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1.0 INTRODUCTION

This report was prepared for the National Aeronautics and Space Administration
(NASA) to document installation of the response action in Operable Unit 1 (OU-1)
source area groundwater at the Jet Propulsion Laboratory (JPL). The NASA-JPL site is
on the United States Environmental Protection Agency (U.S. EPA) National Priorities
List (NPL) and subject to the provisions of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) as amended by the Superfund Amendments
and Reauthorization Act (SARA).

During historic operations at JPL, various chemicals (including chlorinated solvents,
solid rocket fuel propellants, cooling tower chemicals, sulfuric acid, Freon™, and
mercury) and other materials were used at the facility. During the 1940s and 1950s,
many buildings at JPL maintained subsurface seepage pits for disposal of sanitary
wastes and laboratory chemical wastes collected from drains and sinks within the
buildings. The Remedial Investigation (RI) for OU-2 identified 40 seepage pits, five
waste pits, and four discharge points at the facility that were used during historic
operations (Foster Wheeler Environmental Corporation [FWEC], 1999a). Some of the
seepage pits received volatile organic compounds (VOCs) and other waste materials
which are currently found in groundwater beneath and adjacent to JPL. In the late 1950s
and early 1960s, a sanitary sewer system was installed at JPL to handle sewage and
wastewater, and the use of seepage pits for sanitary and chemical waste disposal was
discontinued. Today, laboratory chemical wastes are either recycled or sent off-facility
for treatment and disposal at regulated, Resource Conservation and Recovery Act
(RCRA)-permitted hazardous waste facilities.

In 1980, the analyses of groundwater revealed the presence of VOCs in City of Pasadena
water-supply wells located southeast of JPL in the Arroyo Seco. At about the same time,
VOCs were detected in two water-supply wells used by the Lincoln Avenue Water
Company, located east of the Arroyo Seco (FWEC, 1999b). As a result, NASA initiated
an investigation to evaluate VOCs originating from the JPL facility.

In 1988, a Preliminary Assessment/Site Inspection was completed at JPL, which
indicated that further site characterization was warranted (Ebasco, 1988). Subsequent
site investigations were conducted at JPL (Ebasco, 1990a; Ebasco, 1990b) and VOCs were
detected in on-facility groundwater at levels above drinking water standards. In 1992,
JPL was placed on the NPL of sites subject to regulation under CERCLA (47180-47187
Federal Register, Vol. 57, No. 199 [1992]).

After being placed on the NPL, the nature and extent of chemicals in groundwater were
investigated during the RI, which lasted from 1994 to 1998 (FWEC, 1999a; FWEC, 1999Db).
Additional groundwater data have been obtained from a long-term groundwater
monitoring program in place at the facility since August 1996, which continues to be
active. Based on the data collected during the RI and long-term groundwater
monitoring, two VOCs (carbon tetrachloride and trichloroethene [TCE]) and perchlorate
have been detected consistently in the source area at concentrations significantly



exceeding their respective state or federal maximum contaminant levels (MCLs). The
highest concentrations of carbon tetrachloride and perchlorate at the JPL site are located
in the north-central portion of the JPL facility, which is referred to as the “source area.”
The source area is the location where the majority of chemicals is dissolved in the
groundwater, and is defined as an 8-acre by 100-ft-thick portion of the aquifer.

In the late 1990s and early 2000, NASA conducted pilot testing of several technologies to
address dissolved perchlorate in source area groundwater. The technologies tested
included reverse osmosis, a fluidized bed reactor (FBR), packed bed reactors, in situ
bioremediation, and ion exchange (FWEC, 2000; NASA, 2003). Due to the depth and
extent of the chemicals in groundwater, in situ (below ground) treatment is not cost-
effective at the JPL facility; therefore, groundwater must be pumped from the ground,
treated aboveground, and reinjected.

Based on these studies, NASA installed a demonstration treatment plant located on JPL
in the source area in early 2005 (NASA, 2003; NASA, 2005). The demonstration study
area location is illustrated in Figure 1-1. The demonstration study consists of two
extraction wells, two injection wells, liquid-phase granular activated carbon (LGAC)
treatment to remove VOCs, and an FBR to remove perchlorate, as depicted in Figure 1-2.
This system was successful in the demonstration phase, so NASA prepared the Interim
Record of Decision (ROD) (NASA, 2006a) and Remedial Design/Remedial Action
(RD/RA) Work Plan (NASA, 2006b) for system expansion.

Construction associated with the system expansion was initiated in February 2007 and
completed in January 2008. The as-built conditions of the demonstration system are
documented in the Expanded Treatability Study Installation Report (NASA, 2005). This
report documents the as-built conditions of the source area groundwater treatment
expansion completed in January 2008. System expansion consisted of one additional
extraction well (JPL-EW-03), one additional injection well (JPL-IW-03), new piping, and
associated equipment. Figures 1-1 and 1-2 show the limits of demonstration study area
and expansion area.

The remainder of this report is divided into three sections. Section 2.0 provides informal
tion pertaining to the installation of the new extraction and injection wells. Section 3.0
describes new electrical and pipeline construction efforts, and Section 4.0 provides
references to documents cited in this report. The two appendices provide as-built
records for the extraction and injection wells (Appendix 1) and the new electrical lines
and pipelines (Appendix 2).
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2.0 WELL INSTALLATION

One additional extraction well (JPL-EW-03) and one additional injection well (JPL-IWL
03) were installed as part of the system expansion. JPL-EW-03 is located 330 ft west of
the original two wells (JPL-EW-01 and JPL-EW-02) on Aero Road between Buildings 79
and 310. The new injection well is located upgradient of the extraction well (EW-03).
JPL-IW-03 is located approximately 125 ft north of MW-16 in a parking lot west of the
intersection of Surveyor and Pioneer Roads.

This section describes the well installation activities performed during the groundwater
treatment system expansion.

2.1 Utility Locating

A full map review was conducted in the JPL map database and a geophysical utility
survey was completed. The review and survey were conducted in order to allow
drilling/construction operations to safely avoid any existing utilities. A utility survey
utilizes electromagnetic utility locating instruments (i.e., ground penetrating radar
[GPR], magnetometer, magnetic gradiometer, and/or electromagnetic imaging [EM])

to penetrate the ground surface and detect any buried utilities. These lines are then field
marked with paint so that they are physically visible. Once all known utilities were
located, the drilling locations were selected.

Prior to the initiation of drilling activities, an air knife subcontractor cleared the drilling
location to a depth of approximately 5 ft below ground surface (bgs) and 36-inches in
diameter at each proposed borehole location to verify that no underground utilities were
present.

2.2 Drilling Method

The extraction well and injection wells were drilled using the mud-rotary method. The
extraction well was drilled with a 9.875-inch-diameter pilot bit and reamed with a 15.50
inch-diameter bit. The injection well was drilled with a 12.25-inch-diameter pilot bit and
reamed with an 18.5-inch-diameter bit. The drill rig used is pictured in Figure 2-1. A
20-foot surface casing was installed to maintain the integrity of the surface. Mud-rotary
drilling requires the constant use of drilling mud and a mud shaker. The mud shaker is
responsible for separating the drill cuttings and recycling the drilling mud. The
bentonite drilling mud is monitored by the driller for viscosity, weight, wall cake
thickness, water loss, sand content, and pH. This monitoring provides the driller with
the ability to maintain borehole stability, fluid loss, and equipment integrity. The
processed soil cuttings were removed and stored in roll-off bins.
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Figure 2-1. Drilling Activities IW-03 March 5, 2007
All drilling equipment and materials (including drilling bits and pipes, drilling mud
components, and backfill equipment) were either new or cleaned in the field using a
high pressure steam cleaner. Water used during drilling and well construction activities
was water from a nearby JPL fire hydrant.



When drilling was complete each well was surveyed using various down well
geophysical logging techniques to assist field geologists in their evaluation. The
following methods were used:

» Gamma Log. This method records the amount of natural gamma
radiation emitted by the rocks surrounding the borehole. Clay
bearing and shale bearing zones often emit relatively high gamma
radiation because they include weathering products that include
uranium and thorium.

= Single-Point Resistance Log. This method records the electrical
resistance from points within the borehole to an electrical ground at
the surface. Typically, resistance increases with increasing grain size
and decreases with increasing borehole diameter, fracture density,
and dissolved-solids concentrations of the water.

= Caliper Log. This method records borehole diameter. Changes in the
borehole diameter are related to well construction, such as casing or
drill-bit size, and to fracturing or caving along the borehole wall.
Borehole diameter is useful in interpreting the other geophysical logs
because it can affect the log response of the other methods. Caliper
logs can detect poorly consolidated sands that tend to collapse in the
borehole. These sands are generally very porous, water producing
zones within the aquifer.

= Spontaneous-Potential Log. This method records potentials or
voltages developed between the borehole fluid and the surrounding
rock and fluids. Spontaneous-potential logs can be used in the
determination of lithology and water quality.

The geophysical logs are included in Appendix 1-1.

2.3 Well Installation

JPL-EW-03 was constructed with a casing span of 0 ft bgs to 215 ft bgs with a 100-ft
screened interval that spans from 215 ft bgs to 315 ft bgs. The casing material is 8-inch
Schedule 80 polyvinyl chloride (PVC) and the screen is 8-inch 0.040” slot wire-wrapped
stainless steel with an 8-inch by 10 foot stainless steel sump. The filter pack in EW-03
consists of #8 mesh sand. The sand is uniform in size and slightly larger than the slots in
the well screen. This allows fine-grained material to be removed during well
development without entering the well and decreasing its effectiveness.

JPL-IW-03 was constructed with a casing span of 0 ft to 215 ft bgs with a 100-ft screened
interval that spans from 215 ft bgs to 315 ft bgs. The casing material is 12-inch Schedule
80 PVC and the screen is a 12-inch 0.050” slot wire-wrapped stainless steel with a 12[
inch by 10 foot stainless steel sump. The larger screen slot size was chosen for the
injection wells to allow for maximum flow into the aquifer. The filter pack in IW-3



consists of medium aquarium gravel. This gravel is large enough to not pass through
the injection well screen and provides ample permeability for the injected treated water
to move quickly into the aquifer.

In order to minimize bentonite sealing materials from permeating into the filter pack
and potentially impacting the effectiveness of the well screen, the filter pack materials
extend a minimum of 10-ft above the screen zone. The filter pack was placed from the
surface using the tremie method.

A 5-ft thick transition seal consisting of Y4-inch, time release coated bentonite pellets was
added on top of the filter pack. The purpose of the transition seal is to prevent the
annular seal (e.g., liquid bentonite grout) from entering the filter pack. After the
transition seal was in place, the annular seal was installed. The purpose of the annular
seal is to eliminate the formation of a pathway between the screened zone and potential
contamination from the surface and overlying materials. The annular seal was placed
into the annular space above the transition seal to approximately the ground surface
using the tremie method.

Table 2-1 provides a summary of the well construction details. Further details can be
found on the boring logs in Appendix 1-2.

Table 2-1. OU-1 Well Construction Details

Screen Casing Casing
Well Depth Depth L.D. Casing
Number (ft bgs) (ft bgs) (inches) Material Screen Material
215 to Stainless Steel
JPL-EW-03 315 325 8 Sch. 80 PVC 0.040” slot
215 to Stainless Steel
JPL-IW-03 315 325 12 Sch. 80 PVC 0.050” slot

2.4 Well Development

The purpose the well development procedure was to remove residual drilling mud to
the extent practical, and establish hydraulic communication between the borehole wall
and the filter pack material surrounding the well screen sections. Additionally, well
development physically commingles the sorted gravel pack with the native formation,
creating a hydraulic filter around the well screen which allows efficient passage of water
into or out of the well. In general, the order of the development process for extraction
and injection wells at JPL was as follows:

Open-ended air lift pumping

Mud dispersant treatment with swabbing

Dual-swab airlift pumping

Second mud dispersant treatment with swabbing (if necessary)
Dual-swab airlift pumping (if second mud dispersant treatment is
completed)



e Conventional pumping with submersible pump
e Video logging

EW-3 Development

The process for extraction well development requires less effort than injection wells
since the well will be pumped during routine operation and will subsequently continue
to be developed. The section below provides a summary of development activities
performed at EW-3. Details of the well development are provided in Appendix 1-3.

First, aquifer sediments that accumulated on the bottom of the well were removed with
an open-ended air lift system. Next, a mud dispersant was tremied into place at 20 ft
intervals, followed by a half-hour of swabbing, or raising and lowering a rubber-disc
swab tool. Once the mud dispersant was applied to the entire screened zone and
sufficient contact time had transpired, a dual-swab airlift pumping system was lowered
into the well. Dual-swab airlift pumping was initiated at the bottom of the well screen
and progressed upwards. Each 20 ft zone was completed when the swabbing no longer
increased turbidity readings. Following dual-swab air lift pumping, the screened
interval purged using a submersible pump. Based on the amount of fines that were
being recovered during purging, the pumping was occasionally discontinued to surge
the interval being developed. Pumping was discontinued when surging no longer
increased turbidity readings. A video log was completed to visually inspect the
screened zone, filter pack, and well condition. During the video log, fine material (i.e.,
silt, clay, and drilling mud) was observed in the screen slots. Therefore, additional
development activities followed. Removal of this material was completed by placing
mud dispersant (i.e., via tremie) into the entire 100 ft screened interval, followed by a
half hour of brushing for each 10 ft of screen (i.e., 5 hours total). Once the brushing was
completed, a submersible pump was installed into the well and the well was purged to
remove the fines. Based on the amount of fines that were being recovered during
purging, the pumping was occasionally discontinued to surge the interval being
developed. Pumping was discontinued when surging no longer increased turbidity
readings. Lastly, a second video log was completed confirming complete cleaning of the
screened zone.

IW-3 Development

The process for injection well development requires a higher level of effort than
development of extraction wells. In order for the injection well to function properly, as
much residual drilling mud as possible must be removed from the borehole wall, filter
pack and screen zone. Incomplete removal of drilling fluids will cause flow barriers
leading to decreased hydraulic conductivity and permeability, high entrance losses and
low injection well yield. The primary result will be low injection flow rates, mounding,
and high well-head pressures. The section below provides a summary of development
activities performed at IW-3. Details of the well development are provided in Appendix
1-3.



First, aquifer sediments that accumulated on the bottom of the well were removed with
an open-ended air lift system. Next a mud dispersant was tremied and swabbed into
place at 10 ft intervals. The field geologist noted that the water levels were rising with
each mud dispersant treatment, so the zones were purged using dual-swab air lift
pumping before moving down to the next zone. This was repeated until reaching the
bottom of the screened zone. The process described above was repeated starting at the
bottom of the screen and moving upwards through the screened interval. Next, the
screened zone was purged with the dual-swab air lift system from the top to the bottom
of the screened zone. Another series of mud dispersant applications was performed in
the upper, middle, and lower portion of the well that included a half hour of swabbing
per zone. This procedure was followed by dual-swab airlift pumping in the bottom
third of the well. Open-ended air lift pumping was utilized to remove sediments that
accumulated on the bottom of the well. Another series of mud dispersant applications
was performed in the upper, middle, and lower portion of the well that included a half
hour of swabbing per zone. This procedure was followed by dual-swab airlift pumping
from the bottom of the well. Next, dual-swab airlift pumping was performed from the
top to the bottom and back to the top of the well screen.

Following dual-swab air lift pumping, the screened interval was purged using a
submersible pump. Pumping was initiated at 30 gpm and increased to 130 gpm. Based
on the amount of fines that were being recovered during purging, the pumping was
occasionally discontinued to surge the interval being developed. The flow rate was
increased when surging no longer increased turbidity readings. This process was
repeated again, but with higher flowrates (i.e., 75 gpm, 150 gpm, and 300 gpm). Again,
the flow rates were increased when surging no longer increased turbidity readings.
Next, a video log was completed to visually inspect the screened zone, filter pack, and
well condition. During the video log, fine material (i.e., silt, clay, and drilling mud) was
observed in the screen slots. Therefore, additional development activities followed.

Removal of this material was completed by placing a concentrated dosage of mud
dispersant (i.e., via tremie) into the entire 100 ft screened interval, followed by a half
hour of brushing for each 10 ft of screen (i.e., 5 hours total). Once the brushing was
completed, a submersible pump was installed into the well and the well was purged to
remove the fines. Based on the amount of fines that were being recovered during
purging, the pumping was occasionally discontinued to surge the interval being
developed. Pumping was completed when surging no longer increased turbidity
readings. Approximately 193,000 gallons of water were removed during this stage of
development. Lastly, a second video log was completed to confirm complete cleaning of
the screened zone.

IW-3 was constructed with a submersible pump, allowing periodic backflushing of the
well to remove clogging material. Therefore, once the injection/extraction pipeline and
associated wiring were completed, IW-3 was operated in extraction mode. The well was
pumped from early October 2007 to mid-January 2008 removing an additional 1.1
million gallons of water from the well. The total amount of water removed from IW-3
prior to injection was 1.3 million gallons. Table 2-2 provides a summary of the well



development activities. The development logs for each well are available in Appendix
1-3.

Table 2-2. Well Development Summary

Well Total Purge | Water Level Start | Water Level Finish
Number (gallons) (ft btoc) (ft btoc)
JPL-EW-03 30,635 187.50 195.50
JPL-IW-03 192,786 237.00 213.00

The well development water was temporarily contained in 22,000-gallon Baker tanks
(i.e., same tanks used to contain the used drilling mud), and was transferred to the OU-1
treatment system for processing.

The two wells installed as part of the OU-1 system expansion both have traffic-rated
sub-surface well vaults. Table 2-3 provides a summary of the wellhead completions.

Table 2-3. Wellhead Completions

Pressure
Well Pump Transducer Well Seal Union Present
EW-03 350 gpm Down Well Expansion Yes
IW-03 300 gpm Down Well Expansion Yes

10



3.0 OTHER CONSTRUCTION

Other construction activities associated with system expansion included electrical
improvements and pipeline installation to connect the new injection and extraction wells
to the existing treatment plant.

3.1 Electrical

The original electrical design submitted to JPL facilities and approved in August 2004
included electrical design elements associated with the system expansion. The electrical
feed to the OU-1 treatment system is located at JPL Bank 14. The following field changes
to the approved electrical design were necessary during system expansion:

s Changes in the routing and location of electrical conduit
s Use of above grade installation in some areas.

All changes were reviewed, and agreed upon, by JPL facilities and the electrical design
firm, KSG. The revised electrical conduit location as-built drawings are included as
Appendix 2-1.

3.2 Pipelines

The design of all pipelines associated with the OU-1 treatment system was approved by
JPL facilities for construction in August 2004. Field changes to the routing of influent
and effluent water pipelines were necessary during the system expansion. All changes
were reviewed, and agreed upon, by JPL facilities and the civil engineer. As-built
drawings of pipeline routes associated with the system expansion are included as
Appendix 2-2.

Above grade plumbing was painted to provide ultraviolet (UV) light protection, while
accommodating the JPL facility paint scheme.

Hydraulic testing was performed on the pipelines before they were put into operation.
The hydraulic testing consisted of filling the lines to operating pressure and checking all
joints for leaks or stress. All pipelines passed hydraulic testing, receiving approval from
JPL. Expansion joints were installed to allow for movement.

11
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welenco

5201 Woodmere Drive, Bakersfield, CA 93313-- www.welenco.com--(800) 445-9914
California Contractor's License No. 722373

ELECTRIC - GAMMA RAY - TEMP - CALIPER

FILING NO.
COMPANY __Layne Christensen Company
WELL EW-3
FIELD JPL - Pasadena
STATE California COUNTY Los Angeles
LOCATION: OTHER SERVICES:
None
4800 Oak Grove, to rear of JPL Fire Station.

JOB NO.

7240 sec: _6 TwP: IN  ReE: _12W | AT 34°12'8.5" | oNG.: 118°10' 18.6" MERIDIAN.:__San Bernardino
Permanent Datum: Ground Level , Elev. Ft. Elev.: K.B. Ft.
Log Measured From: Ground Level .0 Ft. Above Perm. Datum D.F. Ft.
Drilling Measured From: Ground Level G.L. Ft.
Run Elog Caliper
Date Apr. 02, 2007 Apr. 02, 2007
Depth-Driller 335 Ft| 335 Ft Ft Ft
Depth-Logger 337 Ft| 337 Ft Ft Ft
Top Logged Interval 0 Ftf 0 Ft Ft Ft
Btm. Logged Interval 336 Ft| 335 Ft Ft Ft
Casing-Driller 20 n@l2 Ft In @ Ft In @ Ft In @ Ft
Casing-Logger 20 n@l2 Ft In @ Ft In @ Ft In @ Ft
Bit Size 97/8 In In In In
Time On Bottom 1:15 PM 2:00 PM
Type Fluid In Hole Bentonite
Density Viscosity
pH Fluid Loss ml ml ml mi
Source of Sample Tank
Rm @ Measured Temp. 50 @ 75 ©F @ °F @ = @ oF
Rmf @ Measured Temp. 4.2 @ 75 °F @ o @ °F @ °F
Rmc @ Measured Temp. @ °F @ °F @ °F @ °F
Source Rmf Rmc meas
Rm @ BHT @ °F @ °F @ °F @ °F
Time Since Circulation 1 Hr Hr Hr Hr
Max. Rec. Temp. 73.4 °F °F °F °F
Van No. | Location LV-1 Bfld
Recorded By Dan lhde
Witnessed By Dave Conner




Miscellaneous Information

A recreational GPS accurate to +/- 45 feet set for Datum NAD27 was used to calculate

Latitude, Longitude & Elevation values. The Section, Township, and Range then

determined using the TRS program (TRS accuracy is not guaranteed). The TRS

program converts Latitude and Longitude to Section, Township, and Range. The

NOTICE at the bottom of this heading also applies.

Drilled by: Layne Christensen

NOTICE

All interpretations are opinions based on inferences from electrical and other measurements
and we do not guarantee the accuracy or correctness of any verbal or written interpretation,

and we shall not, except in the case of gross or willful negligence on our part, be liable or
responsible for any loss, costs, damages or expenses incurred or sustained by anyone resulting
from any interpretation made by one of our officers, agents or employees. These interpretations
are also subject to our General Terms and Conditions as set out in our current Price Schedule.

welenco, inc. April 02, 2007




Layne Christensen Company EW-3  Apr 2, 2007
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Layne Christensen Company EW-3  Apr 2, 2007
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Layne Christensen Company EW-3  Apr 2, 2007
ELECTRIC - GAMMA RAY - TEMP - CALIPER
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welenco

5201 Woodmere Drive, Bakersfield, CA 93313-- www.welenco.com--(800) 445-9914
California Contractor's License No. 722373

ELECTRIC - GAMMA RAY - TEMP - CALIPER

FILING NO.
COMPANY __Layne Christensen Company
WELL EW-3
FIELD JPL - Pasadena
STATE California COUNTY Los Angeles
LOCATION: OTHER SERVICES:
None
4800 Oak Grove, to rear of JPL Fire Station.

JOB NO.

7240 sec: _6 TwP: IN  ReE: _12W | AT 34°12'8.5" | oNG.: 118°10' 18.6" MERIDIAN.:__San Bernardino
Permanent Datum: Ground Level , Elev. Ft. Elev.: K.B. Ft.
Log Measured From: Ground Level .0 Ft. Above Perm. Datum D.F. Ft.
Drilling Measured From: Ground Level G.L. Ft.
Run Elog Caliper
Date Apr. 02, 2007 Apr. 02, 2007
Depth-Driller 335 Ft| 335 Ft Ft Ft
Depth-Logger 337 Ft| 337 Ft Ft Ft
Top Logged Interval 0 Ftf 0 Ft Ft Ft
Btm. Logged Interval 336 Ft| 335 Ft Ft Ft
Casing-Driller 20 n@l2 Ft In @ Ft In @ Ft In @ Ft
Casing-Logger 20 n@l2 Ft In @ Ft In @ Ft In @ Ft
Bit Size 97/8 In In In In
Time On Bottom 1:15 PM 2:00 PM
Type Fluid In Hole Bentonite
Density Viscosity
pH Fluid Loss ml ml ml mi
Source of Sample Tank
Rm @ Measured Temp. 50 @ 75 ©F @ °F @ = @ oF
Rmf @ Measured Temp. 4.2 @ 75 °F @ o @ °F @ °F
Rmc @ Measured Temp. @ °F @ °F @ °F @ °F
Source Rmf Rmc meas
Rm @ BHT @ °F @ °F @ °F @ °F
Time Since Circulation 1 Hr Hr Hr Hr
Max. Rec. Temp. 73.4 °F °F °F °F
Van No. | Location LV-1 Bfld
Recorded By Dan lhde
Witnessed By Dave Conner




Miscellaneous Information

A recreational GPS accurate to +/- 45 feet set for Datum NAD27 was used to calculate

Latitude, Longitude & Elevation values. The Section, Township, and Range then

determined using the TRS program (TRS accuracy is not guaranteed). The TRS

program converts Latitude and Longitude to Section, Township, and Range. The

NOTICE at the bottom of this heading also applies.

Drilled by: Layne Christensen

NOTICE

All interpretations are opinions based on inferences from electrical and other measurements
and we do not guarantee the accuracy or correctness of any verbal or written interpretation,

and we shall not, except in the case of gross or willful negligence on our part, be liable or
responsible for any loss, costs, damages or expenses incurred or sustained by anyone resulting
from any interpretation made by one of our officers, agents or employees. These interpretations
are also subject to our General Terms and Conditions as set out in our current Price Schedule.

welenco, inc. April 02, 2007
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welenco

5201 Woodmere Drive, Bakersfield, CA 93313-- www.welenco.com--(800) 445-9914
California Contractor's License No. 722373

ELECTRIC - GAMMA - TEMP -CALIPER LOG

FILING NO.
COMPANY __Layne Christensen Company
WELL IW-3
FIELD JPL Pasadena
STATE California COUNTY Los Angeles
LOCATION: OTHER SERVICES:
None
4800 Oak Grove

JOB NO.

7190 sec: _6 TwP: IN  ReE: _12W | AT 34°12'8.5" | oNG.: 118°10' 18.6" MERIDIAN.:__San Bernardino
Permanent Datum: Ground Level , Elev. Ft. Elev.: K.B. Ft.
Log Measured From: Ground Level 0 Ft. Above Perm. Datum D.F. Ft.
Drilling Measured From: Ground Level G.L. Ft.
Run Elog Caliper
Date Mar. 08, 2007 Mar. 08, 2007
Depth-Driller 340 Ft| 340 Ft Ft Ft
Depth-Logger 339 Ft| 339 Ft Ft Ft
Top Logged Interval 0 Ftf 0 Ft Ft Ft
Btm. Logged Interval 338 Ft| 338 Ft Ft Ft
Casing-Driller 20 m@l1l2 Ff| 20 mn@l2 Ft In @ Ft In @ Ft
Casing-Logger 20 n@l12 R 20 n@l2 Ft In @ Ft In @ Ft
Bit Size 12 In[ 12 In In In
Time On Bottom 2:45 p.m. 3:25 p.m.

Type Fluid In Hole Bentonite

Density Viscosity

pH Fluid Loss ml ml ml mi
Source of Sample Tank

Rm @ Measured Temp. 84 @ 75 ©F @ °F @ = @ oF
Rmf @ Measured Temp. 7.5 @ 75 °F @ o @ °F @ °F
Rmc @ Measured Temp. @ °F @ °F @ °F @ °F
Source Rmf Rmc Meas Meas

Rm @ BHT @ °F @ °F @ °F @ °F
Time Since Circulation .5 Hif Hr Hr Hr
Max. Rec. Temp. 81.3 °F o o °F
Van No. | Location L-23 Bfld

Recorded By Craig Corbell

Witnessed By Terry DeVries




Miscellaneous Information

A recreational GPS accurate to +/- 45 feet set for Datum NAD27 was used to calculate

Latitude, Longitude & Elevation values. The Section, Township, and Range then

determined using the TRS program (TRS accuracy is not guaranteed). The TRS

program converts Latitude and Longitude to Section, Township, and Range. The

NOTICE at the bottom of this heading also applies.

NOTICE

All interpretations are opinions based on inferences from electrical and other measurements

and we do not guarantee the accuracy or correctness of any verbal or written interpretation,

and we shall not, except in the case of gross or willful negligence on our part, be liable or

responsible for any loss, costs, damages or expenses incurred or sustained by anyone resulting

from any interpretation made by one of our officers, agents or employees. These interpretations

are also subject to our General Terms and Conditions as set out in our current Price Schedule.
welenco, inc. March 08, 2007




Layne Christensen Company IW-3  Mar 8, 2007
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Layne Christensen Company IW-3  Mar 8, 2007

ELECTRIC - GAMMA - TEMP -CALIPER LOG
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Layne Christensen Company IW-3  Mar 8, 2007

ELECTRIC - GAMMA - TEMP -CALIPER LOG
DEPTHS
5in/100ft |0 64 Inch Normal (ohmmeter?/m) x10 ZOOOJ
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welenco

5201 Woodmere Drive, Bakersfield, CA 93313-- www.welenco.com--(800) 445-9914
California Contractor's License No. 722373

3-ARM CALIPER LOG

FLNe o COMPANY __Layne Christensen Company
WELL IW-3
FIELD JPL - Pasadena
STATE California COUNTY Los Angeles
LOCATION: OTHER SERVICES:
None
4800 Oak Grove, near building 325

JOB NO.

7194 SEC: 6 Twp. AN _ RGE:_12W |AT: 34°12' 85" | oNG. 118° 10' 18.6" MERIDIAN,. San Bernardino
Permanent Datum: Ground Level , Elev. Ft. Elev.: K.B. Ft.
Log Measured From: __ Ground Level 0 Ft. Above Perm. Datum D.F. Ft.
Drilling Measured From: Ground Level G.L. Ft.
Date Mar. 19, 2007
Type Of Log Caliper
Run One
Depth-Driller 330 Ft Ft Ft Ft
Depth-Logger 332 Ft Ft Ft Ft
Top Logged Interval 10 Ft Ft Ft Ft
Btm. Logged Interval 330 Ft Ft Ft Ft
Type Fluid In Hole Bentonite

Fluid Level Full Ft Ft Ft Ft
Max Temp N/A °F] oF oF o
Operating Rig Time 1 Hi| Hr Hr Hr
Van No. | Location Lv-1 Bfld
Recorded By Dan Ihde
Witnessed By Dave Conner Scott Lowe
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE TYPE FROM TO

1 18 In 12 Ft 330 Ft 20 In Steel Surf Ft 12 Ft
In Ft Ft In Ft Ft
In Ft Ft In Ft Ft




Miscellaneous Information

Remarks:

A recreational GPS accurate to +/- 45 feet set for Datum NAD27 was used to calculate

Latitude, Longitude & Elevation values. The Section, Township, and Range then

determined using the TRS program (TRS accuracy is not guaranteed). The TRS

program converts Latitude and Longitude to Section, Township, and Range. The

NOTICE at the bottom of this heading also applies.

Caliper tool hung up at bottom of casing, had to stop and close tool.

Drilled by: Layne Christensen

Perforated Intervals:

Line Speed:

Borehole Volume Calculations:

349 Cu. Ft. From 10' To 330' (12" Csg.)

Total Annular Volume: 349 Cubic Feet Or 12.93 Cubic Yards

Other Information:

NOTICE: All interpretations are opinions based on inferences from electrical and other measurements

and we do not guarantee the accuracy or correctness of any verbal or written interpretation,

and we shall not, except in the case of gross or willful negligence on our part, be liable or

responsible for any loss, costs, damages or expenses incurred or sustained by anyone resulting

from any interpretation made by one of our officers, agents or employees. These interpretations

are also subject to our General Terms and Conditions as set out in our current Price Schedule.
welenco, inc. March 19, 2007




Layne Christensen Company IW-3  Mar 19, 2007
3-ARM CALIPER LOG
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Layne Christensen Company IW-3  Mar 19, 2007
3-ARM CALIPER LOG
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Layne Christensen Company IW-3  Mar 19, 2007
3-ARM CALIPER LOG
DEPTHS
5 in/100ft
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Soil Boring Logs



Batielle

NASA/JPL

BORING LOG AND WELL COMPLETION DIAGRAM - JPL-EW-3

Borehole Location: JPL-EW-3

Project Location: NASA Jet Propulsion Lab.
Project #: G486132

Geologist: D. Conner

Drilling Contractor: Layne Christensen
Driller: Terry Devries

Reviewed by: C. Coonfare, P.G.

Sampler Type: Grab Sample from Shaker Screen
Boring Diameter: 9 7/8” (Pilot) and 15.5” (Final)
Drilling Method: Mud Rotary

Drill Rig: Ingersoll-Ran
Hammer Type: Casing

Date: 03/26/07 - 04/07/07

Total Depth: 335.0" bgs

d TH-100
Hammer

Coordinates (NAD 83/NAVD 88) Northing: 1895819.259

Surface Elevation: 1199.259 Easting: 6509881.361
Borehole Abandoned: Monitoring Device Installed:
Yes No X Yes X No

Method: NA Type: 8” Sch. 80 PVC

8” wire wrapped s.s. screen

Depth |9 % Grading B
(feet bgs) §§ Sample description Comments g Well Completion
> a3
2
— 0 Grass surface. L
— Set surface casing from g - ¢ ¢ Surface seal:
- — B o ‘ ‘ 0’ to 20’ bgs. N 27 L 0-3’ Concrete
| _ Utility clearance with air knife from 0’ to 5’ bgs. . <
-y
B F/ ~ A
- —] 4 )l\l\l\”ll\f\’l
— 5 — L[|73s 23 050
I DAY
RPN
DAL ESFLTES
] "?1\\ o II?T‘ Bentonite/
] Silty SAND: light orange brown to tannish ‘.‘,;:\i);:\‘.‘/ Portland
10— brown (Dry: pale yellow 2.5Y 8/3), fine- to medium- 60l40 ’ '}\\','}\l'“«( Grout seal:
SM| grained sand with some fine- to coarse-gravel, 60% 017031 ) 3'- 200’
[ 1 fine- to medium-grained sand, 40% silt, trace coarse- i -{:7\,'!1“,\,'(1 192.26 ft*
— ] grained sand. B3N P
L — o N- -y~
I— Jrn A
— 15 As above RN Vs
. ‘ ’ 7’
] SO
- — 1 RSN OERS
CAR b
I A e
DA
— ) b ~:’\1‘| sAt <
L — As above. IR EEA XN
20 1| [F3>233g0ad 8 sch. 80 Pve
— FATUATY Blank Casing
[ ] AN 0'-218
3 131 /\‘; ] IJ:
— = A DA
| ;2L
o IS ss
L 05 — As above. JIZUs s Y
| _ )/: N )4:\ )4
K TARZI AL
ST ES
| — 2\ YR
. LI Y
— —] Viscosity: 36 seconds; SISy
— _ Weight: 8.5 Ibs. <N AT
30 — SM Silty SAND: orange _brown to tan brown (Dry: pale yellow| wall cake: 2/32 8515 ;1\‘,\ ‘,\;".
| _| 2.5Y 8/4), 70% medium-grained sand, 15% coarse- Water loss: 6.2 mL; s_‘,’: :\-\z‘
| _ grained sand, 15% silt, angular grains, Sand content: 0.5%; " l;'\I: ll\\l ;‘
[ | |COBBLESat30 - 35 bgs. pH: 10 LOLIRIRS
N - -
— — B =21
ORI
— 35 — As above.  BONZOIED
] TRy ALY
AFLATarY
| — A PAR ] YR
- SRS
N M )
L rt
— _ RO R
L 40 — SP |Moderately graded SAND: pale yellow 2.5Y 8/4 (Dry), 95|5 JISIoW oY
- — 60% coarse-grained, 35% fine- to medium-grained sand, \_);: :‘,;:\_):
| _| granite and granodiorite chips and grains, less than > \l:' N l'\\f:,
[ ] 5% silt. COLINERA
o
b 7 2™, ™ o=
R RIS
— 45 — As above. 201! :\?J;
OO
— — RS s
RUNERNES
— OhIRIO
7’ ’
— — \\’: ;\\4
— I |.~:’\1‘ XN %
. . N ~
— 50 —SM | Silty SAND with gravel and cobbles: orange (Dry: pale 80|20 m3m ;J}_l \:\‘;j\{‘j
— — yellow 2.5Y 8/4), 80% medium- to coarse-grained, 20% ‘-\r,\-\/,‘»-{;
— | |silt, granodiorite chips, some chips to 3mm, micaceous. ||ncreased rig chatter at 52° '\r‘\\’,\ ) P,‘T~
— ] bgs. (":\’\’:\'\‘
-] A
N ~
— 55 — As above. \:\‘3_'\:\‘:-'\’:‘:
— — AR R
~ - ~
| _ ~’|Ql~ l'~'~’|.
| —{sp Gravelly SAND: pale yellow 2.5Y 8/4 (Dry), 80% coarse- (\f—l _'(\.
] grained sand, 20% fine gravel, micaceous. PN A
AR IR

JPL-EW-3.CDR




Batielle

NASA/JPL

BORING LOG AND WELL COMPLETION DIAGRAM - JPL-EW-3

Borehole Location: JSPL-EW-S s b Sampler Type: Grab Sample from Shaker Screen | Coordinates (NAD 83/NAVD 88) Northing: 1895819.259
Project Location: NASA Jet Propulsion Lab. Boring Diameter: 9 7/8” (Pilot) and 15.5” (Final) ion ing
Project #: GA86132 Drilling Method: Mud Rotary Surface Elevation: 1199.259 Eagtmg. 65_09881.361 '
Geologist: D. Conner ‘ Drill Rig: Ingersoll-Rand TH-100 Borehole Abandoned: Monitoring Device Installed:
Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/26/07 - 04/07/07 Method: NA Type: 8” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 335.0" bgs 8" wire wrapped s.s. screen
Depth [@ 3 o Grading )
(feet bgs) §Q§ Sample description Comments s Well Completion
— 60 2 T T
|~ _| sP |Gravelly SAND: pale yellow 2.5Y 8/4 (Dry), 80% coarse- 20|80 besl Ty
| _] grained sand, 20% fine gravel, micaceous. J;"/‘ s
i Y
— SRS
- —] n AL AT
[ 65— AT
As above. GO COERSY
. RO
— ] ~ \/\ ~ ‘,\'s' .
B ] O Bentonite/
SENDYAY Portland
— — FIIANI N g
70 - sP Whi_te/buff grains with orange, grains up to 3mm 20|80 3 g“‘,?,ﬁ“lf?l_‘ G’rout s?al:
| | in size, angular to subangular. mimy Sy SY 3'-200
F< AT AT 192.26 ft’
- — ISR X I N
UL L
-] SIS
— — Ao
\> \/\ ‘,\,s>
— 75 — As above. 2131 120
. —] DAY
<y A
] S
| — - - g
Sl*\ r"\\'\’i
B _ Slightly more coarse-grained than above, and angular 4 SIS IS
— 80 — ; et ' NEG IO "
| 80 _ SP chips up to 4mm in length. m Neosdadsd 87 Sch. 80 PVC
F<IArATE Blank Casing
— 7] SUSY o-218
— ] PSRNV
— RS R
LS SN XNy
— 85 As above. S0y
ASZ=ASNT=4 N
— — ./,*‘./*\-/,
-] S
— — SISy
b 7)™, M=
—  — sM| Silty SAND: pale yellow 2.5Y 8/4 (Dry), 60% fines 60140 ;'\/: s
—90 — (fine-grained sand and silt), 30%medium-grained sand, SOLINT 7\\;
— — 10% coarse-grained, angular to subangular, micaceous. .‘.:,\ 7‘\'5
- S
] S
. RAR1INM
| — AR q
95 As above. RLBIRD
. —] -f,‘\-/ “\-./
- - SIS
\|\ NN N, AR
PORIZD I
| — ks Z=p A=y
- - REONAE
| 100—] sm | Silty SAND: pale yellow 2.5Y 7/4 (Dry), 70% fines 30|70 S
| _ (fine-grained sand and silt) increase from above, h )’: DYDY
| ] 20% medium-grained sand, 10% coarse- ;’\/: lI‘J 5
grained sand, non-plastic fines, micaceous. ;\I;I J\:J:
| - OO
- — -I,~\ “\-/
—105— :’h\/,\ \,’\':’P
I s e :\'*,‘
=GR Ay
. RS
- —] h \’: by ~
— — Well sorted SAND: orangish brown to tan brown, (Dry: .é'\/‘r )’ll\l ~:’
L-110—{ sp | pale yellow 2.5Y 7/4), 70% medium-grained sand SIS
- (poorly graded - similar size), granodiorite chips, AN
micaceous . Y ARIURS
— = : Rig chatter at 112’ bgs. STENSTI N
/\‘, 1 /\“ ] /\‘l
L —] N oM =\
NI
— — . . YOO
. - G ) A ) Cd
—us | . . Vudveignt Balos s SIS
— — Silty SAND: orangish brown to tannish brown (Dry: very wall kg' 1/16 N 80| 20 ‘.,ls‘\_, “\\-'1
| _|SM| pale brown 10YR 7/4), 70% fine- to medium-grained Wat C? e 3.8 mL: :’Ql\ Yl
] sand, 20% non-plastic silt, 10% coarse-grained sand, ¢ a Zr os? p 1”80/ COLIERA
] angular to subangular grains. and content: 1.0%; I
pH: 10 PRY VIS
—120 ISAR IS
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Batielle

NASA/JPL

BORING LOG AND WELL COMPLETION DIAGRAM - JPL-EW-3

Borehole Location: JPL-EW-3

Project Location: NASA Jet Propulsion Lab.
Project #: G486132

Geologist: D. Conner

Sampler Type: Grab Sample from Shaker Screen
Boring Diameter: 9 7/8” (Pilot) and 15.5” (Final)
Drilling Method: Mud Rotary

Drill Rig: Ingersoll-Rand TH-100

Coordinates (NAD 83/NAVD 88) Northing: 1895819.259
Surface Elevation: 1199.259 Easting: 6509881.361
Borehole Abandoned: Monitoring Device Installed:

Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/26/07 - 04/07/07 Method: NA Type: 8” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 335.0" bgs 8" wire wrapped s.s. screen
Depth [@ 3 Grading )
(feet bgs) ® € Sample description Comments 2 Well Completion
1202 -
| | Silty SAND: orangish brown to tannish brown (Dry: very 80|20 & ‘_—' :'(\'-
SM |[pale brown 10YR 7/4), 70% fine- to medium-grained RO
— - - . . Cd L
] sand, 20% non-plastic silt, 10% coarse-grained sand, | |ncrease rig chatter. ;|>‘,‘ b 5
angular to subangular grains. N_)l: :\_)‘
— 7] B \I:l ;’lr:r 5
—125— As above. PONEL IR0
LN = N T=y N
- — -I,'\-//“\ /4
| ISR
| _ POIEL IR0 Bentonite/
‘);:‘);:‘7 Portland
| | _ ResErss
130 sp Well sorted SAND: orangish brown to tan brown, (Dry: '}‘\\'Q':f‘\l"\t{f Grout seal:
| | pale yellow 2.5Y 7/4), 70% medium-grained sand (w:' (\4;\’\4 3'- 200
B ] (poorly graded - similar size), granodiorite chips, Increased rig chatter; more ,‘él\,\"ll,\,'g 192.26 ft°
micaceous. difficult drilling. S )
| 1 hN?= =y N
I — =N [
s s
135  |Cobbles. SO0
Had SO
| | l;\I: ll\\l;
I ROLINIXD
RSl S
I _ , il via ch BRI
| 140— Increase in grey/black grains, angular to Still rig chater DY |~~1,l 's«‘,
subangular. (\f: (\4,;;_._8” Sch. 80 PVC
— ] FAT AT Blank Casing
— — LA ) LA ) -’ L ’
] Sy 02
| — SO
RYARR O
—145— As above. OO IRD
\\/_\\J_\\a
- — TN R KL
| | IS s
;\l;l ! ?J;
— — N g -\
b 7 4™, ™ o=
T o o (S S
—150— Increase in silt content, finer-gained sand. ;|; 1 T?\;
I— DAY
B | l;\I: ll\\l;
] SQAUNTD
N -
7 4, A
— i ;’\I‘J st 5
—155— As above. PONEOIRD
RNZ=p NT=y N
| —] .1,‘ -/I“ =7
LIS
| T \1\\ ,\\"J '\\T,
| — a5 :\,/: f‘f:‘:‘/
— —Gp/ Gravelly SAND: orange to light pink and white to light 104 > l;'\I:l ;lll\\l ;‘
—160—gp | grey (Dry: pale yellow 2.5Y 7/3), 60% coarse-grained - ?J;_l 3\\;_1 ?J;
— — sand, 40% medium-grained sand, angular to subangular, ;';‘ R 7SR /,"\\-q
- micaceous, granodiorite grains. o I XU U
S B o
— = w1 AN TN
At b 7 4™, N =7
] A
—165— Gravels. 2 EEOHERIRD
— ] RVS] RYY
[ ] 2 E RSO0
c{ Pl iy
Increase rig chatter. o I SRR DY
- PSS
. . . ®
—170— Cobbles, grains up to 8 mm in length. Less rig chatter. 5 0 l\:J: J\;J:
o I IO
| —] A NN M S
) 100 m8m:n: F ! A AT
B 1 Increase rig chatter. - ;1\\ ,\;".I et
| —] -':‘ “,,:\\/’:\)‘
— PSS AAT
=] [NTINSTY ST
—175+ As above. 2 EPIIZLDIRD
5] MRSV
— . AT AT
- — - LAY Y Cd
6 1 [y Y
— - 100 fmmi] KS2zi f=vsd
A b # 3™, ™ o=
= — . Lth b ) - " <M A
L 180 Finer gravel than above. 6mm maximum grain size. 2 AR RS
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Batielle

NASA/JPL

BORING LOG AND WELL COMPLETION DIAGRAM - JPL-EW-3

Borehole Location: JPL-EW-3

Project Location: NASA Jet Propulsion Lab.
Project #: G486132

Geologist: D. Conner

Sampler Type: Grab Sam
Boring Diameter: 9 7/8" (

Drilling Method: Mud Rotary
Drill Rig: Ingersoll-Rand TH-100

ple from Shaker Screen
Pilot) and 15.5” (Final)

Coordinates (NAD 83/NAVD 88) Northing: 1895819.259
Surface Elevation: 1199.259 Easting: 6509881.361
Borehole Abandoned: Monitoring Device Installed:

Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/26/07 - 04/07/07 Method: NA Type: 8” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 335.0" bgs 8" wire wrapped s.s. screen
Depth [@ 3 Grading >
(feet bgs) ® € Sample description Comments E Well Completion
1802 -
| | oo |6 O v
R
— - Gravelly SAND: orange to light pink and white to light ;TQF ,\;".
— — sp |grey (Dry: pale yellow 2.5Y 7/3), 60% coarse-grained \x,'; Y]
— — sand, 40% medium-grained sand, angular to subangular, ’ \,'/\ - ,\,‘>
185 micaceous, granodiorite grains, 6 mm maximum grain |DTW: 187.50" bgs; noted STESY
| | size during video logging of well P - NY
. k2 ~¢
on 6-11-07). i 1A <
— —] AR SRSt .
2ORICOERA Bentonite/
B | - ‘)':‘)‘:‘): Portland
— B RS RS -
|_190—]| GP/| Poorly graded SAND with gravel: light orange-brown 35|65 % PRI ,d::"_. Grout seal:
|~ _| sP | (Dry: pale yellow 2.5Y 7/3), 65% fine to coarse-grained 5 OSSOy 3'-200° ,
| | sand, angular to subangular, 35% fine gravel, angular i >"/\~ -l;\,s’ 192.26 ft
to subangular, granodiorite grains. PN Y
L
— 3 Sy
= — - 3'\'\. l'\\' >
—195— As above. P Y
- o YA
- - | SN
| _ Increase rig chatter at 190’ - ’\',_' _'(Ja
] bgs. B R 1Y
. . o \> \l\ \> l’\,\> ”
—200— GP/|Poorly graded SAND with gravel: light orange (Dry: pale 35(65 P e Y 8" Sch. 80 PVC
—  —{ SP |yellow 2.5Y 7/3), 65% fine- to coarse-grained sand, v #—— Blank Casing
= — angular to subangular, 35% fine gravel, micaceous. o 0-218
— — o
— — Cobbles. Continued rig chatter. -
—205—
B I Filter pack:
[ 1 . ) I~ RMC #8 mesh
- 210—] SP [Poorly graded gravel with SAND: 80% fine- to coarse- 100 sand 205’ - 325°
= | grained sand, 20% fine- to coarse-grained sand, 125 ft*
- — angular to subangular, larger granodiorite chips/flakes
| _ than above, micaceous.
215 As above.
220 As above.
= — 8" 0.040-slot, wire
— —  |Cobbles Increase rig chatter. wrapped stainless
- _ steel screen:
| _ 218’ - 318’
—225— As above.
— — Poorly graded SAND with gravel: light orange brown, 30|70
L 230—| GP/| 70% fine to coarse-grained sand, 30% fine to coarse
= —| sp | gravel, angular to subangular.
= — Increased rig chatter.
—235—
[ _lep
— — Boulders/cobbles. Heavy rig chatter.
—240
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Batielle

NASA/JPL

BORING LOG AND WELL COMPLETION DIAGRAM - JPL-EW-3

Borehole Location: JPL-EW-3

Project Location: NASA Jet Propulsion Lab.
Project #: G486132

Geologist: D. Conner

Sampler Type: Grab Sample from Shaker Screen
Boring Diameter: 9 7/8” (Pilot) and 15.5” (Final)
Drilling Method: Mud Rotary

Drill Rig: Ingersoll-Rand TH-100

Coordinates (NAD 83/NAVD 88) Northing: 1895819.259

Surface Elevation: 1199.259

Borehole Abandoned:

Easting: 6509881.361
Monitoring Device Installed:

Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/26/07 - 04/07/07 Method: NA Type: 8” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 335.0" bgs 8" wire wrapped s.s. screen
Depth |9 2 Grading 3

(feet bgs) §Q§ Sample description Comments s Well Completion

:240_ GP/| Poorly graded gravel with SAND: light orange brown, 60|40 :

| _|SP | 60% fine- to coarse-grained angular to subangular

| ] gravel, 40% fine to coarse-grained sand; micaceous,

B B greater percentage of dark grey colored grains.

—245— As above.

- 250 As above.

255 As above.

- — Moderate rig chatter.

:260: As above. Heavy rig chatter.

—265— As above. Rig chatter.

B 1 Filter pack:

| »70_| SP |Poorly graded SAND with gravel: 75% fine to coarse- 25|75 RMC #8 mesh

grained sand, 25% fine gravel. sand 205 - 325

— — 125 ft

| [~

_27“’_ 8" 0.040-slot, wire

wrapped stainless

B ] steel screen:

— . 218’ - 318’

— — Sandy GRAVEL: light orange with brown and some 70|30

—280— GP | dark grey grains, 70% fine gravel, 30% fine to coarse-

— — grained sand, micaceous, angular to subangular.

— . Increased rig chatter

—285— As above.

—290— As above.

205 As above.

:300_ As above.

JPL-EW-3.CDR




NASA/JPL

Ba"e“e BORING LOG AND WELL COMPLETION DIAGRAM - JPL-EW-3
Borehole Location: JPL-EW-3 | b Sampler Type: Grab Sample from Shaker Screen | Coordinates (NAD 83/NAVD 88) Northing: 1895819.259
Project Location: NASA Jet Propulsion Lab. | Boring Diameter: 9 7/8” (Pilot) and 15.5” (Final) ion- g
Pro}ect # CA86132 Drilling Method: Mud Rotary Surface Elevation: 1199.259 I_Eas_tlng. 65_09881.361 '
Geologist: D. Conner Drill Rig: Ingersoll-Rand TH-100 Borehole Abandoned: Monitoring Device Installed:
Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/26/07 - 04/07/07 Method: NA Type: 8” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 335.0" bgs 8" wire wrapped s.s. screen
Depth [@ 3 Grading )
(feet bgs) §Q§ Sample description Comments s Well Completion
:300_ GP | Sandy GRAVEL: light orange with brown and some 70|30 = ) ]
| | dark grey grains, 70% fine gravel, 30% fine to coarse- Filter pack:
grained sand, micaceous, angular to subangular. RMC #8 mesh
— — sand 205’ - 325’
— 125 ft’
—305— As above.
— ] 8" 0.040-slot, wire
— =] wrapped stainless
— —gp/ | SAND with gravels: light orange brown with some light 20|80 steel screen:
—310—gp |green and dark grey grains, 80% fine to coarse-grained 218 - 318’
— — sand, 20% fine gravel, angular to subangular.
—315— As above.
— 1 8" stainless steel
—320— As above. sump: 318’ - 328’
325 As above.
—330— As above.
B 1 Pilot hole completed
B ] 4/2/2007; reaming
:335_ As above. completed 4/7/2007.

TD: 335’ bgs.
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Batielle

NASA/JPL

BORING LOG AND WELL COMPLETION DIAGRAM - JPL-IW-3

Borehole Location: JPL-IW-3

Project Location: NASA Jet Propulsion Lab.

Project #: G486132
Geologist: D. Conner

Sampler Type: Grab Sample from Shaker Screen
Boring Diameter: 12 1/4” (Pilot) and 18.5" (Final)

Drilling Method: Mud Rotary

Drill Rig: Ingersoll-Rand TH-100

Coordinates (NAD 83/NAVD 88) Northing: 1896077.701

Surface Elevation: 1257.768
Borehole Abandoned:

Easting: 6509737.272
Monitoring Device Installed:

Drilling Contractor; Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry.Devrles Date: 03/01/07 - 3/16/07 Method: NA Type: 12" Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 340.0’ bgs 12" wire wrapped s.s. screen
Depth |9 2 Grading 3
(feet bgs) §§ Sample description Comments ] Well Completion
> a3
0
— 0 4" Asphalt Surface (4 inches thick). Gravel base for pavement. L
— Set surface casing from - ¢ ¢ Surface seal:
— ] . e 0’ to 20’ bgs. S A 0-3' Concrete
| _ Utility clearance with air knife from 0’ to 5’ bgs. e <
L/,*\ ,“\\-q
L — > \'\' > |I\' >
— 5 — PONEDIRD
L | gp | SAND (Fill): orange brown, medium dense, slightly ;‘,;:\_‘,’:\‘_‘,’
| — moist, fine- to coarse-grained sand with trace silt, IS SIS
. A I NN
micaceous. POLIZLIRD
— ] PSRNV )
- — FLrATLaTe Bentonite/
— 7] CA R s’\‘ \s'. Portland
10 ANV T —
B 7] SISy Grout seal:
sl AT AT 3'-199.5'
- — I I XN 3
AN rs 212.47 ft
— —_ \-\’I: :\‘\,4
— RS
— 15 — i Y
= — Mo (=M
~77 \ \~/
| | YU NR
[t roy
— Mud viscosity: 50 second SRS
. . ud viscosity: 50 seconds; -7 =7
— — Gravelly SAND: light tan to very light orange, (Dry: pale Mud Weight't)é 5 Ibs: |>'\l:| \"ll\\l ~,‘
— 20 — sp | yellow 2.5Y 7/2), dioritic grains, 60% medium- to Wall cake: 2/32™ 4ole0| |8 | ZINNZNIIH) 12" Sch. 80
— — coarse- grained sand, 40% gravel, angular Water | 49 mL: mm ‘.;,\-; =7 ’
e — to subangular, 5-8 mm in length. ater 0ss. 4. ' [SVISVIS PvC
! Sand content:1%; SIS Y Casing
B n pH: 10 PV
— s
— 25 — As above. S0 oY
| — DIV BDY
TR
| - 2\ YRS
POLERDED
L p— \-\’I: :\‘\,4
— SIS
. . . PCAU I XN
—30 — Increase in medium- to coarse-grained sand. COLERIRD
| S
| | YRR
POLERIED
| — \>/: ;\\/!
— RO
35 — As above. DY
\\I: :4:\ \,4
- — = 7 [ -
I RYNRI U
S
. —] ASZ=p STy
| _ -I"\~l “\~/
L 40— Increase in gravels, cobbles noted by driller. Angular [ At 40’ bgs, heavy rig 10 ':"\\"\';"\I'J\':'\,
grains up to 10mm. chatter and rig bounce. Y B A O Y
| ] TN KL
| | XU
POLIERIRD
| —] \-\’I: :\‘\,4
— SIS
RAT R FSRY
— 45 — As above. 1 L
SN
L —] ~77 \ \~/
YRR
E—— Sl Y
L — hne= =N
. . =LA AL
— I Gravelly SAND: light tan to very light orange (Dry: pale RN
— 50 —|SP | yellow 2.5Y 7/3), 60% medium- to coarse-grained aoleol hol e Hed3Ied]
— — sand, 40% gravel, dioritic, angular to subangular, r\lp;\-:,“,\,\l
— — grains up to 10 mm in length. ;1\\ TJ’\*‘ P;T~
I DEIDYRYY
] s
L 55 — As above. S0 oY
\\1: NSy
| —] .,l \hl \-/l
| | XU
POLIERIRD
| —] \-\’I: :\‘\,4
I— '\r'\': l,\\'>
| 60 ol TN ot
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NASA/JPL

Ba"e“e BORING LOG AND WELL COMPLETION DIAGRAM - JPL-IW-3

Drilling Contractor: Layne Christensen Hammer Type: Casing

Reviewed by: C. Coonfare, P.G. Total Depth: 340.0’ bgs

Borehole Location: JPL-IW-3 ) Sampler Type: Grab Sample from Shaker Screen | Coordinates (NAD 83/NAVD 88) Northing: 1896077.701
Project Location: NASA Jet Propulsion Lab. | Boring Diameter: 12 /4 (Pilot) and 185" (Final) | Syrface Elevation: 1257.768 Easting: 6509737.272

Project #: G486132 Drilling Method: Mud Rotar S : .
Geologist: D. Conner Drill Rgilg: Ingersoll-Rand THy-100 Borehole Abandoned: Monitoring Device Installed:

Hammer Yes No X Yes X No

Driller: Terry Devries Date: 03/01/07 - 3/16/07 Method: NA Type: 12" Sch. 80 PVC

12" wire wrapped s.s. screen

Depth

8
(feet bgs) 2

Sample description

symbols|

Grading

Lithology

Comments Well Completion

| _|sp | Gravelly SAND: light tan to very light orange, (Dry: pale
yellow 2.5Y 7/3), 75% coarse-grained sand, 25%

fine gravel, dioritic grains, angular to subangular

some shards up to 12mm in length.

— 65 — As above.

— 70 — sp | 60% coarse-grained SAND, 35% fine-gravel, 5% fine
— — sand to silt (non-plastic).

— 75 — As above.

N
4
N

z
kN

Mud viscosity: 41 sec.;
Mud weight: 8.6 Ibs.; 12
Wall cake: 2/32, 25175 |om
Water loss: 4.6 mL;
Sand content: 1.5%;
pH: 10

=T
s
Nl ™
1
~Nh.]
—~y

ASA
I
~N

Ny Y7

V7

[P R e

N

.-'\I_

- -
—,/\:_,/\;
AT AT LA

il

1]
P4
Nl =~
V=, !
1
\_I\I\l
74
N7
-\

-~ Ny
A

Bentonite/
Portland
Grout seal:
3'-199.5
212.47 ft*

,-
Y
~
(]
e
I\
~ho,sh
-y
N

35|60| 5

LAY A AT AL A
PRV ALNIVAIA
~ N7~ NTL T
e o)
-
-
~. Ty ~_ Ty ~. T
S TR [ TR g
AR A
A EAAR AN

L 80 - gp | Sandy GRAVEL: light tan to very light orange (Dry: pale
- _ yellow 2.5Y 7/3), 60% fine-gravel, 40% coarse-
grained sand, dioritic grains.

— 85 — As above.

AN
Sl
= r 1=,
s,l[__,

A Y
-—I\

N7

™
-\
L™~
-'/
—_\'\
AN

60[40

N7
ld
A Y4

| 12" Sch. 80
PvC
Casing

T
I
A
-"
i
AN 4

~ Ay

—y

N7 A
A

T7.\ T2\
VNI
'’ -~ NS
- —,\—/
e
I\
-
NETINAT,
_\TNT NN
s

P
s

-\
—4

~. T
.-'-’,/
—_\'\
2

Gravelly SAND: pale yellow 2.5Y 7/3 (Dry), 70%
—90 —| SP coarse-grained sand, 20% medium- to fine-grained
sand, 10% fine-gravel (up to 18mm in length), trace silt.

]
ST
\
=~
—ys
7>
.

10{90 [*8

mm

T7x\7
_\INL
~'\I—

L

oSN
AV 2l AA V]
AN
s

\

100 Silty SAND with fine gravels: pale yellow 2.5Y 7/3 (Dry)
B —1SM| 70% coarse-grained sand (angular to subangular),
15% silt (fines) non-plastic,15% fine gravel.

—105— As above.

A4
\
| RS
\
.-'\l
~N

™
-
-'/
CASA
i

-\
Z

r(:
~Npa~

V=, !

o

A 4

'\_I\ N7
Nl
N7
-
4 ~z
ALY
\—'\ ~ \—\

Mud viscosity: 43 sec.;
Mud weight: 8.7 Ibs.;
Wall Cake: 2/32", 15|70
Water loss: 4.6 mL;
Sand content: 0.5%;
pH: 10

=
3]
AT ALY ALY
PRI NI
~ AT NS\~
N o s oS!
T T
-\
~ Ny
~,l|..,~,l|._,-,l|._,~,l|.. ~.nh
LAY L IR IRV 1L
NNT NN NI I
s i il

N7
-
Nt
v
é
Y
.

Gravelly SAND: light tan to very light orange (Dry: pale
—110— sp yellow 2.5Y 7/3), 70% coarse-grained sand, 25%
fine-gravel, 5% silt.

—115— As above.

' Ed
-\
I‘s\l
—r
\

.-'\l

-

~
L b
—_\'\
raaf

[8)]
N7

25|70

S
A

T T LEd T
'\l_\'\ll'\/\'\—l\'\l
Nl NN NS ™~

N NS s

™ | RO el B
P A A
~\7
~>'|..,-,l|._,~,l|..,~,l|
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Batielle

NASA/JPL

BORING LOG AND WELL COMPLETION DIAGRAM - JPL-IW-3

Borehole Location: JPL-IW-3

Project Location: NASA Jet Propulsion Lab.

Project #: G486132
Geologist: D. Conner

Drilling Contractor: Layne Christensen

Driller: Terry Devries
Reviewed by: C. Coonfare, P.G.

Total Depth: 340.0’ bgs

Sampler Type: Grab Sample from Shaker Screen | Coordinates (NAD 83/NAVD 88) Northing: 1896077.701
Boring Diameter: 12 1/4” (Pilot) and 18.5” (Final) ion- i

Drilling Method: Mud Rotary Surface Elevation: 1257.768 Easting: 6509737.272
Drill Rig: Ingersoll-Rand TH-100
Hammer Type: Casing Hammer
Date: 03/01/07 - 3/16/07

Borehole Abandoned: Monitoring Device Installed:
Yes No X Yes X No
Method: NA Type: 12” Sch. 80 PVC

12" wire wrapped s.s. screen

Depth [@ 3 Grading 5
(feet bgs) §§ Sample description Comments ] Well Completion
> a3
_120 z - - - Dl T2
- —| sm| Silty SAND with fine gravel: pale yellow 2.5Y 7/3 (Dry), 15(70(15 \_\’;__ Ty
| _ 70% coarse-grained sand (angular to subrounded), S, \I\ ll\l S
% sil _plasti % fi | M hpat
| _| 15% silt (non-plastic), 15% fine gravel. ! J\zv
\ -
I 7 4, o=
— SRS
—125— As above. ‘?\l; ) FJ; ! ?\l:
- — \-I'.\\-(“\\-l
I ] s> ‘/\ \> ‘,\'s\'
| | /\‘) ] /J; I(s\:
N N - .
- FOPTLTe Bentonite/
—130— in sil SN Portland
B 7 Decrease in silt content. SRR Grout seal:
I ST AT 3-199.5
COLEIE0 212.47 ¢
— SRS
— SN M
135 COBBLES and BOULDERS. Rig chatter and bouncing. SN
| _ l\/’: :\.s/‘
] o RO
Mud viscosity: 45 sec.; s Y
— Mud weight: 8.9 Ibs.; SRS
— — Gravelly SAND with silt: pale yellow 2.5Y 7/3 (Dry), Wall cake: 2/32" ~,\I‘J )'ll\\l S
—140— SP | 80% coarse grained sand, 7-10% fine gravel, 7-10% | Water loss: 4.4 mL; 10|85 5 :\l;_l FJ; ! ?\l: 12* Sch. 80
. — medium-grained sand, 3-5% silt and very fine-grained | Sand content: 2.5%; ‘.\,,7\:: 7\‘_< sve ch.
I sand. : ! .
PH: 10 STHNY Casing
| — —] \_\,’: :\,‘:\_;’
B ] SAND: 85% coarse-grained sand, 10% medium ':"\'\J > l'\\, >
—145— SP g it y ) 5|95 1S 2y
| 5_ grained sand, 5% trace fine gravel, angular to sub- ()’; (\l‘;\’y
| | angular. >I\,\ l,\, %
20 Y
] S
— Silty SAND: pale yellow 2.5Y 7/3 (Dry), 80% coarse- >"/\ ‘I\l\,
_150—SM | grained sand, angular to subangular, 15% fines 5 |80[15 ;\|> h ?,‘\:
e — (non-plastic silt and very fine-grained sand), 5% fine IRV S
gravel AR GRS
' POLERIED
— — \>l: ;\\/!
- | <N AT
~> \l\ 's>'ll\,\>
—155— As above. POLIZDIRD
] DAY
svasis
] SR
- — h S 7 - \ 1 -\ N b
-l"\-l “\-/
B n 's> \'\'\> "\,s>
—160— As above. PUOTIELIRL
hSZ=ASNT=4 N
— — ./,*\./“\-/,
| — RN AR
POLIERIRD
7 S
B B s> ‘/\ ‘,\'s>~
—165— As above. LI
| — [ ‘_, ~ |~ \_/
\' N A ~
| | RO RS
24 Y
= : : : . S
- _ Silty SAND: light tan to very light orange, 60% fine- to AN T
. . 0 S . IV LA AR RS R
|_170— sm|medium-grained sand, 35% non-plastic fines, trace fine 15(80| 5 [mm{ [| |33 11703 £33
| gravel (up to 10mm). oq;\x_; ;\\_\l
I Very slow drilling due to ; :,‘ \\/\ :,‘;{'J:?
] boulders el o]
. . -/,‘ [ A
— ] Boulders/Cobbles: Cuttings 70% coarse-grained sand, > \'\J:, .'\J:,
—175—GP |20% medium-grained, 10% silt, trace fine gravel (up to 3(90| 7 QORI O
- — 4mm in size). 2l 7\,.:,
| — A I XNy
POLIERIRD
T S
— ] s> ‘/\ ‘,\'s\'
_180 1S ) Pl
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NASA/JPL

Ba"e“e BORING LOG AND WELL COMPLETION DIAGRAM - JPL-IW-3
Borehole Location: JPL-IW-3 | b Sampler Type: Grab Sample from Shaker Screen | Coordinates (NAD 83/NAVD 88) Northing: 1896077.701
Project Location: NASA Jet Propulsion Lab. | Boring Diameter: 12 1/4” (Pilot) and 18.5" (Final) ion: ina:
Pro}ect_#: CA86132 Drilling Method: Mud Rotary Surface Elevation: 12.57.768 Eas_tlng. 65_09737.2”72(1.
Geologist: D. Conner ‘ Drill Rig: Ingersoll-Rand TH-100 Borehole Abandoned: Monitoring Device Installed:
Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/01/07 - 3/16/07 Method: NA Type: 12” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 340.0’ bgs 12" wire wrapped s.s. screen
Depth [@ 3 Grading 5
(feet bgs) ® € Sample description Comments ] Well Completion
180> _
| _|gp | Boulders/Cobbles: cuttings pale yellow 2.5Y 7/3 (Dry), | Mud viscosity: 48 sec. 3foo| 7|4 [ipen ';\:':; _
| _ 70% coarse-grained sand, 20% medium-grained sand, | Mud weight: 8.6 Ibs. : :'lx\,‘ lP:T' Bentonite/
| | 10% silt, trace fine gravel (up to 4mm in size). Wall cake: 2/32” ‘.\,': IS Portland .
] Water loss: 5 mL S '\/: . ‘/\Js, grogg Sesa}l.
Sand content: 2.5% SIS oY - :
185 | As above. oH: 10 0 SRRy 212.47 ft
— — k /J: i r\\: J\/\‘:
SN
H NI
L — IRAX LS NN
4 ’ |; e ‘: ie l:
—190— SP/|Poorly graded SAND: pale yellow 2.5Y 7/3, 70% 90110 frm YN
—  — SM|coarse-grained sand, 20% medium-grained, 10% silt, R \/: S ‘I\\l:,
— ] trace fine-gravel (up to 4mm) (\l; 1 _I\/J:
— TSN A 12" Sch. 80
— ] BT PVC
—195— As above. SISy Casing
] WORENY
AN
— — P P
NI
B | SP |Gravelly SAND: light tan to very light orange (Dry: pale . - R ,\,‘(
— 7] yellow 2.5Y 7/3), 60% coarse-grained sand, 40% Driller notes that drilling AR IR
—200— fine gravel, dioritic grains, angular to subangular. more difficult - harder
— — material. Annular seal: 1/4”
| _| < time released
| _ bentopite peII(,ets:
— Increased amount of granitic chips and fragments. Mud viscosity: 48 sec. 199.5° - 204.5
| 505 Mud weight: 8.6 Ibs. i gatie 5411t
- _ Wall cake: 2/32”
- _ Water loss: 5 mL
| | Sand content: 2.5%
B | pH: 10
L 210 Up to 10mm fragments. nf%
B ] DTW: 213.00’ bgs; noted prior
— — to first injection 1-21-08.
—215— As above.
B ] Mud viscosity: 48 sec.
— = ; 12”7 0.050”
Mud weight: 8.7 Ibs. . !
—220— SP | As above. ud ot 87 bs Stainless Steel
Wall cake: 2/32 : d
B n Water loss: 4 mL \é\ggg’r\]’rappe
B ] Sand content: 3.0% :
L — 215’ - 315
pH: 10
—225— As above.
— ] Filter Pack: RMC
— —] — medium aquarium
— — sand: 204.5' - 340’
—230— As above. 146.51 ft’
—235— As above.
—240
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NASA/JPL

Ba"e“e BORING LOG AND WELL COMPLETION DIAGRAM - JPL-IW-3
Borehole Location: JPL-IW-3 | b Sampler Type: Grab Sample from Shaker Screen | Coordinates (NAD 83/NAVD 88) Northing: 1896077.701
Project Location: NASA Jet Propulsion Lab. | Boring Diameter: 12 1/4” (Pilot) and 18.5" (Final) ion: ing:
Project # GA486132 Drilling Method: Mud Rotary Surface Elevation: 12.57.768 Eas_tlng. 65_09737.272 .
Geologist: D. Conner Drill Rig: Ingersoll-Rand TH-100 Borehole Abandoned: Monitoring Device Installed:
Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/01/07 - 3/16/07 Method: NA Type: 12” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 340.0’ bgs 12" wire wrapped s.s. screen
Depth |9 2 Grading 3

(feet bgs) §Q§ Sample description Comments s Well Completion

240 ——= _

- —|SP [ SAND: pale yellow 2.5Y 7/3 (dry), 80% coarse-grained sand, 100

- _ 20% medium-grained sand, little to no silt, angular

| _ to subangular. 12” 0.050”,

— — Stainless Steel

—245— As above. Wire Wrapped

— — Screen:

- - 215’ - 315’

: : Mud viscosity: 48 sec.

- 250 With granodiorite chips. yv:ﬁ Zv:k'gh;/g; Ibs.

— ] Water loss: 4.2 mL Filter Pack: RMC

— ] Sand content: 3.0% medium aquarium

— — pH: 10 sand: 204.5’ - 340’

= — 146.51 ft°

—255— As above with minor increase in silt content,

= — granodiorite chips, mostly tannish grey, some orange

- ] and black grains, angular to subangular.

P Driller notes that material

:260: SP | As above. is more cemented.

—265— As above.

B ] Mud viscosity: 41 sec.

— ] ) ) Mud weight: 9.7 Ibs.

—270— As above with less silt. Wall cake: 2/32"

— — Water loss: 4.0 mL

— — Sand content: 3.0%

- | pH: 10

—275— As above.

— =] 90% coarse-grained sand; 10% medium-grained sand; 100

—280— sP | tannish grey with some orange, black grains,

— — angular to subangular.

—285— As above. Rig chatter.

B ] 80% coarse-grained sand; 10% medium-grained,

_290_ SpP 10% silt; granodiorite chips from boulders. 90|10

—295— As above.

—300
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NASA/JPL

Ba"e“e BORING LOG AND WELL COMPLETION DIAGRAM - JPL-IW-3
Borehole Location: JPL-IW-3 | b Sampler Type: Grab Sample from Shaker Screen | Coordinates (NAD 83/NAVD 88) Northing: 1896077.701
Project Location: NASA Jet Propulsion Lab. | Boring Diameter: 12 1/4” (Pilot) and 18.5" (Final) ion: ina:
Pro}ect 7 GA86132 Drilling Method: Mud Rotary Surface Elevation: 12.57.768 Eas_tlng. 65_09737.272 .
Geologist: D. Conner Drill Rig: Ingersoll-Rand TH-100 Borehole Abandoned: Monitoring Device Installed:
Drilling Contractor: Layne Christensen Hammer Type: Casing Hammer Yes No X Yes X No
Driller: Terry Devries Date: 03/01/07 - 3/16/07 Method: NA Type: 12” Sch. 80 PVC
Reviewed by: C. Coonfare, P.G. Total Depth: 340.0’ bgs 12" wire wrapped s.s. screen
Depth [@ 3 Grading 5
(feet bgs) §Q§ Sample description Comments s Well Completion
—300—1— . ——
- _| SP | SAND: pale yellow 2.5Y 7/3 (Dry), 80% coarse-grained |Mud viscosity: 42 sec. 90|10 12" 0.050"
| _ sand; 10% medium-grained, 10% silt; granodiorite Mud weight: 9.4 Ibs. StainI‘ess éteel
| | chips from boulders. Wall cake: 2/32" Wire Wrapped
| | Water loss: 4.2 mL Screen: PP
Sand content: 3.0% Y aq
—305— As above. pH: 10 ’ 215'- 315

Filter Pack: RMC
medium aquarium
sand: 204.5’ - 340’
146.51 ft*

—310— SP | Coarse-grained sand, but finer grained than at 300 -
— = 305,

—315— As above.

12" Stainless
| Steel Sump

—320— SP | Coarser-grained than above; granodiorite chips.
= 315’ - 325

—325— As above.

—330— SP | As above.

—335— As above.

: : Pilot hole completed
3/8/2007; reaming

:340_ SP | As above. completed 3/16/2007.

TD: 340'bgs.

JPL-IW-3.CDR




Appendix 1-3

Well Development



Extraction Well #3 Development May 21 - June 11 and August 7 - 9, 2007

Chemical
Pumping Added Water
. ) Water Added from Fire Water Removed Removed| @
Day Date Time | Formula| Minutes | Flowrate Method I
(gpm) Hydrant (gals) NuWell-310 (gals) by Zone | %
9® (gals) (gals)
12:50 770 Airlift at 285' - 305" (w/out]
1350 830 60 27 - - 1618 artificial head) 2
Tuesday | 5/22/20071 14:30 870 60 33 - - 1,972 Airlift at 305" - 325' (w/out 3,590 %
. artificial head ]
15:30 930 Daily Injection Total: 0 | Daily Pumping Total: 3,590 ) N
. Add dispersant 215' -
14:30 - - - 100 2.0 - 235 - o
14:40 880 o
' - ! ' - ' o
15.20 910 Swab 215' - 225' and 225' - 235' for 1/2 hour each zone s
" N [}
Wednesday | 5/23/2007 15:42 _ ~ | _ | 100 20 _ Add dlsp;;s;nt 235'- =
N -
15:50 950 Swab 235' - 245' and 245' - 255' for 1/2 hour each zone %
16:50 1010 Daily Injection Total: 200 | Daily Pumping Total: 0
. Add dispersant 255' -
7:30 - - - 100 2.0 - 275" -
8:00 480 , , - ,
900 510 Swab 255' - 265' and 265' - 275' for 1/2 hour each zone
. Add dispersant 275" -
9:20 - - - 100 2.0 - 205 -
9:40 580 Swab 275' - 285' and 285' - 295' for 1/2 hour each zone 9
10:40 640 0
Thursday | 5/24/2007 1050 B B | B | 100 20 B Add d.sp;s;m 295' - B §
[0
11:00 | 660 , . - -
12-00 720 Swab 295' - 305' and 305' - 315' for 1/2 hour each zone
13:15 795 Dual swab airlift at 295" -
1415 855 60 39 - - 2,363 315 2362.5
1435 875 40 40 1,587
- - s Dual swab airlift at 275' -
15:15 915 _ 1 _ _ 295’ 15865
Daily Injection Total: 300 | Daily Pumping Total: 3,949
7:45 465 Dual swab airlift at 255' -
220 T00 35 37 - - 1,306 275 1,306 2
Friday 5/25/2007| 8:45 525 35 35 -- -- 1,220 Dual swab airlift at 235' - %
9:20 560 - —— - - 255’ 1,220 ]
) Daily Injection Total: 0 | Daily Pumping Total: 2,526
Monday | 5/28/2007 Developers remove air lift system.
i;gg 328 60 30 - - 1,800 Submersible pump 1,800 2
Tuesday |5/29/2007 143113 ;gg 59 30 -- -- 1,770 Submersible pump 1,770 %
Daily Injection Total: 0 | Daily Pumping Total: 3,570 -
Performed post development video log of EW-3. ]
Monday | 6/11/2007 DTW: 187.50'; Water Condition: Clear (zero turbidity); Sump: 5' of material (fine sand, silt and clay); Screen: 10% clogged (drilling g
mud/clay); Filter pack: clean (as seen through clean perforations of screened zone). Well needs further development. Talk to Tom 3
Nanchy at Layne. =
Add dispersant 220" -
1T -1 -T-T -1 = T~ == - |z
Tuesday | 8/7/2007 Brushed entire screened interval (1/2 hour per 10 feet of screen) for 5 hours. %
o
| Daily Injection Total: | 0 | Daily Pumping Total: ] 0 | B
Installed submersible pump into well. ]
Wednesday | 8/8/2007 - | -- -- | -- - -- | -- 17,000 Submersible pump | 17,000 g
>
Daily Injection Total: 0 Daily Pumping Total: 17,000 g
Performed second video log of EW-3. g
Tuesday |8/14/2007 g
DTW: 195.50'; Water Condition: Clear (zero turbidity); Screen: appears clean 3

Development Total

Water Added from Fire Hydrant (gals) 500
NuWell-310 (gals) 12.5
Water Removed (gals) 30,635




Injection Well #3 Development March 27 - May 4, August 9 - August 14, 2007, and October 3, 2007 -
January 16, 2008.

Water Fire Chemical
n Added Water
. " Pumping Addeq Hydref\nt Water Removed Removed| @
Day Date Time Formula | Minutes | Flowrate |from Fire | Pumping NUWell-310 (gals) Method by Zone | 2
(gpm) Hydrant | Flowrate u(ngs-) 9 {gals) -
(gals) | (gpm)
25 | 745 21 12 - - - 262.5 Al at 201
[ 12:46 766 55
20 e 24 1 575 24 - 262.5 At at 201 2
Tuesday | 3/27/2007 = j30 30 5
2 96 55 5,005 - 5,250 H
. 52 = - Airlift at 292' - 304" 5,250
1706 | 1026 | ity injection Total: | 5,580 Da"yTz;’mm_p'"g 5775
534 514 ! i
oo o 60 64 3,880 65 - 3,850 aiata0s - | 3850 |
Wednesday | 3/28/2007 |—1£07 667 83 59 4,640 - 4,900 g
. 56 5 - Airlift at 312" - 325" 4,900 3
12:30 780 | Daily Injection Total: | 8,520 Da"yTz;’mm_p'"g 8,750
11:10 B . . 260 . 10 B Add dispersant 215 - .
11:28 - - - 260 - 1.0 - Adddispersant 225 | .
12
R 'Add dispersant 235' - -
Thursday | 3/20/2007 | 1310 - - - 260 - 10 - 245 - 5
1547 47 74 31 1,345 2,285 8
’ 18 - ’ Dual swab ailit at 215 | 5 Hoe
17:01 1021 Daily Pumping =8 '
Daily Injection Total: 2,385 Total: 2,285
7:35 455 Dual swab aifft at 215 -
o2 = 119 26 3,585 30 - 3,105 ! 3,105
950 N N N 260 N 10 N Add dlsp;sr;am 245 - N
10:10 610 Dual swab airlift at 245' -
—os T e % 31 1,260 28 - 1,400 ! 1,400
11:30 N . . 260 . 10 N Add dispersant 255"~ . "
Friday | 3/30/2007 | ;4.5 ~ ~ ~ 260 ~ 10 ~ ‘Add dispersant 265'- ~ 5
: : . 2
@
13:25 805 Dual swab airlift at 255' -
oo o 85 35 2,150 25 - 2,975 ! 2,975
15:20 - - - 260 - 1.0 - Adddispersant 275 |
— — 260 10 — Add dispersant 285' -
1540 ~ | paily Injection Total: | 8,035 - Da”yTZf;Fp'"g 7,480 : -
1118 678 Dual swab aifft at 275 -
346 e 88 54 4,310 49 - 4,725 oyl 4,725
15:00 - - - 260 - 10 - Add dispersant 295'- -
2]
Monday | 422007 | 1515 N . . 260 . 10 N Add dispersant 305"~ . -
1541 | 041 54 62 2,660 - 3325 5
| ! Dual swab ailift at 295' -
. 49 : _ 3,325
1635 995 | Daily Injection Total: | 7,490 Da”yTZf;Fp'"g 8,050
745 — — — 260 — 10 — ‘Add dispersant 305 - —
8:00 - -~ - 260 - 10 - Add dispersant 205 305~
10:15 615 Dual swab aifft at 295 -
T30 50 75 42 3,000 40 - 3,150 ! 3,150
12:55 - - - 260 - 10 - Add dispersant 265'- - »
Tuesday | 4/3/2007 [ 13.10 - - - 260 - 1.0 - Add d'spzeafsam 275’ - 5
: - 5 =
@
13:38 818 Dual swab aifft at 275 -
1453 893 I 56 4,110 55 - 4,200 ! 4,200
15:30 - - - 260 - 10 - Add dispersant 265'- -
— — 260 1.0 — Add d t255'
X - - i i lispersan - -
15:50 Daily Injection Total: 8,670 DaulyTz;Janmg 7,350 '
9:57 597 Dual swab airlift at 255' -
128 =8 101 56 4,870 48 - 5,645 ! 5,645
12:45 N . . 100 . 10 N Add dispersant 245"~ .
13:00 - - - 100 - 10 - Add dispersant 235'- -
2]
Wednesday | 4/4/2007 | 13:15 - - - 100 - 10 - Add dspersant 228 | - g
13:30 N N N 100 N 10 — Add dispersant 215 - N &
14:15 855 70 48 2,770 - 3325 I
, 2 i i ualswab il at 235 - 5 5o¢
15:25 925 | Daily Injection Total: | 8,040 Da"yTz;’an'"g 8,970
9:34 574 429 | 42 15,950 - 18028 | e o
Thursday | 4/5/2007 . 37 - - valswabaritatzls 18028 | §
16:43 | 1003 | ity Injection Total: | 15,950 Da"yTz:’mm_p'"g 18,028 H
715 435 485 | 31 16,970 - 1990 | s 4
Friday | 4/6/2007 . 35 : 3 e 0| 14990 | &
15:20 920 | Daily Injection Total: | 16,970 Da"yTZ:’aIm_p'"g 14,990 H
8:30 510 390 | 38 14,440 - W0 | o
Monday | 4/9/2007 . 37 - - valswabaritat2’> 14700 | §
15:00 900 | paily Injection Total: | 14,440 Da"yTz;’mm_p'"g 14,700 H




. Chemical
. Water Fire Added Water
Pumping | Added Hydrant
. n . A Water Removed Removed| @
Day Date Time Formula | Minutes | Flowrate |from Fire [ Pumping NuWell-310 (gals) Method by Zone 5%
(gpm) Hydrant | Flowrate u el - 9 { als) -
@als) | (gpm) (eals) 9
- - - - 100 = 1.5 - - - 5]
Tuesday | 411012007 Agua-clear tremmied into upper portion of well screen an(_:l swal_)be_d for 1/2 hour. o
Development rig breaks down; mechanic onsite to fix rig. 3
[ Daily Injection Total: | 100 2
- - - - | 100 | - 1.5 - - - 5
Aqua-clear tremmied into middle portion of well screen and swabbed for 1/2 hour. O
Wedensday | 4/11/2007 - — ] -- -- [ 100 | -- 15 | - - [ - g
Aqua-clear tremmied into lower portion of well screen and swabbed for 1/2 hour. 3
Daily Injection Total: 200 "~
8:30 510 58 1 B B ~ 638 Dual swab airlit at 305'-
928 568 325' (wfout artificial head
9:33 573 "
030 20 57 Record depth to water and recovery time.
0:40 40
110 70 30 Swab well for 1/2 hour.
1:50 10 25 17 425 Dual swab airlit at 315'-
12:15 735 - - - 325' (wiout artificial head] 5 g9 o
! o
Thursday | 4/12/2007 | 13:31 811 Dual swab airlit at 315' S
1401 861 50 44 2,055 41.1 - 2,200 " 3
14:30 870 -
15:00 900 30 Swab well for 1/2 hour.
15:00 900 Dual swab airlift at 315' -
1532 932 32 1 | - | - - 350 325' (wiout artificial head
15:33 933 18 Record depth to water recovery time.
15:51 91 | Daily Injection Total: | 2,055 Daily Pumping 3613
Total:
7:30 450
800 280 30 Swab well for 1/2 hour.
8:00 480 14 5 7 Dual swab ait at 315 | 40
8:14 494 - - - 325' (wlout artificial head
Remove dual swab and install open-ended air lift system to remove silt and mud in well sump. 2
Friday 4/13/2007 0:30 30 Open-ended pipe air lift af =}
e - 242 16 4,415 18 - 3,955 popiltd 3955 | 32
4:43 83 Open-ended pipe ar it a -
22 11 - - - 242 315' - 325' (w/out artificial 242
head)
15:05 905 Daily Pumping
Daily Injection Total: 4,415 Total: 4,267
Monday | 4/16/2007 Developers remove air lift system from IW-3 and set-up "Bore Blast" system; unit malfunctions.
Tuesday 4/17/2007 Developers attempt "Bore Blast" system; unit malfunctions again.
13:50 830 Swab 215' - 225' and 225' - 235" for 1/2 hour.
14:20 860 30 . 20 . 1 N Tremmie Aqua-
i clear
4:30 70 ] 3 3 3
500 00 30 Swab 235' - 245' and 245" - 255' for 1/2 hour.
5:10 10 Swab 255' - 265' and 265' - 275' for 1/2 hour.
940 30 . 20 . 1 N Tremmie Aqua- g
Wednesday | 4/18/2007 | _15:40 clear S
- 3
j‘l‘g ‘7‘: 30 Swab 275' - 285 and 285' - 295' for 1/2 hour. 2
:20 80 Swab 295' - 305' and 305' - 315" for 1/2 hour.
30 - 20 . 1 B Tremmie Aqua- |
16550 1010 Daily Pumping —
Daily Injection Total: 60 Total: 0
Thursday | 4/19/2007 No site activities.
7:30 450
800 280 30 Swab well for 1/2 hour.
6,300 o
8:00 480 180 35 5.400 30 - 6.300 Dual swab air lift at 315' s
Friday 412012007 [ 17090 560 " " 325' (wlout artificial head o
Developers remove dual swab air lift system from well. §
n —— ) Daily Pumping
| Daily Injection Total: 5,400 Total: 6,300
Monday | 4/23/2007 Developers attempt "Bore Blast" system; unit malfunctions again.
ﬁgg ggg I 24 | - | 1,440 | 60 | Injection test to see if well takes water (from hydrant).
11:21 DTW: 80’ btoc
11:24 DTW: 94' btoc
12:16 DTW: 191" btoc o
12:20 740 Dual swab air lft at 215' o
Tuesday | 4/24/2007 pos 9%5 35 3975 42 - 3,325 oo 225 235 | 3325 | 9
13:55 3
14:25 865 Dual swab air lft at 235' A
155 21 3,260 21 - 3,255 245" and 245 - 255° 3,255
17:00 1020 i i
Daily Injection Total: 8,675 DalIyTz:Janmg 6,580




. Chemical
. Water Fire Added Water
Pumping | Added Hydrant
. " . A Water Removed Removed| @
Day Date Time Formula | Minutes | Flowrate |from Fire [ Pumping NuWell-310 (gals) Method by Zone 5%
(gpm) Hydrant | Flowrate u( el ') 9 {gals) -
als,
(gals) | (gpm) 9
7:30 750 . :
800 280 30 Swab 235 - 245' and 245 - 255' for 1/2 hour.
8:00 480 Dual swab air lift at 235'
839 519 39 12 465 12 - 477 " 477
9:04 544 Dual swab air lift at 255'
1131 691 147 13 1,445 10 - 1,911 275 1,911 °
11:40 700 Dual swab air ift at 255' P
Wednesday | 4/25/2007 [ 13.06 786 86 18 480 6 - 1,548 | 1,548 g
13:30 810 Dual swab air lit at 275' 2
1512 o2 102 19.5 1,260 12 - 1,989 ' 1,989 <
15:45 945 Dual swab air lift at 295'
85 24 - - - 2,040 305' and 305' - 315' 2,040
17:10 1030 i i
Daily Injection Total: 3,650 DalIyTz;Janmg 7,965
7:35 455 Dual swab airlift at 295' -
199 1 - - - 2,200 315' (w/out artificial head 2,200
10:54 654
11:18 678 Dual swab air lit at 275'
- o]
318 o8 120 21 2,605 22 2,460 o 2,460 o
Thursd: 4/26/2007 B ]
ursday 14:15 855 4 a1 3,055 73 B 4,395 Dual swab ar lf at 255 ]
15:09 909 2
16:00 960 I swab air | o IR
: 64 49 2750 43 B 3108 Dual swab air it at 255
17:04 11024 baily injection Total: | 9,310 Da”yTZng'"g 12,163
8:15 495 135 39 3,780 28 - 5,265 Dual swabaairftat 235 1 ¢ e
10:30 630 o
" 11:11 671 Dual swab air lift at 215 | o
Friday 4/27/2007 1151 711 40 27 1,120 28 - 1,080 ' 1,080 §
Developers remove air lift system from IW-3 and install 50 h.p. submersible pump. o}
| Daily Injection Total: | 4,900 Da”yTZng'"g 6,345
Monday 4/30/2007 et submersible pump at 312" bgs for injection test.
:45 25 15 30 il N 450 Extraction at 312 450
:00 40 -- using pump w
Tuesday | 5/1/2007 —290 40 105 35 - - 3,675 Extractionat 312" | - 5 675 | &
-- using pump H
10:45 645 Daily Injection Total: 0 DalIyTz:Janmg 4,125
:00 40 20 50 B N 1,000 Extraction at 312
:20 0 -- using pump
:20 0 70 75 B B 5250 Extraction at 312
0:30 0 -- using pump
0:30 0 45 100 - - 4,500 EX’LZ?S'&’;;&?Z
~ . — 18,550
Wednesday | 5/2/2007 : L 60 130 - - 7,800 Extraction at 312 I
: 3! - using pump IS
:04 64 B B B Injection at 312' H
119 79 15 1125 s using pump @
:26 86 15 B 1,425 95 B _ Injection at 312
using pump
16:41 | 2001 ity injection Total: | 2,550 baily Pumping | 15,650
:50 0 30 75 N B B 2250 Extraction at 312
:20 0 using pump
124 4 30 B 2,700 %0 B B Injection at 312
:54 4 using pump
0:10 0 Extraction at 312'
0:40 40 30 150 B B B 4500 using pump
bas 2 30 - 2,700 9 - - '”Jj:i‘r:‘;”pi‘ nfsz 17,700 | @
: C
Thursday | 6/3/2007 :30 90 15 300 B N N 4500 Extraction at 312' 2
145 05 ! using pump °©
:50 710 B B B Injection at 312'
:20 740 30 2,700 90 using pump
34 754 a6 75 ~ B B 6.450 Extraction at 312
using pump
14:00 840 Daily Injection Total: 8,100 DalIyTz;Janmg 17,700
9:15 555 120 B 10,800 90 _ . In]E:itr:c;np?:nf;z B ”
Friday 5/4/2007 B = - -
1115 675 Daily Injection Total: | 10,800 ety Pum_p'"g 0 2
Total: D
Development Subtotal
Water Added from Fire Hydrant (gals) 156,295.0
NuWell-310 (gals) 27.5
Water Removed (gals) 183,985.7




. Chemical
. Water Fire Added Water
Pumping | Added Hydrant
. n . A Water Removed Removed| @
Day Date Time Formula | Minutes | Flowrate |from Fire [ Pumping NuWell-310 (gals) Method by Zone 5%
(gpm) | Hydrant | Flowrate u el B 9 2/ ) =
@als) | (gpm) (eals) 9
Performed post development video log of IW-3. o
Monda 6/11/2007 DTW: 237.00"; Water Condition: Clear (zero turbidity); Sump: 5" of material (fine sand, silt, and clay); Screen: 10% clogged (drilling o
Y mud/clay); Filter Pack: Clean (as seen through clean portions of screen); D. Conner and Layne (T. Nanchy) decide that additional 3
development needs to occur in order to remove material from screen slots (i.e. drilling mud). i}
Layne mobilizes equipment to IW-3. Baker delivers 21,000 gallon tank.
Add dispersant 215' -
- - 30 - - - 25 - 225 and brush 1/2 hour -
225'- 235" and brush 1/2
- - 30 - - - - - hour -
_ _ 30 B B B N _ 235'- 245-h and brush 1/2) N
our
- N 30 . . . N N 245'- 255" and brush 1/2 N
Thursday | 8/9/2007 hour
255'- 265" and brush 1/2
- - 30 - - - - - o -
our
265'- 275" and brush 1/2
- - 30 - - - - - hour -
_ _ 30 B B B N _ 275'- 2ss-h and brush 1/2) N
our
285'- 295" and brush 1/2
- - 30 - - - - - hour -
Equipment problem on development rig (faulty hydraulic brake) requiring mechanic.
30 N 295' - 305" and brush 1/2
- - - - - - hour
305'- 315" and brush 1/2 o
- - S0 - - - - - hour o
Friday 8/10/2007 - S
Daily Pumping 8.800 Extraction at 312" using E
- - - - - - Total: g pump; pumped until clear
Performed final video log of IW-3. ©
o
Monday | 8/14/2007 [ b1y 245,00"; Water Condition: Clear (zero turbidity); Sump: 10’ of material (fine sand, silt, and clay); Screen: mild amounts of material §
(drilling mud/clay); Filter Pack: Clean (as seen through clean portions of screen). [}
Wednesd_ay 10/3/2007 Initiated pumping with submersible pump installed in IW-3; purge water running to OU-1 treatment system.
Completed pumping development with IW-3 submersible pump. Approximately 1,100,000 gallons removed. Run 50 gpm injection test.
Wednesday | 1/16/2008 | ~ ~ ~ ~ ~ |Total TG | 1,100,000 w-3 sp\:il:::)ersmle |
Thursday 1/17/2008 Run 100 gpm injection test.
Friday 1/18/2008 Run 250 - 300 gpm injection test.
Monday 1/21/2008 Initiate normal injection operation.
Development Total
Water Added from Fire Hydrant (gals) 156,295
NuWell-310 (gals) 30.0
Water Removed (gals) 1,292,786
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Electrical Drawings
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Pippeline Drawings
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