTIVE PVC CASING
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Figure CS-WB-05: 21. Summary Straddle Packer Testing. Tested interval 320 (BOTP)

to 340 (TOBP) fee
pumping 1722. De

t below TOC. Inflate Packer 1540. Initiate pumping 1541. Terminate
flate packer 1723. Pressure responses suggest that the formation fluid

pressure for the water bearing intervals below 342 feet are approximately 19.1 feet lower
that hydrostatic pressure. Also that that formation fluid pressure for the test interval 320
to 340 is approximately 2.4 feet greater that hydrostatic pressure at this interval and that
all of the water bearing intervals above 318 feet have a formation fluid pressure 3.1 feet
greater than hydrostatic pressure at this interval. These pressure relations are confirmed
by the strong downward vertical flow observed by the hydrophysical logging results.
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Figure CS'WB-05: 22. Summary Straddle Packer Testing. Seal test at 327 (BOTP) to
347 (TOBP) feet below TOC. Packer hung up at 327 feet below TOC and not freed until
8/22/2005.
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Figure CSWB-05: 23. Summary Straddle Packer Testing. Injection testing at 268
(BOTP) to 288 (TOBP) feet below TOC. Inflate Packer 1030. Initiate Injection 1048.
Terminate Injection 1206. Deflate Packer 1218. Seal at top packer appears good, but
slight increase in pressure noted for interval below bottom packer. Maximum allowable
inflation pressure exceeded injection pressure, precluding leaks directly around packer,
however, the increase in pressure suggest some leakage through formation.
Transmissivity estimates should, therefore, be considered upper range estimates.
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Figure CS'WB-05: 24. Summary Straddle Packer Testing. Injection testing at 230
(BOTP) to 250 (TOBP) feet below TOC. Test to confirm suggested no flow from HPL.
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Figure CS'WB-05: 25. Water Level and Injection Data During Injection Testing.
Injection testing at 230 (BOTP) to 250 (TOBP) feet below TOC. Average injection rate
from digital flowmeter recorded for first injection test was observed at 1.4 gpm.
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Figure CSWB-05: 26. Summary Straddle Packer Testing. Injection testing at 198
(BOTP) to 218 (TOBP) feet below TOC. Inflate Packer 1302. Initiate Injection 1311.
Terminate Injection 1348. Initiate Falling Head Test 1350. Terminate Falling Head Test
1424. Deflate Packer 1425. Inflation pressure of packers at 140 psi (~320 feet head) and
greater than injection pressure, suggesting injection fluid did not leak around packer
elements. Increase in pressure above top packer during injection and maintaining
pressure increase after termination of injection suggests minor leak in injection line.
Based on rate of increase in pressure and borehole diameter, an estimate of leakage rate
was made (~0.5 gpm) and a correction was made to injection rate. No increase in
pressure noted for interval below bottom packer and no leakage suspected.
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Figure CS-WB-05: 27. Falling Head Test at 198 feet below TOC.

Parsons — Camp Stanley, San Antonio, Texas Page B27

AR Fataeriics [nIRB



APPENDIX B-WELL CSWB-05
HYDROPHYSICAL AND STRADDLE PACKER DATA AND FIGURES
ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Fil Edi dochei Vs

Fhoer |Inflovw, Exiractom and Dvassdosm
(F-mive ProjentsyP arsons - Camg StaslesCamp Stanley DATA FINALCS-sb- 0505005 WP STANLEY
CEWEDS M. 196-215.dal)

Bl (Ll
i I~ 520
I — L gan
BBl — — SED
Tutal o o
Gallnns: o
Elirvation { et
[ =] o - 7oa
(Exarant) 2l - red
241 — L 240
61— L 2en
B — — 1Bl
L ' T T T T T T T mn
o Bl {} [Hi}
136304 (BE ] 4534
Time [mnimies)
15321 E 1
maari Time
Is1zF r _ S
e Fliw Analysis Resuits Fnaltime Displey On
DT Pl 1

[ nmcion=] BGe ke e
Exdecid i1 Bafions pesminuse
Wborsal e of cha 111840 13 Thes

Capght J005 FAS e

Figure CS'WB-05: 28. Water Level and Injection Data During Injection Testing.
Injection testing at 198 (BOTP) to 218 (TOBP) feet below TOC. Average injection rate
from digital flowmeter recorded for first injection test was observed at 1.6 gpm.
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Figure CS'WB-05: 29. Water Level and Injection Data During Injection Testing.
Injection testing at 198 (BOTP) to 218 (TOBP) feet below TOC. Average injection rate
from digital flowmeter recorded for second injection test observed at 1.6 gpm.
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Figure CS'WB-05: 30. Summary Straddle Packer Testing. Injection testing at 168
(BOTP) to 188 (TOBP) feet below TOC. Inflate Packer 1447. Initiate Injection test 1
1452. Terminate Injection test 1 1523. Initiate Injection test 2 1526. Terminate Injection
test 2 1637. Initiate Falling Head Test 1548. Terminate Falling Head Test 1637. Deflate
Packer 1638.
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Figure CS'WB-05: 31. Water Level and Injection Data During Injection Testing.
Injection testing at 168 (BOTP) to 188 (TOBP) feet below TOC. Average injection rate
from digital flowmeter for first injection test was observed at 1.7 gpm.
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Figure CS'WB-05: 32. Water Level and Injection Data During Injection Testing.
Injection testing at 168 (BOTP) to 188 (TOBP) feet below TOC. Average injection rate
from digital flowmeter recorded for second injection test observed at 5.6 gpm.
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Figure CS-WB-05: 33. Falling Head Test at 168 feet below TOC.
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APPENDIX C-WELL CSWB-05

SUMMARY TABLE

ALL DEPTHSREFERENCED TO TOP OF PROTECTIVE PVC CASING

Ave Interval Straddle
Specific Packer . .
Drawdown Estimated Interval Formation
Well No. & . Flow Rate .
Inflow or Test Interval Spe(nﬁc F 10W Rate, During (fry/ Interyal Spec1ﬁc. Pregsure
Interval Depth 'Veloc1ty anc.1 Spec1ﬁ§ Pumping Ave.Interval Speglf{c . Concentration Relative tp
(fibgs) Discharge Dunng .Amblent after Specific F}ow Transzmlssnl/lty (ppb) Hydrostatic
Flow Conditions Rate During (ft*/day) (TCE) (+ greater)
Emplacement .
(gpm) Pumping (- less than)
(gpm)
Q v* Sd
(gpm) | (f/day) | (ft/day)
WB-05
AFC
297 to 307 (inflow) | (+)0.75
432 to 450
(outflow) (-)0.75
Water Bearing
Intervals:
168-173, 184-189,
205-218, 278-287,
289-297, 303-309,
321-333, 336-340,
358-362, 432-450
Straddle Packer
168 to 188 (inj) 171‘.‘73)1&12_ 1.9E+0
198 to 218 (inj) 221’@]1.1gpm 1.1E+0
203 to 223 +1.7
. NA NA
230 to 250 (inj) NA (est >1E-2)
268 to 288 (inj) 148’ @3.9gpm 6.1E+0 152 +1.0
320 to 340 427 +2.4
343 to 450 -19.1
Other Packer
Testing
290 to 310 273
416 to 436 375

WB-05 Summary Table 1. Hydrophysical and Wireline Straddle Packer Results.

! Estimates of hydraulic conductivity are based on Hvorslev (1951) or Theim (1906) as referenced in the body of the

report.
Parsons — Camp Stanley, San Antonio, Texas
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1.0 SCOPE

1.1
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Background

Packer testing is an integral part of the hydraulic characterization program.
This program is intended to provide the data necessary to build both
discrete feature and continuum simulations of the groundwater flow
system.

The identification of conducting features and the characterization their
properties is critical to building these models. A feature is any geologic
entity which conducts water preferentially over its surrounding materials.
Features may reflect a diversity of geologic origin including individual
strata (as in a classic confined aquifer), single fractures, fracture zones,
fault zones, or sedimentary subunits (e.g. coarse clastic channels).

Hydraulic characterization of boreholes has four major components:

Flow logging to identify conductive features and provide approximate
information on their conductive properties;

Borehole geophysics and imaging to assist in understanding the
geologic nature of the conductive feature (stratigraphic, lithologic, or
structural);

Packer testing to measure the conductive properties of the feature and
infer information on its hydraulic geometry, and

This procedure describes the packer testing component of the program.
The definition of packer testing for this work is simply any hydraulic test
that isolates a portion of a borehole for testing using packers. Packers are
inflatable glands which achieve a temporary, local isolation of a feature
identified by flow logging. Once the packers isolate a section of borehole,
the hydraulic test then consists of withdrawing or injecting water from the
interval and observing the pressure responses. A single-well packer test is
one which measures pressure responses only in the pumping well. A test
which monitors pressure in other boreholes is a multi-well or interference
test.

There are many variations on packer testing depending on the manner of
injection or withdrawal. All methods, however, have a common basis for
analysis in the diffusion equation of groundwater flow. The knowledge of
total mass and rate of water injection or withdrawal is necessary to
interpret hydraulic information from the pressure responses. Although

TP 5, Page4 of 21
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constant rates or constant pressures of pumping are desirable, some form
of test analysis is possible as long as the experiment includes careful
measurement of both flow rates and pressures.

1.2 Purpose

The objective of packer testing is a determination of hydraulic properties.

The hydraulic properties reflect both flow capacity and the storage
capacity of the features. Transmissivity (L*/T) and storativity
(dimensionless) are properties of the feature as a whole. Hydraulic
conductivity (L/T) and specific storage (1/L) are properties of the materials
within the feature.

1.3 Analysis Methods <<to be revised as appropriate>

Analysis of the pressure and flow data from the wireline staddle packer by one or
more of the following methods:

Hvorslev Falling Head Analysis — This approach (Hvorslev, 1951 ) was applied to
data collected during falling head data where sufficient recovery was observed (at
least 50% recovery).

- PIn(L/R)
2LT,

where: T is transmissivity, K is hydraulic conductivity, L the length of the tested
interval, R is the radius of the tested interval, r is the radius of the fall pipe, and T,
is the time it takes the water level to fall or rise to 37 percent of the initial reading.

Permeameter Analysis — This approach (Fetter, 1980) was applied to data that was
collected during falling head type tests and were the change in pressure during the
test period was insufficient for application of Hvorslev’s equation for falling head
tests.

_dt’L, 0o
=——In¢—~
dc't éhg
where: dt and dc are the standpipe and borehole diameters; L is the length of the
packed interval; ho and h, the initial and final head values and t the period of

K |

testing.
-
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Theim Analysis — This approach (Theim, 1906) was applied to data collected
during constant injection testing. Two injection rates are typically conducted and
the arithmetic mean of this analysis on each data set is reported.

T=KL=—2 ppfe
2pDh, T,

w

where: T is transmissivity, K is hydraulic conductivity, L the length of the tested
interval, ry, 1s the radius of the tested interval, r. is the effective pumping radius, of
the fall pipe, Dhy, is the differential pressure (injection minus formation) and Q
the injection rate.

1.4 Applicability

The applicability of this procedure is governed by the following
assumptions:

All tests will be performed by methods which limit the injection of
water into the rock in order to minimize alteration of water chemistry.

Packer tests are only performed on higher conductivity features for
which wellbore storage can be overcome within reasonable time
periods (thirty minutes or less). The hydraulic properties of lower
conductivity features and materials are obtained from the flow logging.

Within these bounds, this procedure is applicable to constant rate pump
tests and slug tests. Different types of packer testing may be required at
later stages of the project; at such time necessary revisions and/or
additions would be made to this procedure.

Constant-rate injection or pumping tests use either injection tubing or a
submersible pump mounted in the packer interval or installed in the packer
test piping to inject/produce water at a constant, or nearly constant rate.

As discussed above, the pressure drawdown and the recovery after
termination of injection/pumping provide a basis for test analysis.

Sug tests involve an instantaneous or rapid removal or introduction of a
measured volume of water from or to the well. A PVC displacement slug
or a bailer are common means of removing or introducing the water slug
from or to the test piping.

The choice of constant rate injection/withdrawal or slug tests will depend
on the expected transmissivity of the test zone as estimated from the flow
logging of the borehole. Tests using either method will be analyzed for

y -S4
( =y
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hydraulic property and geometry information. The transmissivity cutoffs
for using constant rate withdrawal versus slug test will depend on expected
information than can be obtained within a four-hour period of time.
Longer tests may be performed to investigate major features (such as
faults) or where interference monitoring is involved. The type of test
selected for a particular interval of a borehole and guidance on the
required test period durations will be given by a SWI which supplements
this procedure.

REFERENCES

1) Theim, G. Hydrolgische Methoden. Leipzig: Gebhart, 1906, p 56.
2) Fetter, C.W., Applied Hydrogeology, Macmillan Publishing Co., 1988, p 129.

3) Hvorslev, M.J., (1951) Time Lag and Soil Permeability in Ground Water
Observations, Waterways Experimental Station, Corps. Of Engineers, US
Army.

DEFINITIONS

Packer Testing. Any hydraulic test that isolates a portion of a borehole for testing
using packers. Packers are inflatable glands which achieve a temporary, local
isolation of an interval of a borehole.

Packer Test Program A series of packer tests completed in one or more boreholes
during a specific time period.

Hydrophysical Logging The use of DI water and fluid electrical conductivity
logging to identify conductive features and provide approximate information on
their conductive properties.

Pressure Transducer A device which converts the pressure exerted on the
transducer to an electronic signal (e.g. voltage, current or frequency). The
electronic signal can be measured by a Data Logging System and by the use of
appropriate calibration constants be converted into the pressure exerted on the
transducer.

Flowmeter A device which converts a volumetric (e.g. cubic meters per
second) or mass (e.g. kilograms per second) flow rate passing through it into an
electronic signal (e.g. voltage, current or frequency). The electronic signal can be
measured by a Data Logging System and by the use of appropriate calibration
constants be converted into the flow rate passing through the flowmeter.

Data Logging System An automated data acquisition system capable of measuring
the electronic signals generated by the pressure transducers and flowmeters and

y - s
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recording the value of the signals to an digital computer file. The system may
allow control of the data acquisition rate, presentation of the data as printouts or
graphs, downloading the data in a variety of units and formats and other ancillary
functions.

Wireline or Drill Rods/Tubing The means for lowering and raising the
packer assembly in the borehole and containing the water level of the packered
interval. Drill rods are threaded, steel rods normally used for drilling. Tubing
also consists of threaded, steel tubes, however these are not necessarily used for
drilling and may have special, more watertight threads than drill rods.

Packer Assembly The various pieces of downhole equipment which are
assembled together to create an assembly of two inflatable packers separated by
perforated straddle pipe which can be used to isolate a length of borehole. The
downhole equipment includes inflatable packers, perforated straddle pipe, subs,
crossovers, inflation line and other equipment.

Electro-submersible Pump A down hole pump powered by electricity to
extract water from a borehole.

Water Level Measuring Device An electronic water level sonde.

Bailer A device for removing water from a borehole, drill rods or tubing.
It consists of a hollow tube with a non-return valve (or similar) on the lower end
such that water may flow up into the tube but not out of the bottom.

Field Analysis The analysis of packer test data, on-site, during or soon after the
packer test. The analysis may use a variety of analysis methods ranging from
hand calculations or manual type curve matching through to the use of
sophisticated computer analysis. The purpose of the analysis is to evaluate the
quality of the data and derive early estimates of some parameters. Field analysis
results for a packer test will be superseded at a later time by the results of a
detailed evaluation and analysis.

4.0 REQUIREMENTS
4.1 Prerequisites
Prerequisites for packer testing :

approved list of borehole intervals to be tested (selected from borehole
logging information and other data review and analysis).
Specific Work Instruction from the Geosciences Discipline Lead or his
designee to the Packer Testing Field Team Leader. This work
instruction will describe the implementation and other pertinent details
of the planned testing program. This work instruction could include

i e TP 5, Page8 of 21
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details of the operation of a specific piece of equipment (e.g. data
logger, inflation pressures for packers etc.), specific time periods for
each packer test (e.g. duration of constant rate pumping for each
proposed test interval) or other information or instruction considered
necessary by Geosciences Discipline Lead or his designee.

tools, material and equipment necessary for the test as described
below.

Tools, Material, Equipment

All pressure data will be collected using electronic pressure transducers
and recorded using a data logging system. The transducers will be
selected such that the range will not exceed eight times the expected
maximum pressure. All pressure transducers will be calibrated to
traceable standards as provided by the manufacturer. Pressure transducers
will be located within the test interval to eliminate any frictional pressure
loss effects in the measurements. Pressure transducers will be located
above and below the test interval, in addition to the packered test section.

Flow rate measurements will be taken continuously during constant rate
withdrawal tests. The flowmeters will be selected such that the flow is no
more than 80% nor less than 10% of the full scale capacity of the meter.
Flowmeters will have electronic readouts and will be continuously
recorded with the pressure transducers using an automated data acquisition
system. Flowmeters will be calibrated to traceable standards.

The expected flow rates for each test will be estimated on the basis of the
hydrophysical logging results. Electro-submersible pumps will be selected

which are suitable for the expected flow rates.

The required specification of the various pieces of testing equipment will
be specified in procurement documents and/or SWI as necessary.

Equipment for constant rate testing :
Wireline drawworks
Wireline straddle packer assembly or pipe mounted packer assembly
Injection line and flow regulation equipment
pressure transducers
flowmeters

data logging system

TP 5, Page9 of 21
Revision 3.0 DRAFT, 11/16/05



DRAFT

water level measuring device
stopwatch

graduated cylinder or similar volume measuring device of suitable
accuracy

test data sheets and notebook
Equipment for slug tests:
wireline system and drawworks
wireline straddle packer assembly or pipe mounted packer assembly
pressure transducers
data logging system

solid PVC slug of length and diameter appropriate for tubing diameter
and rope (or bailer and rope)

water level measuring device

test data sheets and notebook

4.3 Precautions and Limits

The readings from pressure instruments will be checked against water
level measurements at least once during each test as a check on instrument
performance.

Digital Flow meters will be checked against flow measurement to a
graduated cylinder or another known volume at least once prior to testing.

On-site analysis may be carried out to check that the collected data is
appropriate for subsequent detailed analysis. The evaluation of the data
based on this analysis may be used to make a decision to repeat a test on a
specific borehole interval.

5.0  RESPONSIBILITIES

y - s
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6.0 DETAILED PROCEDURE

6.1
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Constant Rate Withdrawal/Injection

In this procedure an electro-submersible pump is used to remove water
from a packered interval of a borehole at a constant rate. For constant
injection rate testing, a surface injection pump will be used. Measuring the
changing pressure as the water is pumped out/in allows the collection of a
dataset which can be analyzed as described in Sections 1.2 and 1.3 above.

The following is an outline of the procedures to be followed to conduct a
constant rate withdrawal test. This will be supplemented by a Specific
Work Instruction providing additional details on each particular packer
test, as described in Section 4.1 above. Any deviations from this
procedure or the specifications of the SWI shall be recorded by the Test
Supervisor.

Constant rate withdrawal/injection test :

1.

Record well number, time, and date; unlock any protective casing and
clean out man-hole as necessary.

Obtain an accurate static water level measurement.

Down-hole packer assembly will be constructed. A function check of
the pressure transducers and data logging system will be completed.
Pressure testing of the packer assembly may be completed if
appropriate. Additional systems checks once the packer assembly is
submerged should be conducted (pump check, pressure transducer
operation during descent, clear discharge/injection lines, packer
inflatation, data acquisition system, tool telemetry, etc.)

The packer assembly will be attached to wireline, airline and injection
tubing and lowered to the required depth interval. If more than one
interval are to be tested in the same borehole the sequence of testing
will be specified in the SWI.

When the packer assembly is at the required depth the data logging
system will be initiated. A borehole water level measurement will be
taken and the measurement checked against the pressure transducer
reading.

The data logging system will be set to record data at short intervals
(say every 15 seconds) in order to observe hydrostatic pressure changes
prior, during and after inflation of the packers. Hydrostatic pressure
data will be recorded for a minimum of 30 minutes prior to inflation,

TP 5, Pagell of 21
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continuously during inflation and a minimum of 30 minutes after
inflations

The packers will be inflated to the required pressure using either air or
water. These details will be specified in the SWI. Packer inflation
pressure will be monitored and manually recorded. Inflation pressure
will be recorded not less than one reading every 10 minutes during the
period of packer element inflation.

The water level of the packered section will be allowed stabilize to the
satisfaction of the Test Supervisor. Observation of the pressures
recorded by the data logging system should show that the water level
to be either static or changing slowly prior to proceeding. It is
anticipated that this phase of the test should not take longer than 30
minutes. However, if significant variations, as determined by Test
Supervisor, are observed this period may be extended.

During this stabilization period the pressure in the section below the
packer will be observed (as monitored by pressure transducer) and the
water level in the borehole annulus will be observed (as monitored by
pressure transducer), in addition, regular manual measurements of the
annulus water level will be taken (to confirm pressure transducer).
These observations and or measurements will be continued throughout
the test to allow evaluation of the integrity of the packer seal.

The data logging system will be set to collect data at a high rate (say
once every 2-3 seconds) in order to collect frequent data during the
early time of the test. Thereafter the rate of data collection may be
reduced, at the Test Supervisor’s discretion, as the rate of pressure
change reduces.

Extraction (or injection) will be started at the required rate.

Check the flow rate recorded by the data logging system against flow
to a graduated cylinder or other known volume at least once every hour
during the constant rate pumping period. Or confirm injection rates
prior to testing.

Monitor the water level, adjusting the equipment to maintain a
constant flow as necessary.

If it is possible to download data from the logging system while it is
operating, at an appropriate point during the test period data may be
downloaded and subjected to field analysis. This will allow a
judgment of whether the data is sufficient for detailed analysis and
whether a further slug test is necessary.
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If formation fluid sampling is required, a volume of formation water
equivalent to a minimum of three test interval volumes will be
withdrawn prior to sample collection.

Once the testing period and fluid sampling is completed to the
satisfaction of the Test Supervisor the pumping may be stopped. The
period of pumping may be specified by SWI. Alternatively the Test
Supervisor may decide to stop pumping if on-site analysis indicates
that an adequate data set has been collected. In some cases pumping
may have to be stopped because the water level is drawing down close
to the level of the pump. Prior to stopping injection the data logging
system will be set to collect data at a high rate (say once per second) in
order to collect frequent data during the early time of the recovery
period of the test. Thereafter the rate of data collection may be
reduced, at the Test Supervisor’s discretion, as the rate of pressure
change reduces.

Turn off the pump and m