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EXECUTIVE SUMMARY

This Performance Monitoring Report (PMR) presents the results of injection activities for the
Enhanced In-Situ Bioremediation (EISB) at Installation Restoration (IR) Program Site 70
(Research, Testing, and Evaluation [RT&E] Area), at Naval Weapons Station (NAVWPNSTA)
Seal Beach, Seal Beach, California (Figure 1-1). This PMR has been prepared on behalf of
Naval Facilities Engineering Command Southwest (NAVFAC SW) under Contract No. N68711-
04-D-1107, Delivery Order No. 0014.

The remediation at IR Site 70 is being conducted under the IR Program. NAVWPNSTA Seal
Beach is an active federal facility and is not on the National Priorities List. The lead federal
agency is the Department of the Navy (DON). California Environmental Protection Agency
(Cal/EPA), (California) Department of Toxic Substances Control (DTSC), and the (California)
Regional Water Quality Control Board (RWQCB) Santa Ana Region are the state regulatory
agencies providing support and oversight.

NAVFAC SW directs the remedial action in accordance with requirements of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP). The Final Remedial
Action Work Plan (RAWP) defines the site-specific requirements for implementation of EISB at
IR Site 70 (Environmental Chemical Corporation [ECC]/Geosyntec 2008a).

The EISB remediation activities are being conducted in accordance with the technical and
functional requirements specified in the RAWP (ECC/Geosyntec 2008a). The performance
monitoring field activities were conducted between November 2008 and December 2009. Field
activities are being performed as established in the Standard Operating Procedures (SOPSs)
contained in Attachment B-2 of the Sampling and Analysis Plan (SAP).

EISB injection of the first biobarrier began in November 2008 after the conclusion of baseline
groundwater monitoring activities. Injection of the biobarriers and source area treatment grid
(SATG) are being performed sequentially, completing the injection in one area before initiating
the next. The following sequence of EISB activities was summarized in this report.

1. Source Area Biobarrier (completed on January 30, 2009)
2. Second Sand Biobarrier 1 (completed on March 18, 2009)
3. Shell Horizon Biobarrier 3 (completed on September 25, 2009)

The 2009 performance monitoring event documents the EISB activities performed in the Source
Area Biobarrier (SAB), Second Sand Biobarrier 1 (SSB1), and Shell Horizon Biobarrier 3
(SHB3) including the following activities:
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e Groundwater-level measurements were collected from 74 groundwater monitoring wells
(Figure 1-2).

e Groundwater samples were collected from 38 groundwater monitoring wells and
analyzed for volatile organic compounds (VOCs), dissolved hydrocarbon gases (DHGS),
volatile fatty acids (VFAS), anions, total dissolved solids (TDS), alkalinity, total organic
carbon (TOC), dissolved hydrogen sulfide, dissolved metals, and Dehalococcoides with
vinyl chloride reductase gene (DHC/VCr (Table 1-1).

e Thirteen groundwater samples were collected for 1,4-dioxane per direction of the
RWQCB, based on the results of the previous sampling conducted between 2003 and
2005.

e Field parameters (groundwater temperature, pH, dissolved oxygen [DO], oxidation-
reduction potential (ORP), specific conductance, turbidity, and depth to water) were
measured as part of the performance monitoring for the EISB activities

e Twelve soil vapor probes sampled for methane and hydrogen sulfide (Figure 1-3)

The groundwater monitoring well network shown in Figure 1-2 consists of 74 wells screened
within five hydrostratigraphic units designated as: Upper Fines, First Sand, Shell Horizon,
Second Sand, and Deep Sand.

The following biobarriers will be summarized in the 2010 Progress Monitoring Report:

1. First Sand Biobarrier 2 (completed on November 24, 2009)

2. First Sand Biobarrier 1 (completed on February 12, 2010)

3. Shell Horizon Biobarrier 1 (completed on April 6, 2010)

4. Source Area Treatment Grid (projected completion in June 2010)

The project schedule reflects the above sequence (Figure 1-4). The EISB field activities at the
SATG will be performed last, in order to ensure that the IR Site 70 remediation activities do not
interfere with the Environmental Security Technology Certification Program (ESTCP)
demonstration project performed by Camp, Dresser, and McKee (CDM) in the area, which was
completed in December 2009. Therefore, injection of the SATG is anticipated to begin in
April 2010 (Figure 1-4) after conclusion of injection of First Sand Biobarrier 1 and Shell
Horizon Biobarrier 1.

The majority of these wells were installed in 2007 during the remedial action construction phase
of the project (ECC/Geosyntec 2008b) and were sampled for the first time during the baseline
monitoring event in 2008. The 2009 monitoring event includes analyses of samples collected
from only those wells associated with the biobarriers that had been completed at the time
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sampling was performed (i.e., the SAB, SSB1, and SHB3). All of the monitoring wells at the
site will be sampled in accordance with the RAWP during the next annual monitoring event.

The data from the performance monitoring event was used to develop recommendations for
future EISB activities in the different hydrostratigraphic zones. In review of the performance
monitoring data in the Source Area Biobarrier, including the molar COC trend, it appears that the
EISB activities in the SAB are promoting reductive dechlorination to cis-1,2-dichloroethene
(cDCE). Furthermore, it is expected once the DHC populations become fully established in the
Source Area Biobarrier, that ethene production will begin throughout the SAB treatment area.

Prior to emulsified vegetable oil (EVO) injection in the groundwater in the SHB3, the SHB3 was
characterized as mildly reducing. In review of the performance monitoring data for the SHB3
after injection in the biobarrier, the data indicate strongly reducing conditions suitable for
reductive dechlorination are present. Furthermore, it is expected once the DHC populations
become fully established that ethene production will begin throughout the SHB3 treatment area.

In review of the performance monitoring data for the SSB1, the molar COC trends show that the
SSB1 is promoting reductive dechlorination and is performing as planned. Furthermore, it is
expected once the DHC populations become fully established that more vinyl chloride (VC)
generation will be seen and ethene production will begin throughout the SSB1 treatment area.

As a result of the injection activities, active methanogenesis is occurring in the biobarriers.
Methane monitoring at the surface is recommended prior to any sampling or intrusive activities
in this area.

The Deep Sand Point of Compliance (POC) wells were monitored as part of the performance
monitoring. VC was reported at an estimated concentration of 0.31 micrograms per liter (ug/L),
below the target cleanup goals. Continued groundwater monitoring of the Deep Sand is
recommended.

Tetrachloroethylene (PCE) was reported in the groundwater sample collected from well
MW-70-36, a Second Sand POC well, screened between 150 to 160 feet bgs, at 30 ug/L. PCE
was not reported in any other groundwater samples collected during the 2009 performance
period. However, PCE was reported during the baseline groundwater monitoring in 2008 in well
MW-70-36 at 2.4 pg/L. The PCE concentration in this area will be monitored in the next
groundwater sampling round in August 2010 to determine whether additional characterization or
controls may be warranted.

Well MW-70-14 was added to the 2009 performance monitoring well network to help define the
lateral and vertical extent of TCE contamination in the northeast portion of the site. Well
MW-70-14 is screened in the deeper portion of the Second Sand, between 161 to 171 ft bgs. TCE
was reported in the groundwater sample collected from well MW-70-14 at a 530 pg/L during the
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2009 performance monitoring event, an increase from a TCE concentration of 45 ug/L reported
in the groundwater sample collected during the 2005 groundwater monitoring event (BEI 2006).
In order to verify the increase in concentration in this well, a subsequent groundwater sample
was collected in January 2010 at a reported concentration of TCE of 210 pg/L. Based on the
results of performance monitoring in the northeast portion of IR Site 70, it is recommended that a
second monitoring well, screened in the lower portion of the Second Sand, be installed
downgradient of MW-70-14, and to the north/northeast of the SSB1 biobarrier to monitor the
potential trichloroethene (TCE) concentrations in the northeastern portion of the site. Pending
results of COCs in this area during the next monitoring activity, additional injection wells in the
second sand in the northeastern section of the site may be considered.

Since 1,4-dioxane results for the selected wells at IR Site 70 do not show an increasing trend
since the last sampling in 2005, subsequent sampling for 1,4-dioxane is not recommended.

page ES-4 Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach



IEEC-1107-0014-0003

May 2010
TABLE OF CONTENTS
Section Page
EXECUTIVE SUMMARY .ottt ettt e st e et e e tae e st e e saaeesnbeeesabeesseeesnseennns ES-1
ACRONYMS/ABBREVIATIONS ...ttt ettt e e e e e e st e e e e e e s s s snnbbareeeeaeeeeanns Vi
1 INTRODUCTION
11 PUIPOSE. .. 1-3
0 = 7 Tox (o (11 o USSR 1-3
121 Physical Setting and Site CONdItioNS ...........ccoooveveiiiniinieie e 1-4
1.2.2 Site Specific Hydrogeology ........ccoovvvevieieiieiecc e 1-5
123 Nature and Extent of Contamination............ccoccevveveiieneencsieneeee, 1-7
1.3 Report Organization..........cccocveieiiieiieseeieeseese e e e ee e sae e sreenae e e eee e 1-8
2 ENHANCED IN SITU BIOBARRIER REMEDIATION ACTIVITIES
2.1 EISB Source Area BIODAITIEI.........cceiiiiiiiiieie e 2-2
211 Summary of APProach .........coceeiiiiiiieiie e 2-2
2.1.2 FIeld ACHVITIES ....o.veiiiiciieeee e 2-4
213 Field Parameter MoNItoring .........cccooveenienieii e 2-6
2.2  EISB Implementation at Shell Horizon Biobarrier 3...........cccoovevvviviineiennns 2-7
221 Summary of APProach ........c.coceiiiiiieiie e 2-7
2.2.2 FIEld ACHVITIES ....o.veiiiiiisee e 2-9
2.2.3 Field Parameter MONItOring .........coovveieneenieie e 2-11
2.3  EISB Implementation at Second Sand Biobarrier 1 ..........cccccvevvvivereeiveninnnnnn 2-12
231 Summary of APProach ........ccoceiiiiiiieiie e 2-12
2.3.2 FIeld ACHVITIES ..o 2-13
2.3.3 Field Parameter MoNItoring .........cocovevveneenieie e 2-14
3 GROUNDWATER LEVEL MEASUREMENTS
3.1 Upper Fines Groundwater Level EIevations...........ccccoovveiininnieiciie e, 3-1
3.2 First Sand Groundwater Level EIevations..........cccccevovienienicin e 3-2
3.3 Shell Horizon Groundwater Level Elevations...........ccoceveiiiininicninicienn, 3-3
3.4 Second Sand Groundwater Level EIevations............ccccooevviinineniiiniesicenn 3-3
3.5  Deep Sand Groundwater Level EIevations.............cccccveviiiiiieieciccecce e, 3-4
3.6 Summary of Groundwater Level EIevVations............ccocevvieniiineninenieeen 3-4
4 GROUNDWATER QUALITY MONITORING
4.1  Source Area Biobarrier Groundwater QUality ..........ccccvoeiineriniienineieenen 4-2

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach page i



IEEC-1007-0014-0003

May 2010
Table of Contents
Section Page
4.2 Shell Horizon Biobarrier 3 Groundwater Quality..........cccocoiviiiiiiinnenieiiennns 4-6
4.3  Second Sand Groundwater QUAlILY..........ccccoververeiieerieeie e 4-10
4.4 Deep Sand Groundwater QUaIIEY ..........cooveveeriiiriieece e 4-15
45  1,4-Dioxane Groundwater SAmMPING ......cccccveiveieiieeieeie e 4-16
4.6  Summary of Groundwater QUaIILY..........cccerviiiriiiieiiee e 4-16
5 SOIL VAPOR SAMPLING RESULTS
5.1 Methane Soil Vapor RESUILS ..........ooviiiiiiiiee e 5-1
5.2  Hydrogen Sulfide Soil Vapor ReSUItS..........ccocvvieiiveii i 5-2
5.3  Ambient Air Monitoring for Methane Gas...........cccceveiieiiiii i 5-2
531 Measures Taken to Protect Onsite WOrKers.........ccccoocvveneieniennninns 5-3
54  Summary of Soil Vapor RESUILS ..........coiiiiiiiiieiic e 5-3
6 DATA QUALITY ASSURANCE/QUALITY CONTROL
7 SUMMARY AND RECOMMENDATIONS
7.1 SUMMIBEY ...ttt ettt e e b b e e s b e e e et e e nnb e e nnbe e e nnbee e e 7-1
711 Geochejmical Consideration ..........cccceevirieiienene e 7-1
7.1.2 KB-1® Distribution and SUrVIVability ..........cocoevereeereerrrererenene. 7-2
7.1.3 Groundwater Quality SUMMArY ........cccoooiiiiiiiiieee e 7-2
7.2 RECOMMENAALIONS. .....eiiiieeiiteiiesii sttt ens 7-2
8 REFERENCES
TABLES
Table
1-1 Enhanced In-Situ Biobarrier Monitoring Schedule
1-2  Well Construction Summary
1-3 Target Cleanup Goals
1-4  Summary of Performance Monitoring Rationale
2-1 Source Area Biobarrier 1 Injection Summary
2-2  Shell Horizon Biobarrier 3 Injection Summary
2-3 Second Sand Biobarrier 1 Injection Summary
3-1 Groundwater Level Data
4-1 Field Parameter Data
page ii Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach



IEEC-1107-0014-0003
May 2010

Table of Contents

Table
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9

4-10
4-11
4-12

4-13

4-14
4-15

4-16
4-17

Figure
1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4

Upper Fines POC Analytical Results

First Sand Source Area Biobarrier Analytical Results

First Sand POC Analytical Results

Shell Horizon Biobarrier 3 Analytical Results

Shell Horizon POC Analytical Results

Second Sand Biobarrier 1 Analytical Results

Second Sand POC Analytical Results

Deep Sand POC Analytical Results

1,4-Dioxane Analytical Results

Source Area Biobarrier Performance Monitoring Redox Parameters

Source Area Biobarrier Performance Monitoring Dehalococcoides and Vinyl Chloride
Reductase Gene

Source Area Biobarrier 3 Performance Monitoring Total Organic Carbon and Volatile
Fatty Acids

Shell Horizon Biobarrier Performance Monitoring Redox Parameters

Shell Horizon Biobarrier 3 Performance Monitoring Total Organic Carbon and Volatile
Fatty Acids

Second Sand Biobarrier Performance Monitoring Redox Parameters

Second Sand Biobarrier Performance Monitoring Total Organic Carbon and Volatile
Fatty Acids

Soil Vapor Analytical Results
Summary of Quality Assurance/Quality Control Results

FIGURES

Site Location Map

Well Location Map

Soil VVapor Location Map

Project Schedule

Source Area Biobarrier (SAB-1) Well Location Map

Shell Horizon Biobarrier 3 (SHB-3) Well Location Map

Second Sand Biobarrier 1 (SSB-1) Well Location Map

Cumulative Volume of EVO Injected into the Source Area Biobarrier

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach page iii



IEEC-1007-0014-0003

May 2010
Table of Contents
Figure
2-5 Cumulative Volume of EVO Injected into the Shell Horizon Biobarrier 3
2-6  Field Parameter Monitoring, Shell Horizon Biobarrier 3
2-7 Cumulative Volume of EVO Injected into the Second Sand Biobarrier 1
2-8 Field Parameter Monitoring, Second Sand Barrier 1
3-1 Upper Fines Groundwater Elevations
3-2  First Sand Groundwater Elevations
3-3  Shell Horizon Groundwater Elevations
3-4  Second Sand Groundwater Elevations
3-5 Deep Sand Groundwater Elevations
4-1 Source Area Biobarrier Groundwater Sampling Results
4-2  Shell Horizon Biobarrier Groundwater Sampling Results
4-3  Second Sand Biobarrier Groundwater Sampling Results
4-4  Deep Sand Groundwater Sampling Results
4-5 Concentration Trends over Time in Upgradient Well MW-70-PMWO02A and
MW-70-PMW02B
4-6  Concentration Trends over Time within the Source Area Biobarrier Wells IW-70-SAB06
and IW-70-SAB11
4-7  Concentration Trends over Time within the Source Area Biobarrier Well IW-70-SAB09
4-8 Concentration Trends over Time in Downgradient Well MW-70-PMWO03A and
MW-70-PMWO03B
4-9  Molar Concentrations of Chlorinated COCs and Ethene
4-10 Shell Horizon Biobarrier 3 Long Term pH Trends
4-11 Concentration Trends over time within the Second Sand Barrier at Wells
MW-70-PMW13A, MW-70-PMW13B, IW-70-SSB109, MW-70-PMW14A and
MW-70-PMW14B
4-12 Concentration trends over time within the Second Sand Barrier at Wells MW-70-15,
MW-70-MNA15, MW-70-MNAL16, and MW-70-MNA17
4-13 Second Sand Biobarrier Long Term pH Trends
5-1 Soil Vapor Analytical Results

page iv

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach



IEEC-1107-0014-0003
May 2010

Table of Contents

Appendix

A

G Mmoo w

APPENDICES
(ON COMPACT DISK)

FIELD SAMPLE COLLECTION AND PURGE LOGS

CHAIN OF CUSTODY DOCUMENTATION

LABORATORY ANALYTICAL REPORTS

LABORATORY DATA VALIDATION REPORTS AND SUMMARY QC RESULTS
SOURCE AREA BIOBARRIER LETTER REPORT

BASELINE GROUNDWATER MONITORING REPORT PLUME MAPS

ORANGE COUNTY WATER DISTRICT WELL INFORMATION,
PRECIPITATION DATA, AND ALAMITOS BARRIER INJECTION PROJECT
MAP

VARIANCES FROM THE WORK PLAN
INJECTION FIELD LOGS

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach page v



IEEC-1107-0014-0003

May 2010
ACRONYMS/ABBREVIATIONS
AFCEE Air Force Center for Engineering and the Environment
bgs below ground surface
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CERCLA Comprehensive Environmental Response, Compensation, and Liability
Act
cDCE cis-1,2-dichloroethene
CDM Camp, Dresser, and McKee
cocC chemical of concern
Cal/EPA California Environmental Protection Agency
DCE dichloroethene
DHC Dehalococcoides
DHC/VCr Dehalococcoides with the vinyl chloride reductase gene
DHGs dissolved hydrocarbon gases
DNA deoxyribonucleic acid
DO dissolved oxygen
DON U.S. Department of the Navy
DTSC (California) Department of Toxic Substances Control
ECC Environmental Chemical Corporation
EISB Enhanced In-Situ Bioremediation
ESTCP Environmental Security Technology Certification Program
EVO emulsified vegetable oil
°F degrees Fahrenheit
FSB First Sand Biobarrier
ft feet
Geosyntec Geosyntec Consultants
gpm gallons per minute
IR Installation Restoration (Program)
KB-1® dechlorinating microbial culture
LEL lower explosive limit
Mg/l micrograms per liter
MCL maximum contaminant level
mg/L milligrams per liter
MNA monitored natural attenuation
MSL mean sea level
mV millivolts
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Section 1

INTRODUCTION

This Performance Monitoring Report (PMR) presents the results of injection activities for the
Enhanced In-Situ Bioremediation (EISB) at Installation Restoration (IR) Program Site 70
(Research, Testing, and Evaluation [RT&E] Area), at Naval Weapons Station (NAVWPNSTA)
Seal Beach, Seal Beach, California (Figure 1-1). The PMR has been prepared on behalf of Naval
Facilities Engineering Command Southwest (NAVFAC SW) under Contract No. N68711-04-D-
1107, Delivery Order No. 0014.

The remediation at IR Site 70 is being conducted under the IR Program. NAVWPNSTA Seal
Beach is an active federal facility and is not on the National Priorities List. The lead federal
agency is the Department of the Navy (DON). California Environmental Protection Agency
(Cal/EPA), (California) Department of Toxic Substances Control (DTSC), and the (California)
Regional Water Quality Control Board (RWQCB) Santa Ana Region are the state regulatory
agencies providing support and oversight.

NAVFAC SW directs the remedial action in accordance with requirements of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP). The Final Remedial
Action Work Plan (RAWP) defines the site-specific requirements for implementation of EISB at
IR Site 70 (Environmental Chemical Corporation [ECC]/Geosyntec 2008a). The performance
monitoring field activities were conducted between November 2008 and December 2009 in
accordance with the approved Final RAWP.

The EISB remediation activities are being conducted in accordance with the technical and
functional requirements specified in the RAWP (ECC/Geosyntec 2008a). Field activities are
being performed as established in the Standard Operating Procedures (SOPs) contained in
Attachment B-2 of the Sampling and Analysis Plan (SAP).

The 2009 performance monitoring event documents the EISB activities performed in the Source
Area Biobarrier (SAB), Second Sand Biobarrier 1 (SSB1), and Shell Horizon Biobarrier 3
(SHB3) including the following activities:

e Groundwater-level measurements were collected from 74 groundwater monitoring wells
(Figure 1-2).

e Groundwater samples were collected from 38 groundwater monitoring wells and
analyzed for volatile organic compounds (VOCs), dissolved hydrocarbon gases (DHGS),
volatile fatty acids (VFAS), anions, total dissolved solids (TDS), alkalinity, total organic
carbon (TOC), dissolved hydrogen sulfide, dissolved metals, and Dehalococcoides
(DHC) with vinyl chloride (VC) reductase gene (vcrA) (Table 1-1).

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach page 1-1
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e Thirteen groundwater samples were collected for 1,4-dioxane per direction of the
RWQCB, based on the results of the previous sampling conducted between 2003 and
2005.

o Field parameters (groundwater temperature, pH, dissolved oxygen [DO], oxidation-
reduction potential [ORP], specific conductance, turbidity, and depth to water) were
measured as part of the performance monitoring for the EISB activities

e Twelve soil vapor probes were sampled for methane and hydrogen sulfide (Figure 1-3)

The groundwater monitoring well network shown in Figure 1-2 consists of 74 wells screened
within five hydrostratigraphic units designated as: Upper Fines, First Sand, Shell Horizon,
Second Sand, and Deep Sand. The monitoring well network wells were designed as follows
(Geosyntec 2006):

1) Monitored Natural Attenuation (MNA) or “sentinel” wells provide early indications of
undesired plume migration and provide information with regards to attenuation of lower
concentrations of trichloroethene (TCE) on the fringe of the plume; and

2) Performance Monitoring Wells (PMW), located along the core of the plume between
biobarriers, provide some indication of potential biobarrer operation timeframe.

3) Point of Compliance (POC) Wells are monitored to determine if the plume is migrating
off the station.

The majority of these wells were installed in 2007 during the remedial action construction phase
of the project (ECC/Geosyntec 2008b) and were sampled for the first time during the baseline
monitoring event in 2008. The 2009 monitoring event includes analyses of samples collected
from only those wells associated with the biobarriers that had been completed at the time
sampling was performed (i.e., the SAB, SSB1, and SHB3). All of the monitoring wells at the
site will be sampled in accordance with the RAWP during the next annual monitoring event.

EISB injection in the first biobarrier began in November 2008 after the conclusion of baseline
groundwater monitoring activities. Injection activities of the biobarriers and source area
treatment grid (SATG) are being performed sequentially, completing the injection in one area
before initiating the next. EISB activities were summarized for the following biobarriers in this
report:

1. Source Area Biobarrier (completed on January 30, 2009)

2. Second Sand Biobarrier 1 (completed on March 18, 2009)
3. Shell Horizon Biobarrier 3 (completed on September 25, 2009)
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The following remaining biobarriers will be completed for inclusion in the next PMR in 2010:
1. First Sand Biobarrier 2 (completed on November 24, 2009)
2. First Sand Biobarrier 1 (completed on February 12, 2010)
3. Shell Horizon Biobarrier 1 (completed on April 6, 2010)
4. Source Area Treatment Grid (projected completion in June 2010)

The project schedule reflects the above sequence (Figure 1-4). The EISB field activities at the
SATG will be performed last, in order to ensure that the IR Site 70 remediation activities do not
interfere with the Environmental Security Technology Certification Program (ESTCP)
demonstration project performed by Camp, Dresser, and McKee (CDM) in the area, which was
completed in December 2009. Therefore, installation of the SATG is anticipated to begin
April 2010 (Figure 1-4) after conclusion of injection of First Sand Biobarrier 1 and Shell
Horizon Biobarrier 1.

The data from the performance monitoring event was used to develop recommendations for
future EISB activities in the different hydrostratigraphic zones.

1.1 PURPOSE

An EISB system was implemented at IR Site 70 for treatment of dense non-aqueous phase
liquids and dissolved phase chlorinated solvent plumes. The EISB is a semi-passive approach
comprised of biostimulation and bioaugmentation, which incorporates a grid of treatment wells
in the source area and rows of injection wells that transect the dissolved phase plume, into which
electron donor and bacteria are added. Emulsified vegetable oil (EVO) is used as the electron
donor and injected into the wells using a recirculation approach that facilitates its distribution. In
addition, injection wells receive a one-time addition of dechlorinating culture (KB-1®) capable of
complete dechlorination of TCE to ethene.

The remedy design was based on the vertical and lateral extent of the 250 micrograms per liter
(ng/L) TCE plume per previous monitoring results (ECC/Geosyntec 2008b, BEI 2006). Active
treatment will be terminated once the TCE concentrations in groundwater are reduced to
200 pg/L. MNA will be employed after the active treatment phase until target cleanup goals
(TCGs) are achieved (Table 1-3).

Table 1-4 summarizes the components of the performance monitoring and why they are
monitored. Analysis of these parameters during and after injection, ensure that the biobarrier is
working as planned.

1.2 BACKGROUND

IR Site 70, also known as the RT&E Area, is located south of Westminster Boulevard and east of
Seal Beach Boulevard (Figure 1-1). IR Site 70 encompasses approximately 40 acres.
Groundwater at IR Site 70 is impacted by chlorinated solvents, primarily TCE and associated
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degradation products. Groundwater impacted by TCE extends to a depth of approximately
160 feet (ft) below ground surface (bgs) (ECC/Geosyntec 2008b; BEI 2006). The remedial
approach for the site was first presented in the Revised Feasibility Study (Geosyntec 2005).
Previous investigations are summarized in the RAWP (ECC/Geosyntec 2008a) and the Fifth
Annual Groundwater Monitoring Report (BEI 2006).

IR Site 70 consists of multi-story office and production buildings, asphalt-paved parking areas,
an assortment of aboveground tanks and attendant above- and below-ground piping distribution
systems, and several concrete-lined sumps. From 1962 to 1973, the National Aeronautics and
Space Administration (NASA) utilized the area for the design and manufacture of the second
stage of the Saturn V launch vehicle for the Apollo Program. Subsequent to NASA leaving the
area, the United States Department of Energy and Garrett Engineering (Allied Signal) conducted
pilot test assembly operations for a classified uranium enrichment process in portions of Building
112. The tests were conducted from 1980 to 1985 but did not include either the manufacture or
enrichment of uranium. Currently, the building is used for storage, communications research, and
office space.

The Removal Site Evaluation Report for IR Site 70 (BNI 1996) addressed potential waste from
the following areas:

e Bulkhead Fabrication Building 128;
e Vertical Assembly and Hydrotest Building 112;
e Pneumatic Test, Paint, and Packaging Building 122;
e Tool and Maintenance Building 130;
e Structural Test Tower, and
e Water Conditioning Plant.
Operations at these facilities included the use of diluted acids, VOCs (including chlorinated

solvents such as TCE), phenolic compounds, petroleum oils, sodium dichromate containing
hexavalent chromium, detergents, metals containing paint wastes, and machine lubricating oil.

1.2.1 PHYSICAL SETTING AND SITE CONDITIONS

NAVWPNSTA Seal Beach is situated at latitude 33° 45° 27” N and longitude 118° 4’ 22” W,
San Bernardino Baseline and Meridian. NAVWPNSTA Seal Beach is located within the
Los Angeles-Orange County coastal plain. Most of NAVWPNSTA Seal Beach lies in the flat
alluvial deposits in the southeastern portion of the Los Angeles Basin. The Los Angeles Basin is
bounded on the north by the Santa Monica Mountains, to the northeast by the Repetto and Puente
Hills, to the east and southeast by the Santa Ana Mountains and the San Joaquin Hills, and to the
south, southwest, and west by the Palos Verdes Hills and the Pacific Ocean. NAVWPNSTA
Seal Beach slopes evenly from approximately 20 ft above mean sea level (MSL) in the
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northwestern part, near IR Site 70, to sea level in the tidal flats of the Seal Beach National
Wildlife Refuge in the southeast (Figure 1-1, ECC/Geosyntec 2008a). The most pronounced
feature at NAVWPNSTA Seal Beach is part of the Landing Hill on the southwest at a maximum
elevation of 50 ft above MSL (ECC/Geosyntec 2008a).

The climate in the area is classified as a marine-influenced southern California coastal region
with temperature ranges from winter lows that range from 30°F to summer highs around 90°F.
Annual precipitation is variable with an average of 12.5 inches. Data for the area for
October 2008 through November 2009 are presented in Appendix G. Prevailing winds average
4 miles per hour from the west with occasional strong dry winds (“Santa Anas™), occurring in the
fall and winter. Groundwater levels are influenced by years of high precipitation or drought, as
well as tidal cycles (ECC/Geosyntec 2008a).

The sequence of stratigraphic units underlying NAVWPNSTA Seal Beach from youngest
(shallowest) to oldest (deepest) is:

e Recent Alluvium with a maximum thickness of approximately 80 to 100 ft bgs. The
upper 50 ft consists of fine sands, silty clays, and clays; lower unit consists of sands and
gravels, silty sands, silty clays, and clays.

e Upper Pleistocene Lakewood Formation is present at the site starting at depths of
approximately 80 to 100 ft bgs and extending to depths of approximately 350 ft bgs,
beyond the scope of the investigations at IR Site 70. Units are discontinuous and contain
zones of high and low permeability (DWR 1961).

e Lower Pleistocene San Pedro Formation

e Pliocene Pico Formation

NAVWPNSTA Seal Beach is located in the Newport-Inglewood fault zone. Two faults, the Seal
Beach fault and the Los Alamitos fault, are part of the Newport-Inglewood fault zone. The Seal
Beach fault is located in the southern portion of the Newport-Inglewood fault zone. On the
station, the Seal Beach fault has uplifted Upper Pleistocene deposits at Landing Hill and Hog
Island (JEG 1995). Movement along the fault appears to not have displaced recent sediments.
The Los Alamitos fault lies parallel to the Seal Beach fault and about 2.25 miles northeast of the
Alamitos Gap (Figure G-1 in Appendix G).

1.2.2 SITE SPECIFIC HYDROGEOLOGY

NAVWPNSTA Seal Beach is located at the southwestern corner of the Orange County Basin.
The Orange County Basin contains the Artesia, Gage, Hollydale, Jefferson, Lynwood, and
Silverado aquifers. The Lynwood and Silverado aquifers are merged across most of the station
(JEG 1995).
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There are four general aquifer zones identified at NAVWPSTA Seal Beach and include
(JEG 1995):
e asemi-perched, unconfined zone within the upper Recent alluvial deposits;
e aconfined fresh groundwater zone contained in lower Recent alluvial deposits;
e Late and Early Pleistocene deposits of the Lakewood and San Pedro formations,
respectively, and in some parts, deposits of the Late Pliocene Pico Formation; and
e aconfined zone of saline water underlying the freshwater zone.

The shallow groundwater underlying NAVWPNSTA Seal Beach (upper Recent Alluvium
deposits) is within the Lower Santa Ana River Basin (Orange County management zone)
(RWQCB 1995, with Amendment R8-2004-001 2004). Beneficial uses of groundwater within
the Orange County management zone include municipal and domestic supply, agricultural
supply, industrial service supply, and industrial process supply. Shallow groundwater underlying
IR Site 70 does not serve as a water source for any of the beneficial uses designated in the Water
Quality Control Plan, Santa Ana River Basin (Basin Plan) (RWQCB 1995).

The principal freshwater body (lower Recent Alluvium deposits and Upper Pleistocene
Lakewood Formation) is a large confined aquifer occupying two zones. The first zone is
approximately 75 to 200 ft deep and saline. The second zone is approximately 250 to 1,000 ft
deep and freshwater. This second zone is the primary water supply source for neighboring cities.
Groundwater levels in this principal freshwater zone fluctuate from year to year due to variations
in pumping, infiltration, and recharge. Recharge to this aquifer is primarily from unconfined
areas upgradient and from unlined rivers that are hydraulically connected to the aquifer.
Seasonal variations occur with highs in the wet winter months and lows in the dry summer
months when large quantities of water are used for irrigation (JEG 1995).

The six hydrostratigraphic units presented in the Final Technical Memorandum (ECC/Geosyntec
2008b) are:

1. Upper Fines Unit (ground surface to approximately 60 ft bgs). The Upper Fines Unit
comprises three zones: a) a shallow zone of surficial soils and recent clayey sediments; b) an
intermediate zone of interbedded silts, clays, and sandy silts and clays that include a semi-
perched zone; and c) a lower zone of interbedded silts, clays, and fine- to coarse-grained,
silty to clayey sands. A zone of organic material, mainly wood chips, was encountered in a
number of boreholes at a depth of approximately 45 to 50 ft bgs.

2. First Sand Unit (approximately 60 to 105 ft bgs). The First Sand Unit consists of poorly-
graded, fine-grained sands and silty sands. A coarse sand/fine gravel layer was encountered
in several borings between 80 and 95 ft bgs. This coarse layer lies just above or slightly
within the underlying Shell Horizon Unit. The First Sand Unit varies in thickness from
approximately 30 to 50 ft.

3. Shell Horizon Unit (approximately 105 to 135 ft bgs). The Shell Horizon Unit is
characterized by a sequence of interbedded clays, silts, sands, and gravels with laterally
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discontinuous interbeds of dense shells and shell fragments. This unit is characterized by a
sequence of interbedded clays, silts, sands, and gravels below the source area grading to
predominantly fine grained sand in the vicinity of remedial design optimization (RDO) well
RDO-6A and RDO-6B between 1st and 2nd Street in the dissolved-phase plume area. This
unit has been subdivided into the Shell Horizon (interbedded clays) and Shell Horizon (fine-
grained sands) to reflect differences in the hydrogeologic characteristics and potential plume
migration behavior. Shell and gravel layers were encountered in some but not all borings,
comprising interbeds within the Shell Horizon Unit that do not appear to be spatially
extensive. Wood chips were encountered in several borings at a depth of about 110 ft bgs.

4. Second Sand Unit (approximately 135 to 170 ft bgs). Similar in character to the First Sand
Unit, however, this deeper unit appears to be slightly coarser in its upper section.

5. Deep Clay Unit (approximately 170 to 190 ft bgs). The Deep Clay Unit consists of an
upper clay to silty clay horizon and an underlying clayey silt, silt, sandy silt, or sandy clay
layer. The upper clay to silty clay horizon appears to be a continuous low-permeability unit
that is encountered at depths ranging between 164 to 176 ft bgs. The upper clay to silty clay
unit grades downward to clayey silt, silt, sandy silt, or sandy clay. This underlying layer is
3 to 20 ft thick, extending to depths of 175 to 188 ft bgs. Below the clayey silt, silt, sandy
silt, or sandy clay layer is a silty sand and sand layer, up to 6 ft thick, which has been found
to a depth of 191 ft bgs in extended removal site evaluation borings at NAVWPNSTA Seal
Beach.

6. Deep Sand Unit (approximately 190 ft bgs and below). The Deep Sand Units, where
encountered, consists of variable sands (i.e., fine-grained sands and silty sands) and appears
to be similar in character to the First and Second Sand Units.

1.2.3 NATURE AND EXTENT OF CONTAMINATION

The nature and extent of contamination at IR Site 70 is based on previous and current
groundwater and soil investigations at IR Site 70 as well as the baseline groundwater monitoring
report, and formed the basis of the current EISB design (BEI 2006; BNI 2002; Geosyntec 2006;
Insight 2009a).

Groundwater contamination at IR Site 70 may be described in two distinct areas:

(i) A source area with suspected residual dense non-aqueous phase liquids (DNAPLS), and
dissolved TCE concentrations exceeding 1,000 ug/L; and

(ii) A dissolved-phase VOC plume extending downgradient in a south-southeasterly direction
from the source area.

The principal chemical of concern (COC) in the dissolved-phase plume is TCE. The areal extent
of the dissolved TCE plume in groundwater is approximately 4,000 ft by 1,200 ft, with vertical
migration to depths of approximately 160 ft bgs. The water table is approximately 20 ft bgs,
although it can be shallower in wetter years (Insight 2009a; BEI 2006). The dissolved-phase
plume is identified in the following three hydrostratigraphic units; a) the First Sand Unit (60 to
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105 ft bgs), b) the Shell Horizon Unit (105 to 135 ft bgs), and c) the Second Sand Unit (135 to
170 ft bgs).

The TCE plume morphology is consistent with the previous conceptual site models for IR
Site 70 (Insight 2009a; ECC/Geosyntec 2008b), where the termination of the fine-grained
horizons causes a downward “stair casing” of the TCE plume.

1.3 REPORT ORGANIZATION
This PMR is organized as follows:

e Section 2 summarizes fieldwork activities, technical issues and strategies during
the EISB implementation in the specific biobarriers

e Section 3 presents the results of groundwater level measurements during the
baseline monitoring

e Section 4 presents the results of groundwater quality monitoring

e Section 5 presents the results of the soil gas survey monitoring

e Section 6 presents Quality Assurance (QA)/Quality Control (QC) Summary

e Section 7 presents the summary and conclusions of the performance monitoring
e Section 8 lists the references utilized in this report

e Appendix A presents field sample collection and purge logs

e Appendix B presents chain of custody documentation

e Appendix C presents laboratory analytical results

e Appendix D presents laboratory data validation reports and summary of the QC
results

e Appendix E presents the Source Area Biobarrier Letter report

e Appendix F presents plume maps from the Baseline Groundwater Monitoring
Report

e Appendix G presents Orange County Well Information, precipitation data from
Long Beach Airport and the Alamitos Barrier Injection Project Map

e Appendix H presents Variances from the Work Plan
e Appendix | presents Injection Volume Field Data
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ENHANCED IN-SITU BIOREMEDIATION IMPLEMENTATION

An EISB system was implemented at IR Site 70 for treatment of DNAPL and dissolved phase
chlorinated solvent plumes. The EISB is a semi-passive approach comprised of biostimulation
and bioaugmentation, which incorporates a grid of treatment wells in the source area and rows of
injection wells that transect the dissolved phase plume, into which electron donor and bacteria
are added. EVO (Newman Zone ) is used as the electron donor and injected into the wells using
a recirculation approach that facilitates its distribution. In addition, injection wells receive a one-
time addition of a KB-1® capable of complete dechlorination of TCE to ethene.

A mobile injection system that could be moved easily between biobarriers was used. The system
consisted of a box truck that contained the injection pump, mixing equipment, and flow meters
and valves. The EVO was supplied in a 6,000-gallon airtight tank contained on a separate trailer,
which was delivered from the vendor prior to beginning the injections at each location.

The general approach for the EISB injection activities consisted of extracting groundwater from
a group of wells (typically 10) using submersible pumps. The wells were connected through a
manifold containing a series of valves and flow measuring devices. EVO was dosed into the
extracted groundwater stream at the process control truck through an airtight line and was well
mixed via an in-line mixer to form an emulsion of one percent EVO by volume. The flow rate of
EVO was measured using a digital flow meter/totalizer. The amended groundwater was split
into multiple streams and was injected into a second group of wells (typically 10 wells arranged
in an alternating pattern with the extraction wells). The flow rate and pressure of each stream
were carefully monitored and controlled inside the trailer using a combination of pressure
gauges, flow control valves and digital flow meter/totalizers.

Eighty percent of the EVO target volume was injected into each of the wells' followed by
injection of the KB-1® culture. Addition of the KB-1® culture was performed as detailed in the
KB-1® injection procedure (see SOPs), which involves flanking injection of the culture with
anoxic groundwater (350 to 640 gallon total volume) as well as purging residual oxygen from the
well with argon prior to injecting the bacteria. After introducing the KB-1® and anoxic water,
the remaining 20 percent of the target volume of EVO was injected into the wells, which helped
to further distribute the KB-1® into the formation.

Prior to injecting EVO and KB-1® at each biobarrier, groundwater elevations were measured and
baseline groundwater samples were collected and analyzed for the following parameters: DO,
ORP, pH, conductivity, turbidity, and temperature. The purpose of this sampling was to

! A study was performed at the SAB which indicated that operational benefits could be realized by injecting the
majority of the EVO prior to injecting the bacterial culture. Refer to Section 2.1.2 and Appendix E for additional
details.
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determine aquifer conditions at each biobarrier immediately prior to injecting the EVO and
KB-1® and to compare conditions during and after injection of the amendments.

The EISB remediation activities are being conducted in accordance with the technical and
functional requirements specified in the RAWP (ECC/Geosyntec 2008a). Field activities are
being performed as established in the SOPs contained in Attachment B-2 of the SAP.

EISB injection of the first biobarrier began in November 2008 after the conclusion of baseline
groundwater monitoring activities. At the time of the 2009 performance monitoring event,
which was conducted in August and September 2009, the EISB remediation activities had been
completed at the SAB, SSB1, and SHB3. Therefore, the EISB implementation activities
performed at those three barriers are described in the following sections. The activities
associated with the installation of the remaining biobarriers and the SATG will be discussed in
the 2010 annual monitoring report.

A summary of the volume of EVO injected and volume of KB-1® injected is presented in
Tables 2-1 through 2-3. Figures showing the locations of the injection wells associated with
each biobarrier are provided in Figures 2-1 through 2-3. A summary of injection volumes and
field parameter monitoring during the EISB activities for each of the hydrostratigraphic zones is
presented in Figures 2-4 through 2-8. Detailed data from the injection activities and associated
field parameters is presented in Appendix I.

2.1 EISB IMPLEMENTATION AT SOURCE AREA BIOBARRIER

The EISB injection activities were performed at the SAB between November 4, 2008 and
January 30, 2009. The following sections describe the approach, field activities, and field
parameter monitoring for EISB implementation activities at the SAB.

211 SUMMARY OF APPROACH

The SAB consists of a total of 14 single screen injection wells, IW-70-SABO1 through 1W-70-
SAB14, as shown in Figure 2-1. A dual injection strategy utilizing two different procedures for
injecting the EVO and KB-1® was tested within the SAB to determine the best means of
injection to ensure survival of the KB-1® culture and distribution of the amendments in the
subsurface.

The first method was performed in wells IW-70-SABO08 through IW-70-SAB14 (referred to as
Section 1). It consisted of the following sequence of injections:

e Inject 50 percent of the EVO target volume

e Verify that appropriate reducing conditions and compliance with KB-1®
performance guarantee have been achieved

e Inject the KB-1® culture
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e Inject the remaining 50 percent of the EVO target volume

The second method was performed in wells IW-70-SABO1 through IW-70-SABOQ7 (referred to as
Section 2), and consisted of the following sequence of injections:

e Inject 100 percent of the EVO target volume

e Verify that appropriate reducing conditions and compliance with KB-1®
performance guarantee have been achieved

e Inject the KB-1® culture

Several conclusions can be made based on an evaluation of these approaches. These include:

e Regardless of the method employed, the groundwater conditions were appropriate for
KB-1® injection within 1 week or less of injecting the EVO.

e Differences in geochemistry were noted in the two different sections of the biobarrier.
For instance, a significant amount of black material in the extracted groundwater,
presumably iron sulfides, was observed in Section 1, but not in Section 2. The pH also
tended to be lower in Section 1 than in Section 2. It is believed that these differences are
associated with differences in soil lithology/chemistry and possibly the degree of
contamination (Section 1 contained higher levels of VOCs) as opposed to the method of
injection utilized.

e Loss of the ability to extract groundwater in Section 1 slowed the extraction/injection
cycles substantially. The groundwater extraction flow rates ranged from about 7 to 10
gpm during injection of the first 50 percent of the EVO, but in general, decreased to less
than 1 to about 5 gpm during the injection of the remaining EVO after the KB-1® had
been added.

e [t was not possible to evaluate if either method preferentially distributed the EVO and the
KB-1® due to the locations of the monitoring points and recirculation approach that was
utilized (i.e., alternating extraction and injection wells). However, increases in the
concentrations of TOC measured in the extraction wells indicated that both methods
induced flow from the injection to the extraction wells.

e EISB injection of the biobarriers was extraction limited in some cases. During injection
of the SAB, it was noted that the fluid level in several extraction wells had decreased to at
or near the intake of the submersible pump and may have allowed the introduction of air
into the system. This problem was remedied by performing routine monitoring of the
water levels in the extraction wells and, during the injection of subsequent biobarriers,
installing pressure transducers that would shut off the pump if the water level inside the
wells dropped below a preset level.

Based on these initial observations, the injection approach was modified to inject 80 percent of
the EVO, followed by the KB-1®, and then the remaining 20 percent of the EVO. The primary
factor that influenced this change was the time required to inject the EVO into wells that
previously had EVO injected into them. Fouling that occurred in these wells as a result of
biological and/or geochemical changes reduced the maximum flow rates that could be achieved
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from them. Hence, a greater flow rate for a longer time can be maintained by injecting a greater
percentage of the EVO into the wells prior to using them as extraction wells.

The modified injection approach was successful in the implementation of the EISB injection
activities at the SSB1. The flowrate of injected groundwater amended with EVO into the SSB1
wells either met or exceeded the design value.

Details of the test procedures, results, conclusions, and recommendations are included in the
Source Area Biobarrier Letter Report, provided in Appendix E.

2.1.2 FIELD ACTIVITIES

Section 1

Injection of EVO into the Section 1 wells was initiated on November 4, 2008. Groundwater
extraction rates were maintained at about 5 gallons per minute (gpm) to match the recharge rate
of the groundwater into the wells. The groundwater-EVO emulsion was injected at an average
rate of about 3 gpm into the formation. The cumulative volume of EVO injected into the SAB
wells is summarized in Table 2-1, Figure 2-4, and detailed in Appendix I. Specific details
pertaining to the injection process are discussed below.

Groundwater was extracted from wells 1W-70-SABO08, IW-70-SAB10, IW-70-SAB12, and
IW-70-SAB14, amended with EVO, and injected into wells IW-70-SAB09, IW-70-SAB11, and
IW-70-SAB13. Injection of the first half (50 percent) of the EVO target volume (about
23,600 gallons) into each of these three wells was completed on November 12, 2008. After
waiting approximately one week to allow sufficient time for the EVO to adhere to the aquifer
matrix, the extraction and injection wells were interchanged. Groundwater was extracted from
wells IW-70-SABO09, IW-70-SAB11, and IW-70-SAB13, amended with EVO, and injected into
IW-70-SAB08, IW-70-SAB10, IW-70-SAB12, and IW-70-SAB14. EVO injections into the
second set of wells was begun on November 18, 2008 and continued until December 5, 2008
(Appendices E and ).

After 50 percent of the EVO target volume was injected into Section 1, the groundwater quality
parameters (i.e., DO, ORP, pH, conductivity, and temperature) were measured. The field
parameters as indicated by the supplier of the culture (SIREM) were achieved® and therefore, on
December 16, 2008, the KB-1® culture was injected into all Section 1 SAB wells (IW-70-SABO08
through IW-70-SAB14) (Appendices E and I).

The remaining EVO target volume (50 percent) injected into the biobarrier wells was initiated
approximately one week after injecting the KB-1® culture to allow sufficient time for the
microbes to adsorb to the aquifer matrix. The final extraction-amendment-injection cycle for

% The specifications for KB-1® injection include: DO less than 0.2 mg/L, ORP less than -100 millivolts (mV), and a
pH ranging between 6.0 to 8.5.
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Section 1 began on December 23, 2008. Groundwater was extracted from wells IW-70-SAB09,
IW-70-SAB11, and IW-70-SAB13, amended with EVO, and injected into wells IW-70-SABOS,
IW-70-SAB10, IW-70-SAB12, and IW-70-SAB14. To increase the groundwater extraction rate,
beginning on January 8, 2009, IW-70-SAB07 was used as an additional extraction well.
Injection of the remaining EVO was completed in the first half of the injection wells on
January 16, 2009. Injection and extraction wells were interchanged. Groundwater was extracted
from wells IW-70-SAB07, IW-70-SAB08, IW-70-SAB10, IW-70-SAB12, and IW-70-SAB14
and the amended water was injected into well IW-70-SAB09, IW-70-SAB11, and IW-70-
SAB13. The target EVO volume for all wells was attained on January 29, 2009 (Table 2-1).

In summary, a total of 331,289 gallons (about 47,327 gallons in each well) of amended EVO and
a total of 21 liters (about 3 liters in each well) of KB-1® culture were injected into the seven
Section 1 SAB wells (Table 2-1, Figure 2-4).

Section 2

Injection of EVO into the Section 2 wells began on November 19, 2008. Groundwater extraction
rates were maintained at about 10 gpm to match the recharge rate of groundwater into the wells.
The EVO was injected at an average rate of about 8 gpm. The cumulative volume of EVO
injected into the SAB wells is shown in Table 2-1, Figure 2-4, and detailed in Appendix I. The
specifics of the injection process are discussed below.

Groundwater was extracted from wells IW-70-SAB02, IW-70-SAB04, and IW-70SABO6,
amended with EVO, and injected into wells IW-70-SABO01, IW-70-SABO03, IW-70-SABO05, and
IW-70-SABO7. The target injection volume of about 47,300 gallons was achieved in each of the
extraction wells on December 10, 2008. After allowing 6 days for the EVO to adsorb to the
aquifer matrix, the injection and extraction wells were interchanged. Beginning on
December 16, 2008, groundwater was extracted from wells IW-70-SABO01, IW-70-SABO03,
IW-70-SABO05, and IW-70-SAB07, amended with one percent EVO, and injected into wells
IW-70-SAB02, IW-70-SAB04, and IW-70-SABO6. Injection was continued until
December 30, 2008, at which time the target volume was achieved in each of the injection wells.

After 100 percent of the EVO target volume was injected into Section 2, groundwater quality
parameters were measured. The results indicated that the SIREM standards were met. The
KB-1® culture was injected on January 9, 2009 into the Section 2 SAB wells (IW-70-SABO01
through IW-70-SABO06) with the exception of IW-70-SABO7. Well IW-70-SABO07 served as a
source of groundwater for the injections in Section 1 due to limited production of the extraction
wells in that portion of the biobarrier. After completing the Section 1 injections, KB-1® was
added to IW-70-SABO07 on February 4, 20009.
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In summary, a total of 331,289 gallons (about 47,327 gallons in each well) of amended EVO and
a total of 21 liters (about 3 liters in each well) of KB-1® culture were injected into the seven
Section 2 SAB wells (Table 2-1 and Appendix I).

2.1.3 FIELD PARAMETER MONITORING

Water quality parameters were closely monitored to 1) understand and document changes in the
aquifer conditions resulting from the introduction of the EVO, and 2) to ensure that the
conditions of the aquifer met the minimal requirements for the introduction of the KB-1® culture
as specified by SIREM. Groundwater samples were collected from the extraction manifold.
They were analyzed at a frequency of two to three times per day. Key parameters included DO,
ORP, and pH. The following is a summary discussion of the trends in the parameters. For a
complete discussion with associated figures, the SAB Letter Report is included as Appendix E.

During injection of the first half of the EVO into Section 1, the DO remained below
1.0 milligrams per liter (mg/L), and the ORP ranged between -100 mV and -150 mV in the
groundwater pumped from each of the extraction wells. However, after the injection and
extraction wells were interchanged, significant fluctuations in DO and ORP were observed in
both the extraction wells and in the injection manifold. A probable explanation for these erratic
fluctuations is that the water level in one or more of the extraction wells may have decreased to
at or near the intake of the submersible pump and may have allowed the introduction of air into
the system. This problem was remedied by performing routine monitoring of the water levels in
the extraction wells and, during the injection of subsequent biobarriers, installing pressure
transducers that would shut off the pump if the water level inside the wells dropped below a
preset level. In subsequent EVO injections at Section 1 and Section 2, the DO continued to
remain below 1.0 mg/L and the ORP levels decreased to a range of -300 to -450 mV. In
summary, monitoring of the oxidation-reduction (redox) conditions showed that after injection of
at least 50 percent of the EVO target volume, the aquifer obtained reducing conditions necessary
for KB-1® bioaugmentation within one week or less of injecting the EVO (Appendix E).

In addition to maintaining an anoxic and reducing environment, a pH within a range of 6 to 8.5 is
needed to support active growth of the KB-1® culture and complete dechlorination of the
chlorinated ethenes. Hence, the pH in the extraction wells and injection manifold were
monitored. During the initial EVO injection in Section 1, the pH in extraction wells ranged
between 6.5 and 7.5. However, once the extraction and injection wells were exchanged, the
initial pH in the system had decreased to an average of 6.0. This pH decrease was sustained
during the course of the extraction cycle and likely is the result of lactate fermentation. A similar
drop in groundwater pH was observed in Section 2, which initially had an average pH of 7.38
prior to EVO injection and an average final pH of 5.9 after the EVO was injected (Appendix E).

TOC was measured to determine if distribution of the EVO was achieved between adjacent wells
during the first phase of EVO injection as well as to evaluate EVO sorption to the aquifer matrix.
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TOC levels in groundwater are expected to increase as the EVO-amended water circulates
through the aquifer since the EVO is comprised of organic carbon® (Appendix E).

Based on increased TOC levels (2 mg/L to 10 mg/L) that occurred by the fourth day of injections
in Section 1, it was assumed that at least some degree of hydraulic connectivity was established
between extraction and injection wells IW-70-SAB09 through IW-70-SAB14, although an
increase in TOC was not noted in IW-70-SAB08 (Appendix E). Similar to Section 1, TOC
concentrations in Section 2 increased by the sixth day of injections and a degree of hydraulic
connectivity was assumed between adjacent wells (IW-70-SABO1 through IW-70-SABOQ7).
After exchanging the injection and extraction wells in the SAB, the TOC levels started high
(approximately 800 mg/L) and rapidly declined to levels similar to the concentration of lactate in
the EVO (approximately 400 mg/L). Since it is expected that the lactate would not adsorb to the
soil matrix (remaining mobile within the groundwater system), measuring a TOC concentration
similar to that of the lactate concentration in the EVO indicates that the majority of the vegetable
oil had adsorbed to the aquifer matrix.

Approximately halfway through the EISB injection, water level elevations were measured in the
nearby performance monitoring wells MW-70-PMWO02A, MW-70-PMWO02B (upgradient of the
SAB), MW-70-PMWO03A and MW-70-PMWO03B (downgradient of the SAB) to evaluate if
injection of the EVO and subsequent geochemical and biological processes had altered the
natural flow of groundwater at the site. The net change in water levels in these four performance
monitoring wells was about 1/100th of a foot, which indicates that there is no mounding effect
due to extraction/injection activities.

2.2 EISB IMPLEMENTATION AT SHELL HORIZON BIOBARRIER 3

The EISB injection activities were performed at the SHB3 between March 31, 2009 and
September 25, 2009. The following sections describe the approach, field activities, and field
parameter monitoring for EISB implementation activities at the SHB3 (Table 2-2, Figures 2-2,
2-5 and 2-6).

221 SUMMARY OF APPROACH

Based on lessons learned during injection of the SAB (Section 2.1), the injection strategy for
SHB3 was modified to consist of the following sequence:

e Inject 80 percent of the EVO target volume,

e Verify that appropriate reducing conditions and compliance with KB-1®
performance guarantee have been achieved,

% Although the vegetable oil readily adsorbs to the aquifer matrix, the sodium lactate, which is present in the EVO at
a concentration of about 400 mg/L, is not expected to adhere to the aquifer. Hence, changes in levels of TOC can
provide information pertaining to hydraulic connectivity and general direction of flow of the amended groundwater.
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e Inject the KB-1®culture, and
e Inject the remaining 20 percent of the target EVO volume.

Injection of the SHB3 was particularly challenging due to the dual-screen wells and lower
permeability associate with Shell Horizon.

The SHB3 consists of total twenty dual-screen injection wells, IW-70-SHB301 through 1W-70-
SHB320, as shown in Figure 2-2. The wells were divided in two groups (Table 2-2):

Group 1 Group 2
IW-70-SHB301 IW-70-SHB302
IW-70-SHB303 IW-70-SHB304
IW-70-SHB305 IW-70-SHB306
IW-70-SHB307 IW-70-SHB308
IW-70-SHB309 IW-70-SHB310
IW-70-SHB311 IW-70-SHB312
IW-70-SHB313 IW-70-SHB314
IW-70-SHB315 IW-70-SHB316
IW-70-SHB317 IW-70-SHB318
IW-70-SHB319 IW-70-SHB320

Each of the SHB3 wells are comprised of two screened intervals; the upper screen ranging from
about 80 to 95 ft bgs and the lower ranging from 105 to 130 ft bgs. The design volume of EVO
for each well was divided into two quantities, based on the ratio of the two screen lengths in a
well. As an example, if 20,000 gallons of EVO were to be injected in a well and the well
contained a 10-ft-long and a 15-ft-long screen interval, then 40 percent of the EVO
(8,000 gallons) would be injected into the 10-ft-long screen and 60 percent (12,000 gallons
would be injected into the 15-ft-long screen. Similarly, the total target KB-1® volume for each
well was divided into two volumes; one for the upper screen interval and the other for the lower
screen interval. Packers were used to isolate the screen intervals during injections to ensure that
the amendments were injected through the appropriate screen interval.

Conclusions and lessons learned based on the EISB injection of the biobarrier include:

e EVO was not simultaneously injected into the upper and lower screen intervals. Hence,
the time required to inject amendments into the lower interval followed by injecting into
the upper interval was substantially longer than was anticipated in the RAWP.

e The extraction pumps in several of the wells were observed to periodically cycle on and
off during the injection of the SHB-3, indicating an extraction limited condition.
However, the introduction of pressure switches that maintained the water level inside
each well several ft above the pump intake prevented the introduction of oxygen into the
system.
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e The period during which the barrier was installed was further extended in order to receive
reformulated EVO in a response to changes in pH. This down-time provided additional
time for biodegradation and other subsurface changes to occur, further reducing the
conductivity of fluids around the extraction and injection wells, which in turn further
reduced the flowrates that could be achieved.

e A bio-slime that formed on the inside of the injection wells, combined with somewhat
higher pressures needed to inject the fluids into the wells, resulted in packers slipping
and, in one well, being expelled from a well.

e Surfacing of EVO was noted around the casing in the vault in wells IW-70-SHB317 and
IW-70-SHB313. Downgradient from the injection wells, EVO was observed surfacing
slowly through the asphalt on 5th Street. Injection into nearby wells was stopped in order
to alleviate the EVVO surfacing through the asphalt. After shutting down the wells, EVO
surfacing through the asphalt ceased. The injection wells were located approximately
30 ft from the center of 5th Street, where the EVVO surfaced. The injection pressure at the
wellhead was reduced to a maximum of 30 psi to minimize the risk of surfacing. This
maximum pressure will not be exceeded during the injection of the remaining barriers.

e Simultaneous injection of the remaining 20 percent of the target EVO volume in both the
upper and lower screen intervals of the SHB3, Group 2 wells was performed using
stingers because of concerns with movement and possible ejection of the packers from
the wells.

2.2.2 FIELD ACTIVITIES

Group 1

EISB injection activities of the SHB3 began on March 31, 2009. Groundwater was extracted
from the Group 2 wells, amended with EVO, and then injected into the Group 1 wells. The
injection began in the lower screen intervals by sealing off the upper screen with a packer.
Injection of 80 percent of the target EVO volume was completed in the lower screen interval of
the Group 1 wells on April 14, 2009. On April 15, 2009, operational parameter measurements
indicated that the appropriate reducing conditions had been established in the subsurface. The
target KB-1® culture volume (about 1.9 liters in each well) was injected, followed by injecting
the remaining 20 percent of the target EVO volume. Injection of 100 percent of the EVO into
the lower screens was completed on April 17, 2009.

During the injection of EVO in the lower screen interval of the Group 1 wells, the daily average
injection rates were maintained between 6 and 7.5 gpm, with the exception of injection well
IW-70-SHB305. The maximum injection rate in well IW-70-SHB305 ranged between 4.5 and
5gpm.

On April 20, 2009, the lower screen interval of the Group 1 wells were sealed with a packer, and
injection of the EVO began into the upper screen interval of the ten Group 1 wells. Injection of
80 percent of the target EVO volume was completed in the upper screen interval of ten Group 1
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wells on May 5, 2009. On May 7, 2009, after operational parameter measurements indicated that
the appropriate reducing conditions had been established in the subsurface, the target KB-1®
culture volume (about 1.1 liters in each well) was injected in the upper screen interval of the ten
Group 1 wells. The remaining 20 percent of the target EVO volume was completed in the upper
screen interval of all ten Group 1 wells on May 11, 2009. During the injection of EVO in the
upper screen interval of the Group 1 wells, the average injection rates were maintained between
5.0 and 7.0 gpm. A summary of the injection/extraction quantities and flow rates for SHB3
Group 1 wells are shown in Table 2-2.

While injecting EVO into the upper screens, EVO was observed to surface from inside the casing
of well IW-70-SHB317 within a few minutes of beginning injection. As a result, only 3,426
gallons out of the total target EVO volume of 21,658 gallon were injected through the upper
screen interval. To compensate for the low volume injected into well IW-70-SHB317, the
remaining target EVO volume of approximately 18,230 gallons, was split into two equal
volumes and injected into the two adjacent Group 2 wells (IW-70-SHB316 and IW-7-SHB318)
during the Group 2 injection cycle (Appendix I).

Group 2

On May 14, 2009, injection of 80 percent of the target EVO volume was started in the lower
screen intervals of the Group 2 wells using groundwater extracted from the Group 1 wells. The
injection began in the lower screen intervals by sealing off the upper screen with a packer. As
agreed upon with the Navy, the injection in the lower screen intervals were paused temporarily
on June 9, 2009 until lactate-free EVO* was received on site. The reformulated EVO was
received on June 23, and injection resumed in the lower screen intervals of the Group 2 wells on
June 24, 2009. Injection of 80 percent of the target volume of EVO-amended water was
completed in the lower screen intervals of the Group 2 wells on July 9, 2009. During the
injection of EVO in the lower screen interval of Group 2, the average injection rate was 2.5 gpm
(Appendix I).

On July 13, 2009, injection of 80 percent of the target EVO volume was started in the upper
screen intervals of the Group 2 wells using the lactate-free EVO. Beginning July 22, 2009, the
“original” EVO that contained the 4 percent lactate was blended with the new lactate-free EVO
at a four to one ratio and was injected. Injection of 80 percent of the target volume was
completed in the upper screen intervals of the Group 2 wells on August 18, 2009. During the
injection of EVO in the upper screen interval of the Group 2 wells, the average injection rate was
2.5 gpm (Appendix I).

Pre-KB-1® injection field parameters were measured in the lower and upper screen intervals of
Group 2 on August 19 and August 21, 2009 to ensure the establishment of the appropriate

* Because of the limited buffering capacity of the aquifer, rapid fermentation of the lactate was believed to be
causing the pH to drop to levels that could inhibit the KB-1® bacteria.
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reducing conditions needed to support the KB-1® culture. Groundwater samples were collected
from each screened interval by lowering the sample probe to the center of the screen. Packers
were not utilized to isolate the screen intervals while collecting the samples. After operational
parameter measurements indicated that the appropriate reducing conditions had been established
in the subsurface, the KB-1® culture was injected in the lower screen intervals (about 1.9 liters)
on August 31, 2009 and in the upper screen intervals (about 1.1 liters) on September 1, 2009
(Appendix I).

During the injection of EVO in the Group 2 wells, the injection pressure increased from a typical
value of between 30 and 40 psi to 50 psi. In one instance, in well IW-70-SHB-316, the injection
pressure was measured at 55 psi, and the packer was noted to become dislodged from the well.
To avoid possible injuries to the field personnel from the packers moving and potentially ejecting
from the wells, and to increase the injection rates, use of stingers, in lieu of packers, was
discussed with the Navy. After the approval from the Navy to use stingers, injection of the
remaining 20 percent of the target EVO volume simultaneously into both the upper screen
interval and the lower screen interval of Group 2 wells began on September 9, 2009 and was
completed on September 25, 2009. A summary of the injection/extraction quantities and flow
rates for SHB3 Group 2 wells are shown in Table 2-2 and detailed in Appendix I.

2.2.3 FIELD PARAMETER MONITORING

Samples were collected during injection of the EVO at a frequency of two to three times per day
and analyzed for operational field parameters (i.e., DO, ORP, pH, conductivity, and temperature)
using a Horiba™ Meter. Groundwater samples were collected from each line at the extraction
manifold. As shown in Figure 2-6, the average DO concentrations in the extracted water were
maintained at 0.00 mg/L throughout implementation of the biobarrier. ORP concentrations
began at an average of -110 mV as the EVO was injected. Both DO and ORP levels were
maintained under the appropriate conditions for bioaugmentation during installation of SHBS3.

Based on lessons learned during the injection of the SAB (Section 2.1), the injection strategy for
SHB3 was modified to consist of the following sequence:

1. Inject 80 percent of the EVVO target volume,

2. Verify that appropriate reducing conditions and compliance with KB-1® performance
guarantee have been achieved,

3. Inject the KB-1® culture, and

4. Inject the remaining 20 percent of the target EVO volume, appropriate conditions for
bioaugmentation during injection of the SHB3.
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As with the DO and ORP, average pH results measured in samples collected from the extraction
wells are presented in Figure 2-6. Prior to injecting the amendments, the average pH was 7.0.
During the EVO injection, the pH in Groups 1 and 2 decreased to an average of 6.2. To mitigate
the decrease in pH, sodium bicarbonate was included in the anoxic chase water injected
immediately before and after the KB-1® injections to help buffer the pH of the groundwater.

Water level elevations were measured in the nearby performance monitoring wells MW-70-
PMW11A, MW-70-PMW11B (upgradient of the SHB3), MW-70-PMW12A and MW-70-
PMW12B (downgradient of the SHB3) to evaluate if injection of the EVO and subsequent
geochemical and biological processes would alter the natural flow of groundwater at the site.
The net change in water levels in these four performance monitoring wells was about 1/100™ of a
foot, which indicates that there is no mounding effect due to extraction/injection activities.

2.3 EISB IMPLEMENTATION AT SECOND SAND BIOBARRIER 1

The EISB injection activities were performed at the SSB1 between February 18, 2009 and
March 18, 2009. The following sections describe the approach, field activities, and field
parameter monitoring for EISB implementation activities at the SSB1 (Table 2-3, Figures 2-3,
and 2-7 and 2-8).

2.3.1 SUMMARY OF APPROACH

The SSB1 was installed using the same approach utilized to install the SHB3, which consisted
injecting 80 percent of the EVO target volume, followed by injecting the KB-1®, and then the
remaining 20 percent of the EVO.

To facilitate EVO injection across the twenty-two single screen wells comprising the SSB1
(Figure 2-3), the wells were divided into three groups (Table 2-3). Note that injection of the
EVO and the KB-1® was completed in all of the wells within each group prior to beginning the
injections into the following group.

First EVO was injected into Group 1 wells, and groundwater was extracted from Group 2 and
Group 3 wells. Then, EVO was injected into Group 2 wells, and groundwater was extracted from
Group 3 wells. Finally, EVO was injected into Group 3 wells, and groundwater was extracted
from Group 2 wells. The cumulative volume of EVO injected into the SSB1 wells is shown in
Figure 2-7, and detailed in Appendix I.
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Group 1 Group 2 Group 3

IW-70-SSB101 IW-70-SSB102 IW-70-SSB103
IW-70-SSB104 IW-70-SSB105 IW-70-SSB106
IW-70-SSB107 IW-70-SSB108 IW-70-SSB109
IW-70-SSB110 IW-70-SSB111 IW-70-SSB112
IW-70-SSB113 IW-70-SSB114 IW-70-SSB115
IW-70-SSB116 IW-70-SSB117 IW-70-SSB118
IW-70-SSB119 IW-70-SSB120 IW-70-SSB121
IW-70-SSB122

2.3.2 FIELD ACTIVITIES

Group 1

Injection of EVO into the Group 1 wells was initiated on February 18, 2009. Groundwater
extraction rates were maintained at about 12 gpm to match the recharge rates of groundwater into
the wells. The EVO was injected at an average rate of about 13 gpm. A summary of the
injection/extraction quantities and flow rates for the SSB1 Group 1 wells are shown in Table 2-3.

Groundwater was extracted from wells IW-70-SSB105 and IW-70-SSB117 in Group 2 and from
all of the Group 3 wells. The combined stream was amended with EVO, and injected into all of
the Group 1 wells. Injection of the first 80 percent of the EVO target volume into each of these
eight Group 1 wells was completed on February 25, 2009. The pre-KB-1® culture injection field
parameters were measured on February 26, 2009, and indicated that the SIREM standards were
met. Therefore, the KB-1® culture was injected on February 27, 2009 into the Group 1 wells.
Injection of the remaining 20 percent of the EVO target volume (8,414 gallons) in each of the
Group 1 wells resumed after injection of the KB-1® culture was completed. In summary, a total
of 336,544 gallons (42,068 gallons in each well) of amended EVO and a total of 24 liters (3 liters
in each well) of KB-1® culture were injected in eight Group 1 SSB1 wells (Table 2-3).

Group 2

Injection of EVO into the Group 2 wells of the SSB1 was initiated on March 3, 20009.
Groundwater extraction rates were maintained at about 17 gpm to match the recharge rates of the
wells. The EVO was injected at an average rate of about 15 gpm. The cumulative volume of
EVO injected into the SSB1 wells is shown in Figure 2-7, and the associated details of the
Group 1 injection process are discussed below. A summary of the injection/extraction quantities
and flow rates for SSB1 Group 2 wells are shown in Table 2-3.

Groundwater was extracted from all Group 3 wells, amended with EVO, and injected into all
Group 2 wells. Injection of the first 80 percent of the EVO target volume (33,654 gallons) into
each of the seven Group 2 wells was completed on March 6, 2009. The pre-KB-1® culture
injection field parameters were collected on March 6, 2009, and indicated that the SIREM
standards were met. Therefore, the KB-1® culture was injected on March 9, 2009 into all
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Group 2 SSB1 wells. Injection of the remaining 20 percent of the EVO target volume
(8,414 gallons) in each of these seven Group 2 wells resumed after KB-1® culture injection and
was completed in one day (March 10, 2009). In summary, a total of 294,476 gallons
(42,068 gallons in each well) of amended EVO and a total of 21 liters (3 liters in each well) of
KB-1® culture were injected into the seven Group 2 SSB1 wells.

Group 3

Injection of EVO into the Group 3 wells of the SSB1 area was initiated on March 11, 20009.
Groundwater extraction rates were maintained at about 15 gpm to match the recharge rates of the
wells. The EVO was injected at an average rate of about 15 gpm. The cumulative volume of
EVO injected into the SSB1 wells is shown in Figure 2-7, and the associated details of the
Group 1 injection process are discussed below. A summary of the injection/extraction quantities
and flow rates for SSB1 Group 3 wells are shown in Table 2-3.

Groundwater was extracted from all Group 1 wells, amended with EVO, and injected into all
seven Group 3 wells. Injection of the first 80 percent of the EVO target volume (33,654 gallons)
into each of these seven Group 3 wells was completed on March 16, 2009. Then, the pre-KB-1°
culture injection field parameters were collected on March 17, 2009, and indicated that the
SiREM standards were met. Therefore, the KB-1® culture was injected on March 17, 2009 into
all Group 3 SSB1 wells. Injection of the remaining 20 percent of the EVO target volume
(8,414 gallons) in each of the seven Group 3 wells resumed after the KB-1® culture was injected.
Injection of the EVO was completed on March 18, 2009. In summary, a total of 294,476 gallons
(42,068 gallons in each well) of amended EVO and total of 21 liters (3 liters in each well) of
KB-1® culture were injected in seven Group 3 SSB1 wells.

2.3.3 FIELD PARAMETER MONITORING

Groundwater samples were collected during injection of the EVO at a frequency of two to three
times per day and analyzed for operational field parameters (i.e., DO, ORP, pH, conductivity,
and temperature) using a Horiba" Meter. Samples were collected from each line at the
extraction manifold. As shown in Figure 2-8, the average DO concentrations in the extracted
water remained at 0.0 mg/L during the SSB1 implementation. Specifically, DO ranged from
0.00 mg/L to 0.22 mg/L. Average ORP concentrations in the extracted water decreased from
-150 mV to -271 mV. Both DO and ORP levels maintained the conditions necessary for the
KB-1® culture after bioaugmentation.
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The average pH measured in samples collected from the extraction wells is presented in
Figure 2-8. Prior to the SSB1 implementation, the average pH was 7.0. Then, during the EVO
injection, the pH in Groups 1 and 2 decreased to an average of 6.7. In Group 3, the pH decreased
to an average of 5.6. To mitigate the decrease in pH, sodium bicarbonate buffer was included in
the anoxic chase water used for the KB-1® injections.

Water level elevations were measured in the nearby performance monitoring wells
MW-70-PMW13A, MW-70-PMW13B (upgradient of the SSB1), MW-70-PMW14A and
MW-70-PMW14B (downgradient of the SSB1) to evaluate if injection of the EVO and
subsequent geochemical and biological processes would alter the natural flow of groundwater at
the site. The net change in water levels in these four performance monitoring wells was about
1/100™ of a foot, which indicates that there is no mounding effect due to extraction/injection
activities.
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Section 3

GROUNDWATER LEVEL MEASUREMENTS

This section presents the results of groundwater level measurements conducted as part of the
performance monitoring of the EISB activities and in accordance with the RAWP
(ECC/Geosyntec 2008a).

Groundwater levels were measured in 74 wells on August 24, 2009 (Table 3-1). The horizontal
hydraulic gradient and flow direction were determined for each of the five defined
hydrostratigraphic units: Upper Fines, First Sand, Shell Horizon, Second Sand, and Deep Sand.
Water level elevation contour maps that denote these gradients and flow direction for each of the
units are depicted in Figures 3-1 through 3-5.

Potential external factors that may influence local horizontal and vertical gradients and
groundwater flow direction include the groundwater pumping (regional and agricultural water
supply wells) and aquifer recharge (e.g., Alamitos Injection Barrier) activities. Groundwater
pumping and aquifer recharge in the Orange County Groundwater Basin cause significant
temporal fluctuations in the local groundwater elevations (Geosyntec 2006). Variability in the
groundwater behavior at IR Site 70 may be caused by changes in operation of the Alamitos
Injection Barrier. The Alamitos Injection Barrier, located to the northwest of IR Site 70
(Appendix G), is operated jointly by Los Angeles County Department of Public Works, the
Water Replenishment District of Southern California, and the Orange County Water District
(OCWD) as a hydraulic barrier to seawater intrusion. This barrier includes the injection of fresh
water at depths as shallow as 27 ft bgs (Geosyntec 2006). The closest injection well is
approximately 2,000 feet northwest of IR Site 70.

OCWD well production data from municipal and agricultural wells located within a 2-mile
radius of IR Site 70 were reviewed to determine the possible influence of production wells on IR
Site 70 water levels (Appendix G). In addition, precipitation data from 2009 for the Long Beach
airport was reviewed to determine the influence of precipitation on the water levels and is
presented in Appendix G. Precipitation was 0.0 inches for the August 2009 performance
monitoring event as well as the original baseline groundwater monitoring event in August 2008
(Insight 2009a).

3.1 UPPER FINES GROUNDWATER LEVEL ELEVATIONS

Groundwater level elevations were measured in 13 Upper Fines monitoring wells on August 24
and September 14, 2009. The Upper Fines is the shallowest hydrostratigraphic unit defined from
ground surface to approximately 60 ft bgs (Tables 1-2 and 3-1; Figure 3-1).

Groundwater elevations in the Upper Fines baseline monitoring wells ranged from 2.44 ft below
MSL in well MW-70-22 to 13.96 ft below MSL in well MW-70-MNAOL. Depth to water ranged
from 12.65 ft in well MW-70-22 to 22.32 ft in well MW-70-MNAOL1 (Table 3-1; Figure 3-1).
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The direction of groundwater flow in August 2009 was to the south and northwest towards a
groundwater “low” in the vicinity of the Source Area Treatment wells. Comparison of historical
data shows similar patterns (BEI 2006). Horizontal hydraulic gradients in the Upper Fines Unit
ranged from 0.002 foot/foot in the area northwest of Kitts Highway, to approximately 0.01
foot/foot, in the area southeast of Kitts Highway (Figure 3-1).

The variable groundwater direction and horizontal hydraulic gradients observed in the Upper
Fines Unit is consistent with previous investigations to date. An old stream drainage system may
be traced from the area due north of IR Site 70, north of Westminster Boulevard, trending
southwest through the current location of IR Site 70, subparallel to the current drainage channel
that ultimately flows into Anaheim Bay (BEI 2006). The old drainage system is currently
covered with structures at IR Site 70. Previous investigations attribute the variable direction and
gradients in the shallowest zone to the presence of the old drainage system (BEI 2006). In
addition, a review of the OCWD municipal and agricultural data suggests that injection wells in
the area west of IR Site 70, part of the Alamitos Injection Barrier Project, may be influencing the
water levels in the shallowest Upper Fines Unit (Appendix G).

3.2 FIRST SAND GROUNDWATER LEVEL ELEVATIONS

Groundwater level elevations were measured in 33 First Sand monitoring wells on
August 24, 2009. The First Sand hydrostratigraphic unit is defined from approximately 60 to
105 ft bgs (Table 3-1; Figure 3-2). The First Sand monitoring wells are further defined spatially
based on their proximity to each of the First Sand Biobarriers (FSB): SAB1, FSB1, and FSB2
(Tables 1-2 and 3-1, Figure 3-2).

Groundwater elevations in the First Sand baseline monitoring wells ranged from 13.92 ft below
MSL in well MW-70-POCOL1 to 20.25 ft below MSL in well MW-70-16. Depth to water ranged
from 19.03 ft in well MW-70-MNAO06 to 30.44 ft in well MW-70-43 (Table 3-1). Three First
Sand wells including MW-70-PMWO08A, MW-70-MNAOQ9, and MW-70-PMWO7A, were not
contoured, which is consistent with the 2008 baseline monitoring results (Insight 2009a). These
wells are screened in the shallower portion of the First Sand between 64 and 75 ft bgs, and show
similar water level elevations (Tables 1-2 and 3-1; Figure 3-2).

The direction of groundwater flow in the First Sand hydrostratigraphic unit in August 2009 was
to the south/southeast, consistent with previous monitoring results (Insight 2009a; BEI 2006).
Horizontal hydraulic gradients in the First Sand ranged from 0.001 to 0.01 foot/foot. The steeper
horizontal hydraulic gradients are observed directly east of Kitts Highway and west of 3" Street.
Shallower horizontal hydraulic gradients are observed northwest of Kitts Highway and east of
3" Street, consistent with the 2008 baseline monitoring results (Figure 3-2; Insight 2009a).
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3.3 SHELL HORIZON GROUNDWATER LEVEL ELEVATIONS

Groundwater level elevations were measured in 12 Shell Horizon monitoring wells on
August 24, 2009. The Shell Horizon hydrostratigraphic unit is defined from approximately
105 to 135 ft bgs. The Shell Horizon monitoring wells are further defined spatially based on
their proximity to each of the Shell Horizon Biobarriers: SHB1 and SHB3 (Tables 1-2 and 3-1,
Figure 3-3).

Groundwater elevations in the Shell Horizon monitoring wells ranged from 15.95 ft below MSL
in well IW-70-SHB113 to 21.22 ft below MSL in well MW-70-23. Depth to water ranged from
23.44 ft in well IW-70-SHB113 to 32.39 ft in well MW-70-23 (Table 3-1). Two Shell Horizon
wells were not contoured: IW-70-SHB113 and IW-70-SHB310. During the 2008 baseline
monitoring, wells IW-70-SHB113 and IW-70-SHB217 were not contoured. The difference in
water level elevations in Shell Horizon well IW-70-SHB113 may be due to the greater screen
interval between 105 and 130 ft bgs, a screen interval of 25 ft. The remainder of the Shell
Horizon wells are generally screened at intervals of 10 or 15 ft bgs. The difference in water level
elevations in well IW-70-SHB310 may be due to the dual screen intervals: 80 to 95 ft bgs and
105 to 130 ft bgs, and the injection recently completed in SHB3 (Table 3-1, Figure 3-3).

The direction of groundwater flow in the Shell Horizon hydrostratigraphic unit in August 2009
was to the southeast, consistent with previous monitoring results (BEI 2006). The horizontal
hydraulic gradient in the Shell Horizon was approximately 0.001 foot per foot (Figure 3-3).

3.4 SECOND SAND GROUNDWATER LEVEL ELEVATIONS

Groundwater level elevations were measured in 13 Second Sand monitoring wells on August 24,
2009. The Second Sand hydrostratigraphic unit is defined from approximately 135 to 170 ft bgs.
The Second Sand monitoring wells are further defined spatially based on their proximity to the
Second Sand Biobarrier: SSB1 (Tables 1-2 and 3-1, Figure 3-4).

Groundwater elevations in the Second Sand monitoring wells ranged from 18.41 ft below MSL
in well MW-70-PMW14A to 22.76 ft below MSL in well MW-70-21. Depth to water ranged
from 24.60 ft bgs in well MW-70-MNAL15 to 30.46 ft bgs in well MW-70-21 (Table 3-1). Due
to differences in elevation in comparison to the remainder of the wells in the Second Sand the
following wells were not contoured: MW-70-14, MW-70-43B, MW-70-MNAL17, and IW-70-
SSB109 (Tables 1-2 an 3-1, Figure 3-4). The differences in the elevations in these wells may be
due to a combination of local lithologic differences in the Second Sand as well as some
differences in screen intervals. Well MW-70-43B, added to this performance monitoring round,
is screened slightly shallower between 136 to 146 ft bgs. Well MW-70-14, also added to this
performance monitoring round, is screened in the deeper part of the First Sand, between 160 to
170 ft bgs. IW-70-SSB109 is screened over a greater interval, between 126 to 166 ft bgs. Well
MW-70-MNAL17 is screened between 140 and 150 feet bgs. Although data from wells IW-70-
SSB109 and MW-70-MNAL17 were consistent with other wells and were contoured during the
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2008 baseline monitoring, the differences in elevation in 2009 may be due to localized effects
from the injection and therefore were not included in the contours in this report.

The direction of groundwater flow in the Second Sand hydrostratigraphic unit in August 2009
was to the southeast, consistent with previous monitoring results (Insight 2009a; BEI 2006). The
horizontal hydraulic gradient in the Shell Horizon was approximately 0.003 foot/foot, generally
consistent with the 2008 baseline results (Figure 3-4).

3.5 DEEP SAND GROUNDWATER LEVEL ELEVATIONS

Groundwater level elevations were measured in three Deep Sand POC wells on August 24, 2009.
The Deep Sand hydrostratigraphic unit is defined as depths greater than 190 ft bgs (Tables 1-2
and 3-1, Figure 3-5).

Groundwater elevations in the Deep Sand POC wells ranged from 18.75 ft below MSL in well
MW-70-POCO03 to 24.65 ft below MSL in well MW-70-POCO02. Depth to water ranged from
28.39 ft bgs in well MW-70-POCO03 to 32.90 ft bgs in well MW-70-POCO02 (Table 3-1).

The direction of groundwater flow in the Deep Sand hydrostratigraphic unit in August 2009 was
to the east/southeast (Figure 3-5). The direction of groundwater flow in the Deep Sand during
the baseline monitoring in August 2008, was to the northeast, and interpreted to have been
influenced by municipal and agricultural production wells north and east of the site. Review of
the OCWD well information for the surrounding area indicates that the influence of municipal
and agricultural wells was minimal in 2009, as most of the wells in this area were inactive or
destroyed (Appendix G).

The horizontal hydraulic gradient in the Deep Sand in August 2009 was approximately
0.003 ft/ft, consistent with the horizontal hydraulic gradient of 0.002 ft/ft, measured during the
baseline monitoring in 2008 (Insight 2009a).

3.6 SUMMARY OF GROUNDWATER LEVEL ELEVATIONS

Hydraulic directions and gradients in the hydrostratigraphic units have been generally consistent
with previous investigations (Appendix F; Insight 2009a, BEI 2006, Geosyntec 2006).
Groundwater elevations ranged from 2.44 ft below MSL in Upper Fines POC well MW-70-02 to
24.65 in the Deep Sand POC well MW-70-POCO02. Horizontal hydraulic gradients ranged from
0.001 to 0.01 foot per foot.

The vertical head difference between hydrogeologic units indicates generally downward vertical
gradients of groundwater flow throughout the plume and source areas between the Upper Fines,
First Sand, Shell Horizons, Second Sand and Deep zones. This is consistent with previous
observations (Appendix F; Insight 2009a, Geosyntec 2006). The performance monitoring also
indicates localized areas of upward gradients particularly between the Second Sand and Shell
Horizon wells (e.g., Second Sand well MW-70-MNAL15 and Shell Horizon well IW-70-SHB217)
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and between Second Sand (MW-70-MNA15) and First Sand (MW-70-MNA12). The localized
vertical head differences observed between the Deep Sand wells and Second Sand and Shell
Horizon wells during the baseline monitoring in August 2008 was not observed during the
performance monitoring of 2009. This may be due to the lack of agricultural or municipal
influences during August 2009 (Figures 3-3 through 3-5). In comparison with the flow direction
from previous monitoring activities, it appears that the groundwater flow in the Deep Sand
changed direction from northeast to southeast. The review of the OCWD agricultural and
municipal well production data (Appendix G) suggests that the difference in direction of
groundwater flow in the Deep Sand is probably due to the lack of agricultural or municipal well
production influences in 2009.

Similar to the 2008 baseline monitoring event, review of the precipitation data measured in 2009
for the Long Beach airport indicates that precipitation influences were minimal during the time
of the performance monitoring (August 2009). Precipitation data for the Long Beach airport is
presented in Appendix G. Variations in water level elevations compared to the baseline
monitoring in 2008 were generally minimal with a slight increase in water levels in most zones.
In the Upper Fines, however, there was generally a slight decrease in water levels, with a
maximum decrease in water level elevations of -1.29 ft compared to the baseline monitoring in
2008 (Table 3-1). A maximum rise in water level elevation of 3.83 ft was observed in
IW-70-SHB310 in comparison to the baseline monitoring of 2008, which is probably indicative
of the injection performed in 2009 (Insight 2009a).
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GROUNDWATER QUALITY MONITORING

Groundwater samples were collected in 38 monitoring wells during the 2009 performance
monitoring event which consisted of: 4 Upper Fines POC wells, 6 SAB (First Sand) wells, 4 First
Sand POC wells, 6 SHB3 wells, 1 Shell Horizon POC well, 11 SSB1 wells, 3 Second Sand POC
wells, and 3 Deep Sand POC wells (Tables 4-1 through 4-17). These wells were selected to
monitor the performance of the EISB activities conducted in the SAB, SSB1, and SHB3. The
following groundwater quality monitoring activities were conducted:

e Groundwater samples were collected from 38 groundwater monitoring wells and
analyzed for volatile organic compounds (VOCs), dissolved hydrocarbon gases (DHGS),
volatile fatty acids (VFAS), anions, total dissolved solids (TDS), alkalinity, total organic
carbon (TOC), dissolved hydrogen sulfide, dissolved metals, and Dehalococcoides
(DHC) with vinyl chloride (VC) reductase gene (vcrA) (Table 1-1).

e Thirteen groundwater samples were collected for 1,4-dioxane per direction of the
RWQCB, based on the results of the previous sampling conducted between 2003 and
2005 (Table 4-10).

e Field parameters (groundwater temperature, pH, dissolved oxygen [DO], oxidation-
reduction potential (ORP), specific conductance, turbidity, and depth to water) were
measured as part of the performance monitoring for the EISB activities

Per the Remedial Design (Geosyntec 2006), a monitoring program has been established to track
the progress towards achieving the following performance criteria for the EISB remedy:

e Complete dechlorination of TCE to ethene within the biobarriers.

e DHC growth to concentrations exceeding 10 cells per liter (cells/L) and migration of
augmented culture throughout active treatment zones.

e Localized and/or minimal secondary groundwater quality impacts.

In order for complete reductive dechlorination to occur, three primary factors are required. First,
the oxidation-reduction (redox) state of the aquifer must be sufficiently reducing to support the
microbial community required for reductive dechlorination (e.g., dechlorinating and fermenting
communities). Second, an adequate supply of electron donor must be present to maintain the
reducing redox condition of the aquifer as well as provide the dechlorinating population with its
preferred electron donor (i.e., molecular hydrogen). Third, an active DHC community must be
present. These primary factors are captured in the first two performance metrics. The last
criterion was established to monitor, assess, and minimize the impact of the EISB system on
secondary groundwater quality. Impacts to pH and generation of methane and hydrogen sulfide
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gas can influence the performance of the biobarriers as well as represent potential health and
safety risks.

Table 1-4 summarizes the rationale for the monitoring parameters collected as part of the EISB
performance monitoring activities. The groundwater monitoring program incorporates various
analyses to provide the information necessary to evaluate progress toward achieving these
criteria. Performance indicators including changes in levels of VOCs, DHGs, inorganic anions,
and polymerase chain reaction (PCR) assays specific to DHC, and aquifer pH are monitored to
evaluate performance and track progress toward achieving remedial goals. In addition, surrogate
measures of EVO through TOC and volatile fatty acids (VFAs; acetic, butyric, lactic, and
propionic acids) are taken to assess the presence of the electron donor. Field measurements of
groundwater elevation are being performed to optimize injection and extraction flow rates during
injection of the barriers, to ensure that the barriers are not impacting the direction of groundwater
flow, and to better understand and evaluate the meaning of the performance indicators discussed
above. Groundwater level elevations are discussed in more detail in Section 3.

Determining the redox state of the aquifer in the vicinity of each biobarrier is of particular
importance since reductive dechlorination of the chlorinated COCs by DHC occurs best when
the environment is highly reducing. The redox state of the aquifer is best evaluated using an
approach that incorporates multiple line of evidence. Various parameters including ORP, DO,
nitrate, ferrous iron, sulfate, and methane are monitored. Mildly reducing environments are
anaerobic (i.e., DO is near zero) as heterotrophic bacteria utilize the oxygen in the aquifer. Other
biogeochemical processes occur, which convert nitrate to nitrite, insoluble ferric iron to soluble
ferrous iron, sulfate to sulfide, and carbon dioxide to methane. Hence, in addition to measuring
ORP, reduction of the concentrations of DO, nitrate, and sulfate, and increases in the production
of ferrous iron and methane concentrations are determined. This multiple lines of evidence
approach provide a proper representation of the aquifer’s redox potential.

In the following subsections, the groundwater quality for each biobarrier is discussed in terms of
the above-mentioned performance metrics. Specifically, the state of aquifer geochemistry is
presented and compared to conditions necessary to support reductive dechlorination. These
conditions include the qualitative measurement of EVO and PCR assays specific to DHC. The
changes in COC concentrations that have resulted after the barriers were installed and the
impacts of the biobarriers on the secondary groundwater quality are also discussed (Figures 4-1
through 4-4).

4.1 SOURCE AREA BIOBARRIER GROUNDWATER QUALITY

Groundwater samples were collected in select biobarrier wells [IW-70-SABO06 (screened
between 65 to 80 feet bgs and 85 to 105 feet bgs), IW-70-SABQ9 (screened between 65 to 105
feet bgs), and IW-70-SAB11 (screened between 65 to 105 feet bgs)], upgradient PMWs
[MW-70-PMWO02A (screened between 71 and 81 feet bgs) and MW-70-PMWO02B (screened
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between 90 and 100 feet bgs), and downgradient PMWs (MW-70-PMWAO03A (screened between
70 and 80 feet bgs and MW-70-PMWO03B (screened between 90 and 100 feet bgs] located in the
vicinity of the SAB (Figures 2-1 and 4-1; Tables 4-3 and 4-4). The SAB wells target the First
Sand hydrostratigraphic unit, defined from 60 feet bgs to 105 feet bgs. Additional groundwater
samples were collected in select wells (MW-70-MNAO5) to provide “sentinel” information as an
early indication of undesired plume migration and interim assessment points between biobarriers
for long-term operation timeframes.

Groundwater quality parameters were closely monitored to understand and document changes in
the aquifer conditions resulting from the introduction of the EVO and to ensure that the aquifer
conditions met the minimal requirements for the introduction of the KB-1® culture as specified
by SIREM. Lines of evidence summarizing the state of the redox potential in the First Sand near
the SAB are shown in Table 4-11. For a complete discussion of the redox parameters during
SAB injection, see Appendix F. Key data that indicates redox state of the aquifer was
sufficiently reducing and that conditions necessary for the proliferation of the DHC were
achieved include:

e DO averaged 0.00 mg/L before and after EISB injection of the barrier. These data
showed that the aquifer was anoxic before and after the EVO injections and that installing
the biobarrier did not aerate the aquifer, which is vital for maintaining an active
dechlorinating population.

e ORP averaged -166 mV before EVO injections. During EVO injection, the ORP
decreased to an averaged -278 mV. Eight months after completion of the SAB, it
increased slightly to an average of —226 mV, indicating that a strongly reducing
environment is being maintained.

e Sulfate averaged 332 mg/L prior to EVO injection. After injecting the EVO, sulfate
levels decreased to an average of 132 mg/L. The decrease in sulfate levels indicates an
active sulfate reducing population of bacteria and the conditions necessary to support that
population. The changes in sulfate levels support the ORP data and indicate a decrease in
the redox state of the aquifer.

e Trace levels of methane were observed before SAB injection. After EVO injections,
methane levels increased to an average of 12,700 pg/L. Production of methane occurs
through methanogenesis, which is known to occur only under strongly reducing
conditions.

In summary, prior to EVO injection, the groundwater in the First Sand surrounding the SAB was
characterized as mildly reducing. After EISB injection of the barrier, the data indicate strongly
reducing conditions suitable for reductive dechlorination are present.

In addition to the redox state, the appropriate subsurface conditions necessary to achieve
reductive dechlorination are present in the First Sand based on the following lines of evidence:
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Circum-neutral pH values are needed to support an active DHC population. Average pH
(7.35) in 2008 in the First Sand SAB decreased slightly in comparison to the average pH
(6.2) in 2009. Localized impacts to pH were discussed in more depth in Section 2 and
Appendix F.

Alkalinity is needed in the aquifer to provide sufficient buffering capacity for reductive
dechlorination (which lowers pH) and help maintain the appropriate pH required for
microbial activity. Alkalinity in the aquifer fluctuated after the injection of the
biobarrier. The initial alkalinity averaged 200 mg/L as CaCOgs. Eight months after the
SAB injection, total alkalinity spiked to an average of 429 mg/L. This increase in
alkalinity was accompanied by an increase in sulfide concentrations (average 5,000
mg/L) as a result of sulfate reduction. By ten months after the SAB injection, the total
alkalinity decreased to an average of 66 mg/L and the sulfide concentration averaged 209
mg/L.

Levels of DHC throughout the SAB generally increased during the injection and
subsequent monitoring of the SAB. SAB wells IW-70-SABO01, IW-70-SAB03, IW-70-
SABO06 and IW-70-SABO09 did not contain detectable levels of DHC prior to
bioaugmentation. After bioaugmentation, DHC levels rose to a range of 2 x 10° to 1 x 10°
cells/L (Table 4-12). Migration of DHC appears to be occurring as is evidenced by the
substantial levels measured in groundwater collected from MW-70-PMWO03A

(Table 4-12). Three months and eight months after SAB injection, the activity of the
vCcrA gene was measured. At 3 months, the vcrA gene was only observed at method
detection levels. Eight months after installing the SAB, the gene was observed at
moderate levels in the downgradient MW-70-PMWO03A located immediately
downgradient of the barrier and within the biobarrier itself at IW-70-SABO06 and IW-70-
SAB11. These levels indicate that the DHC population is actively degrading vinyl
chloride (VC).

The TOC values within the SAB increased from 1.38 mg/L to 562 mg/L in the biobarrier
wells after injecting the EVO (Table 4-13). Downgradient SAB well MW-70-PMWO03A
is screened between 70 and 80 feet bgs, and downgradient SAB well MW-70-PMWO03B
is screened between 90 and 100 feet bgs. Downgradient TOC levels also increased from
below detection to 219 mg/L in MW-70-PMWO3A,; however, TOC did not increase in
MW-70-PMWO03B. This difference in TOC levels between MW-70-PMWO03A and
MW-70-PMWO03B suggests that amended groundwater either has not reached
MW-70-PMWO03B yet, or low levels of TOC were already used by the microbial
community. Increased concentrations of acetate and propionate (Table 4-13), which
indicate that fermentation of the EVO is occurring, are consistent with the increases in
TOC levels measured in the SAB injection wells and in MW-70-PMWO3A. Consistent
with the lack of significant change in TOC concentration at MW-70-PMWO03B, the
groundwater exhibited little impact due to the biobarrier injection with no VFAs being
detected.

Figures 4-5 through 4-8 show the impact of installing the SAB biobarrier on molar COC
concentrations in the First Sand. Molar concentrations are used to facilitate comparison between
the relative quantities of the COCs in term of contaminant degradation as reductive
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dechlorination is a 1:1 stoichiometric conversion. Molar COC concentrations are shown first for
the upgradient PMWs (MW-70-PMWO02A and MW-70-PMWO02B) in Figure 4-5. Then,
Figures 4-6 and 4-7 shows the molar COC concentrations over time for the representative SAB
injection wells (IW-70-SABO06, IW-70-SABO09, and IW-70-SAB11). Figure 4-8 shows the molar
COC concentrations for the downgradient PMWs (MW-70-PMWO03A and MW-70-PMWO03B).
The following bullets discuss the data associated with each set of wells.

e Upgradient of the biobarrier (MW-70-PMWO02A and MW-70-PMWO02B), TCE
concentrations declined over time while cDCE concentrations increased. Further
evidence of reductive dechlorination (formation of VC and ethene) was not observed
(Figures 4-1 and 4-5).

e Within the biobarrier, the COC concentrations varied between the wells. 1W-70-SAB06
showed a decrease in TCE over time with a concurrent increase in cDCE (Figure 4-6).
Over time, the cDCE concentration also decreased. However, a stoichiometric
conversion to VC was not observed. Low levels of VC and ethene were observed. Both
IW-70-SAB09 and IW-70-SAB11 showed an increase in the TCE concentration during
the injection of the barrier (Figure 4-7). These wells were installed to the interbedded
clays in the First Sand where higher TCE concentrations have been observed historically.
This increase is most likely due to mixing of the amended groundwater in the subsurface
and subsequent solubilization of sorbed contaminants off the clay aquifer matrix. In all
wells, cDCE concentration decreased after biobarrier injection and only low levels of VC
and ethene were measured. Nevertheless, MW-70-SAB06, MW-70-SAB09, and MW-
70-SAB11 all show promise of further reductive dechlorination given the cDCE
production is observed and that vcrA activity was measured at these wells. The lack of
VC may be a result of iron sulfide mediated abiotic degradation of the VVC.

e Downgradient of the biobarrier in wells MW-70-PMWO03A and MW-70-PMWO03B, there
was a shift in primary contaminants after injection of the SAB (Figure 4-8). Specifically,
both wells showed substantial cDCE production with trace VC production. These results
are expected in MW-70-PMWO3A given the elevated levels of DHC and vcrA observed
in that well. Although levels of DHC and the vcrA gene were much lower in MW-70-
PMWO03B, the increase in cDCE and VVC are not unexpected given the close proximity of
the well to the biobarrier wells. It should be noted that increased levels of DCE are
typically observed during the initial stages of bioremediation because the highly
chlorinated solvents (e.g., TCE) are preferentially dechlorinated over the less chlorinated
solvents (e.g., cDCE) since TCE dechlorination is more energetically favorable compared
to cDCE dechlorination. It is expected that dechlorination of cDCE will occur as the
TCE is consumed and as the DHC population becomes better established in the aquifer.

In summary, the molar COC trends show that the SAB is promoting reductive dechlorination to
cDCE. Furthermore, it is expected once the DHC populations become fully established that
ethene production will begin throughout the SAB treatment area.

As noted previously, secondary groundwater quality was also monitored. The EISB injection of
the barrier can impact the groundwater geochemistry to reduce the efficacy of the barriers and/or
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produce potentially hazardous by-products. Localized impacts to the secondary groundwater
quality were observed in the SAB and are summarized below:

e Fermentation of the EVO creates various acids that can reduce the pH of the aquifer. The
pH in the extraction wells was monitored during injection of the SAB and throughout the
eleven months following completion of the SAB as shown in Table 4-11. While the pH
decreased to below 6.0 at wells IW-70-SABO06, IW-70-SABQ9, and IW-70-SAB11 during
the EVO injection, the pH rebounded in IW-70-SAB06. Wells IW-70-SAB09 and IW-
70-SAB11 continue to be monitored. In addition, the pH in the down gradient well MW-
70-PMWO3A also decreased below 6.0 and recovered as well by November 2009.
Overall, the decrease in pH has been temporary and the First Sands aquifer appears to be
recovering.

e With temporary changes in pH experienced in the aquifer and a decrease in redox
conditions, the potential for metals mobilization was evaluated. While an increase in
dissolved iron was noted across the biobarrier due to iron reduction, no significant change
to metals concentrations was observed for metals such as arsenic (Table 4-3).

e In addition to impacts on pH, fermentation of EVVO stimulates methane production and
hydrogen sulfide generation from sulfate reduction. Although no hydrogen sulfide was
detected during EVO injection, black precipitates, which could be iron sulfides produced
from the reaction of hydrogen sulfide with iron, were observed in the extracted
groundwater. By March 2009, sulfide was observed in IW-70-SAB09 and
IW-70-SAB11. In July 2009, sulfide production was also observed in the down gradient
wells (Table 4-11). As noted previously, methane concentrations in groundwater
increased across the biobarrier from non-detect to greater than 34 mg/L. It is
recommended as a precaution to test the well head for sulfides and methane prior to
sampling groundwater.

4.2 SHELL HORIZON BIOBARRIER 3 GROUNDWATER QUALITY

Groundwater samples were collected in select biobarrier wells [IW-70-SHB310 (dual screened
between 85 and 95 feet bgs and 105 and 130 feet bgs)], upgradient PMWs (MW-70-PMW11A
(screened between 85 and 95 feet bgs) and MW-70-PMW11B (screened between 115 to 125 feet
bgs)], and downgradient PMWs [MW-70-PMW12A (screened between 85 to 95 feet bgs) and
MW-70-PMW12B (screened between 115 to 125 feet bgs)] (Figures 2-2 and 4-2; Tables 4-14
and 4-15). Additional groundwater samples were collected in select wells (MW-70-MNA14,
screened between 85 and 95 feet bgs).
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Groundwater quality parameters were closely monitored to understand and document changes in
the aquifer conditions resulting from the introduction of the EVO and to ensure that the aquifer
conditions met the minimal requirements for the introduction of the KB-1® culture as specified
by SIREM. Lines of evidence documenting the state of the redox potential in the Shell Horizon
are shown in Tables 4-14 and 4-15. Data indicating that the redox state of the aquifer was
sufficiently reducing and that conditions necessary for the proliferation of the DHC were
achieved include:

e DO averaged 0.0 mg/L before and after injection of the barrier. These data showed that
the aquifer was anoxic before and after the EVO injections and that installing the
biobarrier did not aerate the aquifer, which is vital for maintaining an active
dechlorinating population.

e ORP averaged -154 mV before EVO injections. Immediately after injecting the EVO
into the Group 2 wells, the ORP decreased to an average of value of -256 mV. These
data indicated that as the biobarrier was installed the ORP level decreased from a mildly
reducing to strongly reducing environment.

e Sulfate averaged 453 mg/L prior to EVO injection. After completing injection of the
EVO, sulfate levels decreased to an average of 236 mg/L. The decrease in sulfate levels
indicates an active sulfate reducing population of bacteria and the conditions necessary to
the support that population. Therefore, the changes in sulfate levels support the ORP data
and indicate a decrease in the redox state of the aquifer.

e Trace levels of methane were observed before SHB3 injection. After EVO injections,
methane levels increased to an average of 5,600 pg/L. As methanogenesis occurs only in
strongly reducing conditions, the methane data substantiated the ORP and sulfate data
and confirmed that the redox state in the aquifer was strongly reducing.

In summary, prior to EVO injection the groundwater in the Shell Horizon was characterized as
mildly reducing. After injection of the barrier, the data indicate strongly reducing conditions
suitable for reductive dechlorination are present.

In addition to the redox state, the appropriate subsurface conditions necessary to achieve
reductive dechlorination are present in the Shell Horizon based on the following lines of
evidence:

e Circum-neutral pH values are needed to support an active DHC population. Average pH
(6.89) in 2008 for the Shell Horizon decreased slightly in comparison to the average pH
(6.60) in 2009. Localized impacts to pH will be discussed in more depth when the
secondary groundwater quality is discussed below.

e The alkalinity in the aquifer did not change after the injection of the biobarrier. This
stability in the alkalinity is assumed to be due to the shells serving as a carbonate source.
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Nevertheless, the total alkalinity level within the Shell Horizon averaged 179 mg/L as
CaCO3 and can be characterized low’.

e The TOC values within the SHB-3 increased from 1.8 mg/L to 769 mg/L in
IW-70-SHB310 after EVO injection (Table 4-16). Downgradient TOC levels also
increased from 1.7 mg/L to 27.7 mg/L in MW-70-PMW12B; however, TOC did not
increase in MW-70-PMW?12A. This difference in TOC levels between
MW-70-PMW12A and MW-70-PMW12B suggests that amended groundwater either has
not reached MW-70-PMW12A yet or low levels of TOC were already used by the
microbial community (next bullet). Increased concentrations of acetate and propionate
(Table 4-15), which indicate that fermentation of the EVO is occurring, are consistent
with the increases in TOC levels measured in IW-70-SHB310 and MW-70-PMW12B.
Consistent with the lack of significant change in TOC concentration at
MW-70-PMW12A, the groundwater exhibited little impact due to the biobarrier injection
with only low levels acetate (3.43 mg/L) being detected.

e Levels of DHC in IW-70-SHB310 increased from non-detect to 3 x 10° cells/L as shown
in Table 4-15. Although the levels of DHC are not above the performance metric of 10
cells/L, activity of the vcrA gene was observed (1 x 10° cells/L), which indicates that the
DHC population is actively degrading VC. Migration of DHC appears to be occurring as
is evidenced by the substantial levels measured in groundwater collected from both
MW-70-PMW12A and MW-70-PMW12B, which were DHC at 2 x 10° cells/L and
1 x 10° cells/L, respectively.

While vcrA activity was not detected in the downgradient wells, this non-detect suggests that the
DHC community has not yet started to degrade VC in sufficient quantities to generate detectable
levels of the vcrA gene.

Figure 4-9 shows the impact of installing the SHB3 biobarrier on molar COC concentrations in
the Shell Horizon. In Figure 4-9, the wells are listed from left to right in an order commensurate
with the direction that the groundwater moves through the Biobarrier (Figures 3-3 and 4-2).
Molar COC concentrations are shown first for the upgradient PMWs (MW-70-PMW11A and
MW-70-PMW11B), then the representative SHB3 injection well (IW-70-SHB310), and finally
the downgradient PMWs (MW-70-PMW12A and MW-70-PMW12B). To facilitate the
performance assessment, data for each well before SHB3 injection (2008) and directly after
SHB3 Group 2 injection (2009) are shown. The following bullets discuss the data associated
with each set of wells.

e Upgradient of the biobarrier (MW-70-PMW11A and MW-70-PMW11B), the total
volatile organic compound (VOC) concentrations increased after installing the SHB3

® Levels less than 300 mg/L can be problematic for EISB applications (AFCEE) limited alkalinity inhibits the
aquifers ability to buffer against changes in pH that result from the production of hydrogen during fermentation.
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with TCE comprising the majority of the COCs. While a small fraction of DCE was also
observed in the upgradient wells, further evidence of reductive dechlorination (i.e., an
increase in VC and ethane levels) was not observed in substantial quantities.

e Within the biobarrier, IW-70-SHB310 showed an increase in the total molar
concentration of VOCs after the injection of the barrier was completed. This increase is
most likely due to mixing of the amended groundwater in the subsurface and subsequent
solubilization of sorbed contaminants off the aquifer matrix. However, the increased
concentrations of ethane and VC that are observed in groundwater samples collected after
the barrier was installed are indicative that the biobarrier is stimulating reductive
dechlorination as planned.

e Downgradient of the biobarrier in MW-70-PMW12A and MW-70-PMW12B, there was a
shift in primary contaminants after SHB3 injection. Specifically, both wells showed
substantial VC production with VC as the major contaminant and trace levels of only
DCE remaining. The data suggest that TCE levels detected before biobarrier injection
were dechlorinated to VVC after injection of SHB3. These results support the DHC and
vCcrA data in that MW-70-PMW12A and MW-70-PMW12B do contain active DHC
populations however vcrA activity is limited (i.e., hence the high VC levels). Such
results are typical as the highly chlorinated solvents (e.g., TCE) are preferentially
dechlorinated over the less chlorinated solvents (e.g., VC) because TCE dechlorination is
more energetically favorable compared to VC dechlorination. It is expected that
dechlorination of the VC will occur as the TCE is consumed and as the DHC population
becomes better established in the aquifer.

In summary, the molar COC trends show that the SHB3 is promoting reductive dechlorination
and is performing well and as planned. Furthermore, it is expected once the DHC populations
become fully established that ethene production will begin throughout the SHB3 treatment area.

In addition to the monitoring that was performed in the vicinity of the biobarrier, one MNA well
(MW-70-MNA14) was sampled as part of the long-term performance monitoring program to
support the transition to MNA after the ISB portion of the remedy has been completed.
MW-70-MNAU14 is located at least 400 ft down gradient from the SHB3 and is screened within
the same lower depth interval as the biobarrier wells. As shown in Table 4-5, the concentrations
of the COCs in well MW-70-MNA14 are below the maximum contaminant levels (MCLS) in
samples collected during both the 2008 and 2009 sampling events. This well will continue to be
sampled to monitor the migration of the contaminants and their dechlorination products from the
SHB3 over the project lifecycle.

In addition to the MNA well, one POC well (MW-70-23) was also sampled in both 2008 and
2009. This well is located at least 1,600 ft west of SHB3 at the boundary of Seal Beach and
serves as the sentinel well for the potential migration of contaminants through the Shell Horizon.
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The baseline sampling in 2008 showed that all COCs were below detection limits. The 2009
sampling confirmed that the COC concentrations (ppb) remained below detection limits for all
COCs (Table 4-6). This well will continue to be sampled to monitor the potential for
contaminant migration towards this location over the project lifecycle.

As noted previously, secondary groundwater quality was also monitored. The EISB injection of
the barrier can impact the groundwater geochemistry to reduce the efficacy of the barriers and/or
produce potentially hazardous by-products. Limited impacts to the secondary groundwater
quality were observed in the SHB3 and are summarized below:

e Fermentation of the EVO creates various acids that can reduce the pH of the aquifer. The
pH in the extraction wells was monitored during injection of the SHB3 and three months
after completion of the SHB3 as shown in Figure 4-10. While the average pH decreased
to below 5.5 during the initial EVO injection®, the Shell Horizon aquifer recovered within
a month and continues to exhibit an average of 6.1. Overall, there has been little impact
to the groundwater pH in the vicinity of the SHBS3.

e With short-term change in pH experienced in the aquifer and a decrease in redox
conditions, the potential for metals mobilization was evaluated. While an increase in
dissolved iron was noted across the biobarrier due to iron reduction, no significant change
to metals concentrations was observed for metals such as arsenic (Table 4-5).

e In addition to impacts on pH, fermentation of EVO produces methane and in the presence
of sulfate generates hydrogen sulfide. Although no hydrogen sulfide was detected in
September 2009 via Standard Method 4500, subsequent sampling three months later in
November 2009 via Hach Method 8131, which is equivalent to the Standard Method,
indicated sulfide production in the down gradient wells (Table 4-14). As noted
previously, methane concentrations in groundwater increased across the biobarrier from
non-detect to greater than 23 mg/L. It is recommended as a precaution to test the well
head for sulfides and methane prior to sampling groundwater.

4.3 SECOND SAND GROUNDWATER QUALITY

Groundwater samples were collected in the biobarrier well IW-70-SSB109 (screened between
126 to 166 feet bgs), and upgradient and downgradient PMWs, consisting of MW-70-PMW13A
(screened between 125 and 135 feet bgs), MW-70-PMW13B (screened between 145 and 155 feet
bgs) and MW-70-PMW14A (screened between 128 and 138 feet bgs) and MW-70-PMW14B
(screened between 149 and 159 feet bgs), respectively. Groundwater samples also were
collected in wells MW-70-MNAL16 (screened between 141 and 151 feet bgs), MW-70-MNA17

® The EVO was reformulated to remove the sodium lactate about half way during the installation of this barrier
because of a significant pH drop that was observed during installation. The sodium lactate is rapidly fermented,
which can result in a substantial reduction in pH if the aquifer is not adequately buffered. Additional details are
provided in Section 2.
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(screened between 140 and 150 feet bgs), MW-70-MNAT1S5 (screened between 140 and 150 feet
bgs), MW-70-15 (screened between 161 and 171 feet bgs), MW-70-14 (screened between 160
and 170 feet bgs), and MW-70-43B (screened between 136 and 146 feet bgs). All these wells,
except for wells MW-70-14 and MW-70-43B, were installed for the purpose of monitoring the
performance of the second sand biobarrer and follow on treatment utilizing MNA (Figures 4-11,
4-12, and 4-13).

Wells MW-70-14 and MW-70-43B were incorporated into the monitoring network for IR Site 70
in order to better define the lateral and vertical extent of TCE contamination and help in overall
performance monitoring for the site (Insight 2009a). Two of these wells, including MW-70-14
and MW-70-43B are located in the Second Sand. MW-70-14 is screened in the deeper portion of
the Second Sand, between 161 to 171 ft bgs (Table 1-2). Well MW-70-43B, is screened in the
shallower portion of the Second Sand, between 136 to 146 ft bgs. These two wells were sampled
during the 2009 monitoring event; results are summarized in this section.

As at previous biobarriers, groundwater quality parameters were monitored to note changes in
aquifer conditions after introduction of EVO and to ensure that the aquifer met SiREM’s
requirements for KB-1" bioaugmentation. As with the SAB and SHB3, the redox parameters
were used to document the redox potential in the Second Sand. The following bullets summarize
the redox parameters shown in Table 4-16.

e DO averaged 0.0 mg/L before and after biobarrier injection. These data showed that the
aquifer was anoxic before and after the EVO injections and that installing the biobarrier
did not aerate the aquifer which is vital for maintaining an active dechlorinating
population.

e ORP decreased during the SSB1 injection. Specifically, ORP averaged -157 mV before
the SSB1 injections and averaged -225 mV six months after installing the SSB1. These
data indicated that as the biobarrier was installed the ORP level decreased from a mildly
reducing to moderately reducing environment.

e Sulfate concentrations averaged 525 mg/L prior to EVO injection. After the injection of
SSB1 was completed, sulfate levels decreased to an average of 298 mg/L. The sulfate
levels support the ORP data in that the consumption of sulfate indicates a decrease in the
redox state of the aquifer.

e Trace levels of methane were observed before SSB1 injection. After EVO injections,
methane levels increased to an average of 2,609 ug/L. The methane data substantiates
the ORP and sulfate data and confirms that the redox state in the aquifer was moderately
reducing after injection of SSB1.
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In summary, prior to EVO injection the groundwater in the vicinity of the SSB1 was
characterized as mildly reducing. After EISB injection of SSB1, the data indicate moderately
reducing conditions suitable for reductive dechlorination were present.

In addition to the redox state, the subsurface conditions necessary to achieve reductive
dechlorination are present in the vicinity of the SSB1 based on the following lines of evidence:

e Average pH values (6.7) in the Second Sand did not change over the last year. Localized
impacts to pH will be discussed in more depth when the secondary groundwater quality is
discussed below (Figure 4-13).

e The alkalinity upgradient of the SSB1 showed no change after the injection of SSB1.
However within the biobarrier and downgradient of the SSB1, the alkalinity increased
after the injection of the SSB1. This increase is likely a result of the iron reduction and
sulfate reduction that is occurring under the moderately reducing conditions. For
example, sulfate concentrations in groundwater at IW-70-SSB109 started at 719 mg/L in
2008 and decreased to 0.88 mg/L six months after the injection of the SSB1.

e The qualitative measurements of EVO are shown in Table 4-17 for TOC and VFAs. The
TOC values within the SSB1 increased from 1.28 to 1,110 mg/L in IW-70-SSB109 after
EVO injection. Downgradient TOC levels also increased from 1.72 to 5.91 mg/L in
MW-70-PMW14B and from 2.08 mg/L to 3.59 mg/L in MW-70-PMW14A. Detectable
concentrations of acetate in the down gradient PMWs indicate fermentation of the lactate
and vegetable oil injected into the biobarrier wells. Within the SSB1, high levels of
acetate, propionate, and butyrate demonstrate that fermentation of the EVO is occurring
as designed.

e Levels of DHC in IW-70-SSB109 increased from low levels (5 x 10° cells/L) to moderate
levels (1 x 10* cells/L) as shown in Table 4-16. Migration of DHC was also observed in
the downgradient PMWs. Groundwater from both MW-70-PMW14A and MW-70-
PMW?14B contained moderate to low levels of DHC at 5 x 10° cells/L and 5 x 10 cells/L,
respectively. Levels of the vcrA gene were below quantitation limits after installing the
SSB1 in both the SSB1 well and the downgradient PMWs. Overall, the slower
establishment of the DHC population in the biobarrier could be a result of the lower COC
levels in the area surrounding the SSB1. It should be noted that microbial growth as well
as reductive dechlorination is dependent on COC concentration. In addition, the
predominance of sulfate reduction at the SSB1 may be competing with the dechlorinating
population for electron donors. It is expected as the sulfate concentration decreases and
more time passes, the DHC community will become fully established within the
treatment zone.

Figure 4-11 shows the impact of implementing the SSB1 on molar COC concentrations. As
done with the SHB3 data, the wells are listed from left to right in an order commensurate with
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the direction that groundwater moves through the biobarrier. Molar COC concentrations are
shown first for the upgradient PMWs (MW-70-PMW13A and MW-70-PMW13B), then the
representative SHB3 well (IW-70-SSB109), and finally the downgradient PMWs (MW-70-
PMW14A and MW-70-PMW14B). To facilitate the performance assessment, data for each well
before SSB1 injection (2008) and six months after SSB1 injection (2009) are shown.

e Upgradient well MW-70-PMW13A is screened from 125 to 135 bgs (upper well) and
exhibits similar total VOC concentrations and molar ratios before and after SSB1
injection. The data indicate that reductive dechlorination was occurring within the
Second Sand prior to installing the biobarrier and has not likely been impacted by the
injection of the barrier, which was expected considering that the wells are located
upgradient of the barrier. As in MW-70-PMW13A, both DCE and VC were detected at
MW-70-PMW13B and indicate that reductive dechlorination was occurring within the
Second Sand prior to installing the biobarrier.

e At the biobarrier well IW-70-SSB109, similar total VOC concentrations were observed
before and after the biobarrier injection. However, the predominant COC shifted from
TCE before the injection of SSB1, and to DCE and VC after injection of SSB1. This
indicates that the biobarrier is stimulating reductive dechlorination as planned. However,
the SSB1 did not exhibit an increase in total VOCs like the SHB3. This difference is
possibly due to the levels of contamination in the aquifer. Since the SSB1 has lower
levels of contamination than the SHB3, there is less sorbed contamination to the aquifer
sediment at the SSB. Therefore, the mixing caused by the injections did not increase the
COC levels.

e Downgradient of the SSB1, MW-70-PMW14A and MW-70-PMW14B showed
substantial production of TCE daughter products. For MW-70-PMW14A, the
predominant COC shifted from TCE before EVO injections to VVC after injection of
SSB1. Furthermore, DCE production doubled after injection of the biobarrier. While the
deeper screened MW-70-PMW14B did not produce VC, DCE production increased and
TCE levels were substantially reduced. It is anticipated that VVC production will be seen
at the next round of performance monitoring. These data show that the downgradient
PMWs are within the remedial objective Radius of Influence of the biobarrier and that the
remedy is performing well.

In summary, the molar COC trends show that the SSB1 is promoting reductive dechlorination
and is performing as planned. Furthermore, it is expected once the DHC populations become
fully established that more VC generation will be seen and ethene production will begin
throughout the SSB1 treatment area.

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach page 4-13



IEEC-1107-0014-0003
May 2010
Section 4 Groundwater Quality Monitoring

In addition to the monitoring adjacent to the biobarrier, wells MW-70-15 and MW-70-MNA15
through MW-70-MNA-17 were sampled. Figure 4-12 shows the molar concentrations of the
COCs from the 2008 and 2009 sampling events.

e No significant change in COCs at MW-MW?70-15 between 2008 and 2009 with only
trace levels of TCE and DCE being detected.

e Total VOCs increased by 62 percent in MW-70-MNA-15 between years due to an
increase in TCE concentration (by 72 percent). MW-70-MNA-15 is over 600 ft
upgradient of the SSB1 and would not be influenced by it. It also is located far
downgradient of the SAB and upgradient of the SHB3 and screened at a different interval
then the injection wells installed in either of those barriers. Hence, changes in
concentrations measured in MNA15 are not thought to have been directly influenced by
activities associated with the EISB injection of any of the biobarriers.

e The concentration of total VOCs increased by 12 percent in MW-70-MNA-16 between
years as a result of greater than a 200 percent increase in TCE and concomitant decrease
in DCE (9 percent) in 2009. Low levels of VC were also detected in 2009. Although
DCE levels decreased, the production of VVC is encouraging at the toe of the plume.

e No significant changes in COCs were noted between 2008 and 2009 in MW-70-MNA-17
with only trace levels being detected.

TCE concentrations were reported from groundwater samples collected from well MW-70-14
and MW-70-43B in 2009 at 530 pg/L and less than the reporting limit of 5 pg/L, respectively.
The reported concentration of TCE in well MW-70-14 was 45 ug/L during the 2005 groundwater
monitoring (BEI 2006). A subsequent groundwater sample was collected from well MW-70-14
in January 2010 at a reported concentration of 210 pg/L of TCE (Table 4-5). Well MW-70-14 is
located approximately 600 feet of the northernmost extent of the Second Sand Biobarrier. This
well will need to continue to be monitored to evaluate the northeast extent of TCE in
groundwater.

PCE was reported in the groundwater sample collected from well MW-70-36, a POC well, at
30 pg/L. The reported concentration of PCE in MW-70-36 was 2.4 and 3.9 pg/L in the 2008 and
2005 groundwater monitoring rounds, respectively (Insight 2009a; BEI 2006). MW-70-36 is
located approximately 800 feet southwest (cross-gradient) of Biobarrier SSB1. This trend will
be monitored in the next groundwater sampling round in August 2010 to determine whether
additional characterization or controls may be warranted.

As noted previously, secondary groundwater quality was also monitored. Localized impacts to
the secondary groundwater quality were observed in the SSB1 and are summarized below:

e Due to fermentation of the EVO, the pH of the groundwater within the SSB1 decreased
during EVO injection into Group 1 and Group 2. As shown in Figure 4-13, the pH in the
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extraction wells dropped below an average of 5.5 during Group 3 EVO injections. To
buffer injection of the KB-1® culture, bicarbonate was added to the anoxic water. By
July 2009, the pH in the biobarriers had recovered and risen above 6.0. Overall, while
localized decreases in pH were observed during and after SSB1 injection, the Second
Sand aquifer appears to be recovering over time. Most importantly, the aquifer pH has
remained above 6.0 since July and is therefore providing an appropriate environment for
an active dechlorination population.

e Anincrease in dissolved iron was noted across the biobarrier due to iron reduction.
However, no significant change to metals concentrations was observed for metals such as
arsenic (Table 4-7).

e In addition to impacts on pH, fermentation of EVO produces methane and in the presence
of sulfate generates hydrogen sulfide. Although no hydrogen sulfide was detected in
September 2009 via Standard Method 4500, subsequent sampling three months later in
November 2009 via Hach Method 8131 indicated sulfide production in the down gradient
wells (Table 4-16). As noted previously, methane concentrations in groundwater
increased across the biobarrier from non-detect to greater than 17 mg/L. Itis
recommended as a precaution to test the well head for sulfides and methane prior to
sampling groundwater.

Groundwater levels were measured prior to and after the injection of each of the biobarriers to
determine if mounding of groundwater was occurring, which could indicate that EISB injection
of the barriers resulted in a change in hydraulic conductivity that resulted in groundwater flowing
around the barrier as opposed to through it. Results confirm that mounding is not occurring;
hence, it is not believed that the barriers have impacted groundwater flow.

4.4 DEEP SAND GROUNDWATER QUALITY

Groundwater samples were collected from Deep Sand POC wells in September 2009. There is
no Biobarrier in the Deep Sand. The analytical results for groundwater samples collected in
Deep Sand Wells MW-70-POC02, MW-70-POCO03, and MW-70-POCO04 are summarized in
Table 4-9 and Figure 4-4. Vinyl chloride was reported at an estimated concentration of
0.31 pg/L in the groundwater sample collected from well MW-70-POC02 (Table 4-9,
Figure 4-4). Toluene was reported in well MW-70-POC04 during the 2009 Performance
Monitoring at a concentration of 1.5 pg/L, compared to an estimated concentration of 0.45 pg/L
during the 2008 baseline monitoring event. Carbon disulfide was also reported at an estimated
concentration of 0.27 pg/L in well MW-70-POCO02. All VOC results were below the target
cleanup goals and MCLs.
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45 1,4-DIOXANE GROUNDWATER SAMPLING

The RWQCB requested the addition of 1,4-dioxane to the groundwater sampling analyses at
select wells at IR Site 70, since it was previously reported in groundwater samples collected
between 2003 and 2005 (RWQCB 2009, BEI 2006).

Table 4-10 summarizes the results of the thirteen groundwater samples collected in December
2009 for analysis of 1,4-dioxane. All groundwater samples were collected in accordance with
the Addendum to the Sampling and Analysis Plan Addendum (Insight 2009b). 1,4-dioxane was
reported in two of the thirteen groundwater samples: 45 pg/L in well MW-70-03, and 1.4 pg/L in
well MW-70-PMWO3A. The highest reported concentration of 1,4-dioxane reported as part of
the 2005 groundwater monitoring was in well MW-70-03, at a concentration of 47 ug/L
(BEI 2006).

46 SUMMARY OF GROUNDWATER QUALITY

The purpose of the groundwater quality monitoring performed in 2009 was to track the progress
of achieving the goals of the EISB remedy in the three biobarriers where injection was
completed: SAB, SHB3, and SSB1.

In general, prior to injecting the EVO, the biobarrier wells were anoxic and mildly reducing.
Injection of the vegetable oil appears to have generated strongly reducing conditions while
maintaining the anoxic state of the aquifer in the area of each of the biobarriers, which are both
necessary for the proliferation of the KB-1® culture.

Increases in both TOC and VFAs measured in the performance monitoring wells located in close
proximity to each barrier indicate that the EVO appears to be successfully distributed outward
from the injection wells associated with each biobarrier. The DHC and to a lesser extent the
vcrA gene necessary for reduction of VC were detected and elevated in the majority of the
performance monitoring wells located downgradient of each of the biobarriers, demonstrating
that distribution of the amendments was successful.

In review of the performance monitoring data for the three biobarriers, including the molar COC
trend, it appears that the EISB activities are promoting reductive dechlorination of TCE to cDCE
and to a lesser extent the formation of VC and ethene. In general, it is expected that once the
DHC populations become fully established in the biobarriers, that the concentrations of VC and
ethene may be observed to initially increase, follow by a permanent reduction of concentration of
V/C and other chlorinated COCs.

Secondary impacts to groundwater were noted during and to a lesser extent subsequent to the
EISB injection of each barrier. Of primary concern was the reduction of pH that was observed
during (see Section 2) and immediately after injection of each of the barriers. For instance, the
pH was observed to decrease below 5.5 on several occasions, which is a direct result of the low
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buffering capacity of the groundwater in the areas in which the three biobarriers were installed’.
However, based on the data collected during the 2009 event, the pH (average) was observed to
rebound to some extent at all three of the barriers to levels that will not adversely impact the
performance of the barriers.

Another impact to groundwater that was noted during the injection of the barriers was the
formation of a black precipitate. Although not specifically analyzed for during the 2009 event,
Scanning Electron Microscopy with Energy Dispersive Spectrophotometer (SEM-EDS) was
performed on samples collected during the injection of the SAB, which indicated the presence of
iron sulfides. Although the precipitate likely contributed to fouling of the wells, which hindered
injection of the barriers, its presence may be beneficial in the long-term as it has been
demonstrated that iron sulfides can rapidly abiotically reduce the COCs present at the site
(AFCEE 2004). Also, the precipitation of the iron sulfides prevent high levels of sulfide (as
hydrogen sulfide) from accumulating in the subsurface, which can be toxic to the DHC as well as
present human health risks.

Active methanogenesis is occurring in the biobarriers. Concentrations of methane in groundwater
samples located in close proximity to the biobarriers have increased substantially. Since
methane can accumulate in the subsurface and migrate to the surface, continued monitoring of
methane in the vapor points (Section 5) and monitoring at the surface is recommended. Special
care (venting, explosion-proof meters, etc) must be taken prior to any sampling or intrusive
activities in this area to minimize the risk of fire or explosion.

PCE was reported in the groundwater sample collected from well MW-70-36, a POC well, at
30 pg/L. The reported concentration of PCE in MW-70-36 was 2.4 and 3.9 pg/L in the 2008 and
2005 groundwater monitoring event, respectively (Insight 2009a; BEI 2006). MW-70-36 is
located approximately 800 feet southwest (cross-gradient) of Biobarrier SSB1. This trend will be
monitored in the next groundwater sampling event scheduled for August 2010 to determine
whether additional characterization or controls may be warranted.

The Deep Sand POC wells were monitored as part of the performance monitoring. Vinyl
chloride was reported at an estimated concentration of 0.31 ug/L, below the target cleanup goal.
Continued monitoring of the Deep Sand is recommended.

Finally, based on comparison of 2009 and 2005 groundwater analytical results for 1,4-dioxane
for select wells at IR Site 70, no increasing trends are observed for this analyte.

’ Measures were taken to mitigate the decrease in pH including adding sodium bicarbonate to the anoxic water that
was added prior and immediately after the KB-1® culture was added and to reformulate the EVO to remove the
sodium lactate that is biodegraded relatively quickly and liberates acids that reduce the pH.
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Section 5

SOIL VAPOR SAMPLING RESULTS

This section discusses the results of the soil vapor sampling conducted at IR Site 70 on
September 14, 2009 as part of the performance monitoring activities.

Electron donor in the form of EVO acts to reduce the ORP of the aquifer as it is consumed
through biological reactions in the subsurface. When the aquifer becomes sufficiently reduced,
sulfate reduction and methanogenic reactions can occur. These reactions result in the production
of methane and hydrogen sulfide gases (ECC/Geosyntec 2008a).

Twelve soil vapor probes were installed at the locations shown in Figure 1-3 as part of the
baseline monitoring performed in 2008, to monitor methane and hydrogen sulfide gases within
the vadose zone soils (Insight 2009a). The twelve soil vapor probes are constructed within the
vadose zone at depths between 5 and 6 ft bgs. These locations were chosen to correspond with
areas present near active buildings or underground utility corridors containing potentially high
concentrations of electron donor. The probes were installed around the source area and
downgradient to monitor for migration of these gases as required by the RAWP
(ECC/Geosyntec 2008a). Monitoring of these gases over the course of the remedial action at IR
Site 70 is important for the protection of onsite workers including those engaged in the remedial
action as well as the many tenants/occupants of the surrounding facilities.

During the 2009 performance monitoring, soil gas samples were collected from the 12 soil vapor
probes, and were analyzed for methane and hydrogen sulfide gases. The analytical results are
shown in Table 5-1 and Figure 5-1 and discussed in further detail below.

5.1 METHANE SOIL VAPOR RESULTS

Methane was reported in all samples and ranged from 1,000 parts per million by volume (ppmV)
at SV-70-11 (east of Building 122) to greater than 990,000 ppmV at SV-70-05 (southwest of
Building 118). The lower explosive limit (LEL) for methane in air is 5 percent while the upper
explosive limit (UEL) in air is 15 percent. Methane was reported in three samples (SV-70-02,
SV-70-05, and SV-70-09) at concentrations above the UEL. The concentration of methane
reported in one other sample (SV-70-04) was slightly below the LEL. In general, compared to
the 2008 baseline soil vapor sampling event, the methane concentrations have increased in ten
soil vapor probes (SV-70-01 through SV-70-07, SV-70-09, SV-70-11, and SV-70-12) and
decreased in two soil vapor probes (SV-70-08 and SV-70-10) during the 2009 soil vapor
sampling event. The three highest concentrations of methane reported during the 2009 sampling
event (SV-70-02, SV-70-05, and SV-70-09) were measured in samples collected from locations
immediately adjacent to the passive test cell used as part of the ESTCP project (CDM 2007).
The greatest concentration measured in the vicinity of the SAB wells was 20,000 ppmV.
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5.2 HYDROGEN SULFIDE SOIL VAPOR RESULTS

Hydrogen sulfide was not detected above the laboratory reporting limit of 1.0 ppmV in any of
the soil vapor samples collected from 12 soil vapor probes (SV-70-01 through SV-70-12) during
the 2009 sampling event. The LEL for hydrogen sulfide in air is 4 percent and the Occupational
Safety and Health Administration health based time-weighted average permissible exposure limit
is 10 parts per million in air.

5.3 AMBIENT AIR MONITORING FOR METHANE GAS

A methane monitoring plan was prepared (Insight 2009¢) to monitor and document methane
levels within utility corridors and buildings where methane concentrations could accumulate in
air above the LEL. As part of this plan, selected locations throughout the RT&E Area were
monitored weekly for the first two months of the EISB activities, and monthly thereafter.
Monitoring locations were selected based on analytical results from soil gas probes installed
within the vadose zone soils and the proximity of the probes to nearby utility corridors,
buildings, and groundwater wells. The following locations were monitored periodically for
methane gas in the RT&E area:

e Inside Buildings 118, 121, 123 (northwest corner), and 124.

e Utility corridors west of the tank farm and east of soil gas probes SV-70-02 and
SV-70-05.

A hand-held multi-gas meter (RKI Eagle) equipped with methane and oxygen sensors was used
to monitor for the presence of explosive vapors and oxygen levels within the selected areas.
Inside buildings, readings were taken within the breathing zone and at or near surface features
(e.g., cracks, joints, penetrations, subsurface utility accesses) in the floor slab that could serve as
potential pathways for the infiltration of methane gas from the underlying soils or through
connecting subsurface utility chases. Stagnant areas where methane gas could potentially
accumulate were also monitored. Readings were recorded on a map of the building. In outdoor
areas, readings were taken in and around access openings to utility corridors and groundwater
well boxes, and at or near cracks in the asphalt and/or other surface features that could serve as
migration pathways for methane gas. Readings were recorded on an area map.

Methane monitoring results logs were prepared and submitted to the Remedial Project Manager,
Station IR Program Manager, and Facilities Engineering Acquisition Division, Seal Beach upon
completion of each monitoring event. Methane gas was not detected in the ambient air within
the breathing zone either inside the buildings or in outdoor areas of the locations monitored to
date in the RT&E area.
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5.3.1 MEASURES TAKEN TO PROTECT ONSITE WORKERS

The following precautionary measures were instituted to protect onsite workers from the effects
of methane gas production during remedial action at IR Site 70.

e Instituted a methane monitoring program to monitor and document methane levels within
utility corridors and buildings where methane concentrations could accumulate in air
above the LEL.

e Notified building tenants/occupants of the potential methane intrusion.

e Notified CDM of the soil gas results so appropriate precautionary measures could be
taken when accessing wells or conducting other work within the test cells.

e Posted warning signs throughout the area and on entrances to utility corridors to warn of
the potential presence of flammable vapors.

e Posted no smoking and no parking signs in areas that could potentially present an
explosive hazard.

e Designated specific smoking areas that are well outside areas of potential explosive
hazard.

5.4 SUMMARY OF SOIL VAPOR RESULTS

The three highest concentrations of methane reported in the soil gas samples (SV-70-02, SV-70-
05, and SV-70-09) are located adjacent to the ESTCP project study area and in close proximity
to underground utility corridors but more than 200 feet from the nearest SAB well, MW-70-
SAB14. The ESTCP project utilizes an electron donor (sodium lactate), which similar to EVO,
can stimulate the production of methane. Concentrations measured in the vicinity of the SAB
wells ranged from 1,000 to 20,000 ppmV.

Continued production of methane during EISB and subsequent mixing with air, can produce
concentrations within the explosive range. Migration from the vadose zone soils to the surface
through cracks in the asphalt and/or to nearby utility corridors through preferential pathways in
the subsurface is a potential hazard. However, a methane monitoring plan has been put in place
to ensure that onsite workers are protected.
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Section 6

DATA QUALITY ASSURANCE/QUALITY CONTROL
SUMMARY

This section summarizes quality assurance and quality control findings of the analytical results.
Groundwater from 35 monitoring wells selected for annual groundwater monitoring were
sampled and analyzed in accordance with the Final SAP and SAP Addendum
(ECC/Geosyntec 2008a; Insight 2009b). All groundwater samples were analyzed by EMAX
Laboratories located in Torrance, California, except for deoxyribonucleic acid (DNA) assay
analysis which was analyzed by SIREM located in Ontario, Canada. Appendix C summarizes
laboratory analyses performed on groundwater samples collected from each well at IR Site 70 in
August through October 2009, and Tables 4-2 through 4-10 present all groundwater results. The
results of the groundwater 2009 performance monitoring are summarized in Section 4. Appendix
D details data usability assessment and data validation reports. Appendix H summarizes the
variances from the Work Plan.

Procedures from the following methods were used to analyze groundwater and field quality
control samples:

e VOCs were analyzed using U.S. EPA Method 8260B

e DHGs consist of ethane, ethene, and methane and were analyzed using RSK 175

e Anions (bromide, chloride, sulfate, nitrate, nitrite) were analyzed using U.S. EPA
Method 300.0

e VFAs (acetate, butyrate, lactate, propionate) were analyzed using U.S. EPA
Method 300.0M

e TOC was analyzed using Standard Method 5310B
e Dissolved Hydrogen Sulfide was analyzed using Standard Method 4500F
e TDS was analyzed using Standard Method 2540C

e Dissolved Metals (arsenic, iron, manganese) were analyzed using U.S. EPA Method
6010B

e DNA assay analysis was analyzed using SIREM developed Quantitative Gene-Trac Test
e 1 4-dioxane was analyzed using U.S. EPA Method 8270C SIM

Soil gas vapor samples were collected for analysis of methane and hydrogen sulfide at
12 locations presented in Figure 1-3 using U.S. EPA Methods 25C and 16, respectively.
Methane vapor samples were analyzed by Calscience Environmental located in Garden Grove,
California. If methane was not detected using Method 25C, then the sample was reanalyzed
using Method 3C. The purpose of the soil vapor probes and sampling was to monitor migration
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of methane and hydrogen sulfide in the vadose zone in the source area and downgradient of the
source area. The results of the soil vapor sampling are summarized in Section 5.

The laboratory’s quality assurance oversight involved the performance of a first-level screening
of the data and an indication of any deviations from their precision, accuracy, detection limit, or
laboratory QA/QC criteria. A copy of the laboratory QA/QC analytical results can be found in
Appendix C. A representative from the laboratory signed the data sheets, ensuring that the
screening described above had been completed. Subsequently, Insight completed data review by
comparing chain-of-custody forms, sample receipts, sample log-ins, and laboratory data
packages. Review of these summaries confirmed that data quality objectives were met.
Additionally, the analytical data, along with the associated laboratory quality control
information, were forwarded to Laboratory Data Consultants, Inc., an independent data
validation service, for data validation. A U.S. EPA Level Il data validation was performed on
90 percent of the groundwater samples; the remaining 10 percent of the samples underwent a
Level IV data validation. Copies of the chain-of-custody documentation are included in
Appendix B.

Data validation includes evaluation of holding times, sample preservation, cooler temperatures,
calibrations, blanks, laboratory quality control samples, and field quality control samples.
Generally, the results were within analytical criteria with a few minor exceptions, such as
calibration outliers of some VOC compounds and detection of TOC in the laboratory blank.
Calibration outliers affected VOC compounds that are not constituents of concern of Site 70. All
affected compounds were qualified “J” or “UJ”. Outliers noted during data validation are
summarized in Table D-2 of Appendix D.

QA/QC measurements were taken in the field to ensure that meaningful and representative data
sets were generated. Field duplicate samples were collected at a rate of 10 percent of the total
number of groundwater monitoring wells sampled and one trip blank sample was included in
each cooler that contained volatile organic analysis vials. These samples were collected to
ensure the consistency and integrity of sample collection methods. Field duplicate samples were
collected for wells MW-70-PMW-03A, MW-70-PMW11A, and MW-70-PMW14B. Field
duplicate results are generally similar to the original results and no significant problems were
noted. Eleven trip blank samples were shipped. No VOC contaminant was reported in the trip
blanks with the exception of methylene chloride (0.64J pg/L, 8/25/09) and chloromethane
(0.24J png/L, 9/17/09).

Data were generally found to be acceptable with respect to accuracy, precision, completeness,
and comparability criteria (Table 6-1). All analytical data presented in Tables 4-2 through 4-10
are valid and usable. Most of the validation findings were advisory and findings are detailed in
Appendix D.
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SUMMARY AND RECOMMENDATIONS

The EISB remediation activities at IR Site 70 are being conducted in accordance with the
technical and functional requirements specified in the RAWP (ECC/Geosyntec 2008a). Field
activities are being performed as established in the SOPs contained in Attachment B-2 of the
SAP.

EISB injection of the first biobarrier began in November 2008 after the conclusion of baseline
groundwater monitoring activities (Insight 2009a). EISB injection of the biobarriers and SATG
are being performed sequentially, completing the installation activities in one area before
initiating the next. The following sequence of EISB activities are summarized in this report:

1. Source Area Biobarrier (completed on January 30, 2009)
2. Second Sand Biobarrier 1 (completed on March 18, 2009)

3. Shell Horizon Biobarrier 3 (completed on September 25, 2009)

7.1 SUMMARY

This section summarizes the geochemical considerations, KB-1® distribution and survivability,
and impact to groundwater flow.

7.1.1 GEOCHEMICAL CONSIDERATIONS

Adding EVO and KB-1® to the aquifer and subsequent degradation reactions alter the
geochemistry of the aquifer. Some of these changes are desired and are necessary for EISB to be
effective. For instance:

e Itis necessary for the content of dissolved oxygen to be less than 0.2 mg/L to maintain an
active, healthy DHC population.

e The aquifer should be sufficiently reducing, which will help to maintain an active DHC

population and ensure that other types of bacteria do not out-compete the DHC.
To ensure that these conditions were met, initially EVO was purchased that contained 4 percent
sodium lactate. The sodium lactate, which is readily fermented by a wide-range of bacteria to
produce hydrogen, was used to stimulate the indigenous population of bacteria, which in turn
would produce optimum conditions necessary for the DHC. However, as was observed during
EISB injection of all three biobarriers, the production of this hydrogen also lowers the pH. At
many sites, substantial lowering of the pH (i.e., to levels that would be harmful to the DHC) is
prevented by the buffering capacity of the aquifer.
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Pilot testing at the site had indicated that the alkalinity at the site was sufficient to buffer the
aquifer pH (Geosyntec 2006). However, because of the low pH observed during the injection of
the SAB, groundwater samples were collected from wells and analyzed for alkalinity. Results
indicated that the alkalinity varied considerably between the area where the pilot test was
performed and where the SAB was installed. Hence, steps were taken to elevate the pH and
prevent further reduction in future biobarriers. These included:

e The anoxic water injected immediately before and after the KB-1® was injected was
buffered with sodium bicarbonate. Approximately 200 pounds of sodium bicarbonate
was mixed with the 6,500 gallons of anoxic water.

e Beginning about halfway through the injection of the SHB3, the EVO was reformulated
to exclude the sodium lactate since baseline date consistently indicated that DO and ORP
appeared to be near target levels prior to injecting the amendments.

The pH of groundwater in select wells located in the vicinity of each of the three biobarriers was
measured during the 2009 performance monitoring event. The results indicate that the pH
(average) was observed to rebound to some extent at all three of the barriers to levels that will
not adversely impact the performance of the barriers. The pH will continue to be closely
monitored to determine the effect of these modifications on the pH of the aquifer in these and
future biobarriers.

7.1.2 KB-1® DISTRIBUTION AND SURVIVABILITY

DHC was detected to some degree in the majority of the injection and performance monitoring
wells sampled during the 2009 monitoring event, although concentrations varied by several
orders of magnitude. Of particular importance, is that the vcrA gene was detected in all but one
well that was determined to contain DHC, which indicates that the DHC is actively degrading
VC. Itis anticipated that as the DHC population becomes better established in the aquifer that
the concentration of the vcrA gene will continue to increase and measurable decreases in the
concentration of VC and increases in ethene will be observed.

7.1.3 GROUNDWATER QUALITY SUMMARY

As a result of the baseline monitoring at IR Site 70 conducted in August 2008, three additional
wells (MW-70-14, MW-70-43A, and MW-70-43B) were recommended to be included in the
monitoring network for IR Site 70 in order to help define the lateral and vertical extent of TCE
contamination and help in overall performance monitoring for the site (Insight 2009b). Well
MW-70-14 is screened in the deeper portion of the Second Sand, between 161 to 171 ft bgs
(Table 1-2). Well MW-70-43B, is screened in the shallower portion of the Second Sand,
between 136 to 146 ft bgs. Well MW-70-43A is screened in the First Sand and was not
monitored during the 2009 event, but will be included in the subsequent Performance
Monitoring. TCE concentrations were reported from the groundwater samples collected from
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wells MW-70-14 and MW-70-43B in 2009, at 530 pg/L and less than the reporting limit of 5
Ma/L, respectively. The reported concentration of TCE in well MW-70-14 was 45 pg/L during
the 2005 groundwater monitoring (BEI 2006). A subsequent groundwater sample was collected
from well MW-70-14 in January 2010 at a reported concentration of TCE of 210 ug/L
(Table 4-7). This data shows that this area of the site to the northeast of the biobarriers is
increasing in TCE concentrations and may not be within the influence of the EISB activities.
Well MW-70-14 is located approximately 600 ft of the northernmost extent of the Second Sand
Biobarrier.

PCE was reported in the groundwater sample collected from well MW-70-36, a Second Sand
POC well screened between 150 to 160 feet bgs, at 30 pg/L. PCE was not reported in any other
groundwater samples collected during the 2009 performance period. However, PCE was
reported in the baseline groundwater monitoring in 2008 in POC well MW-70-36 at 2.4 pg/L.
The PCE concentration in this area will be monitored in the next groundwater sampling event in
August 2010 to determine whether additional characterization or controls may be warranted.

Hydraulic directions and gradients in each of the hydrostratigraphic units determined during the
performance monitoring event are generally consistent with previous investigations (BEI 2006,
Geosyntec 2006, Insight 2009a). A comparison of the direction of groundwater flow in the Deep
Sand hydrostratigraphic unit compared to the 2008 baseline monitoring shows a change of
direction of groundwater flow from the northeast to the southeast, based on three Deep Sand
POC wells. The difference in groundwater flow direction in the Deep Sand may be due to the
lack of agricultural production wells north and east of the site during the time the 2009 water
levels were measured.

The vertical head difference between hydrogeologic units indicates generally downward vertical
gradients of groundwater flow throughout the plume and source areas between the Upper Fines,
First Sand, Shell Horizon, Second Sand, and Deep Sand zones. This is consistent with previous
observations (Geosyntec 2006, Insight 2009a). Consistent with the baseline monitoring event,
localized areas of upward gradients were also observed.

Groundwater monitoring data does not indicate that the injection of the barriers have impacted
the flow of groundwater and did not result in transport of contaminants in a different direction at
the site. Groundwater levels were measured prior to and after the injection of each of the
biobarriers to determine if mounding of groundwater was occurring, which could indicate that
injection of the barriers resulted in a change in hydraulic conductivity that resulted in
groundwater flowing around the barrier as opposed to through it. Results confirm that mounding
IS not occurring; hence, it is not believed that the barriers have impacted groundwater flow.

Groundwater samples were collected from thirteen wells and analyzed for 1,4-dioxane per
RWQCB request (RWQCB 2009, BEI 2006). 1,4-dioxane was reported in two of the thirteen
groundwater samples: 45 pg/L in well MW-70-03, and 1.4 pg/L in well MW-70-PMWO03A. The
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highest reported concentration of 1,4-dioxane reported as part of the 2005 groundwater
monitoring was in well MW-70-03, was at a concentration of 47 pg/L (BEI 2006).

7.2

RECOMMENDATIONS

The following remaining biobarriers will be completed for inclusion in the next PMR in 2010.

1. First Sand Biobarrier 2 (completed on November 24, 2009)

no

First Sand 1 Biobarrier 1 (completed on February 12, 2010)
3. Shell Horizon Biobarrier 1 (completed on April 6, 2010)

4. Source Area Treatment Grid (projected for completion in June 2010)

Based on experience gained during the injection of the SHB3, the following modifications are
proposed for the injection of SHB1 which also contains dual-screen wells:

The SHB1, which contains 37 wells, will be subdivided into two sections; one section
containing 19 and the other containing 18 wells. The EISB amendments will be
completely installed in Section 1 prior to beginning injection in Section 2. The time
required from beginning to completing the injections in each section will be half of what
it would have been if the biobarrier was installed as a single unit as proposed in the
design. Hence, the degree of biofouling is expected to be less and injection rates should
be greater. Similar to previous biobarriers, each section will be divided into two groups
of wells.

The SHB1 wells contain dual screens. Rather than inject the amendments into the lower
screens followed by injection into the upper screens as was performed during injection of
SHB3, injections will be performed simultaneously in both intervals. A single flow-
through packer will be used in each well. The packer will be placed in the blank casing
located between each screened interval. Groundwater amended with EVO will be
pumped through the packer into the lower screen while simultaneously pumping
EVO-amended water through a stinger located in the upper screen interval. A rigid pipe
will be connected through an airtight well-seal and used to introduce the amendments
through the packer. The pipe also will serve to maintain the packer at the correct interval
and minimize its movement within the well. Flow regulators and meters will be utilized
to ensure that the design volume of EVO is added to each interval.

It is anticipated that these changes will reduce the time required to install the SHB1 barrier by
about half of what was required to install the SHB3.

Although not discussed in this report, injection of FSB1 and FSB2 have been completed recently.
Similar to the injection of the SSB1, injection of these barriers in the sand units have achieved or
exceeded design criteria and required no design modifications beyond those already described.
The final treatment area, the SATG, will be installed after completing the SHB3 barrier. An
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alternate sequence for injection and extraction of the amendments will be developed that will
consider the as-built locations of the wells. A brief tech-memo will be prepared to document the
injection strategy and the results of the application will be provided in the 2010 Annual
Monitoring Report.

Due to the higher than expected TCE concentrations in Second Sand well MW-70-14, it is
recommended that a second monitoring well, screened in the lower portion of the Second Sand,
be installed downgradient of MW-70-14, and to the north/northeast of the SSB1 biobarrier to
monitor the potential TCE concentrations in the northeastern portion of the site. Pending results
of COCs in this area during the next monitoring activity, additional injection wells in the second
sand in the northeastern section of the site may be considered.

Since 1,4-dioxane results for the selected wells at IR Site 70 do not show an increasing trend
since the last sampling in 2005, subsequent sampling for 1,4-dioxane is not recommended.

Active methanogenesis is occurring in the biobarriers. Since methane can accumulate in the
subsurface and migrate to the surface, continued monitoring of methane in the vapor points
(Section 5) and monitoring at the surface is recommended. Special care (venting, explosion-
proof meters, etc) must be taken prior to any sampling or intrusive activities in this area to
minimize the risk of fire or explosion. A methane monitoring plan has been put in place to ensure
that onsite workers are protected.
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Table 1-1
Enhanced In Situ Bioremediation Monitoring Schedule
Volatile Dissolved Hydrogen
Organic Hydrocarbon Total Organic Dissolved Sulfide Gas
Well Number and Screen Interval Field Compounds | 1,4-Dioxane Gases® Total Dissolved|  Alkalinity Volatile Fatty Carbon Hydrogen Dissolved Dhc/VCr Methane Gas | (ASTM D5504-
Hydrostratigraphic Zone (feet bgs) Parameters?® pH (9040)b (8260B) (8270C) (RSK 175) Anions? (300.0) | Solids (2540C) (2320B) Acids® (300.0M) (5310B) Sulfide (4500F) Metals' (6010B) (qPCR) (25C/3C) 01)
Source Area Vadose Zone Soils
SV-70-01 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA v v
SV-70-02 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA V V
SV-70-03 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA v v
SV-70-04 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA V V
SV-70-05 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA v v
SV-70-06 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA V V
SV-70-07 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA v v
SV-70-08 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA V V
SV-70-09 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA v v
SV-70-10 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA V V
SV-70-11 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA v v
SV-70-12 5-6 NA NA NA NA NA NA NA NA NA NA NA NA NA V V
Upper Fines
MW-70-03 20-30 NA NA NA V NA NA NA NA NA NA NA NA NA NA NA
Source Area Biobarrier/First Sand
MW-70-PMWO02A 71-81 v NA v NA R v v v v v v v NA NA NA
MW-70-PMW02B 90-100 V NA V NA V V V V V V V V NA NA NA
IW-70-SAB06 65-80/85-105 v R v NA R v v R R v NA NA v NA NA
MW-70-MNAO5 70-80 V NA V V V NA NA NA NA NA NA NA NA NA NA
MW-70-PMWO3A 70-80 v v v v R v v v v v v v v NA NA
MW-70-PMWO03B 90-100 V V V NA V V V V V V V V V NA NA
Shell Horizon Biobarrier 3
MW-70-PMW11A 85-95 V NA V NA V V V V V V V V NA NA NA
MW-70-PMW11B 115-125 v NA v NA R v v v v v v v NA NA NA
IW-70-SHB310 80-95/105-130 V V V NA V V V V V V NA NA V NA NA
MW-70-PMW12A 85-95 v v v v R v v v v v v v v NA NA
MW-70-PMW12B 115-125 V V V NA V V V V V V V V V NA NA
MW-70-MNA14 115-125 v NA v NA v NA NA NA NA NA NA NA NA NA NA
Second Sand Biobarrier 1
MW-70-PMW13A 125-135 V NA V NA V V V V V V V V NA NA NA
MW-70-PMW13B 145-155 v NA v NA R v v v v v v v NA NA NA
IW-70-SSB109 126-166 V V V NA V V V V V V NA NA V NA NA
MW-70-PMW14A 128-138 v v v v R v v v v v v v v NA NA
MW-70-PMW14B 149-159 V V V NA V V V V V V V V V NA NA
MW-70-MNA16 141-151 v NA v NA R NA NA NA NA NA NA NA NA NA NA
MW-70-MNA17 140-150 V NA V NA V NA NA NA NA NA NA NA NA NA NA
MW-70-MNA15 140-150 v NA v NA R NA NA NA NA NA NA NA NA NA NA
MW-70-15 161-171 V NA V NA V NA NA NA NA NA NA NA NA NA NA
MW-70-14 160-170 v NA v NA R NA NA NA NA NA NA NA NA NA NA
MW-70-43B 136-146 V NA V NA V NA NA NA NA NA NA NA NA NA NA
Point of Compliance/Upper Fines
MW-70-02 20-30 v NA v R NA NA NA NA NA NA NA NA NA NA NA
MW-70-10 30-40 V NA V V NA NA NA NA NA NA NA NA NA NA NA
MW-70-17 30-40 v NA v NA NA NA NA NA NA NA NA NA NA NA NA
MW-70-22 20-30 V NA V NA NA NA NA NA NA NA NA NA NA NA NA
Point of Compliance/First Sand
MW-70-POCO1 80-90 v NA v v NA NA NA NA NA NA NA NA NA NA NA
MW-70-11 80-100 V NA V NA NA NA NA NA NA NA NA NA NA NA NA
MW-70-35 90-100 v NA v v NA NA NA NA NA NA NA NA NA NA NA
MW-70-16 95-105 V NA V NA NA NA NA NA NA NA NA NA NA NA NA
Point of Compliance/Shell Horizon
MW-70-23 110-130 v NA v v NA NA NA NA NA NA NA NA NA NA NA
Point of Compliance/Second Sand
MW-70-36 150-160 V NA V NA NA NA NA NA NA NA NA NA NA NA NA
MW-70-21 150-170 v NA v v NA NA NA NA NA NA NA NA NA NA NA
Point of Compliance/Deep Sand
MW-70-POC02 190-200 V NA V V NA NA NA NA NA NA NA NA NA NA NA
MW-70-POC03 190-200 v NA v v NA NA NA NA NA NA NA NA NA NA NA
MW-70-POC04 195-205 \ NA \ NA NA NA NA NA NA NA NA NA NA NA NA
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Table 1-1 (continued) IEEC-1107-0014-0003

May 2010

Notes: Acronyms/Abbreviations:

@ field parameters consist of pH, dissolved oxygen, oxidation-reduction potential, specific conductance, temperature, turbidity, and depth to water bgs - below ground surface

b analytical method shown in parentheses Dhc/VCr - Dehalococcoides /vinyl chloride reductase

¢ dissolved hydrocarbon gases consist of ethane, ethene, and methane NA - not analyzed

9" anions consist of bromide, chloride, sulfate, nitrate, and nitrite pH - potential of hydrogen

¢ volatile fatty acids consist of acetate, burtyrate, lactate, and proponiate gPCR - quantitative polymerase chain reaction

' dissolved metals consist of iron, manganese, and arsenic v - analyzed
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Table 1-2
Well Construction Summary

IEEC-1107-0014-0003

Well Installation

Construction Depths (feet bgs)

Construction Elevations (feet MSL, NGVD29)

Screen Dimensions

Well Maintenance

Coordinates (feet NAD83) Filter Pack Screen Interval Filter Pack Screen Interval Well Depth
Date Borehole Ground Length Diameter | Slot Size Date Last Date Measurement
Well Number Installed Northing Easting Depth Top Bottom Top Bottom TOC Surface Top Bottom Top Bottom (feet) (inches) (inches) Developed Measured | (feet below TOC)
Upper Fines
MW-70-27 07/03/01 2224170.00 6005991.20 36.00 23.00 36.00 25.50 35.50 8.25 8.80 -14.20 -27.20 -16.70 -26.70 10.00 4 0.010 08/21/01 07/09/01 35.90
MW-70-28 07/03/01 2224165.50 6005991.20 62.00 45.00 62.00 50.30 60.30 8.30 8.65 -36.35 -53.35 -41.65 -51.65 10.00 4 0.010 08/21/01 07/09/01 60.70
MW-70-MNAO1 02/21/07 2224281.89 6006003.22 57.00 38.00 57.00 40.00 50.00 8.36 8.76 -29.24 -48.24 -31.24 -41.24 10.00 4 0.020 03/15/07 03/15/07 50.42
MW-70-MNA02 02/13/07 2224020.66 6006052.91 47.00 33.00 46.00 35.00 45.00 8.51 8.78 -24.22 -37.22 -26.22 -36.22 10.00 4 0.020 03/06/07 03/06/07 45.58
MW-70-MNAO03 02/26/07 2224096.48 6006104.81 47.00 31.00 47.00 35.00 45.00 9.18 9.47 -21.53 -37.53 -25.53 -35.53 10.00 4 0.020 03/06/07 03/06/07 45.42
MW-70-MNA04 02/14/07 2224052.55 6005800.63 47.00 32.00 46.00 35.00 45.00 8.39 8.65 -23.35 -37.35 -26.35 -36.35 10.00 4 0.020 03/05/07 03/05/07 45.66
MW-70-PMWO01A 02/26/07 2224162.70 6005948.30 37.00 20.00 37.00 25.00 35.00 8.23 8.51 -11.49 -28.49 -16.49 -26.49 10.00 4 0.020 03/19/07 03/19/07 35.67
MW-70-PMWO01B 02/27/07 2224163.30 6005952.70 57.00 41.90 57.00 45.00 55.00 8.21 8.49 -3341 -48.51 -36.51 -46.51 10.00 4 0.020 03/19/07 03/19/07 55.08
Source Area Biobarrier/First Sand
MW-70-MNAO1 02/21/07 2224281.89 6006003.22 57.00 38.00 57.00 40.00 50.00 8.36 8.76 -29.24 -48.24 -31.24 -41.24 10.00 4 0.020 03/15/07 03/15/07 50.42
MW-70-MNA02 02/13/07 2224020.66 6006052.91 47.00 33.00 46.00 35.00 45.00 8.51 8.78 -24.22 -37.22 -26.22 -36.22 10.00 4 0.020 03/06/07 03/06/07 45.58
MW-70-MNAO03 02/26/07 2224096.48 6006104.81 47.00 31.00 47.00 35.00 45.00 9.18 9.47 -21.53 -37.53 -25.53 -35.53 10.00 4 0.020 03/06/07 03/06/07 45.42
MW-70-MNA04 02/14/07 2224052.55 6005800.63 47.00 32.00 46.00 35.00 45.00 8.39 8.65 -23.35 -37.35 -26.35 -36.35 10.00 4 0.020 03/05/07 03/05/07 45.66
MW-70-MNAOQ5 01/24/07 2224052.67 6005796.72 87.00 67.00 82.00 70.00 80.00 8.46 8.67 -58.33 -73.33 -61.33 -71.33 10.00 4 0.020 02/07/07 02/07/07 81.45
MW-70-PMWO01A 02/26/07 2224162.70 6005948.30 37.00 20.00 37.00 25.00 35.00 8.23 8.51 -11.49 -28.49 -16.49 -26.49 10.00 4 0.020 03/19/07 03/19/07 35.67
MW-70-PMWO01B 02/27/07 2224163.34 6005952.72 57.00 41.90 57.00 25.00 55.00 8.21 8.49 -33.41 -48.51 -36.51 -46.51 10.00 4 0.020 03/19/07 03/19/07 55.08
MW-70-PMW02A 02/15/07 2223909.82 6005902.30 82.00 67.84 82.00 70.50 80.50 8.35 8.56 -59.28 -73.44 -61.94 -71.94 10.00 4 0.020 03/01/07 03/01/07 81.33
MW-70-PMWO02B 02/21/07 2223912.08 6005905.73 102.00 86.75 102.00 90.00 100.00 8.38 8.57 -78.18 -93.43 -81.43 -91.43 10.00 4 0.020 03/05/07 03/05/07 100.25
MW-70-PMWO03A 02/15/07 2223867.82 6005930.07 82.00 66.00 82.00 70.00 80.00 7.94 8.21 -57.79 -73.79 -61.79 -71.79 10.00 4 0.020 03/01/07 03/01/07 80.75
MW-70-PMW03B 02/20/07 2223870.34 6005933.39 102.00 87.00 102.00 90.00 100.00 7.88 8.21 -78.79 -93.79 -81.79 -91.79 10.00 4 0.020 02/28/07 02/28/07 100.91
IW-70-SABO1 01/23/07 2223802.98 6005831.22 120.00 57.00 82.00 60.00 80.00 7.55 7.71 -49.29 -74.29 -52.29 -72.29 20.00 4 0.020 02/06/07 02/06/07 81.30
IW-70-SAB02 01/29/07 2223817.58 6005849.48 117.00 60.00 107.00 65.00 105.00 7.58 7.78 -52.22 -99.22 -57.22 -97.22 40.00 4 0.020 02/06/07 02/06/07 105.60
IW-70-SAB03 01/31/07 2223836.63 6005867.03 107.00 60.00 107.00 65.00 105.00 8.11 8.36 -51.64 -98.64 -56.64 -96.64 40.00 4 0.020 02/23/07 02/23/07 106.50
IW-70-SABO04 (Screen 1) 01/23/07 2223846.50 6005889.02 107.00 57.00 81.00 60.00 80.00 8.14 8.33 -48.67 -72.67 -51.67 -71.67 20.00 4 0.020 02/07/07 02/07/07 105.00
IW-70-SABO04 (Screen 2) 01/23/07 2223846.50 6005889.02 107.00 84.00 106.00 85.00 105.00 8.14 8.33 -75.67 -97.67 -76.67 -96.67 20.00 4 0.020 02/07/07 02/07/07 105.00
IW-70-SABO5 02/07/07 2223861.03 6005908.25 107.00 61.50 107 65.00 105.00 7.83 8.07 -53.43 -98.93 -56.93 -96.93 40.00 4 0.020 02/23/07 02/23/07 105.00
IW-70-SABO6 (Screen 1) 02/05/07 2223875.37 6005927.28 117.00 60.00 80.00 65.00 80.00 8.07 8.25 -51.75 -71.75 -56.75 -71.75 15.00 4 0.020 02/27/07 02/27/07 106.08
IW-70-SABO06 (Screen 2) 02/05/07 2223875.37 6005927.28 117.00 85.00 106.00 85.00 105.00 8.07 8.25 -76.75 -97.75 -76.75 -96.75 20.00 4 0.020 02/27/07 02/27/07 106.08
IW-70-SABO7 02/08/07 2223889.57 6005946.53 107.00 60.00 107.00 65.00 105.00 8.18 8.47 -51.53 -98.53 -56.53 -96.53 40.00 4 0.020 02/28/07 02/28/07 105.00
IW-70-SABO8 01/31/07 2223904.42 6005965.58 117.00 60.00 107.00 65.00 105.00 8.36 8.60 -51.40 -98.40 -56.40 -96.40 40.00 4 0.020 02/21/07 02/21/07 105.00
IW-70-SAB09 02/01/07 2223918.58 6005984.74 107.00 59.50 107.00 65.00 105.00 8.46 8.75 -50.75 -98.25 -56.25 -96.25 40.00 4 0.020 02/19/07 02/19/07 105.00
IW-70-SAB10 (Screen 1) 02/05/07 2223927.98 6006003.88 117.00 62.00 87.00 67.00 87.00 8.05 8.09 -53.91 -78.91 -58.91 -78.91 20.00 4 0.020 02/15/07 02/15/07 108.00
IW-70-SAB10 (Screen 2) 02/05/07 2223927.98 6006003.88 117.00 91.00 108.00 92.00 107.00 8.05 8.09 -82.91 -99.91 -83.91 -98.91 15.00 4 0.020 02/15/07 02/15/07 108.00
IW-70-SAB11 02/06/07 2223947.40 6006023.16 107.00 61.00 107.00 65.00 105.00 8.02 8.19 -52.81 -98.81 -56.81 -96.81 40.00 4 0.020 02/15/07 02/15/07 105.40
IW-70-SAB12 01/29/07 2223961.76 6006042.52 117.00 60.00 106.00 65.00 105.00 8.19 8.34 -51.66 -97.66 -56.66 -96.66 40.00 4 0.020 04/04/07 04/04/07 104.70
IW-70-SAB13 04/16/07 2223976.19 6006061.42 106.00 61.00 106.00 65.00 105.00 8.54 8.85 -52.15 -97.15 -56.15 -96.15 40.00 4 0.020 05/07/07 05/07/07 105.50
IW-70-SAB14 01/25/07 2223999.69 6006072.38 107.00 58.50 106.00 60.00 105.00 8.81 9.02 -49.48 -96.98 -50.98 -95.98 45.00 4 0.020 02/08/07 02/08/07 105.00
IW-70-SATO1 02/22/07 2224308.07 6005882.81 57.00 20.00 57.00 25.00 55.00 9.21 9.44 -10.56 -47.56 -15.56 -45.56 30.00 4 0.020 03/26/07 03/26/07 55.40
IW-70-SAT02 02/13/07 2224286.80 6005883.15 57.00 20.00 57.00 25.00 55.00 9.19 9.45 -10.55 -47.55 -15.55 -45.55 30.00 4 0.020 04/02/07 04/02/07 55.80
IW-70-SAT03 06/05/07 2224286.83 6005948.18 57.00 22.00 57.00 25.00 55.00 9.16 9.30 -12.7 -47.7 -15.70 -45.70 30.00 4 0.020 06/14/07 06/14/07 54.80
IW-70-SAT04 06/07/07 2224281.63 6005958.82 57.00 20.00 57.00 25.00 55.00 9.01 9.16 -10.84 -47.84 -15.84 -45.84 30.00 4 0.020 06/13/07 06/13/07 52.40
IW-70-SAT05 04/24/07 2224283.87 6005900.79 57.00 21.50 57.00 25.00 55.00 9.39 9.60 -11.9 -47.4 -45.40 -45.40 30.00 4 0.020 05/09/07 05/08/07 54.00
IW-70-SAT06 05/01/07 2224279.17 6005925.75 57.00 21.50 57.00 25.00 55.00 9.14 9.36 -12.14 -47.64 -45.64 -45.64 30.00 4 0.020 05/08/07 05/08/07 55.40
IW-70-SATO07 06/06/07 2224271.70 6005956.20 57.00 21.00 57.00 25.00 55.00 8.89 9.15 -11.85 -47.85 -15.85 -45.85 30.00 4 0.020 06/20/07 06/20/07 54.90
IW-70-SAT08 02/08/07 2224266.79 6005871.29 62.00 20.00 60.00 25.00 55.00 9.00 9.31 -10.69 -50.69 -15.69 -45.69 30.00 4 0.020 04/03/07 04/03/07 53.70
IW-70-SAT09 04/23/07 2224268.38 6005896.88 57.00 22.00 57.00 25.00 55.00 9.18 9.44 -12.56 -47.56 -15.56 -45.56 30.00 4 0.020 05/09/07 05/08/07 55.00
IW-70-SAT10 05/03/07 2224267.02 6005934.82 57.00 22.00 57.00 25.00 55.00 9.26 9.42 -12.58 -47.58 -15.58 -45.58 30.00 4 0.020 05/08/07 05/08/07 55.67
IW-70-SAT11 04/19/07 2224260.42 6005960.01 57.00 22.00 57.00 25.00 55.00 8.95 9.23 -12.77 -47.77 -15.77 -45.77 30.00 4 0.020 06/20/07 06/14/07 52.90
IW-70-SAT12 06/04/07 2224266.96 6005945.79 57.00 20.00 57.00 25.00 55.00 9.24 941 -10.59 -47.59 -15.59 -45.59 30.00 4 0.020 06/14/07 06/14/07 55.00
IW-70-SAT13 06/01/07 2224220.16 6005941.83 57.00 20.00 57.00 25.00 55.00 9.10 9.29 -10.71 -47.71 -15.71 -15.71 30.00 4 0.020 06/11/07 06/11/07 55.50
IW-70-SAT14 05/30/07 2224216.81 6005949.90 57.00 20.00 57.00 25.00 55.00 9.20 9.32 -10.68 -47.68 -15.68 -45.68 30.00 4 0.020 06/11/07 06/11/07 55.20
IW-70-SAT15 05/31/07 2224218.67 6005973.62 57.00 20.00 57.00 25.00 55.00 9.12 9.30 -10.7 -47.7 -15.70 -45.70 30.00 4 0.020 06/12/07 06/12/07 55.50
IW-70-SAT16 05/29/07 2224206.66 6005943.24 57.00 20.00 57.00 25.00 55.00 8.93 9.18 -10.82 -47.82 -15.82 -45.82 30.00 4 0.020 06/12/07 06/12/07 53.40

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach

May 2010

Page 1 of 7



Table 1-2 (continued)

IEEC-1107-0014-0003

Well Installation Construction Depths (feet bgs) Construction Elevations (feet MSL, NGVD29) Screen Dimensions Well Maintenance
Coordinates (feet NAD83) Filter Pack Screen Interval Filter Pack Screen Interval Well Depth
Date Borehole Ground Length Diameter | Slot Size Date Last Date Measurement
Well Number Installed Northing Easting Depth Top Bottom Top Bottom TOC Surface Top Bottom Top Bottom (feet) (inches) (inches) Developed Measured | (feet below TOC)
IW-70-SAT17 02/28/07 2224206.64 6005963.27 57.00 21.00 57.00 25.00 55.00 9.06 9.23 -11.77 -47.77 -15.77 -45.77 30.00 4 0.020 03/15/07 03/15/07 55.50
IW-70-SAT18 02/22/07 2224206.59 6005983.32 57.00 20.00 57.00 25.00 55.00 8.61 8.81 -11.19 -48.19 -16.19 -46.19 30.00 4 0.020 03/14/07 03/14/07 55.50
IW-70-SAT19 02/21/07 2224199.76 6005923.20 57.00 20.00 57.00 25.00 55.00 8.66 8.87 -11.13 -48.13 -16.13 -26.13 30.00 4 0.020 03/28/07 03/28/07 55.20
IW-70-SAT20 02/07/07 2224186.41 6005878.23 57.00 21.00 56.00 25.00 55.00 8.63 8.86 -12.14 -47.14 -16.14 -46.14 30.00 4 0.020 03/28/07 03/28/07 53.00
IW-70-SAT21 02/13/07 2224189.36 6005933.56 57.00 20.00 57.00 25.00 55.00 8.65 8.83 -11.17 -48.17 -16.17 -46.17 30.00 4 0.020 03/26/07 03/22/07 55.67
IW-70-SAT22 02/27/07 2224189.38 6005953.39 57.00 20.00 57.00 25.00 55.00 8.69 8.90 -11.1 -48.1 -16.10 -46.10 30.00 4 0.020 03/22/07 03/21/07 55.00
IW-70-SAT23 02/12/07 2224166.93 6005881.47 57.00 20.00 57.00 25.00 55.00 8.50 8.64 -11.36 -48.36 -16.36 -46.36 30.00 4 0.020 03/27/07 03/27/07 53.60
IW-70-SAT24 02/14/07 2224166.75 6005949.70 57.00 20.00 57.00 25.00 55.00 8.30 8.56 -11.44 -48.44 -16.44 -46.44 30.00 4 0.020 03/21/07 03/20/07 55.10
IW-70-SAT25 02/06/07 2224166.69 6005963.20 62.00 21.00 59.00 25.00 55.00 8.34 8.57 -12.43 -50.43 -16.43 -46.43 30.00 4 0.020 03/20/07 03/20/07 55.58
IW-70-SAT26 02/26/07 2224147.43 6005877.11 57.00 20.00 57.00 25.00 55.00 8.10 8.34 -11.66 -48.66 -16.66 -46.66 30.00 4 0.020 03/27/07 03/27/07 55.50
IW-70-SAT27 02/27/07 2224128.90 6005902.08 57.00 20.60 57.00 25.00 55.00 7.98 8.22 -12.38 -48.78 -16.78 -46.78 30.00 4 0.020 03/12/07 03/12/07 55.58
IW-70-SAT28 03/01/07 2224146.56 6005933.34 57.00 19.00 57.00 25.00 55.00 8.13 8.30 -10.7 -48.7 -16.70 -46.70 30.00 4 0.020 04/05/07 04/04/07 55.40
IW-70-SAT29 02/15/07 2224146.68 6005953.13 57.00 20.00 57.00 25.00 55.00 8.24 8.32 -11.68 -48.68 -16.68 -46.68 30.00 4 0.020 03/14/07 03/13/07 55.33
IW-70-SAT30 02/28/07 2224131.36 6005923.41 57.00 21.40 56.00 25.00 55.00 8.22 8.18 -13.22 -47.82 -16.82 -46.82 30.00 4 0.020 03/12/07 03/12/07 55.33
IW-70-SAT31 02/28/07 2224130.42 6005942.91 57.00 21.60 57.00 25.00 55.00 8.18 8.07 -13.53 -48.93 -16.93 -46.93 30.00 4 0.020 03/13/07 03/13/07 56.08
IW-70-SAT32 02/23/07 2224097.57 6005993.18 57.00 21.00 57.00 25.00 55.00 8.53 8.77 -12.23 -48.23 -16.23 -46.23 30.00 4 0.020 03/08/07 03/08/07 55.90
IW-70-SAT33 02/22/07 2224100.53 6006013.44 57.00 21.00 57.00 25.00 55.00 8.56 8.76 -12.24 -48.24 -16.24 -46.24 30.00 4 0.020 03/08/07 03/07/07 55.50
IW-70-SAT34 02/22/07 2224100.68 6006034.35 57.00 21.75 57.00 25.00 55.00 8.65 8.92 -12.83 -48.08 -16.08 -46.08 30.00 4 0.020 03/07/07 03/07/07 56.16
First Sand Biobarrier 1
IW-70-FSB101 05/01/07 2223378.30 6005796.47 107.00 56.50 106.00 60.50 105.50 4.49 4.55 -51.95 | -101.45 | -55.95 | -100.95 45.00 4 0.020 05/08/07 05/08/07 105.50
IW-70-FSB102 04/26/07 2223377.60 6005819.46 107.00 56.50 105.00 61.00 106.00 4.38 4.45 -52.05 | -100.55 | -56.55 | -101.55 45.00 4 0.020 05/08/07 05/08/07 103.45
IW-70-FSB103 04/25/07 2223377.79 6005842.17 107.00 56.00 107.00 60.00 105.00 431 4.35 -51.65 | -102.65 | -55.65 | -100.65 45.00 4 0.020 05/07/07 05/07/07 105.00
IW-70-FSB104 04/24/07 2223378.19 6005864.40 107.00 55.95 107.00 60.00 105.00 4.35 4.45 -51.5 -102.55 | -55.55 | -100.55 45.00 4 0.020 NA NA 105.00
IW-70-FSB105 04/19/07 2223377.45 6005886.78 107.00 57.00 107.00 60.00 105.00 451 4.75 -52.25 | -102.25 | -55.25 | -100.25 45.00 4 0.020 05/02/07 05/02/07 105.50
IW-70-FSB106 04/18/07 2223377.49 6005910.28 107.00 57.00 107.00 60.00 105.00 4.48 4.55 -52.45 | -102.45 | -55.45 | -100.45 45.00 4 0.020 05/02/07 05/02/07 106.50
IW-70-FSB107 04/18/07 2223376.75 6005933.24 107.00 54.00 107.00 60.00 105.00 4.39 4.65 -49.35 | -102.35 | -55.35 | -100.35 45.00 4 0.020 05/02/07 05/02/07 103.70
IW-70-FSB108 04/17/07 2223375.30 6005955.71 107.00 56.00 107.00 60.00 105.00 4.64 4.90 -51.1 -102.1 -55.10 | -100.10 45.00 4 0.020 05/01/07 05/01/07 105.30
IW-70-FSB109 04/16/07 2223375.40 6005978.82 107.00 56.00 107.00 60.00 105.00 4.72 4.85 -51.15 | -102.15 | -55.15 | -100.15 45.00 4 0.020 04/30/07 04/30/07 105.65
IW-70-FSB110 04/11/07 2223374.32 6006001.81 107.00 54.50 107.00 59.00 104.00 4.46 4.65 -49.85 | -102.35 | -54.35 -99.35 45.00 4 0.020 04/26/07 04/26/07 104.50
IW-70-FSB111 04/11/07 2223374.26 6006024.77 107.00 55.00 107.00 60.70 105.70 4.08 4.25 -50.75 | -102.75 | -56.45 | -101.45 45.00 4 0.020 04/25/07 04/25/07 105.70
IW-70-FSB112 04/10/07 2223393.48 6006037.31 107.00 55.00 107.00 60.00 105.00 4.04 4.15 -50.85 | -102.85 | -55.85 | -100.85 45.00 4 0.020 04/24/07 04/24/07 104.70
IW-70-FSB113 04/09/07 2222413.19 6006049.43 107.00 55.00 107.00 60.00 105.00 4.26 4.45 -50.55 | -102.55 | -55.55 | -100.55 45.00 4 0.020 04/24/07 04/23/07 104.60
IW-70-FSB114 04/03/07 2223432.63 6006061.39 107.00 57.00 107.00 60.00 105.00 4.32 4.45 -52.55 | -102.55 | -57.55 | -102.55 45.00 4 0.020 04/23/07 04/23/07 103.90
IW-70-FSB115 05/09/07 2223476.05 6006085.17 107.00 58.00 107.00 65.00 105.00 421 4.35 -53.65 | -102.65 | -60.65 | -100.65 45.00 4 0.020 05/16/07 05/16/07 106.40
IW-70-FSB116 05/08/07 2223492.98 6006094.23 107.00 55.00 107.00 60.00 105.00 4.13 4.35 -50.65 | -102.65 | -55.65 | -100.65 45.00 4 0.020 05/17/07 05/17/07 105.60
IW-70-FSB117 05/07/07 2223514.06 6006104.40 107.00 61.00 107.00 60.00 105.00 4.09 4.35 -56.65 | -102.65 | -55.65 | -100.65 45.00 4 0.020 05/16/07 05/16/07 105.20
IW-70-FSB118 05/02/07 2223552.40 6006128.68 107.00 55.00 107.00 60.00 105.00 4.42 4.60 -50.4 -102.4 -55.40 | -100.40 45.00 4 0.020 05/15/07 05/15/07 105.45
IW-70-FSB119 05/01/07 2223569.99 6006142.21 107.00 55.00 107.00 60.00 105.00 4.44 4.65 -50.35 | -102.35 | -55.35 | -100.35 45.00 4 0.020 05/15/07 05/15/07 105.65
IW-70-FSB120 04/30/07 2223588.30 6006155.56 107.00 55.00 107.00 60.00 105.00 4.66 4.75 -50.25 | -102.25 | -55.25 | -100.25 45.00 4 0.020 05/15/07 05/15/07 105.50
IW-70-FSB121 04/25/07 2223606.06 6006169.28 107.00 55.00 107.00 60.00 105.00 4.68 4.75 -50.25 | -102.25 | -55.25 | -100.25 45.00 4 0.020 05/14/07 05/14/07 105.00
IW-70-FSB122 04/24/07 2223648.83 6006186.92 107.00 55.00 107.00 60.00 105.00 4.86 4.95 -50.05 | -102.05 | -55.05 | -100.05 45.00 4 0.020 05/14/07 05/14/07 105.40
IW-70-FSB123 04/23/07 2223664.05 6006207.36 107.00 55.00 106.00 60.00 105.00 4.96 5.15 -49.85 | -100.85 | -54.85 -99.85 45.00 4 0.020 05/10/07 05/10/07 105.50
IW-70-FSB124 04/19/07 2223683.35 6006219.55 107.00 53.00 107.00 60.00 105.00 5.25 5.25 -47.75 | -101.75 | -54.75 -99.75 45.00 4 0.020 05/09/07 05/09/07 105.00
IW-70-FSB125 04/17/07 2223703.25 6006232.21 107.00 56.00 107.00 60.00 105.00 5.21 5.35 -50.65 | -101.65 | -54.65 -99.65 45.00 4 0.020 05/10/07 05/10/07 105.35
IW-70-FSB126 04/16/07 2223722.50 6006244.80 107.00 54.00 107.00 60.00 105.00 4.96 4.95 -49.05 | -102.05 | -55.05 | -100.05 45.00 4 0.020 05/08/07 05/08/07 105.95
IW-70-FSB127 04/12/07 2223742.00 6006357.78 107.00 57.00 107.00 60.00 105.00 5.14 5.35 -51.65 | -101.65 | -54.65 -99.65 45.00 4 0.020 04/26/07 04/26/07 105.00
IW-70-FSB128 04/11/07 2223762.66 6006265.42 107.00 55.00 107.00 60.00 105.00 5.98 6.25 -48.75 | -100.75 | -53.76 -98.75 45.00 4 0.020 05/17/07 05/17/07 105.20
IW-70-FSB129 04/10/07 2223780.39 6006283.15 107.00 57.00 107.00 60.00 105.00 5.95 5.95 -51.05 | -101.05 | -54.05 -99.05 45.00 4 0.020 04/25/07 04/25/07 105.50
IW-70-FSB130 04/05/07 2223818.20 6006309.06 107.00 56.00 107.00 60.00 105.00 5.45 5.51 -50.49 | -101.49 | -54.49 -99.49 45.00 4 0.020 04/24/07 04/24/07 104.00
IW-70-FSB131 04/03/07 2223835.73 6006324.05 107.00 53.00 107.00 60.00 105.00 5.39 5.45 -4755 | -101.55 | -54.55 -99.55 45.00 4 0.020 04/23/07 04/23/07 105.20
IW-70-FSB132 04/02/07 2223854.61 6006338.08 112.00 55.00 105.00 60.00 105.00 5.47 5.55 -49.45 -99.45 -54.45 -99.45 45.00 4 0.020 04/19/07 04/19/07 105.30
IW-70-FSB201 03/06/07 2222968.01 6006154.54 107.00 61.00 107.00 65.00 100.00 8.24 8.45 -52.55 -98.55 -56.55 -91.55 35.00 4 0.020 04/17/07 04/17/07 100.30
IW-70-FSB202 03/06/07 2222994.69 6006169.02 107.00 62.50 101.00 65.00 100.00 8.75 8.95 -53.55 -92.05 -56.05 -91.05 35.00 4 0.020 04/16/07 04/16/07 100.10
IW-70-FSB203 03/07/07 2223008.01 6006188.90 107.00 61.00 107.00 65.00 100.00 7.78 7.85 -53.15 -99.15 -57.15 -92.15 35.00 4 0.020 04/17/07 04/17/07 100.40
IW-70-FSB204 03/08/07 2223020.91 6006210.05 107.00 61.00 107.00 65.00 100.00 6.50 6.65 -54.35 | -100.35 | -58.35 -93.35 35.00 4 0.020 04/12/07 04/12/07 100.90
IW-70-FSB205 03/12/07 2223033.98 6006229.89 107.00 61.00 102.00 65.00 100.00 5.75 5.95 -55.05 -96.05 -59.05 -94.05 35.00 4 0.020 04/16/07 04/16/07 100.60
IW-70-FSB206 03/13/07 2223045.69 6006249.09 107.00 63.00 107.00 65.00 100.00 5.94 6.15 -56.85 | -100.85 | -58.85 -93.85 35.00 4 0.020 04/12/07 04/12/07 100.10
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Table 1-2 (continued)

IEEC-1107-0014-0003

Well Installation

Construction Depths (feet bgs)

Construction Elevations (feet MSL, NGVD29)

Screen Dimensions

Well Maintenance

Coordinates (feet NAD83) Filter Pack Screen Interval Filter Pack Screen Interval Well Depth
Date Borehole Ground Length Diameter | Slot Size Date Last Date Measurement
Well Number Installed Northing Easting Depth Top Bottom Top Bottom TOC Surface Top Bottom Top Bottom (feet) (inches) (inches) Developed Measured | (feet below TOC)
IW-70-FSB207 03/14/07 2223059.19 6006269.71 107.00 62.00 105.00 65.00 100.00 6.27 6.15 -55.85 -98.85 -58.85 -93.85 35.00 4 0.020 04/12/07 04/12/07 100.00
IW-70-FSB208 03/13/07 2223071.31 6006292.10 107.00 59.00 107.00 65.00 100.00 7.30 7.05 -51.95 -99.95 -57.95 -92.95 35.00 4 0.020 04/11/07 04/11/07 100.00
IW-70-FSB209 03/15/07 2223084.89 6006310.87 107.00 60.00 107.00 65.00 100.00 7.81 8.15 -51.85 -98.85 -56.85 -91.85 35.00 4 0.020 04/11/07 04/11/07 1006.00
IW-70-FSB210 03/21/07 2223107.56 6006328.12 102.00 60.00 102.00 65.00 100.00 8.01 8.35 -51.65 -93.65 -56.65 -91.65 35.00 4 0.020 04/10/07 04/10/07 100.40
IW-70-FSB211 03/20/07 2223111.01 6006352.02 102.00 62.00 102.00 65.00 100.00 8.84 9.13 -52.87 -92.87 -55.87 -90.87 35.00 4 0.020 04/11/07 04/11/07 99.90
IW-70-FSB212 03/19/07 2223124.06 6006371.93 102.00 61.00 102.00 65.00 100.00 8.72 9.03 -51.97 -92.97 -55.97 -90.97 35.00 4 0.020 04/09/07 04/09/07 99.50
IW-70-FSB213 03/20/07 2223135.90 6006391.89 102.00 60.33 102.00 65.00 100.00 8.69 8.88 -51.45 -93.12 -56.12 -91.12 35.00 4 0.020 04/10/07 04/10/07 100.30
IW-70-FSB214 03/20/07 2223148.98 6006411.70 102.00 59.83 102.00 65.00 100.00 8.75 8.96 -50.87 -93.04 -56.04 -91.05 35.00 4 0.020 04/09/07 04/09/07 100.00
IW-70-FSB215 03/05/07 2223162.09 6006433.16 102.00 61.00 102.00 66.00 101.00 8.53 8.55 -52.45 -93.45 -57.45 -92.45 35.00 4 0.020 04/05/07 04/05/07 99.50
IW-70-FSB216 03/06/07 2223174.72 6006453.07 102.00 61.00 102.00 65.00 100.00 8.34 8.55 -52.45 -93.45 -57.45 -92.45 35.00 4 0.020 04/09/07 04/09/07 99.70
IW-70-FSB217 03/06/07 2223187.76 6006472.94 102.00 61.00 102.00 65.00 100.00 8.33 8.45 -52.55 -93.55 -56.55 -91.55 35.00 4 0.020 04/04/07 04/04/07 100.00
IW-70-FSB218 03/07/07 2223202.19 6006493.55 102.00 60.00 102.00 65.00 100.00 8.39 8.45 -51.55 -93.55 -56.55 -91.55 35.00 4 0.020 04/04/07 04/04/07 99.95
IW-70-FSB219 03/07/07 2223213.05 6006514.05 102.00 61.00 102.00 65.50 100.50 8.14 8.25 -52.75 -93.75 -57.25 -92.25 35.00 4 0.020 04/03/07 04/03/07 100.20
IW-70-FSB220 03/26/07 2223236.28 6006523.70 102.00 62.00 102.00 65.00 100.00 7.70 7.75 -54.25 -94.25 -57.25 -92.25 35.00 4 0.020 04/02/07 04/02/07 100.60
IW-70-FSB221 03/08/07 2223239.02 6006554.31 102.00 54.00 102.00 65.00 100.00 7.43 7.55 -46.45 -94.45 -57.45 -92.45 35.00 4 0.020 04/03/07 04/03/07 100.20
IW-70-FSB222 03/12/07 2223251.90 6006575.07 102.00 60.00 102.00 65.00 100.00 7.47 7.55 -52.45 -94.45 -57.45 -92.45 35.00 4 0.020 03/29/07 03/29/07 100.30
IW-70-FSB223 03/13/07 2223263.90 6006595.39 102.00 60.00 102.00 65.00 100.00 7.48 7.65 -52.35 -94.35 -57.35 -92.35 35.00 4 0.020 03/28/07 03/28/07 100.00
IW-70-FSB224 03/13/07 2223274.28 606617.78 102.00 60.00 102.00 65.00 100.00 7.37 7.35 -52.65 -94.65 -57.65 -92.65 35.00 4 0.020 03/29/07 03/29/07 100.30
IW-70-FSB225 03/15/07 2223283.98 6006640.13 102.00 58.66 102.00 65.00 100.00 7.09 6.95 -51.71 -95.05 -58.05 -93.05 35.00 4 0.020 03/28/07 03/28/07 100.50
IW-70-FSB226 03/15/07 2223292.06 6006663.09 102.00 59.33 102.00 65.00 100.00 7.22 7.25 -52.08 -94.75 -57.75 -92.75 35.00 4 0.020 03/28/07 03/28/07 100.00
IW-70-FSB227 03/19/07 2223293.29 6006693.53 102.00 60.00 102.00 65.00 100.00 6.91 6.95 -53.05 -95.05 -58.05 -93.05 35.00 4 0.020 03/27/07 03/27/07 100.70
IW-70-FSB228 03/21/07 2223321.92 6006698.54 102.00 60.00 102.00 65.00 100.00 6.94 6.85 -53.15 -95.15 -58.05 -93.05 35.00 4 0.020 03/28/07 03/28/07 98.45
IW-70-FSB229 03/22/07 2223341.19 6006714.70 102.00 60.00 102.00 65.00 100.00 6.83 7.05 -52.95 -94.95 -57.95 -92.95 35.00 4 0.020 03/27/07 03/27/07 99.70
MW-70-38 09/17/03 2223522.20 6006119.80 101.50 75.00 101.50 80.00 100.00 6.85 4.37 -70.63 -97.13 -75.63 -95.63 20.00 4 0.010 09/24/03 09/16/03 102.98
MW-70-MNA06 05/03/07 2223223.94 6005822.01 92.00 74.50 91.00 80.00 90.00 3.95 4.30 -70.20 -86.70 -75.70 -85.70 10.00 4 0.020 05/08/07 05/08/07 90.30
MW-70-MNAO7 05/10/07 2223353.52 6006032.68 102.00 86.00 102.00 90.00 100.00 4.63 5.00 -81.00 -97.00 -85.00 -95.00 10.00 4 0.020 05/17/07 05/17/07 99.70
MW-70-MNA08 03/29/07 2223428.52 6006211.91 92.00 75.00 92.00 80.00 90.00 7.66 8.00 -67.00 -84.00 -72.00 -82.00 10.00 4 0.020 04/19/07 04/19/07 90.10
MW-70-MNA11 03/28/07 2223538.78 6006673.87 94.00 75.00 94.00 80.00 90.00 8.30 8.80 -66.20 -85.20 -71.20 -81.20 10.00 4 0.020 04/18/07 04/18/07 89.90
MW-70-PMWO04A 05/07/07 2223422 .47 6005948.01 92.00 65.00 82.00 70.00 80.00 452 5.00 -60.00 -77.00 -65.00 -75.00 10.00 4 0.020 05/21/07 05/21/07 80.10
MW-70-PMWO04B 05/08/07 2223422.44 6005942.78 102.00 85.00 99.00 90.00 100.00 4,53 5.00 -80.00 -94.00 -85.00 -95.00 10.00 4 0.020 05/22/07 05/22/07 100.57
MW-70-PMWO5A 05/14/07 2223356.43 6005957.41 82.00 64.00 82.00 70.00 80.00 421 4.60 -59.40 -77.40 -65.40 -75.40 10.00 4 0.020 08/07/07 08/07/07 80.25
MW-70-PMWO05B 05/14/07 2223355.68 6005965.64 102.00 87.00 102.00 90.00 100.00 4.34 4.90 -82.10 -97.10 -85.10 -95.10 10.00 4 0.020 05/23/07 05/23/07 100.35
MW-70-PMWO6A 05/08/07 2223555.96 6006088.30 82.00 65.25 80.00 69.50 79.50 4.14 4.60 -60.65 -75.40 -64.90 -74.90 10.00 4 0.020 05/21/07 05/21/07 79.70
MW-70-PMWO06B 05/09/07 2223550.60 6006086.34 102.00 85.00 102.00 91.00 101.00 4.16 4.60 -80.40 -97.40 -86.40 -96.40 10.00 4 0.020 05/14/07 05/14/07 101.30
MW-70-PMWO7A 03/22/07 2223191.92 6006440.38 77.00 61.00 77.00 65.00 75.00 7.89 8.05 -52.95 -68.95 -56.95 -66.95 10.00 4 0.020 04/04/07 04/04/07 75.40
MW-70-PMWO07B 03/27/07 2223194.33 6006445.24 97.00 80.00 97.00 85.00 95.00 7.52 7.95 -72.05 -89.05 -77.05 -87.05 10.00 4 0.020 04/04/07 04/04/07 95.90
MW-70-PMWO08A 03/28/07 2223146.82 6006447.78 77.00 60.00 77.00 65.00 75.00 9.04 9.15 -50.85 -67.85 -55.85 -65.85 10.00 4 0.020 04/05/07 04/05/07 75.50
MW-70-PMW08B 03/28/07 2223144.42 6006442.69 97.00 80.00 97.00 85.00 95.00 9.08 9.15 -70.85 -87.85 -75.85 -85.85 10.00 4 0.020 04/09/07 04/09/07 95.50
MW-70-PMW09 05/28/07 2223253.87 6006226.35 132.00 117.00 | 132.00 | 120.00 | 130.00 6.82 7.05 -109.95 | -124.95 | -112.95 | -122.95 10.00 4 0.020 07/10/07 07/10/07 130.59
RDO-1 08/19/05 2223799.53 6006296.04 110.00 60.50 107.00 65.10 105.10 5.21 5.35 -55.15 | -101.65 | -59.75 -99.75 40.00 4 0.020 08/28/07 08/28/07 105.10
RDO-2 08/18/05 2223624.53 6006182.61 110.00 60.50 107.00 65.10 105.10 4.62 4.65 -55.85 | -102.35 | -60.45 | -100.45 40.00 4 0.020 08/29/07 08/29/07 105.10
RDO-3A 08/23/05 2223534.56 6006114.83 31.00 16.50 31.00 20.00 30.00 9.28 7.09 -9.41 -23.91 -12.91 -22.91 10.00 4 0.020 NA NA NA
RDO-3B 08/23/05 2223534.56 6006114.83 107.00 61.30 107.00 65.00 105.00 6.96 4.35 -56.95 | -102.65 | -60.65 | -100.65 40.00 4 0.020 09/06/07 09/06/07 106.08
RDO-4 08/16/05 2223452.05 6006074.35 111.50 60.00 107.00 65.00 105.00 4.13 4.15 -55.85 | -102.85 | -60.85 | -100.85 40.00 4 0.020 09/07/07 09/07/07 105.60
RDO-5 08/15/05 2223283.80 6005966.40 107.00 61.00 107.00 65.00 105.00 6.01 4.00 -57.00 | -103.00 | -61.00 | -101.00 40.00 4 0.020 08/19/05 08/19/05 103.39
RDO-6A 08/30/05 2223072.00 60066285.00 109.00 90.30 107.50 95.00 105.00 11.30 9.28 -81.02 -98.22 -85.72 -95.72 10.00 4 0.020 NA NA NA
RDO-6B 08/25/05 2223059.00 6006258.00 145.00 125.00 | 142.00 | 130.00 | 140.00 10.60 8.44 -116.56 | -133.56 | -121.56 | -131.56 10.00 4 0.020 08/19/05 08/19/05 103.39
First Sand Biobarrier 2

IW-70-FSB216 03/06/07 2223174.70 6006453.10 102.00 61.00 102.00 65.00 100.00 8.34 8.60 -52.40 -93.40 -56.40 -91.40 35.00 4 0.020 04/09/07 04/05/07 99.70
MW-70-PMWO7A 03/22/07 2223191.90 6006440.40 77.00 61.00 77.00 65.00 75.00 7.89 8.10 -52.90 -68.90 -56.90 -66.90 10.00 4 0.020 04/04/07 04/04/07 75.40
MW-70-PMWO07B 03/27/07 2223194.30 6006445.20 97.00 80.00 97.00 85.00 95.00 7.52 8.00 -72.00 -89.00 -77.00 -87.00 10.00 4 0.020 04/04/07 04/04/07 95.60
MW-70-PMWO08A 03/28/07 2223146.80 6006447.80 77.00 60.00 77.00 65.00 75.00 9.04 9.20 -50.80 -67.80 -55.80 -65.80 10.00 4 0.020 04/05/07 04/05/07 75.50
MW-70-PMWO08B 03/28/07 2223144.40 6006442.70 97.00 80.00 97.00 85.00 95.00 9.08 9.20 -70.80 -87.80 -75.80 -85.80 10.00 4 0.020 04/09/07 04/05/07 95.50
MW-70-MNA09 03/05/07 2222951.70 6006103.60 87.00 60.00 76.00 64.25 74.25 6.82 7.10 -52.90 -68.90 -57.15 -67.15 10.00 4 0.020 04/18/07 04/18/07 73.80
MW-70-MNA10 03/27/07 2223077.90 6006534.00 87.00 71.50 87.00 74.50 84.50 7.01 7.40 -64.10 -79.60 -67.10 -77.10 10.00 4 0.020 05/18/07 04/18/07 84.10
MW-70-MNA12 03/29/07 2222706.20 6006650.50 87.00 70.00 87.00 75.00 85.00 5.85 6.10 -63.90 -80.90 -68.90 -78.90 10.00 4 0.020 04/18/07 04/18/07 85.30
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Table 1-2 (continued) IEEC-1107-0014-0003

May 2010
Well Installation Construction Depths (feet bgs) Construction Elevations (feet MSL, NGVD29) Screen Dimensions Well Maintenance
Coordinates (feet NAD83) Filter Pack Screen Interval Filter Pack Screen Interval Well Depth
Date Borehole Ground Length Diameter | Slot Size Date Last Date Measurement
Well Number Installed Northing Easting Depth Top Bottom Top Bottom TOC Surface Top Bottom Top Bottom (feet) (inches) (inches) Developed Measured | (feet below TOC)
Shell Horizon Biobarrier 1
MW-70-MNA13 07/17/07 2222951.31 6006096.89 128.00 113.00 | 128.00 | 115.00 | 125.00 6.64 6.90 -106.10 | -121.10 | -108.10 | -118.10 10.00 4 0.020 07/30/07 07/30/07 121.50
MW-70-MNA14 07/12/07 2222157.28 6007254.74 130.00 110.00 | 130.00 | 115.00 | 125.00 8.86 9.22 -100.78 | -120.78 | -105.78 | -115.78 10.00 4 0.020 07/30/07 07/30/07 125.80
MW-70-PMW09 06/28/07 2223253.90 6006226.30 132.00 117.00 | 132.00 | 120.00 | 130.00 6.82 7.00 -110.00 | -125.00 | -113.00 | -123.00 10.00 4 0.020 07/10/07 07/10/07 130.59
MW-70-PMW10 08/02/07 2223215.80 6006247.20 132.00 116.00 | 132.00 | 120.00 | 130.00 6.60 7.00 -109.00 | -125.00 | -113.00 | -123.00 10.00 4 0.020 07/09/07 07/09/07 130.70
MW-70-PMW11A 08/14/07 2222552.18 6007014.99 97.00 81.00 95.00 85.00 95.00 8.13 8.35 -72.65 -86.65 -76.65 -86.65 10.00 4 0.020 09/07/07 09/07/07 95.95
MW-70-PMW11B 08/23/07 2222545.80 6007013.60 127.00 110.00 | 127.00 | 115.00 | 125.00 7.95 8.25 -101.75 | -118.75 | -106.75 | -116.75 10.00 4 0.020 09/06/07 09/06/07 125.30
MW-70-PMW12A 08/14/07 2222526.82 6007058.10 97.00 79.00 97.00 85.00 95.00 7.86 8.15 -70.85 -88.85 -76.85 -86.85 10.00 4 0.020 09/05/07 09/05/07 94.90
MW-70-PMW12B 08/10/07 2222518.10 6007051.38 127.00 110.00 | 127.00 | 115.00 | 125.00 8.09 8.25 -101.75 | -118.75 | -106.75 | -116.75 10.00 4 0.020 08/22/07 08/22/07 125.50
IW-70-SHB101 05/22/07 2223111.23 606007.76 137.00 101.00 | 137.00 | 105.00 | 130.00 7.77 7.95 -93.05 | -129.05 | -97.05 | -122.05 25.00 4 0.200 06/28/07 06/28/07 128.10
IW-70-SHB102 07/17/07 2223127.25 6006021.88 132.00 102.00 | 132.00 | 105.00 | 130.00 8.10 8.45 -93.55 | -123.55 | -96.55 | -121.55 25.00 4 0.200 07/31/07 07/31/07 129.52
IW-70-SHB103 07/26/07 2223136.27 6006040.01 132.00 100.00 | 132.00 | 105.00 | 130.00 8.65 8.86 -91.14 | -123.14 | -96.14 | -121.14 25.00 4 0.200 08/08/07 08/08/07 121.40
IW-70-SHB104 07/30/07 2223144.96 6006057.96 132.00 100.00 | 132.00 | 105.00 | 130.00 8.83 9.03 -90.97 | -122.97 | -95.97 | -120.97 25.00 4 0.200 08/02/07 08/02/07 129.90
IW-70-SHB105 07/31/07 2223154.22 6006076.12 132.00 101.00 | 132.00 | 105.00 | 130.00 8.67 8.82 -92.18 | -123.18 | -96.18 | -121.18 25.00 4 0.200 08/08/07 08/08/07 129.15
IW-70-SHB106 07/10/07 2223163.10 6006093.86 132.00 99.00 132.00 | 105.00 | 130.00 8.36 8.89 -90.11 | -123.11 | -96.11 | -121.11 25.00 4 0.200 08/02/07 08/02/07 129.40
IW-70-SHB107 06/18/07 2223172.96 6006113.11 132.00 100.00 | 132.00 | 105.00 | 130.00 8.40 8.45 -91.55 [ -123.55 | -96.55 | -121.55 25.00 4 0.200 07/03/07 07/03/07 129.80
IW-70-SHB108 (Screen 1) 06/20/07 2223181.38 6006129.32 132.00 100.00 | 111.50 | 105.00 | 110.00 8.58 8.65 -91.35 | -102.85 | -96.35 | -101.35 5.00 4 0.200 07/10/07 07/10/07 130.00
IW-70-SHB108 (Screen 2) 06/20/07 2223181.38 6006129.32 132.00 113.50 | 132.00 | 115.00 | 130.00 8.58 8.65 -104.85 | -123.35 | -106.35 | -121.35 15.00 4 0.200 07/10/07 07/10/07 130.00
IW-70-SHB109 (Screen 1) 06/21/07 2223190.18 6006146.80 135.00 94.50 110.50 | 100.00 | 110.00 8.20 8.45 -86.05 | -102.05 | -91.55 | -101.55 10.00 4 0.200 07/11/07 07/11/07 130.55
IW-70-SHB109 (Screen 2) 06/21/07 2223190.18 6006146.80 135.00 114.00 | 135.00 | 115.00 | 130.00 8.20 8.45 -105.55 | -126.55 | -106.55 | -121.55 15.00 4 0.200 07/11/07 07/11/07 130.55
IW-70-SHB110 06/26/07 2223200.36 6006164.79 132.00 101.00 | 132.00 | 105.00 | 130.00 8.50 8.45 -92.55 | -123.55 | -96.55 | -121.55 25.00 4 0.200 07/31/07 07/31/07 129.25
IW-70-SHB111 (Screen 1) 07/09/07 2223228.40 6006171.38 132.00 95.00 112.50 | 100.00 | 110.00 8.31 8.55 -86.45 | -103.95 | -91.45 | -101.45 10.00 4 0.200 07/30/07 07/30/07 127.54
IW-70-SHB111 (Screen 2) 07/09/07 2223228.40 6006171.38 132.00 115.00 | 132.00 | 120.00 | 130.00 8.31 8.55 -106.45 | -123.45 | -111.45 | -121.45 10.00 4 0.200 07/30/07 07/30/07 127.54
IW-70-SHB112 (Screen 1) 06/28/07 2223218.79 6006200.98 132.00 94.50 110.50 | 100.00 | 110.00 8.21 8.25 -86.25 | -102.25 | -91.75 | -101.75 10.00 4 0.200 07/11/07 07/11/07 130.50
IW-70-SHB112 (Screen 2) 06/28/07 2223218.79 6006200.98 132.00 113.00 | 132.00 | 115.00 | 130.00 8.21 8.25 -104.75 | -123.75 | -106.75 | -121.75 15.00 4 0.200 07/11/07 07/11/07 130.50
IW-70-SHB113 05/16/07 2223226.40 6006218.07 132.00 100.00 | 132.00 | 105.00 | 130.00 7.49 7.60 -92.40 | -124.40 | -97.40 | -122.40 25.00 4 0.020 05/24/07 06/27/07 131.20
IW-70-SHB114 05/21/07 2223236.09 6006235.54 137.00 100.00 | 137.00 | 105.00 | 130.00 6.72 6.85 -93.15 | -130.15 | -98.15 | -123.15 25.00 4 0.020 05/23/07 05/23/07 130.35
IW-70-SHB115 (Screen 1) 05/30/07 2223244.79 6006254.10 132.00 100.00 | 110.50 | 105.00 | 110.00 6.33 6.55 -93.45 | -103.95 | -98.45 | -103.45 5.00 4 0.020 06/26/07 06/26/07 130.00
IW-70-SHB115 (Screen 2) 05/30/07 2223244.79 6006254.10 132.00 111.00 | 132.00 | 115.00 | 130.00 6.33 6.55 -104.45 | -125.45 | -108.45 | -123.45 15.00 4 0.020 06/26/07 06/26/07 130.00
IW-70-SHB116 (Screen 1) 5/31/1/07 2223254.20 6006271.93 132.00 99.00 111.50 | 105.00 | 110.00 6.41 6.55 -92.45 | -104.95 | -98.45 | -103.45 5.00 4 0.020 06/27/07 06/27/07 130.80
IW-70-SHB116 (Screen 2) | 5/31-6/1/07 | 2223254.20 6006271.93 132.00 112.50 | 132.00 | 115.00 | 130.00 6.41 6.55 -105.95 | -125.45 | -108.45 | -123.45 15.00 4 0.020 06/27/07 06/27/07 130.80
IW-70-SHB117 (Screen 1) 06/06/07 2223262.61 6006290.12 132.00 100.50 | 111.00 | 105.50 | 110.50 6.48 6.65 -93.85 | -104.35 | -98.85 | -103.85 5.00 4 0.020 07/09/07 07/09/07 130.00
IW-70-SHB117 (Screen 2) 06/06/07 2223262.61 6006290.12 132.00 113.00 | 131.00 | 115.50 | 130.50 6.48 6.65 -106.35 | -124.35 | -108.85 | -123.85 15.00 4 0.020 07/09/07 07/09/07 130.00
IW-70-SHB118 (Screen 1) 06/13/07 2223279.23 6006304.06 132.00 93.00 110.50 | 100.00 | 110.00 6.31 6.55 -86.45 | -103.95 | -93.45 | -103.45 10.00 4 0.020 07/02/07 07/02/07 128.70
IW-70-SHB118 (Screen 2) 06/13/07 2223279.23 6006304.06 132.00 114.00 | 132.00 | 115.00 | 130.00 6.31 6.55 -107.45 | -125.45 | -108.45 | -123.45 15.00 4 0.020 07/02/07 07/02/07 128.70
IW-70-SHB119 (Screen 1) 06/19/07 2223288.27 6006320.24 132.00 98.00 110.50 | 100.00 | 110.00 7.00 7.25 -90.75 | -103.25 | -92.75 | -102.75 10.00 4 0.020 06/28/07 06/28/07 130.30
IW-70-SHB119 (Screen 2) 06/19/07 2223288.27 6006320.24 132.00 114.00 | 132.00 | 115.00 | 130.00 7.00 7.25 -106.75 | -124.75 | -107.75 | -122.75 15.00 4 0.020 06/28/07 06/28/07 130.30
IW-70-SHB120 (Screen 1) 06/21/07 2223289.71 6006342.88 137.00 96.00 112.00 | 100.00 | 110.00 7.83 8.05 -87.95 | -103.95 | -91.95 | -101.95 10.00 4 0.020 06/27/07 06/28/07 130.60
IW-70-SHB120 (Screen 2) 06/21/07 2223289.71 6006342.88 137.00 117.00 | 132.00 | 120.00 | 130.00 7.83 8.05 -108.95 | -123.95 | -111.95 | -121.95 10.00 4 0.020 06/28/07 06/28/07 130.60
IW-70-SHB121 (Screen 1) 06/14/07 2223298.01 6006360.94 132.00 98.00 112.00 | 100.00 | 110.00 8.57 8.75 -89.25 | -103.25 | -91.25 | -101.25 10.00 4 0.020 06/27/07 06/27/07 130.00
IW-70-SHB121 (Screen 2) 06/14/07 2223298.01 6006360.94 132.00 117.00 | 132.00 | 120.00 | 130.00 8.57 8.75 -108.25 | -123.25 | -111.25 | -121.25 10.00 4 0.020 06/27/07 06/27/07 130.00
IW-70-SHB122 (Screen 1) 06/13/07 2223303.82 6006380.97 132.00 96.00 112.00 | 100.00 | 110.00 8.15 8.35 -87.65 | -103.65 | -91.65 | -101.65 10.00 4 0.020 06/26/07 06/26/07 130.00
IW-70-SHB122 (Screen 2) 06/13/07 2223303.82 6006380.97 132.00 117.50 | 132.00 | 120.00 | 130.00 8.15 8.35 -109.15 | -123.65 | -111.65 | -121.65 10.00 4 0.020 06/26/07 06/26/07 130.00
IW-70-SHB123 (Screen 1) 06/11/07 2223302.16 6006405.55 132.00 97.00 112.00 | 100.00 | 110.00 6.46 6.55 -90.45 | -105.45 | -93.45 | -103.45 10.00 4 0.020 06/26/07 06/26/07 130.00
IW-70-SHB123 (Screen 2) 06/11/07 2223302.16 6006405.55 132.00 119.00 | 132.00 | 120.00 | 130.00 6.46 6.55 -112.45 | -125.45 | -113.45 | -123.45 10.00 4 0.020 06/26/07 06/26/07 130.00
IW-70-SHB124 (Screen 1) 06/01/07 2223337.35 6006409.84 132.00 100.00 | 112.00 | 105.00 | 110.00 7.58 7.65 -92.35 | -104.35 | -97.35 | -102.35 5.00 4 0.020 06/19/07 06/19/07 130.00
IW-70-SHB124 (Screen 2) 06/01/07 2223337.35 6006409.84 132.00 113.00 | 132.00 | 115.00 | 130.00 7.58 7.65 -105.35 | -124.35 | -107.35 | -122.35 15.00 4 0.020 06/19/07 06/19/07 130.00
IW-70-SHB125 05/31/07 2223336.14 6006431.77 135.00 100.00 | 135.00 | 105.00 | 130.00 6.53 6.65 -93.35 | -128.35 | -98.35 | -123.35 15.00 4 0.020 06/20/07 06/20/07 130.30
IW-70-SHB126 (Screen 1) 05/30/07 2223345.25 6006449.68 132.00 101.00 | 112.00 | 105.00 | 110.00 6.57 6.65 -94.35 | -105.35 | -98.35 | -103.35 5.00 4 0.020 06/21/07 06/21/07 130.60
IW-70-SHB126 (Screen 2) 05/30/07 2223345.25 6006449.68 132.00 113.08 | 132.00 | 115.00 | 130.00 6.57 6.65 -106.43 | -125.35 | -108.35 | -123.35 15.00 4 0.020 06/21/07 06/21/07 130.60
IW-70-SHB127 05/17/07 2223353.91 6006467.89 132.00 99.00 132.00 | 103.50 | 128.50 6.79 6.85 -92.15 | -125.15 | -96.65 | -121.65 25.00 4 0.020 05/24/07 05/24/07 127.60
IW-70-SHB128 05/16/07 2223362.83 6006485.63 132.00 102.00 | 132.00 | 105.00 | 130.00 7.61 7.75 -94.25 | -124.25 | -97.25 | -122.25 25.00 4 0.020 05/22/07 05/22/07 130.85
IW-70-SHB129 (Screen 1) 07/11/07 2223371.33 6006504.09 132.00 96.00 112.00 | 100.00 | 110.00 8.58 8.75 -87.25 | -103.25 | -91.25 | -101.25 10.00 4 0.020 08/01/07 08/01/07 130.00
IW-70-SHB129 (Screen 2) 07/11/07 2223371.33 6006504.09 132.00 116.00 | 132.00 | 120.00 | 130.00 8.58 8.75 -107.25 | -123.25 | -111.25 | -121.25 10.00 4 0.020 08/01/07 08/01/07 130.00
IW-70-SHB130 (Screen 1) 07/13/07 2223380.74 6006521.04 132.00 97.00 110.00 | 100.00 | 110.00 9.01 9.16 -87.84 | -100.84 | -100.84 | -110.84 10.00 4 0.020 08/01/07 08/01/07 130.00
IW-70-SHB130 (Screen 2) 07/13/07 2223380.74 6006521.04 132.00 116.00 | 132.00 | 120.00 | 130.00 9.01 9.16 -106.84 | -122.84 | -110.84 | -120.84 10.00 4 0.020 08/01/07 08/01/07 130.00
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Table 1-2 (continued) IEEC-1107-0014-0003

May 2010
Well Installation Construction Depths (feet bgs) Construction Elevations (feet MSL, NGVD29) Screen Dimensions Well Maintenance
Coordinates (feet NAD83) Filter Pack Screen Interval Filter Pack Screen Interval Well Depth
Date Borehole Ground Length Diameter | Slot Size Date Last Date Measurement
Well Number Installed Northing Easting Depth Top Bottom Top Bottom TOC Surface Top Bottom Top Bottom (feet) (inches) (inches) Developed Measured | (feet below TOC)
IW-70-SHB131 (Screen 1) 07/12/07 2223389.92 6006538.90 132.00 97.00 112.00 | 100.00 | 110.00 9.06 9.19 -87.81 | -102.81 | -90.81 | -100.81 10.00 4 0.020 08/01/07 08/01/07 129.90
IW-70-SHB131 (Screen 2) 07/12/07 2223389.92 6006538.90 132.00 116.00 | 132.00 | 120.00 | 130.00 9.06 9.19 -106.81 | -122.81 | -110.81 | -120.81 10.00 4 0.020 08/01/07 08/01/07 129.90
IW-70-SHB132 (Screen 1) 06/07/07 2223398.76 6006557.30 135.00 101.00 | 111.20 | 105.00 | 110.00 8.57 8.65 -92.35 | -102.55 | -96.35 | -101.35 5.00 4 0.020 06/25/07 06/25/07 132.90
IW-70-SHB132 (Screen 2) 06/07/07 2223398.76 6006557.30 135.00 113.50 | 135.00 | 115.00 | 130.00 8.57 8.65 -104.85 | -126.35 | -110.35 | -120.35 15.00 4 0.020 06/25/07 06/25/07 132.90
IW-70-SHB133 (Screen 1) 06/05/07 2223407.64 6006574.95 132.00 98.00 113.00 | 100.00 | 110.00 8.34 8.55 -89.45 [ -104.45 | -91.45 | -101.45 10.00 4 0.020 06/21/07 06/21/07 130.35
IW-70-SHB133 (Screen 2) 06/05/07 2223407.64 6006574.95 132.00 118.00 | 132.00 | 120.00 | 130.00 8.34 8.55 -109.45 | -123.45 | -111.45 | -121.45 10.00 4 0.020 06/21/07 06/21/07 130.35
IW-70-SHB134 (Screen 1) 06/04/07 2223416.72 6006593.08 132.00 100.00 | 117.00 | 105.00 | 115.00 9.01 9.15 -90.85 | -107.85 | -95.85 | -105.85 10.00 4 0.020 06/20/07 06/20/07 130.60
IW-70-SHB134 (Screen 2) 06/04/07 2223416.72 6006593.08 132.00 118.00 | 132.00 | 120.00 | 130.00 9.01 9.15 -108.85 | -122.85 | -110.85 | -120.85 10.00 4 0.020 06/20/07 06/20/07 130.60
IW-70-SHB135 (Screen 1) 07/02/07 2223426.03 6006610.97 134.00 99.00 112,50 | 105.00 | 110.00 9.17 9.28 -89.72 | -103.22 | -95.72 | -100.72 5.00 4 0.020 07/11/07 07/11/07 130.50
IW-70-SHB135 (Screen 2) 07/02/07 2223426.03 6006610.97 134.00 117.00 | 134.00 | 120.00 | 130.00 9.17 9.28 -107.72 | -124.72 | -110.72 | -120.72 10.00 4 0.020 07/11/07 07/11/07 130.50
IW-70-SHB136 (Screen 1) 07/09/07 2223436.16 6006627.91 132.00 103.00 | 112.00 | 105.00 | 110.00 9.12 9.24 -93.76 | -102.76 | -95.76 | -100.76 5.00 4 0.020 07/11/07 07/11/07 130.33
IW-70-SHB136 (Screen 2) 07/09/07 2223436.16 6006627.91 132.00 116.00 | 132.00 | 120.00 | 130.00 9.12 9.24 -106.76 | -122.76 | -110.76 | -120.76 10.00 4 0.020 07/11/07 07/11/07 130.33
IW-70-SHB137 (Screen 1) 05/29/07 2223444.88 6006646.03 137.00 100.00 | 117.00 | 105.00 | 115.00 9.02 9.14 -90.86 | -107.86 | -95.86 | -100.86 10.00 4 0.020 06/19/07 06/19/07 130.90
IW-70-SHB137 (Screen 2) 05/29/07 2223444.88 6006646.03 137.00 118.00 | 137.00 | 120.00 | 130.00 9.02 9.14 -108.86 | -127.86 | -110.86 | -120.86 10.00 4 0.020 06/19/07 06/19/07 130.90
IW-70-SHB201 05/23/07 2222510.01 6006405.50 137.00 100.00 | 132.00 | 105.00 | 130.00 7.63 7.45 -92.55 | -124.55 | -97.55 | -122.55 25.00 4 0.020 08/02/07 08/02/07 130.50
IW-70-SHB217 05/24/07 2222624.89 6006709.51 137.00 100.00 | 137.00 | 105.00 | 130.00 8.67 8.70 -91.30 | -128.30 | -96.30 | -121.30 25.00 4 0.020 07/12/07 07/12/07 130.50
IW-70-SHB232 05/23/07 2222844.20 6006893.69 137.00 101.00 | 131.00 | 105.00 | 130.00 7.93 7.85 -93.15 | -123.15 | -97.15 | -122.15 25.00 4 0.020 07/12/07 07/12/07 130.50
IW-70-SHB301 (Screen 1) 07/26/07 2222266.64 6006863.01 132.00 76.00 97.00 80.00 95.00 7.96 8.23 -67.77 -88.77 -711.77 -86.77 15.00 4 0.020 08/08/07 08/08/07 129.20
IW-70-SHB301 (Screen 2) 07/26/07 2222266.64 6006863.01 132.00 103.00 | 132.00 | 105.00 | 130.00 7.96 8.23 -94.77 | -123.77 | -96.77 | -121.77 25.00 4 0.020 08/08/07 08/08/07 129.20
IW-70-SHB302 (Screen 1) 07/31/07 2222286.47 6006875.79 132.00 76.00 97.00 80.00 95.00 8.07 8.38 -67.62 -88.62 -71.62 -86.62 15.00 4 0.020 08/08/07 08/08/07 129.75
IW-70-SHB302 (Screen 2) 07/31/07 2222286.47 6006875.79 132.00 102.50 | 132.00 | 105.00 | 130.00 8.07 8.38 -94.12 | -123.62 | -96.62 | -121.62 25.00 4 0.020 08/08/07 08/08/07 129.75
IW-70-SHB303 (Screen 1) 08/01/07 2222306.99 6006888.87 132.00 75.50 96.50 80.00 95.00 8.46 8.78 -66.72 -87.72 -71.22 -86.22 15.00 4 0.020 08/09/07 08/09/07 130.00
IW-70-SHB303 (Screen 2) 08/01/07 2222306.99 6006888.87 132.00 101.50 | 132.00 | 105.00 | 130.00 8.46 8.78 -92.72 | -123.22 | -96.22 | -121.22 25.00 4 0.020 08/09/07 08/09/07 130.00
IW-70-SHB304 (Screen 1) 07/23/07 2222330.86 6006904.23 132.00 77.00 100.00 82.00 97.00 8.67 9.07 -67.93 -90.93 -72.93 -87.93 10.00 4 0.020 08/10/07 08/10/07 127.00
IW-70-SHB304 (Screen 2) 07/23/07 2222330.86 6006904.23 132.00 104.00 | 132.00 | 107.00 | 127.00 8.67 9.07 -94.93 | -122.93 | -97.93 | -117.93 20.00 4 0.020 08/10/07 08/10/07 127.00
IW-70-SHB305 (Screen 1) 07/24/07 2222347.45 6006915.08 132.00 76.00 97.00 80.50 95.50 8.88 9.15 -66.85 -87.85 -71.35 -86.35 15.00 4 0.020 08/13/07 08/13/07 130.50
IW-70-SHB305 (Screen 2) 07/24/07 2222347.45 6006915.08 132.00 103.00 | 132.00 | 105.50 | 130.50 8.88 9.15 -93.85 | -122.85 | -96.35 | -121.35 25.00 4 0.020 08/13/07 08/13/07 130.50
IW-70-SHB306 (Screen 1) 08/07/07 2222367.42 6006928.33 132.00 76.50 97.00 80.00 95.00 8.91 9.11 -67.39 -87.89 -70.89 -85.89 15.00 4 0.020 08/15/07 08/15/07 130.00
IW-70-SHB306 (Screen 2) 08/07/07 2222367.42 6006928.33 132.00 103.00 | 131.50 | 105.00 | 130.00 8.91 9.11 -93.89 | -122.39 | -95.89 | -120.89 25.00 4 0.020 08/15/07 08/15/07 130.00
IW-70-SHB307 (Screen 1) 08/08/07 2222387.55 6006941.19 133.00 77.00 97.00 80.00 95.00 8.70 9.13 -67.87 -87.87 -70.87 -85.87 15.00 4 0.020 08/22/07 08/22/07 130.00
IW-70-SHB307 (Screen 2) 08/08/07 2222387.55 6006941.19 133.00 102.50 | 133.00 | 105.00 | 130.00 8.70 9.13 -93.37 | -123.87 | -95.87 | -120.87 25.00 4 0.020 08/22/07 08/22/07 130.00
IW-70-SHB308 (Screen 1) 08/10/07 2222407.92 6006954.21 132.00 76.40 97.00 80.00 95.00 8.89 9.07 -67.33 -87.93 -70.93 -85.93 15.00 4 0.020 08/16/07 08/16/07 129.60
IW-70-SHB308 (Screen 2) 08/10/07 2222407.92 6006954.21 132.00 103.00 | 132.00 | 105.00 | 130.00 8.89 9.07 -93.93 [ -122.93 | -95.93 | -120.93 25.00 4 0.020 08/16/07 08/16/07 129.60
IW-70-SHB309 (Screen 1) 07/26/07 2222427.88 6006967.25 132.00 75.00 97.00 80.00 95.00 8.89 9.09 -65.91 -87.91 -70.91 -85.91 15.00 4 0.020 08/23/07 08/23/07 130.50
IW-70-SHB309 (Screen 2) 07/26/07 2222427.88 6006967.25 132.00 103.00 | 130.50 | 105.00 | 130.00 8.89 9.09 -93.91 | -121.41 | -95.91 | -120.91 25.00 4 0.020 08/23/07 08/23/07 130.50
IW-70-SHB310 (Screen 1) 07/30/07 222244797 6006980.50 137.00 77.00 95.00 80.00 95.00 8.73 9.11 -67.89 -85.89 -70.89 -85.89 15.00 4 0.020 08/27/07 08/27/07 130.70
IW-70-SHB310 (Screen 2) 07/30/07 2222447.97 6006980.50 137.00 103.00 | 132.00 | 105.00 | 130.00 8.73 9.11 -93.89 | -122.89 | -95.89 | -120.89 25.00 4 0.020 08/27/07 08/27/07 130.70
IW-70-SHB311 (Screen 1) 08/01/07 2222466.38 6006996.03 132.00 76.00 98.00 80.00 95.00 8.78 9.06 -66.94 -88.94 -70.94 -85.94 15.00 4 0.020 08/14/07 08/14/07 130.00
IW-70-SHB311 (Screen 2) 08/01/07 2222466.38 6006996.03 132.00 103.00 | 132.00 | 105.00 | 130.00 8.78 9.06 -93.94 | -122.94 | -95.94 | -120.94 25.00 4 0.020 08/14/07 08/14/07 130.00
IW-70-SHB312 (Screen 1) 07/25/07 2222488.35 6007006.82 132.00 76.70 102.00 80.00 100.00 8.67 8.78 -67.92 -93.22 -71.22 -91.22 20.00 4 0.020 08/13/07 08/13/07 131.00
IW-70-SHB312 (Screen 2) 07/25/07 2222488.35 6007006.82 132.00 108.00 | 132.00 | 110.00 | 130.00 8.67 8.78 -99.22 | -123.22 | -101.22 | -121.22 20.00 4 0.020 08/13/07 08/13/07 131.00
IW-70-SHB313 (Screen 1) 07/23/07 2222508.44 6007019.69 132.00 76.00 103.00 80.50 100.50 8.26 8.46 -67.54 -94.54 -72.04 -92.04 20.00 4 0.020 08/10/07 08/10/07 129.55
IW-70-SHB313 (Screen 2) 07/23/07 2222508.44 6007019.69 132.00 108.00 | 132.00 | 110.50 | 130.50 8.26 8.46 -99.54 | -123.54 | -102.04 | -122.04 20.00 4 0.020 08/10/07 08/10/07 129.55
IW-70-SHB314 (Screen 1) 08/09/07 2222527.76 6007033.48 132.00 75.00 102.00 80.00 100.00 7.88 8.05 -66.95 -93.95 -71.95 -91.95 20.00 4 0.020 08/20/07 08/20/07 129.80
IW-70-SHB314 (Screen 2) 08/09/07 2222527.76 6007033.48 132.00 107.00 | 132.00 | 110.00 | 130.00 7.88 8.05 -98.95 | -123.95 | -101.95 | -121.95 20.00 4 0.020 08/20/07 08/20/07 129.80
IW-70-SHB315 (Screen 1) 08/08/07 2222544.33 6007043.63 132.00 75.50 102.00 80.00 100.00 8.06 8.25 -67.25 -93.75 -71.75 -91.75 20.00 4 0.020 08/21/07 08/21/07 129.80
IW-70-SHB315 (Screen 2) 08/08/07 2222544.33 6007043.63 132.00 107.50 | 132.00 | 110.00 | 130.00 8.06 8.25 -99.25 | -123.75 | -101.75 | -121.75 20.00 4 0.020 08/21/07 08/21/07 129.80
IW-70-SHB316 (Screen 1) 07/18/07 2222561.57 6007056.54 132.00 75.50 102.50 80.00 100.00 8.77 8.95 -66.55 -93.55 -71.05 -91.05 20.00 4 0.020 08/07/07 08/07/07 129.70
IW-70-SHB316 (Screen 2) 07/18/07 2222561.57 6007056.54 132.00 107.00 | 132.00 | 110.00 | 130.00 8.77 8.95 -98.05 | -123.05 | -101.05 | -121.05 20.00 4 0.020 08/07/07 08/07/07 129.70
IW-70-SHB317 (Screen 1) 08/13/07 2222587.72 6007073.02 132.00 75.00 102.00 80.00 100.00 8.75 8.95 -66.05 -93.05 -71.05 -91.05 20.00 4 0.020 08/16/07 08/16/07 130.35
IW-70-SHB317 (Screen 2) 08/13/07 2222587.72 6007073.02 132.00 107.00 | 132.00 | 110.00 | 130.00 8.75 8.95 -98.05 | -123.05 | -101.05 | -121.05 20.00 4 0.020 08/16/07 08/16/07 130.35
IW-70-SHB318 (Screen 1) 08/07/07 2222611.82 6007089.34 132.00 75.00 101.50 80.00 100.00 7.76 7.85 -67.15 -93.65 -72.15 -92.15 20.00 4 0.020 08/21/07 08/21/07 130.30
IW-70-SHB318 (Screen 2) 08/07/07 2222611.82 6007089.34 132.00 105.50 | 132.00 | 110.00 | 130.00 7.76 7.85 -97.65 | -124.15 | -102.15 | -121.15 20.00 4 0.020 08/21/07 08/21/07 130.30
IW-70-SHB319 (Screen 1) 08/01/07 2222631.06 6007100.61 132.00 75.00 101.00 80.00 100.00 7.54 7.85 -67.15 -93.15 -72.15 -92.15 20.00 4 0.020 08/22/07 08/22/07 128.80
IW-70-SHB319 (Screen 2) 08/01/07 2222631.06 6007100.61 132.00 107.00 | 132.00 | 110.00 | 130.00 7.54 7.85 -99.15 | -124.15 | -102.15 | -121.15 20.00 4 0.020 08/22/07 08/22/07 128.80
IW-70-SHB320 (Screen 1) 07/23/07 2222648.10 60076112.67 137.00 75.00 102.66 80.00 100.00 7.78 8.15 -66.85 -94.51 -71.85 -91.85 20.00 4 0.020 08/20/07 08/20/07 130.50
IW-70-SHB320 (Screen 2) 07/23/07 2222648.10 60076112.67 137.00 105.50 | 137.00 | 110.00 | 130.00 7.78 8.15 -97.35 | -128.85 | -101.85 | -121.85 20.00 4 0.020 08/20/07 08/20/07 130.50
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Table 1-2 (continued) IEEC-1107-0014-0003

May 2010
Well Installation Construction Depths (feet bgs) Construction Elevations (feet MSL, NGVD29) Screen Dimensions Well Maintenance
Coordinates (feet NAD83) Filter Pack Screen Interval Filter Pack Screen Interval Well Depth
Date Borehole Ground Length Diameter | Slot Size Date Last Date Measurement
Well Number Installed Northing Easting Depth Top Bottom Top Bottom TOC Surface Top Bottom Top Bottom (feet) (inches) (inches) Developed Measured | (feet below TOC)
Shell Horizon Biobarrier 3
IW-70-SHB310 (Screen 1) 07/30/07 2222447.97 6006980.50 137.00 77.00 130.00 80.00 95.00 8.73 9.11 -67.89 | -120.89 | -70.89 -85.89 15.00 4 0.020 08/27/07 08/27/07 130.70
IW-70-SHB310 (Screen 2) 07/30/07 222244797 6006980.50 137.00 77.00 132.00 | 105.00 | 130.00 8.73 9.11 -67.89 | -122.89 | -95.89 | -120.89 25.00 4 0.020 08/27/07 08/27/07 130.70
MW-70-MNA14 07/13/07 2222157.30 6007254.70 130.00 110.00 | 130.00 | 115.00 | 125.00 8.86 9.20 -100.80 | -120.80 | -105.80 | -115.80 10.00 4 0.020 07/30/07 07/30/07 125.80
MW-70-PMW11A 08/14/07 2222552.20 6007015.00 97.00 81.00 95.00 85.00 95.00 8.13 8.40 -72.60 -86.60 -76.60 -86.60 10.00 4 0.020 09/07/07 09/07/07 95.95
MW-70-PMW11B 08/23/07 2222545.80 6007013.60 127.00 110.00 | 127.00 | 115.00 | 125.00 7.95 8.30 -101.70 | -118.70 | -106.70 | -116.70 10.00 4 0.020 09/06/07 09/06/07 125.30
MW-70-PMW12A 08/14/07 2222526.80 6007058.10 97.00 79.00 97.00 85.00 95.00 7.86 8.20 -70.80 -88.80 -76.80 -86.80 10.00 4 0.020 09/05/07 09/05/07 94.90
MW-70-PMW12B 08/10/07 2222518.10 6007051.40 127.00 110.00 | 127.00 | 115.00 | 125.00 8.09 8.30 -101.70 | -118.70 | -106.70 | -116.70 10.00 4 0.020 08/22/07 08/22/07 125.50
Second Sand Biobarrier 1
MW-70-14 03/19/98 2223055.91 6007290.58 172.50 154.00 | 187.00 | 160.00 | 170.00 11.01 8.51 -145.49 | -178.49 | -151.49 | -161.49 10.00 5 0.010 03/26/98 04/09/98 172.50
MW-70-15 03/23/98 2221994.30 6008038.90 175.00 155.00 | 175.00 | 160.80 | 170.30 9.41 7.14 -147.86 | -167.86 | -153.66 | -163.16 9.50 5 0.010 03/30/98 04/08/98 172.82
MW-70-43B 07/19/05 2222847.90 6007211.10 150.00 131.30 | 150.00 | 135.50 | 145.50 10.58 7.93 -123.37 | -142.07 | -127.57 | -137.57 20.00 2 0.010 07/22/05 NA NA
MW-70-MNA15 06/04/07 2222706.18 6006650.49 160.00 136.00 | 151.00 | 140.00 | 150.00 5.96 6.10 -129.90 | -144.90 | -133.90 | -143.90 10.00 4 0.020 06/18/07 06/18/07 151.10
MW-70-MNA16 07/09/07 2222145.26 6007245.65 155.00 135.50 | 155.00 | 140.50 | 150.50 8.65 9.22 -126.28 | -145.78 | -131.28 | -141.28 10.00 4 0.020 07/26/07 07/26/07 150.60
MW-70-MNA17 06/06/07 2222026.24 6007015.43 167.00 135.00 | 152.00 | 140.00 | 150.00 6.80 7.00 -128.00 | -145.00 | -133.00 | -143.00 10.00 4 0.020 06/19/07 06/19/07 140.35
MW-70-PMW13A 08/20/07 2222293.78 6007163.19 137.00 119.00 | 137.00 | 125.00 | 135.00 7.47 4.60 -114.40 | -132.40 | -120.40 | -130.40 10.00 4 0.020 09/06/07 09/06/07 135.60
MW-70-PMW13B 08/15/07 2222303.10 6007169.25 157.00 139.00 | 157.00 | 145.00 | 155.00 7.48 4.70 -134.30 | -152.30 | -140.30 | -150.30 10.00 4 0.020 09/05/07 09/05/07 155.15
MW-70-PMW14A 08/22/07 2222253.67 6007203.49 140.00 123.00 | 140.00 | 128.00 | 138.00 7.64 8.00 -115.00 | -132.00 | -120.00 | -130.00 10.00 4 0.020 09/05/07 09/05/07 139.35
MW-70-PMW14B 08/22/07 2222270.94 6007216.27 160.00 138.00 | 160.00 | 149.00 | 159.00 7.92 8.20 -129.80 | -151.80 | -140.80 | -150.80 10.00 4 0.020 09/04/07 09/04/07 159.15
IW-70-SSB101 06/19/07 2222076.99 6007048.06 170.00 120.00 | 170.00 | 125.00 | 165.00 7.77 7.85 -112.15 | -162.15 | -117.15 | -157.15 40.00 4 0.020 07/24/07 07/24/07 163.40
IW-70-SSB102 07/13/07 2222093.15 6007066.72 167.00 120.00 | 167.00 | 125.00 | 165.00 7.82 7.85 -112.15 | -159.15 | -117.15 | -157.15 40.00 4 0.020 07/25/07 07/25/07 165.30
IW-70-SSB103 07/16/07 2222111.08 6007083.61 167.00 121.00 | 167.00 | 125.00 | 165.00 7.69 7.65 -113.35 | -159.35 | -117.35 | -157.35 40.00 4 0.020 07/26/07 07/26/07 165.50
IW-70-SSB104 07/18/07 2222131.43 6007097.29 167.00 119.60 | 167.00 | 125.00 | 165.00 7.54 7.65 -111.95 | -159.35 | -117.35 | -157.35 40.00 4 0.020 07/24/07 07/24/07 165.75
IW-70-SSB105 07/19/07 2222151.11 6007109.73 167.00 121.00 | 167.00 | 125.00 | 165.00 7.51 7.75 -113.25 | -159.25 | -117.25 | -157.25 40.00 4 0.020 07/25/07 07/25/07 165.75
IW-70-SSB106 08/16/07 2222171.01 6007123.05 167.00 121.00 | 167.00 | 125.00 | 165.00 8.04 8.05 -112.95 | -158.95 | -116.95 | -156.95 40.00 4 0.020 08/28/07 08/28/07 165.20
IW-70-SSB107 08/20/07 2222191.24 6007136.11 167.00 120.00 | 167.00 | 125.00 | 165.00 7.93 7.95 -112.05 | -159.05 | -117.05 | -157.05 40.00 4 0.020 08/29/07 08/29/07 165.20
IW-70-SSB108 08/21/07 2222207.47 6007147.74 167.00 120.10 | 167.00 | 125.00 | 165.00 8.02 8.05 -112.05 | -158.95 | -116.95 | -156.95 40.00 4 0.020 08/30/07 08/30/07 165.20
IW-70-SSB109 08/23/07 2222230.86 6007162.75 167.00 120.00 | 167.00 | 125.75 | 165.75 7.96 8.10 -111.90 | -158.90 | -117.65 | -157.65 40.00 4 0.020 08/20/07 08/20/07 165.81
IW-70-SSB110 08/10/07 2222256.03 6007179.36 167.00 122.00 | 167.00 | 125.00 | 165.00 8.90 9.05 -112.95 | -157.95 | -115.95 | -155.95 40.00 4 0.020 08/29/07 08/29/07 165.30
IW-70-SSB111 08/09/07 2222270.57 6007189.28 167.00 120.50 | 167.00 | 125.00 | 165.00 8.90 9.05 -111.45 | -157.95 | -115.95 | -155.95 40.00 4 0.020 08/14/07 08/14/07 165.00
IW-70-SSB112 06/20/07 2222290.37 6007203.00 167.00 120.00 | 170.00 | 125.00 | 165.00 7.87 8.05 -111.95 | -161.95 | -116.95 | -156.95 40.00 4 0.020 07/16/07 07/16/07 165.50
IW-70-SSB113 08/08/07 2222310.44 6007215.97 167.00 121.50 | 167.00 | 125.00 | 165.00 7.84 7.85 -113.65 | -159.15 | -117.15 | -157.15 40.00 4 0.020 08/15/07 08/14/07 165.00
IW-70-SSB114 07/11/07 2222330.31 6007229.33 167.00 121.00 | 167.00 | 125.00 | 165.00 7.68 7.85 -113.15 | -159.15 | -117.15 | -157.15 40.00 4 0.020 07/19/07 07/19/07 166.00
IW-70-SSB115 07/10/07 2222350.66 6007242.08 167.00 120.00 | 167.00 | 125.00 | 165.00 7.98 8.05 -111.95 | -158.95 | -116.95 | -156.95 40.00 4 0.020 07/18/07 07/18/07 165.50
IW-70-SSB116 06/27/07 2222370.00 6007255.79 167.00 120.00 | 167.00 | 125.00 | 165.00 8.42 8.45 -111.55 | -158.55 | -116.55 | -156.55 40.00 4 0.020 07/17/07 07/17/07 165.50
IW-70-SSB117 07/02/07 2222389.76 6007268.13 167.00 120.50 | 167.00 | 125.00 | 165.00 8.45 8.55 -111.95 | -158.45 | -116.45 | -156.45 40.00 4 0.020 07/18/07 07/18/07 165.50
IW-70-SSB118 08/13/07 2222409.23 6007281.32 167.00 122.00 | 165.00 | 125.00 | 165.00 8.54 8.75 -113.25 | -156.25 | -116.25 | -156.25 40.00 4 0.020 08/28/07 08/28/07 164.15
IW-70-SSB119 08/14/07 2222429.64 6007294.68 167.00 121.00 | 167.00 | 125.00 | 165.00 9.06 9.34 -111.66 | -157.66 | -115.66 | -155.66 40.00 4 0.020 08/27/07 08/27/07 166.30
IW-70-SSB120 08/13/07 2222452.33 6007308.58 167.00 122.00 | 167.00 | 125.00 | 165.00 8.24 8.75 -113.25 | -158.25 | -116.25 | -156.25 40.00 4 0.020 08/23/07 08/23/07 163.30
IW-70-SSB121 06/26/07 2222469.91 6007320.42 167.00 120.00 | 167.00 | 125.00 | 165.00 8.34 8.55 -111.45 | -158.45 | -116.45 | -156.45 40.00 4 0.020 07/19/07 07/19/07 165.50
IW-70-SSB122 06/21/07 2222487.22 6007331.79 170.00 120.00 | 170.00 | 125.00 | 165.00 8.20 8.45 -111.55 | -161.55 | -116.55 | -156.55 40.00 4 0.020 07/18/07 07/18/07 165.50
Point of Compliance/Upper Fines
MW-70-02 07/21/97 2224602.60 6005708.20 32.00 17.00 32.00 20.00 30.00 7.85 5.90 -11.10 -26.10 -14.10 -24.10 10.00 4 0.010 08/04/97 07/21/97 33.95
MW-70-10 04/13/00 2223724.30 6007203.10 41.50 27.00 41.50 30.10 40.10 10.10 8.37 -18.63 -33.13 -21.73 -31.73 10.00 4 0.010 04/24/00 04/24/00 42.28
MW-70-17 04/14/00 2222804.90 6005569.00 41.50 27.00 41.50 30.00 40.00 4,58 2.85 -24.15 -38.65 -27.15 -37.15 10.00 4 0.010 05/01/00 05/01/00 42.10
MW-70-22 04/17/00 2221971.60 6007067.40 32.00 17.00 32.00 20.00 30.00 10.21 8.67 -8.33 -23.33 -11.33 -21.33 10.00 4 0.010 05/03/00 05/03/00 32.09
Point of Compliance/First Sand
MW-70-11 04/21/00 2223726.20 6007217.50 102.00 67.80 102.00 80.00 100.00 11.07 8.56 -59.24 -93.44 -71.44 -91.44 20.00 5 0.010 04/24/00 04/24/00 101.70
MW-70-16 03/26/98 2222003.60 6008020.10 110.00 89.50 110.00 94.70 104.70 9.76 7.19 -82.31 | -102.81 | -87.51 -97.51 10.00 5 0.010 04/01/98 04/09/98 107.22
MW-70-35 03/01/02 2222536.90 6005190.60 103.00 84.00 103.00 90.00 100.00 6.31 3.67 -80.33 -99.33 -86.33 -96.33 10.00 4 0.010 03/04/02 05/02/02 103.50
MW-70-POCO1 09/21/07 2224584.60 6005713.40 96.00 77.00 96.00 80.00 90.00 8.88 6.41 -70.59 -89.59 -73.59 -83.59 10.00 4 0.020 10/02/07 10/02/07 93.50
Point of Compliance/Shell Horizon
MW-70-23 | 04/18/00 2223145.60 6008894.60 132.00 103.90 | 132.00 | 110.00 | 130.00 11.17 8.46 -95.44 | -123.54 | -101.54 | -121.54 20.00 5 0.010 04/21/00 04/21/00 132.00
Point of Compliance/Second Sand
MW-70-21 04/25/00 2221200.70 6008513.60 172.00 143.00 | 172.00 | 150.00 | 170.00 7.70 5.33 -137.67 | -166.67 | -144.67 | -164.67 20.00 5 0.010 04/27/00 04/27/00 170.20
MW-70-36 03/04/02 2221672.00 6006269.80 170.00 143.00 | 170.00 | 150.00 | 160.00 9.04 6.71 -136.29 | -163.29 | -143.29 | -153.29 10.00 4 0.010 03/08/02 05/23/02 163.23
MW-70-POCO02 09/19/07 2223170.00 6008885.30 240.00 186.00 | 202.00 [ 190.00 | 200.00 8.25 8.68 -177.32 | -193.32 | -181.32 | -191.32 10.00 4 0.020 10/03/07 10/03/07 200.50
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Table 1-2 (continued)

IEEC-1107-0014-0003

Well Installation

Construction Depths (feet bgs)

Construction Elevations (feet MSL, NGVD29)

Screen Dimensions

Well Maintenance

Coordinates (feet NAD83) Filter Pack Screen Interval Filter Pack Screen Interval Well Depth
Date Borehole Ground Length Diameter | Slot Size Date Last Date Measurement
Well Number Installed Northing Easting Depth Top Bottom Top Bottom TOC Surface Top Bottom Top Bottom (feet) (inches) (inches) Developed Measured | (feet below TOC)
MW-70-POCO03 09/11/07 2221664.30 6006260.90 205.00 187.00 | 205.00 | 190.00 | 200.00 9.64 7.19 -179.81 | -197.81 | -182.81 | -192.81 10.00 4 0.020 10/03/07 10/03/07 203.30
MW-70-POCO04 10/18/07 2221192.20 6008511.20 210.00 191.00 | 210.00 [ 195.00 | 205.00 8.50 5.87 -185.13 | -204.13 | -189.13 | -199.13 10.00 4 0.020 10/07/08 10/07/08 208.48

Acronyms/Abbreviations:
bgs - below ground surface
MSL - mean sea level
NA - not available

NADS8S3 - North American Datum of 1983

NGVD29 - National Geodetic Vertical Datum of 1929

TOC - top of casing
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May 2010

Page 7 of 7



IEEC-1107-0014-0003
May 2010

Table 1-3
Target Cleanup Goals
Target Cleanup Goal
Constituent of Concern Exposure Rate Receptor(s) (ng/L)
Chloroform Ingestion Future residential 100
groundwater users
1,1-Dichloroethene Ingestion Future residential 6
groundwater users
cis-1,2-Dichloroethene Ingestion Future residential 6
groundwater users
trans-1,2-Dichloroethene Ingestion Future residential 10
groundwater users
Tetrachloroethene Ingestion Future residential 5
groundwater users
Trichloroethene Ingestion Future residential 5
groundwater users
Vinyl Chloride Ingestion Future residential 0.5
groundwater users

Source: ECC/Geosyntec (2008) — Remedial Action Work Plan. Target Cleanup Goals are based on
Applicable or Relevant and Appropriate Requirements. Reevaluation of the Target Cleanup Goals may be
required at a future date, per trends in remedial performance.

Note:

Hg/L — micrograms per liter

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach
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IEEC-1107-0014-0003
May 2010

Table 1-4

Summary of Performance Monitoring Rationale

Measurement

Primary Purpose

Groundwater elevations

Ensure barriers are not impacting groundwater flow direction

VOCs

Monitor changes in plume size/location

VOCs and Dhcs

Evaluate remedial performance

Geochemistry (DO, ORP, pH, nitrate,
sulfate, ferrous iron)

Determine conditions are present for Dhc survival and proliferation

TOC and VFAs

Determine distribution of EVO

gPCR (Dhc and vcrA)

Determine the viable population of Dhc in groundwater

Dissolved metals

Evaluate impacts to groundwater quality

Acronyms/Abbreviations:

Dhc — Dehalocococcoides

DO - dissolved oxygen

EVO - emulsified vegetable oil
ORP - oxidation-reduced potential
pH — potential of hydrogen

gPCR — quantitation polymerase chain reaction

TOC - total organic carbon
VFA — volatile fatty acid

vcrA — vinyl chloride reductase A gene

VOC - volatile organic compound

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach Page 1of1




Table 2-1
Source Area Biobarrier Injection Summary

IEEC-1107-0014-0003
May 2010

Total No. Target EVO Total EVO | Total Amended Total KB-1°
of Injection | Volume per Well Volume Volume Volume
Biobarrier Wells (gallons) (gallons) (gallons)* (liters) Remarks

Source Area B

iobarrier (SAB): SAB injection well

s have single screen and are divid

ed into two sections (Section 1 and Section 2).

Section 1

Started injection in Section 1 wells on
November 4, 2008 and completed

21 target volumes injection on
(IW-70-SABOS8 through 7 476 3,332 331,289 (3 liters per | January 29, 2009. The EVO emulsion
IW-70-SAB14) well) was injected at an average rate of
3 gpm and groundwater extraction
rates were maintained at 5 gpm.
Started injection in Section 2 wells on
] November 19, 2008 and completed
Section 2 21 target volumes injection on January 9,
(IW-70-SABOL1 through 7 476 3,332 331,289 (3 liters per | 2009. The EVO emulsion was
IW-70-SABO7) well) injected at an average rate of 7 gpm
and groundwater extraction rates were
maintained at 10 gpm.
TOTALS 14 6,664 662,578 42 Target Volumes Complete
Notes:

Total amended volume is the summation of extracted groundwater and EVO.

EVO - emulsified vegetable oil
gpm — gallons per minute
KB-1® - dichlorinating microbial

Performance Monitoring Report, IR Si

culture
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IEEC-1107-0014-0003

May 2010
Table 2-2
Shell Horizon Biobarrier 3 Injection Summary
Total No. Target EVO Total EVO | Total Amended Total KB-1°
of Injection | Volume per Well Volume Volume Volume
Biobarrier Wells (gallons) (gallons) (gallons)* (liters) Remarks
Shell Horizon Biobarrier 3 (SHB3): SHB3 injection wells have dual screens and are divided into two groups (Group 1 and Group 2).

Group 1: Started injection in Group 1 wells on
IW-70-SHB301 March 31, 2009 and completed target
IW-70-SHB303 volumes injection on May 11, 2009.
IW-70-SHB305 The EVO emulsion was injected at an
IW-70-SHB307 30 average rate of 5 gpm and
IW-70-SHB309 10 545 5,450 518,885 (3 liters per groundwater extraction rates were
IW-70-SHB311 well) maintained at 5 gpm.

IW-70-SHB313
IW-70-SHB315
IW-70-SHB317
IW-70-SHB319

Group 2: Started injection in Group 2 wells on
IW-70-SHB302 May 14, 2009 and completed target
IW-70-SHB304 volumes injection on September 25,
IW-70-SHB306 2009. The EVO emulsion was
IW-70-SHB308 30 injected at an average rate of 2.5 gpm
IW-70-SHB310 10 545 5,527 570,227 (3 liters per and groundwater extraction rates were
IW-70-SHB312 well) maintained at 3 gpm.

IW-70-SHB314
IW-70-SHB316
IW-70-SHB318
IW-70-SHB320
TOTALS 20 10,977 1,089,112 60 Target Volumes Complete
Notes:

"Total amended volume is the summation of extracted groundwater and EVO.
EVO - emulsified vegetable oil

gpm — gallons per minute

KB-1°- dichlorinating microbial culture
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May 2010
Table 2-3
Second Sand Biobarrier 1 Injection Summary
Target EVO Total EVO | Total Amended Total KB-1°
Total No. of Volume per Well Volume Volume Volume
Biobarrier Injection Wells (gallons) (gallons) (gallons)* (liters) Remarks

Second Sand Biobarrier 1 (SS

B1): SSB1 injection wells have single screen and are divided i

nto three groups (Group 1, Group 2, and Group 3).

Group 1: Started injection in Group 1 wells on

IW-70-SSB101 February 18, 2009 and completed target

IW-70-SSB104 volumes injection on March 2, 2009. The

IW-70-SSB107 24 EVO emulsion was injected at an average

IW-70-SSB110 8 423 3,384 336,544 (3 liters per well) rate of 13 gpm and groundwater extraction

IW-70-SSB113 rates were maintained at 12 gpm.

IW-70-SSB116

IW-70-SSB119

IW-70-SSB122

Group 2: Started injection in Group 2 wells on

IW-70-SSB102 March 3, 2009 and completed target

IW-70-SSB105 volumes injection on March 10, 2009.

IW-70-SSB108 7 423 2961 294 476 2 The EVO emulsion was injected at an

IW-70-SSB111 ' ’ (3 liters per well) | average rate of 15 gpm and groundwater

IW-70-SSB114 extraction rates were maintained at 17

IW-70-SSB117 gpm.

IW-70-SSB120

Group 3: Started injection in Group 3 wells on

IW-70-SSB103 March 11, 2009 and completed target

IW-70-SSB106 volumes injection on March 18, 2009.

IW-70-SSB109 7 423 2961 294 476 2 The EVO emulsion was injected at an

IW-70-SSB112 ' ’ (3 liters per well) | average rate of 15 gpm and groundwater

IW-70-SSB115 extraction rates were maintained at 15

IW-70-SSB118 gpm.

IW-70-SSB121

Totals 22 9,306 925,496 66 Target Volumes Complete

Notes:

"Total amended volume is the summation of extracted groundwater and EVO.
EVO - emulsified vegetable oil

gpm — gallons per minute

KB-1® - dichlorinating microbial culture
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IEEC-1107-0014-0003

May 2010
Table 3-1
Groundwater Level Data
8/18/08 8/24/09
Depth to
TOC Depth to Groundwater Groundwater Groundwater
Screen Interval Elevation Groundwater Elevation (feet below Elevation
Well Number (feet bgs)? (feet above MSL) Time (feet below TOC) (feet +/- MSL) Time TOC) (feet +/- MSL)
Upper Fines
MW-70-03* 20-30 8.03 NA NA NA 15:00 19.19 -11.16
Source Area Treatment/Upper Fines
MW-70-PMWO1A 25-35 8.23 18:20 20.31 -12.08 8:15 21.60 -13.37
MW-70-PMWO01B 45-55 8.21 18:21 22.02 -13.81 8:20 22.04 -13.83
MW-70-27° 26-36 8.25 NA 21.70 -13.45 8:23 21.78 -13.53
MW-70-28° 50-60 8.30 NA 22.13 -13.83 8:27 21.81 -13.51
MW-70-MNAO1 40-50 8.36 18:25 22.48 -14.12 8:31 22.32 -13.96
MW-70-MNAOQ2 35-45 8.51 18:11 22.23 -13.72 9:25 20.45** -11.94
MW-70-MNAO3 35-45 9.18 18:08 20.90 -11.72 8:40 21.46 -12.28
MW-70-MNAO4 35-45 8.39 18:01 20.52 -12.13 8:42 21.06 -12.67
Source Area Biobarrier/First Sand
MW-70-PMWO02A 71-81 8.35 17:48 23.06 -14.71 8:46 22.82 -14.47
MW-70-PMWO02B 90-100 8.38 17:49 23.11 -14.73 8:47 22.88 -14.50
IW-70-SAB06 65-80/85-105 8.07 17:53 22.81 -14.74 8:49 22.60 -14.53
MW-70-MNAOQ5 70-80 8.46 18:03 22.90 -14.44 8:50 22.79 -14.33
MW-70-PMWO03A 70-80 7.94 17:54 22.72 -14.78 8:53 22.49 -14.55
MW-70-PMWO03B 90-100 7.88 17:55 22.69 -14.81 8:54 22.44 -14.56
First Sand Biobarrier 1
MW-70-38 80-100 6.85 17:26 22.20 -15.35 9:03 21.80 -14.95
IW-70-FSB118 60-105 4.42 17:31 19.71 -15.29 9:07 19.30 -14.88
MW-70-PMWO6A 70-80 4.14 17:38 19.42 -15.28 9:10 19.04 -14.90
MW-70-PMWO06B 91-101 4.16 17:36 19.50 -15.34 9:14 19.05 -14.89
MW-70-PMWO4A 70-80 4.52 17:14 19.90 -15.38 9:16 19.47 -14.95
MW-70-PMWO04B 90-100 4.53 17:17 19.05 -14.52 9:20 19.51 -14.98
IW-70-FSB108 60-105 4.64 17:09 20.02 -15.38 9:23 19.63 -14.99
MW-70-PMWO05A 70-80 4.21 17:06 19.65 -15.44 9:30 19.21 -15.00
MW-70-PMWO05B 90-100 4.34 17:07 19.80 -15.46 9:31 19.34 -15.00
RDO-5 65-105 6.01 17:00 21.55 -15.54 9:55 21.05 -15.04
MW-70-MNAO8 80-90 7.66 16:15 23.27 -15.61 9:40 22.74 -15.08
MW-70-MNAOQ6 80-90 3.95 16:53 19.48 -15.53 9:45 19.03 -15.08
MW-70-MNA11 80-90 8.30 16:10 24.55 -16.25 9:50 23.90 -15.60
MW-70-MNAQ7 90-100 4.63 17:20 20.18 -15.55 10:00 19.74 -15.11
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Table 3-1 (continued)

IEEC-1107-0014-0003

May 2010
8/18/08 8/24/09
Depth to
TOC Depth to Groundwater Groundwater Groundwater
Screen Interval Elevation Groundwater Elevation (feet below Elevation
Well Number (feet bgs)? (feet above MSL) Time (feet below TOC) (feet +/- MSL) Time TOC) (feet +/- MSL)
First Sand Biobarrier 2
MW-70-PMWO7A 65-75 7.89 16:02 24.43 -16.54 10:23 23.61 -15.72
MW-70-PMWO07B 85-95 7.52 16:05 26.44 -18.92 10:24 25.43 -17.91
IW-70-FSB216 65-100 8.34 15:56 26.89 -18.55 10:34 26.50 -18.16
MW-70-PMWO8A 65-75 9.04 16:36 26.77 -17.73 10:28 25.98 -16.94
MW-70-PMWO08B 85-95 9.08 16:35 28.26 -19.18 10:30 27.32 -18.24
MW-70-MNAQ9 64-74 6.82 15:17 23.30 -16.48 10:49 22.68 -15.86
MW-70-MNA10 75-85 7.01 15:07 26.67 -19.66 10:37 25.63 -18.62
MW-70-MNA12 75-85 5.85 14:51 26.22 -20.37 11:04 25.07 -19.22
MW-70-43A* 86-106 10.76 NA NA NA 15:30 30.44 -19.68
Shell Horizon Biobarrier 1
MW-70-PMWO09 120-130 6.82 15:30 26.61 -19.79 11:24 25.39 -18.57
IW-70-SHB113 105-130 7.49 15:46 24.20 -16.71 11:25 23.44 -15.95
MW-70-PMW10 120-130 6.60 15:29 26.46 -19.86 11:15 25.20 -18.60
IW-70-SHB217 105-130 8.67 14:37 29.97 -21.30 11:12 27.80 -19.13
MW-70-MNA13 115-125 6.64 15:20 26.42 -19.78 11:19 25.24 -18.60
Shell Horizon Biobarrier 3
MW-70-PMW11A 85-95 8.13 14:08 28.81 -20.68 12:55 27.51 -19.38
MW-70-PMW11B 115-125 7.95 14:07 28.51 -20.56 12:57 27.12 -19.17
IW-70-SHB310 80-95/105-130 8.73 14:17 29.37 -20.64 13:06 25.54 -16.81
MW-70-PMW12A 85-95 7.86 14:01 28.54 -20.68 13:00 27.20 -19.34
MW-70-PMW12B 115-125 8.09 14:03 28.65 -20.56 13:02 27.30 -19.21
MW-70-MNA14 115-125 8.86 11:09 30.02 -21.16 13:10 28.47 -19.61
Second Sand Biobarrier 1
MW-70-PMW13A 125-135 7.47 13:41 27.37 -19.90 13:30 26.16 -18.69
MW-70-PMW13B 145-155 7.48 13:42 27.44 -19.96 13:31 26.09 -18.61
IW-70-SSB109 126-166 7.96 13:40 28.82 -20.86 13:39 28.10 -20.14
MW-70-PMW14A 128-138 7.64 12:02 27.62 -19.98 13:35 26.05 -18.41
MW-70-PMW14B 149-159 7.92 11:50 28.13 -20.21 13:36 26.37 -18.45
MW-70-MNA16 141-151 8.65 11:04 29.79 -21.14 13:43 27.27 -18.62
MW-70-MNA17 140-150 6.80 11:38 28.24 -21.44 13:49 27.04 -20.24
MW-70-MNA15 140-150 5.96 14:49 26.23 -20.27 13:53 24.60 -18.64
MW-70-15 161-171 9.41 10:28 31.48 -22.07 14:00 29.97 -20.56
MW-70-14* 160-170 11.01 NA NA NA 14:46 30.19 -19.18
MW-70-43B* 136-146 10.58 NA NA NA 15:35 30.41 -19.83
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Table 3-1 (continued)

IEEC-1107-0014-0003

May 2010
8/18/08 8/24/09
Depth to
TOC Depth to Groundwater Groundwater Groundwater
Screen Interval Elevation Groundwater Elevation (feet below Elevation
Well Number (feet bgs)a (feet above MSL) Time (feet below TOC) (feet +/- MSL) Time TOC) (feet +/- MSL)
Point of Compliance/Upper Fines
MW-70-02 20-30 7.85 9:51 18.88 -11.03 14:15 19.77 -11.92
MW-70-10 30-40 10.10 14:59 19.33 -9.23 14:29 20.29 -10.19
MW-70-17 30-40 4.58 16:47 15.00 -10.42 15:35 15.39 -10.81
MW-70-22 20-30 10.21 11:30 12.51 -2.30 15:40 12.65 -2.44
Point of Compliance/First Sand
MW-70-POCO01 80-90 8.88 9:55 22.92 -14.04 12:48 22.80 -13.92
MW-70-11 80-100 11.07 14:57 28.67 -17.60 14:08 27.76 -16.69
MW-70-35 90-100 6.31 16:42 25.53 -19.22 14:30 24.34 -18.03
MW-70-16 95-105 9.76 10:23 31.49 -21.73 13:52 30.01 -20.25
Point of Compliance/Shell Horizon
MW-70-23 110-130 11.17 13:54 33.63 -22.46 15:40 32.39 -21.22
Point of Compliance/Second Sand
MW-70-36 150-160 9.04 14:31 29.85 -20.81 13:12 28.41 -19.37
MW-70-21 150-170 7.70 10:07 32.52 -24.82 13:56 30.46 -22.76
Point of Compliance/Deep Sand
MW-70-POCO02 190-200 8.25 13:53 35.21 -26.96 16:00 32.90 -24.65
MW-70-POC03 190-200 9.64 14:10 30.00 -20.36 16:20 28.39 -18.75
MW-70-POC04 195-205 8.50 10:06 32.35 -23.85 16:25 32.71 -24.21
Notes:
* existing monitoring well recommended for Fall 2009 sampling in Baseline Monitoring Report
** Depth to groundwater was remeasured on 9/14/2009 to check the accuracy of the previously reported depth
& . screen intervals is rounded to the nearest foot
b groundwater levels for wells MW-70-27 and MW-70-28 were measured on 8/21/08, since the wells were not accessible during the 8/18/08 measurement events
Acronyms/Abbreviations:
bgs - below ground surface
MSL - mean sea level
NA - not available
TOC - top of casing
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IEEC-1107-0014-0003
May 2010

Table 4-1
Field Parameter Data

Conductivity| Turbidity DO Temperature ORP

Well ID Date | Time pH (pS/cm) (NTU) | (mglL) (°C) (mV)
UPPER FINES
MW-70-03 [12/22/09] 1230 [ 699 | 1050 | 180 | o000 | 2200 | -89
SOURCE AREA BIOBARRIER/FIRST SAND
MW-70-PMWO02A 8/25/09 | 1110 6.92 1180 763.0 0.00 26.24 -214
MW-70-PMW02B 8/25/09 | 1210 7.08 1400 263.0 0.00 28.36 -252
IW-70-SAB06 8/26/09 905 6.08 1940 >800 0.00 25.61 -244
MW-70-MNAO05 9/17/09 | 1240 7.34 1290 40.0 0.00 26.42 -201
MW-70-PMWO03A 9/16/09 920 5.82 1970 142.0 0.00 24.14 -262
MW-70-PMWO03B 8/26/09 | 1020 7.10 1550 648.0 0.00 25.54 -260
SHELL HORIZON BIOBARRIER 3
MW-70-PMW11A 9/8/09 1030 7.11 63600 254.0 0.00 23.66 -231
MW-70-PMW11B 9/8/09 940 6.75 5230 147.0 0.00 22.90 -188
IW-70-SHB310 10/13/09| 1110 4.96 5550 >800 0.00 22.50 -256
MW-70-PMW12A 9/17/09 | 1020 6.82 4730 58.5 0.00 28.44 -203
MW-70-PMW12B 9/8/09 1230 6.70 4630 684.0 0.00 23.99 -360
MW-70-MNA14 8/31/09 | 1210 7.24 3370 348.0 0.00 24.63 -243
SECOND SAND BIOBARRIER 1
MW-70-PMW13A 9/1/09 1045 7.09 8230 50.3 0.00 22.22 -238
MW-70-PMW13B 9/1/09 1200 7.14 12100 80.5 0.00 24.07 -255
IW-70-SSB109 9/3/09 950 5.54 13600 253.0 0.00 25.05 -234
MW-70-PMW14A 9/16/09 | 1130 6.46 7380 20.8 0.00 22.73 -286
MW-70-PMW14B 9/3/09 815 6.52 14100 266.0 0.00 27.71 -209
MW-70-MNA15 8/26/09 | 1240 6.88 9730 38.7 0.00 25.63 -204
MW-70-MNA16 8/31/09 | 1300 7.08 7990 343.0 0.00 24.57 -244
MW-70-MNA17 9/1/09 945 6.87 21100 21.8 0.00 22.72 -230
MW-70-15 9/2/09 1155 6.93 27400 28.5 0.00 24.43 -128
MW-70-14 9/9/09 1035 6.90 3280 222.0 0.00 24.08 91
MW-70-43B 9/2/09 950 6.92 7170 33.0 0.00 23.31 -231
POINT OF COMPLIANCE - UPPER FINES
MW-70-02 9/15/09 | 1325 6.56 5490 0.2 0.00 24.90 44
MW-70-10 9/15/09 | 1150 6.97 6050 1.2 0.00 24.10 91
MW-70-17 8/31/09 | 1000 6.66 8760 172.0 0.00 23.06 -151
MW-70-22 9/2/09 1100 7.01 57300 22.7 0.00 23.87 -125
POINT OF COMPLIANCE - FIRST SAND
MW-70-POC01 9/15/09 | 1400 7.31 1250 0.2 0.00 23.6 -180
MW-70-11 8/26/09 | 1145 7.01 2230 143.0 0.00 24.79 -162
MW-70-35 9/15/09 | 1440 6.87 13100 0.0 0.00 22.71 -140
MW-70-16 9/2/09 1305 7.02 6330 30.7 0.00 24.46 -82
POINT OF COMPLIANCE - SECOND SAND
MW-70-21 9/17/09 | 1110 6.79 3.41 84.6 0.00 21.21 -120
MW-70-23 9/15/09 | 1100 7.20 3370 0.0 0.00 23.00 -148
MW-70-36 8/31/09 | 1050 7.02 18300 252.0 0.00 24.78 -225
POINT OF COMPLIANCE - DEEP SAND

MW-70-POC02 9/15/09 | 1020 7.42 1140 0.0 0.00 26.10 -270
MW-70-POC03 9/15/09 | 935 6.77 9000 0.0 0.00 22.98 -182
MW-70-POC04 9/1/09 855 6.55 36600 175 0.00 21.11 -201
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Table 4-1 (continued) IEEC-1107-0014-0003

May 2010
Conductivity| Turbidity DO Temperature ORP
Well ID Date Time pH (uS/cm) (NTU) (mglL) (°C) (mV)

Abbreviations:
°C — degrees Celsius
DO - dissolved oxygen
puS/cm — microSiemens per centimeter
mg/L — milligrams per liter
mV — millivolt
NTU — nephelometric turbidity unit

ORP - oxidation-reduction potential
pH — potential of hydrogen
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Table 4-2 IEEC-1107-0014-0003

Upper Fines POC Analytical Results May 2010
Well Number/Sampling Date/Screen Interval
MW-70-02 MW-70-02 MW-70-10 MW-70-10 (D) MW-70-10 MW-70-17  MW-70-17 | MW-70-22 MW-70-22
9/3/2008 9/15/2009 8/28/2008 8/28/2008 9/15/2009 8/27/2008 8/31/2009 9/3/2008 9/2/2009
Parameters Method  Unit (20-30)* (20-30)* (30-40)* (30-40)* (30-40)* (30-40)* (30-40)* (20-30)* (20-30)*
Wet Chemistry
TOTAL ALKALINITY 2320B mg/L 560 NA 270 273 NA 323 NA 170 NA
TOTAL DISSOLVED SOLIDS 2540C  mg/L 3,210 NA 3,870 3,860 NA 5,430 NA 37,200 NA
BROMIDE 300 mg/L 1.79 NA 0.91 1.07 NA 1.37 NA 55.3 NA
CHLORIDE-CL 300 mg/L 293 NA 1,070 1,080 NA 2,410 NA 19,900 NA
NITRATE-N 300 mg/L 9.63 NA 0.200 U 0.200 U NA 0.200 U NA 1.00U NA
NITRITE-N 300 mg/L 0.200 U NA 0.400 U 0.400 U NA 1.00U NA 2.00U NA
SULFATE 300 mg/L 1,190 NA 973 972 NA 707 NA 2,610 NA
ACETATE 300.0M mg/L 1.00U NA 1.00U 1.00U NA 1.00U NA 1.00U NA
BUTYRATE 300.0M mg/L 1.00U NA 1.00U 1.00U NA 1.00U NA 1.00U NA
LACTATE 300.0M mg/L 1.00U NA 1.00U 1.00U NA 1.00U NA 1.00U NA
PROPIONATE 300.0M mg/L 1.00U NA 1.00U 1.00U NA 1.00U NA 1.00U NA
HYDROGEN SULFIDE 4500F mg/L 1.00U NA 1.00U 1.00U NA 1.00U NA 1.00U NA
TOTAL ORGANIC CARBON 5310B mg/L 4.12 NA 1.9 1.85 NA 2.61 NA 1.45 NA
Dissolved Metals
ARSENIC 6010B mg/L 0.200 U NA 0.200 U 0.200 U NA 0.200 U NA 0.200 U NA
IRON 6010B mg/L 0.200 U NA 0.200 U 0.200 U NA 0.200 U NA 0.200 U NA
MANGANESE 6010B mg/L 1.72 NA 0.757 0.771 NA 1.21 NA 3.29 NA
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,1,1-TRICHLOROETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,1,2,2-TETRACHLOROETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,1,2-TRICHLOROETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,1-DICHLOROETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,1-DICHLOROETHENE 8260B pa/L 0.50 U 0.50U 0.50U 0.50 U 0.50U 0.50U 0.50U 0.50U 0.50U
1,1-DICHLOROPROPENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2,3-TRICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2,3-TRICHLOROPROPANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2,4-TRICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2,4-TRIMETHYLBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2-DIBROMO-3- 8260B pa/L 20U 20U 20U 20U 20U 20U 20U 20U 20U
1,2-DIBROMOETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2-DICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2-DICHLOROETHANE 8260B pa/L 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U
1,2-DICHLOROPROPANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,3,5-TRIMETHYLBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,3-DICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,4-DICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U 10U
2,2-DICHLOROPROPANE 8260B pa/L 10U 1.0UJ 10U 1.0UJ 1.0UJ 10U 10U 10U 10U
2-BUTANONE 8260B pa/L 10U 10U 10 UJ 10 UJ 10U 10 UJ 10U 10U 10U
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IEEC-1107-0014-0003

Table 4-2 (continued) May 2010
Well Number/Sampling Date/Screen Interval
MW-70-02 MW-70-02 MW-70-10 MW-70-10 (D) MW-70-10 MW-70-17  MW-70-17 | MW-70-22 MW-70-22
9/3/2008 9/15/2009 8/28/2008 8/28/2008 9/15/2009 8/27/2008 8/31/2009 9/3/2008 9/2/2009

Parameters Method  Unit (20-30)* (20-30)* (30-40)* (30-40)* (30-40)* (30-40)* (30-40)* (20-30)* (20-30)*
2-CHLOROTOLUENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
2-HEXANONE 8260B  pg/L 10U 10U 10U ou 10U 10U 10U 10U 10U
4-CHLOROTOLUENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
4-METHYL-2-PENTANONE 8260B  pg/L 10U 10U 10U ou 10U 10U 10U 10U 10U
ACETONE 8260B  pg/L 10 UJ 10U 10 UJ 10 UJ 6.0J 10 UJ 10U 10 UJ 10U
BENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
BROMOBENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
BROMODICHLOROMETHANE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
BROMOFORM 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
BROMOMETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U
CARBON DISULFIDE 8260B  pg/L 1.0U 1.0U 1.0UJ 1.0UJ 1.0U 1.0U 1.0U 1.0U 1.0 UJ
CARBON TETRACHLORIDE 8260B  pg/L 050U 0.50U 0.50U 0.50U 0.50U 0.50 U 0.50 U 0.50 U 0.50 U
CHLOROBENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
CHLOROETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U
CHLOROFORM 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
CHLOROMETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U
CIS-1,2-DICHLOROETHENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
CIS-1,3-DICHLOROPROPENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
DIBROMOCHLOROMETHANE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
DIBROMOMETHANE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
DICHLORODIFLUOROMETHANE 8260B  pg/L 20U 20U 20U 20U 20U 2.0UJ 2.0U 2.0U 2.0U
ETHYLBENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
FREON113 8260B  pg/L 1.0U 1.0UJ 1.0U 1.0U 1.0UJ 1.0UJ 1.0U 1.0U 1.0U
HEXACHLOROBUTADIENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
ISOPROPYL BENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
M/P-XYLENES 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
METHYLENE CHLORIDE 8260B  pg/L 1.0U 1.0U 1.0UJ 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
MTBE 8260B  pg/L 1.0U 2.4 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
N-BUTYLBENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
N-PROPYLBENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
O-XYLENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
P-ISOPROPYLTOLUENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
SEC-BUTYLBENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
STYRENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
TERT-BUTYLBENZENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
TETRACHLOROETHYLENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
TOLUENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
TRANS-1,2-DICHLOROETHENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
TRANS-1,3-DICHLOROPROPENE 8260B  pg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
TRICHLOROETHENE 8260B  pg/L 50U 50U 50U 50U 50U 50U 50U 50U 50U
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IEEC-1107-0014-0003

Table 4-2 (continued) May 2010
Well Number/Sampling Date/Screen Interval
MW-70-02 MW-70-02 MW-70-10 MW-70-10 (D) MW-70-10 | MW-70-17 MW-70-17 | MW-70-22 MW-70-22
9/3/2008 9/15/2009 8/28/2008 8/28/2008 9/15/2009 8/27/2008 8/31/2009 9/3/2008 9/2/2009
Parameters Method  Unit (20-30)* (20-30)* (30-40)* (30-40)* (30-40)* (30-40)* (30-40)* (20-30)* (20-30)*
TRICHLOROFLUOROMETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U
VINYL CHLORIDE 8260B pg/L 0.50U 0.50U 0.50U 0.50 U 0.50U 0.50U 0.50U 0.50U 0.50U
XYLENES (TOTAL) 8260B  ugl/L 20U 20U 20U 20U 20U 20U 20U 20U 20U
Dissolved Hydrocarbon Gases
ETHANE RSK175 pg/L 20U NA 20U 20U NA 20U NA 20U NA
ETHENE RSK175 pg/L 20U NA 20U 20U NA 20U NA 20U NA
METHANE RSK175 pg/L 20U NA 173 2017 NA 6.8 NA 2.1 NA
Notes:

Bolded parameters are constituents of concern

*feet below ground surface

D - Duplicate Sample

J - estimated value

ug/L - microgram per liter

mg/L - milligrams per liter

MTBE - methyl tertiary butyl ether
NA - not analyzed

POC - Point of Compliance

U - not detected

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach
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Table 4-3 IEEC-1107-0014-0003

First Sand Source Area Biobarrier Analytical Results May 2010
Well Number/Sampling Date/Screen Interval
IW-70-SAB06 IW-70-SAB06 MW-70-MNAO5 MW-70-MNAO5 MW-70-PMWO02A  MW-70-PMWO02A (D) MW-70-PMWO02A MW-70-PMWO02B MW-70-PMWO02B MW-70-PMWO03A MW-70-PMWO03A MW-70-PMWO3A (D) MW-70-PMWO03B MW-70-PMWO03B
8/25/2008 8/26/2009 8/25/2008 9/17/2009 8/21/2008 8/21/2008 8/25/2009 8/21/2008 8/25/2009 8/21/2008 9/16/2009 9/16/2009 8/21/2008 8/26/2009
Parameters Method Unit (65-80/85-105)* (65-80/85-105)* (70-80)* (70-80)* (71-81)* (71-81)* (71-81)* (90-100)* (90-100)* (70-80)* (70-80)* (70-80)* (90-100)* (90-100)*
Wet Chemistry
TOTAL ALKALINITY 2320B mg/L 203 994 NA NA 203 205 202 195 204 205 695 699 198 208
TOTAL DISSOLVED SOLIDS 2540C mg/L 995 1440 NA NA 1,010J 1,020J 865 1,110J 1000 1,210J 1290 1240 1,130J 1120
BROMIDE 300 mg/L 0.457 J 0.525 NA NA 0.532 0.529 0.689 0.598 0.757 0.519 0.485J 0.512 0.526 0.648
CHLORIDE-CL 300 mg/L 178 160 NA NA 163 162 165 197 203 190 188 189 191 189
NITRATE-N 300 mg/L 0.200 U 0.200 U NA NA 0.200 U 0.200 U 0.200 U 0.200 U 0.200U 0.200U 0.0520J 0.0540J 0.200U 0.200 U
NITRITE-N 300 mg/L 0.200 U 0.200 U NA NA 0.200 U 0.200 U 0.200U 0.200 U 0.200U 0.200 U 0.200U 0.200U 0.200U 0.200 U
SULFATE 300 mg/L 303 1.32 NA NA 268 266 248 319 321 328 1.89 0.687 321 300
ACETATE 300.0M mg/L 1.00U 5.70 NA NA 1.00U 1.00U 1.00U 0.738J 1.00U 0.563J 85.5 81.9 0.533J 1.00U
BUTYRATE 300.0M mg/L 1.00U 1.00U NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 2.25 1.89 1.00U 1.00U
LACTATE 300.0M mg/L 1.00U 1.00U NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U
PROPIONATE 300.0M mg/L 1.00U 1.00U NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 11.0 10.5 1.00 U 1.00U
HYDROGEN SULFIDE 4500F mg/L NA NA NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U
TOTAL ORGANIC CARBON 5310B mg/L 0.828J 38.0 NA NA 0.967 U 0.894 U 1.06 1.04U 1.16 0.865 U 53.3 56.6 1.17U 1.12
Dissolved Metals
ARSENIC 6010B mg/L NA NA NA NA 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.00689 J 0.00707 J 0.200 U 0.200U
IRON 6010B mg/L NA NA NA NA 0.34 0.343 0.366 0.318 0.267 0.245 49.7 50.6 0.285 0.386
MANGANESE 6010B mg/L NA NA NA NA 0.329 0.317 0.281 0.267 0.217 0.22 1.73 1.76 0.23 0.217
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B ug/L 10U 10U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,1,1-TRICHLOROETHANE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,1,2,2-TETRACHLOROETHANE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,1,2-TRICHLOROETHANE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,1-DICHLOROETHANE 8260B ug/L 0.46J 1.0U 0.23J 10U 0.36J 0.36J 0.29J 0.431J 0.55J 0.51J 1.0U 1.0U 0.48J 0.46J
1,1-DICHLOROETHENE 8260B pg/L 0.36J 0.50U 0.50U 0.25J 0.68 0.68 0.94 1.2 1.3 0.40J 0.50U 0.50U 1 2.0
1,1-DICHLOROPROPENE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2,3-TRICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2,3-TRICHLOROPROPANE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2,4-TRICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2,4-TRIMETHYLBENZENE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2-DIBROMO-3-CHLOROPROPANE 8260B pg/L 20U 20U 20U 20U 2.0UJ 20UJ 20U 20UJ 20U 20UJ 20U 20U 20UJ 20U
1,2-DIBROMOETHANE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2-DICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2-DICHLOROETHANE 8260B ug/L 0.50 U 0.50 U 0.50 U 0.50U 0.50U 0.50 U 0.50U 0.50U 0.50 U 0.50 U 0.50U 0.50 U 0.50 U 0.50U
1,2-DICHLOROPROPANE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,3,5-TRIMETHYLBENZENE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,3-DICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,4-DICHLOROBENZENE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
2,2-DICHLOROPROPANE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
2-BUTANONE 8260B ug/L 10 UJ 10U 10 UJ nou 10 UJ 10 UJ 10U 10 UJ 10U 10 UJ 581J 5713 10 UJ nou
2-CHLOROTOLUENE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
2-HEXANONE 8260B ug/L nou 10U 10U 0ouU 10 UJ 10 UJ 10U 10 UJ 10U 10 UJ 10U 10U 10 UJ 10U
4-CHLOROTOLUENE 8260B pg/L 10U 10U 10U 1.0U 1.0U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
4-METHYL-2-PENTANONE 8260B pg/L ouU 10U 10U nou 00U 10U 10U 0uU 0ouU 0ou 10U 0ouU 0ou 10U
ACETONE 8260B pg/L 10UJ 10U 10 UJ 10U 10 UJ 10 UJ 10U 10 UJ 10U 10 UJ 78 80 10 UJ 10U
BENZENE 8260B pg/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
BROMOBENZENE 8260B pg/L 1.0U 10U 10U 1.0U 1.0U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
BROMODICHLOROMETHANE 8260B pg/L 1.0U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
BROMOFORM 8260B pg/L 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
BROMOMETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
CARBON DISULFIDE 8260B pg/L 1.0U 0.68J 10U 1.0U 1.0U 10U 1.0U 1.0U 10U 1.0U 0.38J 0.44 0 10U 1.0U
CARBON TETRACHLORIDE 8260B pg/L 0.50U 0.50 U 0.50U 0.50 U 0.50U 0.50U 0.50U 0.50U 0.50 U 0.50 U 0.50U 0.50U 0.50 U 0.50U
CHLOROBENZENE 8260B pg/L 1.0U 10U 10U 1.0U 1.0U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
CHLOROETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 0.34J 0.30J 20U 20U
CHLOROFORM 8260B pg/L 0.25J 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
CHLOROMETHANE 8260B ug/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 0.34J 20U 20U
CIS-1,2-DICHLOROETHENE 8260B pg/L 11 1.4 2.7 30 97 100 120 170 180 9.2 3.9 4.1 190 310
CIS-1,3-DICHLOROPROPENE 8260B ug/L 10U 10U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
DIBROMOCHLOROMETHANE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
DIBROMOMETHANE 8260B ug/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
DICHLORODIFLUOROMETHANE 8260B pg/L 2.0UJ 20U 20U 20U 20U 20U 20U 20U 20U 20U 20UJ 2.0UJ 20U 20U
ETHYLBENZENE 8260B Hg/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
FREON113 8260B pg/L 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0UJ 1.0UJ 1.0U 10U
HEXACHLOROBUTADIENE 8260B Hg/L 10U 1.0U 1.0U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
ISOPROPYL BENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 10U
M/P-XYLENES 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
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Table 4-3 (continued)

IEEC-1107-0014-0003
May 2010

Well Number/Sampling Date/Screen Interval
IW-70-SAB06 IW-70-SAB06 MW-70-MNAO5 MW-70-MNA05 MW-70-PMW02A  MW-70-PMWO02A (D) MW-70-PMWO02A MW-70-PMWO02B MW-70-PMWO02B MW-70-PMWO03A MW-70-PMWO03A MW-70-PMWO3A (D) MW-70-PMWO03B MW-70-PMWO03B
8/25/2008 8/26/2009 8/25/2008 9/17/2009 8/21/2008 8/21/2008 8/25/2009 8/21/2008 8/25/2009 8/21/2008 9/16/2009 9/16/2009 8/21/2008 8/26/2009
Parameters Method Unit (65-80/85-105)* (65-80/85-105)* (70-80)* (70-80)* (71-81)* (71-81)* (71-81)* (90-100)* (90-100)* (70-80)* (70-80)* (70-80)* (90-100)* (90-100)*
METHYLENE CHLORIDE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
MTBE 8260B ug/L 10U 10U 10U 10U 1.0UJ 1.0UJ 10U 1.0UJ 10U 1.0UJ 10U 10U 1.0UJ 1.0U
N-BUTYLBENZENE 8260B ug/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
N-PROPYLBENZENE 8260B Hg/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
O-XYLENE 8260B pg/L 1.0U 10U 10U 1.0U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U
P-ISOPROPYLTOLUENE 8260B Hg/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
SEC-BUTYLBENZENE 8260B pg/L 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
STYRENE 8260B Hg/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
TERT-BUTYLBENZENE 8260B pg/L 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U
TETRACHLOROETHYLENE 8260B ug/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
TOLUENE 8260B pg/L 1.0U 2.9 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U
TRANS-1,2-DICHLOROETHENE 8260B ug/L 0.26J 0.66J 10U 0.42] 0.75J 0.73J 1.0 1.6 1.9 0.26J 0.34J 0.33J 1.2 3.4
TRANS-1,3-DICHLOROPROPENE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
TRICHLOROETHENE 8260B Hg/L 200 0.48J 56 457 110 120 481 350 11 270 0.42 0.44 110J 3.9
TRICHLOROFLUOROMETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 2.0UJ 2.0UJ 20U 20U
VINYL CHLORIDE 8260B pg/L 0.39J 15 0.50 U 0.50 U 0.30J 0.33J 0.31J 0.68 0.49J 0.47J 9.9 11 0.56 3.0
XYLENES (TOTAL) 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
Dehalococcoides/Vinyl Chloride Reductase
DEHALOCOCCOIDES gPCR per Liter ND*® 2E+07 NA NA NA NA NA NA NA NA 2E+06 NA NA 1E+03
VINYL CHLORIDE REDUCTASE qPCR per Liter NA 2E+07 NA NA NA NA NA NA NA NA 4E+06 NA NA 4E+03 U
Dissolved Hydrocarbon Gases
ETHANE RSK175 pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 2.0UJ 20U 20U 20U
ETHENE RSK175 ug/L 20U 3.1 20U 20U 20U 20U 20U 20U 20U 20U 0.89J 0.88J 20U 20U
METHANE RSK175 pg/L 11 19000 8.6 16 20 18 2300 16 580 24 34000 14000 22 7800
Notes:
Bolded parameters are constituents of concern.
*feet below ground surface
D - Duplicate Sample
J - estimated
Hg/L - microgram per liter
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Table 4-4 IEEC-1107-0014-0003

First Sand POC Analytical Results May 2010
Well Number/Sampling Date/Screen Interval
MW-70-11 MW-70-11 MW-70-16 MW-70-16 MW-70-35 MW-70-35 MW-70-POC01 MW-70-POCO01
9/3/2008 8/26/2009 9/2/2008 9/2/2009 8/27/2008 9/15/2009 9/4/2008 9/15/2009
Parameters Method Unit | (80-100)* (80-100)* (95-105)* (95-105)* (90-100)* (90-100)* (80-90)* (80-90)*
Wet Chemistry
TOTAL ALKALINITY 2320B  mg/L 233 NA 260 NA 275 NA 148 NA
TOTAL DISSOLVED SOLIDS 2540C mg/L 1,880 NA 2,830 NA 5,570 NA 710 NA
BROMIDE 300 mg/L 0.652 NA 2.59 NA 1.48 NA 0.373J NA
CHLORIDE-CL 300 mg/L 283 NA 1,120 NA 2,810 NA 87.8 NA
NITRATE-N 300 mg/L 0.200 U NA 7.67 NA 0.200 U NA 0.200 U NA
NITRITE-N 300 mg/L 0.200U NA 0.400 U NA 1.00U NA 0.200 U NA
SULFATE 300 mg/L 517 NA 69.2 NA 605 NA 193 NA
ACETATE 300.0M mg/L 1.00U NA 1.00 U NA 1.00U NA 1.00 U NA
BUTYRATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA 1.00U NA
LACTATE 300.0M mg/L 1.00U NA 1.00 U NA 1.00 U NA 1.00U NA
PROPIONATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA 1.00U NA
HYDROGEN SULFIDE 4500F mg/L 1.00U NA 1.00U NA 1.00U NA 1.00U NA
TOTAL ORGANIC CARBON 5310B mg/L 1.07 NA 8.24 NA 2.28 NA 0.549J NA
Dissolved Metals
ARSENIC 6010B mg/L 0.200 U NA 0.200 U NA 0.200 U NA 0.200 U NA
IRON 6010B mg/L 0.325 NA 0.200 U NA 1.48 NA 0.138J NA
MANGANESE 6010B mg/L 0.257 NA 0.0151J NA 0.698 NA 0.135J NA
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,1,1-TRICHLOROETHANE 8260B Mo/l 10U 10U 10U 10U 10U 10U 10U 1.0U
1,1,2,2-TETRACHLOROETHANE 8260B pa/L 10U 10U 10U 10U 1.0U 10U 10U 1.0U
1,1,2-TRICHLOROETHANE 8260B Mo/l 10U 10U 10U 10U 10U 10U 10U 1.0U
1,1-DICHLOROETHANE 8260B pa/L 10U 10U 10U 10U 0.34J 0.34J 10U 1.0U
1,1-DICHLOROETHENE 8260B pg/L 0.50 U 0.50U 0.50U 0.50U 0.50U 0.50 U 0.50U 0.50U
1,1-DICHLOROPROPENE 8260B pa/L 10U 10U 10U 10U 10U 10U 1.0U 1.0U
1,2,3-TRICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,2,3-TRICHLOROPROPANE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,2,4-TRICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,2,4-TRIMETHYLBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,2-DIBROMO-3-
CHLOROPROPANE 8260B pg/L 20U 20U 20U 20U 20U 20U 20U 2.0U
1,2-DIBROMOETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,2-DICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
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IEEC-1107-0014-0003
May 2010

Table 4-4 (continued)

Well Number/Sampling Date/Screen Interval
MW-70-11 MW-70-11 MW-70-16 MW-70-16 MW-70-35 MW-70-35 MW-70-POC01 MW-70-POCO01
9/3/2008 8/26/2009 9/2/2008 9/2/2009 8/27/2008 9/15/2009 9/4/2008 9/15/2009
Parameters Method  Unit | (80-100)* (80-100)* (95-105)* (95-105)* (90-100)* (90-100)* (80-90)* (80-90)*

1,2-DICHLOROETHANE 8260B pg/L 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U
1,2-DICHLOROPROPANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,3,5-TRIMETHYLBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
1,3-DICHLOROBENZENE 8260B pa/L 10U 10U 10U 1.0U 10U 10U 10U 1.0U
1,4-DICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
2,2-DICHLOROPROPANE 8260B pa/L 10U 10U 10U 10U 10U 1.0UJ 10U 1.0UJ
2-BUTANONE 8260B pa/L 10U 10U 10UJ 10U 10UJ 10U 10U 10U

2-CHLOROTOLUENE 8260B pa/L 10U 1.0U 10U 10U 10U 10U 1.0U 1.0U
2-HEXANONE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 10U

4-CHLOROTOLUENE 8260B pa/L 10U 10U 10U 1.0U 10U 10U 10U 1.0U
4-METHYL-2-PENTANONE 8260B Mo/l 10U 10U 10U 10U 10U 10U 10U 10U

ACETONE 8260B po/L 10 UJ 10U 10 UJ 10U 10 UJ 10U 10 UJ 11

BENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
BROMOBENZENE 8260B pa/L 10U 10U 1.0U 10U 10U 10U 10U 1.0U
BROMODICHLOROMETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
BROMOFORM 8260B po/L 10U 10U 1.0U 10U 1.0U 10U 10U 1.0U
BROMOMETHANE 8260B pa/L 20U 20U 20U 20U 20U 20U 20U 2.0U
CARBON DISULFIDE 8260B pa/L 10U 10U 10U 1.0UJ 10U 1.0U 1.0U 0.23J
CARBON TETRACHLORIDE 8260B pg/L 0.50 U 0.50 U 0.50 U 0.50U 0.50U 0.50U 0.50U 0.50U
CHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 1.0U 10U 10U 1.0U
CHLOROETHANE 8260B Mo/l 20U 20U 20U 20U 20U 20U 20U 2.0U
CHLOROFORM 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
CHLOROMETHANE 8260B pa/L 20U 20U 20U 20U 20U 20U 20U 0.51J
CIS-1,2-DICHLOROETHENE 8260B pg/L 1.1 1.2 10U 10U 1.2 1.3 1.0U 1.0U
CIS-1,3-DICHLOROPROPENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
DIBROMOCHLOROMETHANE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
DIBROMOMETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
DICHLORODIFLUOROMETHANE  8260B pg/L 20U 20U 20U 20U 2.0UJ 20U 20U 2.0U
ETHYLBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
FREON113 8260B pg/L 10U 10U 10U 10U 10U 1.0UJ 10U 1.0UJ
HEXACHLOROBUTADIENE 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
ISOPROPYL BENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
M/P-XYLENES 8260B pa/L 10U 10U 10U 10U 10U 10U 10U 1.0U
METHYLENE CHLORIDE 8260B pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
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IEEC-1107-0014-0003

May 2010
Table 4-4 (continued)
Well Number/Sampling Date/Screen Interval
MW-70-11 MW-70-11 MW-70-16 MW-70-16 MW-70-35 MW-70-35 | MW-70-POC01 MW-70-POCO1
9/3/2008 8/26/2009 9/2/2008 9/2/2009 8/27/2008 9/15/2009 9/4/2008 9/15/2009
Parameters Method  Unit (80-100)* (80-100)* (95-105)* (95-105)* (90-100)* (90-100)* (80-90)* (80-90)*
MTBE 8260B  pg/L 10U 10U 10U 10U 10U 10U 10U 1.0U
N-BUTYLBENZENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
N-PROPYLBENZENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
O-XYLENE 8260B  pug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
P-ISOPROPYLTOLUENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
SEC-BUTYLBENZENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
STYRENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
TERT-BUTYLBENZENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
TETRACHLOROETHYLENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
TOLUENE 8260B  pug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
TRANS-1,2-DICHLOROETHENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
TRANS-1,3-DICHLOROPROPENE 8260B  ug/L 10U 10U 10U 10U 10U 10U 10U 1.0U
TRICHLOROETHENE 8260B  ug/L 50U 50U 50U 50U 0.45J 50U 50U 5.0U
TRICHLOROFLUOROMETHANE 8260B  pg/L 20U 20U 20U 20U 20U 20U 20U 2.0U
VINYL CHLORIDE 8260B  ug/L 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U
XYLENES (TOTAL) 8260B  pug/L 20U 20U 20U 20U 20U 20U 20U 2.0U
Dissolved Hydrocarbon Gases
ETHANE RSK175 pg/L 20U NA 20U NA 20U NA 20U NA
ETHENE RSK175 ug/L 20U NA 20U NA 20U NA 20U NA
METHANE RSK175 pg/L 21 NA 20U NA 15 NA 4.4 NA
Notes:
*feet below ground surface
Bolded parameters are constituents of concern
J - estimated value
pg/L - microgram per liter
mg/L - milligrams per liter
MTBE - methyl tertiary butyl ether
NA - not analyzed
POC - point of compliance
U - not detected
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Table 4-5

Shell Horizon Biobarrier 3 Analytical Results

|IEEC-1107-0014-0003
May 2010

Well Number/Sampling Date/Screen Intervals
IW-70-SHB310 IW-70-SHB310 MW-70-MNA14 MW-70-MNA14 MW-70-PMW11A MW-70-PMW11A MW-70-PMW11A (D) MW-70-PMW11B  MW-70-PMW11B MW-70-PMW12A MW-70-PMW12A MW-70-PMW12B MW-70-PMW12B
8/28/2008 10/13/2009 9/4/2008 8/31/2009 8/29/2008 9/8/2009 9/8/2009 8/29/2008 9/8/2009 9/2/2008 9/17/2009 9/2/2008 9/8/2009
Parameters Method Unit (80-95/105-130)* (80-95/105-130)* (115-125)* (115-125)* (85-95)* (85-95)* (85-95)* (115-125)* (115-125)* (85-95)* (85-95)* (115-125)* (115-125)*

Wet Chemistry
TOTAL ALKALINITY 2320B mg/L 210 325 NA NA 158 148 148 200 210 163 180 198 809
TOTAL DISSOLVED SOLIDS 2540C mg/L 3,890 7260 NA NA 6,720J 4260 4070 2,820 3740 2,970 2480 2,930 3550
BROMIDE 300.0 mg/L 3.47 250U NA NA 11.7 7.26 7.08 3.86 5.52 3.63 3.89 2.56 4.71
CHLORIDE-CL 300.0 mg/L 1,580 2890 NA NA 3,470 2100 2030 1,240 1600 1,460 1160 1,260 1430
NITRATE-N 300.0 mg/L 0.200 U 10.0U NA NA 0.200 U 0.105J 0.0991J 0.200 U 0.0868 J 0.200 U 0.200 U 0.200 U 0.131J
NITRITE-N 300.0 mg/L 0.400 U 10.0U NA NA 0.400 U 0.200 U 0.200 U 0.200 U 0.200 U 0.400 U 0.200 U 0.400 U 0.200 U
SULFATE 300.0 mg/L 453 183 NA NA 524 310 302 440 493 207 139 393 3.10
ACETATE 300.0M mg/L 1.00U 662 NA NA 1.55 2.19 2.36 2.93 2.94 1.00U 3.43 1.00U 25.7
BUTYRATE 300.0M mg/L 1.00U 126 NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U
LACTATE 300.0M mg/L 1.00U 10.0U NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 0.750J 1.00U 1.00U
PROPIONATE 300.0M mg/L 1.00U 491 NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 25.8
PH 4500HB mg/L 5.10 NA NA NA NA NA NA
HYDROGEN SULFIDE 4500F mg/L NA NA NA NA 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U 1.00U
TOTAL ORGANIC CARBON 5310B mg/L 1.8 769 NA NA 0.953J 1.41 1.37 1.38 2.00 1.23 1.05 1.67 27.7
Metals
ARSENIC 6010B mg/L NA NA NA NA 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.0212J
IRON 6010B mg/L NA NA NA NA 2.46 1.28 1.30 1.25 1.23 0.581 0.643 1.36 13.6
MANGANESE 6010B mg/L NA NA NA NA 1.24 0.691 0.713 0.369 0.311 0.632 0.494 0.365 0.973
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B ug/L 1.0U 250 U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U
1,1,1-TRICHLOROETHANE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
1,1,2,2-TETRACHLOROETHANE 8260B pg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U
1,1,2-TRICHLOROETHANE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
1,1-DICHLOROETHANE 8260B pg/L 0.50J 250 U 1.0U 1.0U 10U 0.20J 10U 0.44J 0.62J 1.0U 10U 0.46 J 0.30J
1,1-DICHLOROETHENE 8260B ug/L 1.7 120U 0.50 U 0.50 U 0.68 0.83 0.84 11 1.7 0.56 0.50 U 12 0.50 U
1,1-DICHLOROPROPENE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
1,2,3-TRICHLOROBENZENE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
1,2,3-TRICHLOROPROPANE 8260B Hg/L 1.0U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U
1,2,4-TRICHLOROBENZENE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
1,2,4-TRIMETHYLBENZENE 8260B ug/L 1.0U 250 U 1.0U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 1.0U
1,2-DIBROMO-3-CHLOROPROPANE  8260B pg/L 20U 500 U 20U 20U 2.0U 20U 20U 2.0U 20U 20U 20U 20U 20U
1,2-DIBROMOETHANE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
1,2-DICHLOROBENZENE 8260B pg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
1,2-DICHLOROETHANE 8260B ug/L 0.50 U 120U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50U 0.50 U 0.50 U
1,2-DICHLOROPROPANE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
1,3,5-TRIMETHYLBENZENE 8260B Hg/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
1,3-DICHLOROBENZENE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
1,4-DICHLOROBENZENE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
2,2-DICHLOROPROPANE 8260B Hg/L 1.0UJ 250 U 10U 1.0U 10U 1.0U 10U 10U 10U 10U 10U 10U 1.0U
2-BUTANONE 8260B ug/L 10UJ 2500 U ou 0ou 10UJ 0u 0ou 10UJ 10U 10 UJ 10U 10 UJ 6.9J
2-CHLOROTOLUENE 8260B pg/L 1.0U 250 U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U
2-HEXANONE 8260B ug/L ou 2500 U 0ou 0u 10U 0ou 0ou 0ou 0ou 10U 10U wou wou
4-CHLOROTOLUENE 8260B pg/L 1.0U 250 U 1.0U 10U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U
4-METHYL-2-PENTANONE 8260B ug/L ou 2500 U 0ou 10U ou 0ou 0u ou ou ou ou ou 0ou
ACETONE 8260B pg/L 10UJ 2500 U 10 UJ ou 10 UJ 10U ou 10 UJ 10U 10U 0u 10 UJ 7173
BENZENE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
BROMOBENZENE 8260B Hg/L 1.0U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U
BROMODICHLOROMETHANE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
BROMOFORM 8260B pg/L 1.0U 250 U 1.0U 10U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U
BROMOMETHANE 8260B ug/L 20U 500 U 20U 20U 2.0UJ 20U 20U 2.0UJ 20U 20U 20U 20U 20U
CARBON DISULFIDE 8260B pg/L 1.0UJ 250 U 1.0U 1.0U 0.56J 1.0U 10U 0.68J 1.0U 1 0.28J 0.51J 1.7
CARBON TETRACHLORIDE 8260B ug/L 0.50U 120U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50U 0.50 U 0.50 U
CHLOROBENZENE 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
CHLOROETHANE 8260B ug/L 20U 500 U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
CHLOROFORM 8260B Hg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
CHLOROMETHANE 8260B Hg/L 20U 500 U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
CIS-1,2-DICHLOROETHENE 8260B Hg/L 300 110J 0.85J 4.3 37 75 78 70 140 39 6.2 96 37
CIS-1,3-DICHLOROPROPENE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
DIBROMOCHLOROMETHANE 8260B pg/L 1.0U 250 U 1.0U 1.0U 10U 1.0U 10U 10U 1.0U 1.0U 10U 10U 1.0U
DIBROMOMETHANE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
DICHLORODIFLUOROMETHANE 8260B Hg/L 20U 500 U 20U 20U 2.0U 20U 20U 20U 20U 20U 20U 20U 20U
ETHYLBENZENE 8260B ug/L 1.0U 250 U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
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Table 4-5 (continued)

IEEC-1107-0014-0003

May 2010
Well Number/Sampling Date/Screen Intervals
IW-70-SHB310 IW-70-SHB310 MW-70-MNA14 MW-70-MNA14 MW-70-PMW11A MW-70-PMW11A MW-70-PMW11A (D) MW-70-PMW11B  MW-70-PMW11B MW-70-PMW12A MW-70-PMW12A MW-70-PMW12B MW-70-PMW12B
8/28/2008 10/13/2009 9/4/2008 8/31/2009 8/29/2008 9/8/2009 9/8/2009 8/29/2008 9/8/2009 9/2/2008 9/17/2009 9/2/2008 9/8/2009
Parameters Method Unit (80-95/105-130)* (80-95/105-130)* (115-125)* (115-125)* (85-95)* (85-95)* (85-95)* (115-125)* (115-125)* (85-95)* (85-95)* (115-125)* (115-125)*

FREON113 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
HEXACHLOROBUTADIENE 8260B ug/L 10U 250U 10U 10U 1.0UJ 1.0U 10U 1.0UJ 10U 10U 10U 10U 10U
ISOPROPYL BENZENE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
M/P-XYLENES 8260B Hg/L 1.0U 250U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U 10U 10U 10U
METHYLENE CHLORIDE 8260B ug/L 1.0U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
MTBE 8260B Hg/L 1.0U 250U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U 10U 10U 10U
N-BUTYLBENZENE 8260B Hg/L 10U 250 U 10U 1.0U 1.0UJ 1.0U 10U 1.0UJ 1.0U 10U 10U 10U 10U
N-PROPYLBENZENE 8260B Hg/L 1.0U 250U 1.0U 1.0U 1.0U 1.0U 10U 10U 1.0U 1.0U 10U 10U 10U
O-XYLENE 8260B Ho/L 10U 250 U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U
P-ISOPROPYLTOLUENE 8260B Hg/L 10U 250U 1.0U 10U 1.0UJ 10U 10U 1.0UJ 10U 10U 10U 10U 10U
SEC-BUTYLBENZENE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
STYRENE 8260B pg/L 10U 250U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U
TERT-BUTYLBENZENE 8260B ug/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
TETRACHLOROETHYLENE 8260B pg/L 1.0U 250U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U 10U 10U 10U
TOLUENE 8260B Hg/L 1.0U 250U 1.0U 10U 10U 1.0U 10U 10U 10U 1.0U 10U 10U 10U
TRANS-1,2-DICHLOROETHENE 8260B ug/L 60 250 U 10U 1.0U 4.4 21 20 41 66 5.6 6.4 41 35
TRANS-1,3-DICHLOROPROPENE 8260B Hg/L 10U 250 U 10U 1.0U 10U 1.0U 10U 10U 1.0U 10U 10U 10U 10U
TRICHLOROETHENE 8260B Hg/L 580 1200 U 0.99J 0.35J 160 260 260 500 950 170 2813 870 4.1
TRICHLOROFLUOROMETHANE 8260B ug/L 20U 500 UJ 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
VINYL CHLORIDE 8260B ug/L 1.9 69J 0.50 U 0.50 U 0.47J 14 15 13 2.0 35 51 1.2 430
XYLENES (TOTAL) 8260B ug/L 20U 500 U 20U 20U 20U 20U 2.0U 20U 20U 20U 20U 20U 20U
Dehalococcoides/Vinyl Chloride Reductase
DEHALOCOCCOIDES gPCR  per Liter ND? 3E+05 NA NA NA NA NA NA NA NA 2E+06 NA 1E+08
VINYL CHLORIDE REDUCTASE gPCR  per Liter NA 1E+05 NA NA NA NA NA NA NA NA 7E+03 U NA 4E+03 U
Dissolved Hydrocarbon Gasses
ETHANE RSK-175  ug/L 20U 6.2 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
ETHENE RSK-175  pug/L 1513 20 45 2.8 0.733J 20U 0.70J 0.98J 20U 0.63J 20U 20U 2.1
METHANE RSK-175 ug/L 28 13000 140 37 26 370 360 10 12 9.2 4700 9.2 23000
Notes:

*feet below ground level

Bold parameters are constituents of concern and bolded values are above target cleanup goals or federal/state primary maximum contaminant limits.

D - duplicate sample

J - estimated value

ug/L - micrograms per liter

mg /L - milligrams per liter

MTBE - methyl tertiary butyl ether

NA - not analyzed

gPCR - quantitation polymerase chain reaction

U - not detected
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Table 4-6 IEEC-1107-0014-0003
Shell Horizon POC Analytical Results May 2010
Well Number/Sampling Date/Screen Interval
MW-70-23 MW-70-23
8/28/2008 9/15/2009
Parameters Method Unit (110-130)* (110-130)*
Wet Chemistry
TOTAL ALKALINITY 2320B mg/L 168 NA
TOTAL DISSOLVED SOLIDS 2540C mg/L 2,200 NA
BROMIDE 300 mg/L 0.500 U NA
CHLORIDE-CL 300 mg/L 518 NA
NITRATE-N 300 mg/L 0.200 U NA
NITRITE-N 300 mg/L 0.200 U NA
SULFATE 300 mg/L 533 NA
ACETATE 300.0M mg/L 1.00U NA
BUTYRATE 300.0M mg/L 1.00U NA
LACTATE 300.0M mg/L 1.00U NA
PROPIONATE 300.0M mg/L 1.00U NA
HYDROGEN SULFIDE 4500F mg/L 1.00U NA
TOTAL ORGANIC CARBON 5310B mg/L 0.585J NA
Dissolved Metals
ARSENIC 6010B mg/L 0.200 U NA
IRON 6010B mg/L 0.323 NA
MANGANESE 6010B mg/L 0.242 NA
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B Mo/l 10U 10U
1,1,1-TRICHLOROETHANE 8260B po/L 10U 1.0U
1,1,2,2-TETRACHLOROETHANE 8260B Mo/l 10U 10U
1,1,2-TRICHLOROETHANE 8260B po/L 10U 1.0U
1,1-DICHLOROETHANE 8260B Mo/l 10U 10U
1,1-DICHLOROETHENE 8260B po/L 0.50U 0.50U
1,1-DICHLOROPROPENE 8260B Mo/l 10U 10U
1,2,3-TRICHLOROBENZENE 8260B pa/L 1.0U 1.0U
1,2,3-TRICHLOROPROPANE 8260B Ho/L 10U 10U
1,2,4-TRICHLOROBENZENE 8260B pg/L 10U 1.0U
1,2,4-TRIMETHYLBENZENE 8260B Ho/L 10U 10U
1,2-DIBROMO-3-CHLOROPROPANE 8260B pg/L 20U 20U
1,2-DIBROMOETHANE 8260B Ho/L 10U 10U
1,2-DICHLOROBENZENE 8260B pg/L 10U 1.0U
1,2-DICHLOROETHANE 8260B Ho/L 0.50U 0.50U
1,2-DICHLOROPROPANE 8260B Mg/l 10U 1.0U
1,3,5-TRIMETHYLBENZENE 8260B po/L 10U 10U
1,3-DICHLOROBENZENE 8260B Mg/l 10U 1.0U
1,4-DICHLOROBENZENE 8260B po/L 10U 10U
2,2-DICHLOROPROPANE 8260B Mg/l 1.0UJ 1.0UJ
2-BUTANONE 8260B po/L 10 UJ 10U
2-CHLOROTOLUENE 8260B ug/L 10U 1.0U
2-HEXANONE 8260B pg/L 10U 10U
4-CHLOROTOLUENE 8260B ug/L 10U 1.0U
4-METHYL-2-PENTANONE 8260B pa/L 10U 10U
ACETONE 8260B Hg/L 10 UJ 16
BENZENE 8260B po/L 10U 1.0U
BROMOBENZENE 8260B pg/L 10U 1.0U
BROMODICHLOROMETHANE 8260B po/L 1.0U 1.0U
BROMOFORM 8260B Hg/L 1.0U 1.0U
BROMOMETHANE 8260B pa/L 20U 20U
CARBON DISULFIDE 8260B Ho/L 1.0UJ 1.0U
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Table 4-6 (continued)

IEEC-1107-0014-0003

May 2010
Well Number/Sampling Date/Screen Interval
MW-70-23 MW-70-23
8/28/2008 9/15/2009
Parameters Method Unit (110-130)* (110-130)*
CARBON TETRACHLORIDE 8260B Mo/l 0.50U 0.50U
CHLOROBENZENE 8260B po/L 1.0U 1.0U
CHLOROETHANE 8260B Mo/l 20U 20U
CHLOROFORM 8260B pa/L 10U 1.0U
CHLOROMETHANE 8260B pg/L 20U 0.25J
CIS-1,2-DICHLOROETHENE 8260B pa/L 10U 1.0U
CIS-1,3-DICHLOROPROPENE 8260B pg/L 10U 1.0U
DIBROMOCHLOROMETHANE 8260B pa/L 1.0U 1.0U
DIBROMOMETHANE 8260B pg/L 10U 1.0U
DICHLORODIFLUOROMETHANE 8260B pa/L 20U 20U
ETHYLBENZENE 8260B pg/L 10U 1.0U
FREON113 8260B pa/L 10U 1.0UJ
HEXACHLOROBUTADIENE 8260B pg/L 10U 1.0U
ISOPROPYL BENZENE 8260B pa/L 10U 1.0U
M/P-XYLENES 8260B pg/L 10U 1.0U
METHYLENE CHLORIDE 8260B pa/L 10U 1.0U
MTBE 8260B Hg/L 1.0U 1.0U
N-BUTYLBENZENE 8260B pa/L 10U 1.0U
N-PROPYLBENZENE 8260B pg/L 10U 1.0U
O-XYLENE 8260B pa/L 10U 1.0U
P-ISOPROPYLTOLUENE 8260B pa/L 10U 1.0U
SEC-BUTYLBENZENE 8260B pa/L 1.0U 1.0U
STYRENE 8260B pa/L 10U 1.0U
TERT-BUTYLBENZENE 8260B pg/L 1.0U 10U
TETRACHLOROETHYLENE 8260B pa/L 10U 10U
TOLUENE 8260B Hg/L 1.0U 1.0U
TRANS-1,2-DICHLOROETHENE 8260B pa/L 10U 10U
TRANS-1,3-DICHLOROPROPENE 8260B pg/L 1.0U 10U
TRICHLOROETHENE 8260B pa/L 50U 50U
TRICHLOROFLUOROMETHANE 8260B Mg/l 20U 20U
VINYL CHLORIDE 8260B pa/L 0.50U 0.50U
XYLENES (TOTAL) 8260B pHg/L 2.0U 20U
Dissolved Hydrocarbon Gases
ETHANE RSK175 Mg/l 20U NA
ETHENE RSK175 pa/L 20U NA
METHANE RSK175 pg/L 8.3 NA
Notes:
*feet below ground surface
Bolded parameters are constituents of concern
J - estimated value
Mg/L - micrograms per liter
mg/L - milligrams per liter
MTBE - methyl tertiary butyl ether
NA - not analyzed
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Table 4-7

|EEC-1107-0014-0003

Second Sand Biobarrier 1 Analytical Results May 2010
Well Number/Sampling Date/Screen Interval
IW-70-SSB109 IW-70-SSB109 (D) IW-70-SSB109 MW-70-14 MW-70-14 (D) MW-70-15 MW-70-15 | MW-70-43B MW-70-MNA15 MW-70-MNA15 | MW-70-MNA16 MW-70-MNA16 | MW-70-MNA17 MW-70-MNA17 | MW-70-PMW13A MW-70-PMW13A | MW-70-PMW13B MW-70-PMW13B MW-70-PMW14A MW-70-PMW14A MW-70-PMW14B MW-70-PMW14B  MW-70-PMW14B (D)
8/28/2008 8/28/2008 9/3/2009 9/9/2009 1/4/12010 9/2/2008 9/2/2009 9/2/2009 9/4/2008 8/26/2009 8/29/2008 8/31/2009 8/29/2008 9/1/2009 9/3/2008 9/1/2009 9/3/2008 9/1/2009 9/3/2008 9/16/2009 9/3/2008 9/3/2009 9/3/2009
Parameters Method  Unit (126-166)* (126-166)* (126-166)* (161-171) (161-171) (161-171)*  (161-171)* | (136-146)* (140-150)* (140-150)* (141-151) (141-151) (140-150)* (140-150)* (125-135)* (125-135)* (145-155)* (145-155)* (128-138)* (128-138)* (149-159)* (149-159)* (149-159)*

Wet Chemistry
TOTAL ALKALINITY 23208 mg/L 183 178 629 NA NA NA NA NA NA NA NA NA NA NA 225 217 205 205 193 242 208 641 654
TOTAL DISSOLVED SOLIDS 2540C mg/L 10,000 9,980 11900 NA NA NA NA NA NA NA NA NA NA NA 3,660 5040 8,270 7840 3,820 4390 735 9640 9980
BROMIDE 300.0 mg/L 35 1703 135 NA NA NA NA NA NA NA NA NA NA NA 33 8.04 116 118 4.58 6.94 9.51 14.2 14.8
CHLORIDE-CL 300.0 mg/L 4,940 4,910 3770 NA NA NA NA NA NA NA NA NA NA NA 1,610 2320 3,780 3380 1,480 2000 3,190 3790 4120
NITRATE-N 300.0 mg/L 0.200 U 0.200 U 0.118J NA NA NA NA NA NA NA NA NA NA NA 0.200 U 0.121J 0.200 U 0.146 J 0.200 U 0.200 U 0.200 U 0.0896 J 0.0768 J
NITRITE-N 300.0 mg/L 1.00U 1.00U 0.200 U NA NA NA NA NA NA NA NA NA NA NA 0.400 U 1.00U 1.00U 1.00 U 0.400 U 0.400 U 1.00U 0.200 U 0.200 U
SULFATE 300.0 mg/L 719 711 0.875U NA NA NA NA NA NA NA NA NA NA NA 345 450 634 609 383 373 544 176 183
ACETATE 300.0M mg/L 1.00U 1.00U 303 NA NA NA NA NA NA NA NA NA NA NA 1.00U 1.67 1.00U 1.37 1.00U 1.43 1.00U 1.34 1.02
BUTYRATE 300.0M mg/L 1.00U 1.00U 358 NA NA NA NA NA NA NA NA NA NA NA 1.00U 1.00U 1.00U 1.00 U 100U 100U 100U 100U 1.00U
LACTATE 300.0M mg/L 1.00U 1.00U 1.00U NA NA NA NA NA NA NA NA NA NA NA 1.00U 1.00U 1.00U 1.00 U 1.00U 1.00U 1.00U 1.00U 1.00U
PROPIONATE 300.0M mg/L 1.00U 1.00U 363 NA NA NA NA NA NA NA NA NA NA NA 1.00U 1.00U 1.00U 1.00 U 100U 100U 100U 100U 1.00U
HYDROGEN SULFIDE 4500F mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1.00U 1.00U 1.00U 1.00 U 1.00U 1.00U 1.00U 1.01 1.05
TOTAL ORGANIC CARBON 53108 mg/L 128 129 1110 NA NA NA NA NA NA NA NA NA NA NA 1.87 2.26 1.65 178 2.08 3.59 172 591 5.48
Metals
ARSENIC 60108 mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.200 U 0.00566 J 0.200 U 0.200 U 0.200 U 0.200 U 0.0123J 0.00692 J 0.00752 J
IRON 6010B mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.831 133 3.42 3.01 3.01 253 311 15.0 15.6
MANGANESE 6010B mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.492 0.532 0.647 0.545 219 0.706 1.07 1.45 1.52
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B Ho/L 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,1,1-TRICHLOROETHANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
1,1,2,2-TETRACHLOROETHANE 8260B Ho/L 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,1,2-TRICHLOROETHANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
1,1-DICHLOROETHANE 8260B Ho/L 10U 1.0U 10U 0.35J 0.28J 10U 10U 10U 0.31J 0.74J 0.25J 0.29J 10U 10U 0.26 J 0.35J 0.56 J 0.85J 0.33J 0.33J 0.58J 0.33J 0.35J
1,1-DICHLOROETHENE 8260B Ho/L 0.58 0.63 4.7 0.80 0.52 0.50 U 0.50 U 0.50 U 16 26 4.1 4.7 0.50 U 0.50 U 11 19 24 28 21 22 21 16 19
1,1-DICHLOROPROPENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2,3-TRICHLOROBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
1,2,3-TRICHLOROPROPANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2,4-TRICHLOROBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
1, -TRIMETHYLBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
1,2-DIBROMO-3-CHLOROPROPANE 8260B Ho/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
1,2-DIBROMOETHANE 8260B Ho/L 10U 1.0U 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U
1,2-DICHLOROBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
1,2-DICHLOROETHANE 8260B Ho/L 0.50 U 0.50 U 050U 050U 05U 0.50 U 050U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
1,2-DICHLOROPROPANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U

8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U
1,3-DICHLOROBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
1,4-DICHLOROBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
2,2-DICHLOROPROPANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
2-BUTANONE 8260B Ho/L oud 0w 110 ou ou oud ou ou ou wou 0w ou 0w wou ou ou ou 0ou wou ou ou ou ou
2-CHLOROTOLUENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
2-HEXANONE 8260B Ho/L ou ou 12 ou 0ou ou ou ou ou ou ou wou ou ou wou ou ou 0ou ou ou ou ou ou
4-CHLOROTOLUENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
4-METHYL-2-PENTANONE 8260B Ho/L ou ou 0ou 0ou 0ou ou ou ou ou ou wou wou ou ou wou ou ou 0ou ou ou ou ou ou
ACETONE 8260B Ho/L 10U nouw 190J 10U 10U 10U 10U ou nouw ou nouw ou nouw ou nouw ou 10U 0 U nouw ou 10U ou ou
BENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U
BROMOBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
BROMODICHLOROMETHANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U
BROMOFORM 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
BROMOMETHANE 82608 pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
CARBON DISULFIDE 8260B Ho/L 10U 10U 200 1.0UJ 0.64J 10U 10U 10U 10U 10U 15 10U 133 10U 0.23J 22 10U 0.46 J 10U 0.52J 0.351J 1.0UJ 10U
CARBON TETRACHLORIDE 8260B Ho/L 0.50 U 0.50 U 0.50U 050U 050U 0.50 U 0.50U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
CHLOROBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
CHLOROETHANE 82608 pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
CHLOROFORM 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 0.20J 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
CHLOROMETHANE 82608 pg/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
CIS-1,2-DICHLOROETHENE 8260B Ho/L 39 44 110 32 22 2 27 10U 120 150 1,100 1,000 0.79J 14 63 75 180 360 180 320 130 630 590
CIS-1,3-DICHLOROPROPENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U
DIBROMOCHLOROMETHANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
DIBROMOMETHANE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U
DICHLORODIFLUOROMETHANE 8260B Ho/L 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20W 20U 20U 20U
ETHYLBENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
FREON113 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 1.0UJ 10U 10U 10U
HEXACHLOROBUTADIENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
ISOPROPYL BENZENE 8260B Ho/L 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
M/P-XYLENES 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
METHYLENE CHLORIDE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
METHYL TERTIARY BUTYL ETHER 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
N-BUTYLBENZENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
N-PROPYLBENZENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
O-XYLENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
P-ISOPROPYLTOLUENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 1.0U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
SEC-BUTYLBENZENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
STYRENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
TERT-BUTYLBENZENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
TETRACHLOROETHYLENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
TOLUENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U i0uU 10U 10U 10U 10U 10U
TRANS-1,2-DICHLOROETHENE 8260B Ho/L 12 14 8.3 18 10U 10U 10U 10U 17 39 39 a7 10U 0.42 18 58 38 99 23 73 28 29 32
TRANS-1,3-DICHLOROPROPENE 8260B Ho/L 10U 1.0 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U 00U 10U 10U 10U 10U 10U
TRICHLOROETHENE 8260B Ho/L 300 310 12 530 210 16J 6.9 50U 540 930 1400 460 0.21J 241 320 370 900 1100 1,100 180J 530 17 16
TRICHLOROFLUOROMETHANE 8260B Ho/L 20U 20 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20W 20U 20U 20U
VINYL CHLORIDE 8260B Ho/L 0.34J 0.31 94 15 0.65 0.50 U 050U 0.50 U 0.50 U 3.2 8.3 14 0.50 U 0.50 U 410 460 2.9 59 5.8 730 2 4.9 5.1
XYLENES (TOTAL) 8260B Ho/L 20U 20 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U
Dehalococcoides/Vinyl Chloride Reductase
DEHALOCOCCOIDES gPCR per Liter 5,000 ND 1E+04 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 5E+05 NA 4E+03 U 5E+02
VINYL CHLORIDE REDUCTASE gPCR per Liter 2,000 NA 2E+04 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7E+03 U NA 4E+03 U 4E+03 U
Dissolved Hydrocarbon Gasses
ETHANE RSK-175 pg/L 20U 20 0.61J 20U NA 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 20U 0.883J 20U 20U
ETHENE RSK-175 pg/L 16J 17 163 20U NA 20U 20U 20U 20U 20U 20U 0.82J 20U 0.71J 18 18 24 21 173 12 5.9 29 25
METHANE RSK-175 pg/L 9.5 9.4 13000 6.9 NA 12 8.7 7.0 18 27 6.2 79 79 8.2 680 350 16 13 8.8 33 12 17000 18000
Notes:
*feet below ground level
Bolded parameters are constituents of concern and bolded values are above target cleanup goals or federal/state primary maximum contaminant limits.
D - duplicate sample
J - estimated value
Hg/L - micrograms per liter
mg /L - milligrams per liter
NA - not analyzed
gPCR - quantitation polymerase chain reaction
U - not detected
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Table 4-8 IEEC-1107-0014-0003
Second Sand POC Analytical Results May 2010
Well Number/SamplingDate/Screen Interval
MW-70-21 MW-70-21 | MW-70-23 MW-70-23 | MW-70-36 MW-70-36
9/3/2008 9/17/2009 | 8/28/2008  9/15/2009 | 9/2/2008  8/31/2009
Parameters Method Unit | (150-170)* (150-170)* | (110-130)* (110-130)* | (150-160)* (150-160)*
Wet Chemistry
TOTAL ALKALINITY 2320B mg/L 178 NA 168 NA 180 NA
TOTAL DISSOLVED SOLIDS 2540C mg/L 18,300 NA 2,200 NA 9,840 NA
BROMIDE 300 mg/L 27.9 NA 0.500 U NA 14.4 NA
CHLORIDE-CL 300 mg/L 8,740 NA 518 NA 5,080 NA
NITRATE-N 300 mg/L 0.200 U NA 0.200 U NA 0.200 U NA
NITRITE-N 300 mg/L 1.00U NA 0.200 U NA 1.00U NA
SULFATE 300 mg/L 1190 NA 533 NA 771 NA
ACETATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA
BUTYRATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA
LACTATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA
PROPIONATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA
HYDROGEN SULFIDE 4500F mg/L 1.00U NA 1.00U NA 1.00U NA
TOTAL ORGANIC CARBON 5310B mg/L 1.23 NA 0.585J NA 1.57 NA
Dissolved Metals
ARSENIC 6010B mg/L | 0.00624 J NA 0.200 U NA 0.200 U NA
IRON 6010B mg/L 1.42 NA 0.323 NA 0.751 NA
MANGANESE 6010B mg/L 0.59 NA 0.242 NA 0.978 NA
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B Mo/l 10U 1.0U 10U 1.0U 10U 1.0U
1,1,1-TRICHLOROETHANE 8260B po/L 10U 1.0U 10U 1.0U 10U 1.0U
1,1,2,2-TETRACHLOROETHANE 8260B Mo/l 10U 10U 10U 1.0U 10U 1.0U
1,1,2-TRICHLOROETHANE 8260B po/L 10U 1.0U 10U 1.0U 10U 1.0U
1,1-DICHLOROETHANE 8260B Mo/l 10U 10U 10U 10U 10U 10U
1,1-DICHLOROETHENE 8260B po/L 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U
1,1-DICHLOROPROPENE 8260B Mo/l 10U 10U 10U 10U 10U 10U
1,2,3-TRICHLOROBENZENE 8260B pa/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
1,2,3-TRICHLOROPROPANE 8260B Mo/l 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,2,4-TRICHLOROBENZENE 8260B pa/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
1,2,4-TRIMETHYLBENZENE 8260B Mo/l 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
1,2-DIBROMO-3-CHLOROPROPANE 8260B po/L 20U 20U 20U 20U 20U 20U
1,2-DIBROMOETHANE 8260B Mo/l 10U 1.0U 10U 10U 10U 10U
1,2-DICHLOROBENZENE 8260B po/L 10U 1.0U 10U 1.0U 10U 1.0U
1,2-DICHLOROETHANE 8260B Mo/l 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U
1,2-DICHLOROPROPANE 8260B po/L 10U 1.0U 10U 1.0U 10U 1.0U
1,3,5-TRIMETHYLBENZENE 8260B ug/L 10U 1.0U 10U 1.0U 10U 1.0U
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Table 4-8 (continued) IEEC-1107-0014-0003

May 2010
Well Number/SamplingDate/Screen Interval
MW-70-21  MW-70-21 | MW-70-23 MW-70-23 | MW-70-36 MW-70-36
9/3/2008 9/17/2009 | 8/28/2008 9/15/2009 9/2/2008 8/31/2009
Parameters Method Unit | (150-170)* (150-170)* | (110-130)* (110-130)* | (150-160)* (150-160)*
1,3-DICHLOROBENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
1,4-DICHLOROBENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
2,2-DICHLOROPROPANE 8260B ug/L 1.0U 1.0U 1.0UJ 1.0UJ 1.0U 10U
2-BUTANONE 8260B Hg/L 10U 10U 10 UJ 10U 10 UJ 10U
2-CHLOROTOLUENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
2-HEXANONE 8260B ug/L 10U 10U 10U 10U 10U 10U
4-CHLOROTOLUENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
4-METHYL-2-PENTANONE 8260B ug/L 10U 10U 10U 10U 10U 10U
ACETONE 8260B ug/L 10UJ 10U 10 UJ 16 10 UJ 10U
BENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
BROMOBENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
BROMODICHLOROMETHANE 8260B ug/L 10U 1.0U 1.0U 1.0U 1.0U 1.0U
BROMOFORM 8260B ug/L 10U 1.0U 10U 1.0U 10U 1.0U
BROMOMETHANE 8260B ug/L 20U 20U 20U 20U 20U 20U
CARBON DISULFIDE 8260B ug/L 10U 1.0U 1.0UJ 1.0U 10U 10U
CARBON TETRACHLORIDE 8260B ug/L 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
CHLOROBENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
CHLOROETHANE 8260B Mo/l 20U 20U 20U 20U 20U 20U
CHLOROFORM 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
CHLOROMETHANE 8260B ug/L 20U 20U 20U 0.251 20U 20U
CIS-1,2-DICHLOROETHENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 0.21J 0.48J
CIS-1,3-DICHLOROPROPENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
DIBROMOCHLOROMETHANE 8260B ug/L 10U 1.0U 10U 1.0U 10U 1.0U
DIBROMOMETHANE 8260B ug/L 10U 1.0U 1.0U 1.0U 1.0U 1.0U
DICHLORODIFLUOROMETHANE 8260B ug/L 20U 2.0U 20U 2.0U 20U 20U
ETHYLBENZENE 8260B ug/L 10U 1.0U 10U 1.0U 10U 1.0U
FREON113 8260B ug/L 10U 1.0U 10U 1.0UJ 10U 1.0U
HEXACHLOROBUTADIENE 8260B ug/L 10U 1.0U 10U 1.0U 10U 1.0U
ISOPROPYL BENZENE 8260B ug/L 10U 1.0U 10U 1.0U 10U 1.0U
M/P-XYLENES 8260B ug/L 10U 1.0U 10U 1.0U 1.0U 10U
METHYLENE CHLORIDE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
METHYL TERTIARY BUTYL ETHER 8260B Hg/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
N-BUTYLBENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
N-PROPYLBENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
O-XYLENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U
P-ISOPROPYLTOLUENE 8260B ug/L 10U 1.0U 10U 1.0U 10U 1.0U
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Table 4-8 (continued)

IEEC-1107-0014-0003

May 2010
Well Number/SamplingDate/Screen Interval
MW-70-21 MW-70-21 | MW-70-23 MW-70-23 | MW-70-36 MW-70-36
9/3/2008 9/17/2009 | 8/28/2008  9/15/2009 | 9/2/2008  8/31/2009
Parameters Method Unit | (150-170)* (150-170)* | (110-130)* (110-130)* | (150-160)* (150-160)*
SEC-BUTYLBENZENE 8260B Mg/l 10U 10U 10U 10U 10U 1.0U
STYRENE 8260B uo/L 10U 10U 10U 10U 10U 10U
TERT-BUTYLBENZENE 8260B pg/L 10U 10U 10U 10U 10U 1.0U
TETRACHLOROETHYLENE 8260B Mo/l 10U 10U 10U 10U 2.4 30
TOLUENE 8260B Mg/L 10U 10U 10U 10U 10U 10U
TRANS-1,2-DICHLOROETHENE 8260B Mo/l 10U 10U 10U 10U 10U 10U
TRANS-1,3-DICHLOROPROPENE 8260B pg/L 10U 10U 10U 10U 10U 10U
TRICHLOROETHENE 8260B ug/L 50U 50U 50U 50U 50U 0.74J
TRICHLOROFLUOROMETHANE 8260B pg/L 20U 20U 20U 20U 20U 20U
VINYL CHLORIDE 8260B pg/L 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U
XYLENES (TOTAL) 8260B pg/L 20U 20U 20U 20U 20U 20U
Dissolved Hydrocarbon Gases
ETHANE RSK175 pg/L 20U NA 20U NA 20U NA
ETHENE RSK175 ug/L 20U NA 20U NA 20U NA
METHANE RSK175 pg/L 4.8 NA 8.3 NA 10 NA
Notes:
*feet below ground surface
Bolded parameters are constituents of concern and bolded values are above target cleanup goals
for federal/state primary maximum contaminant limits.
J - estimated value
Mg/L - micrograms per liter
mg/L - milligrams per liter
NA - not analyzed
POC - point of compliance
U - not detected
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Table 4-9 IEEC-1107-0014-0003
Deep Sand POC Analytical Results May 2010
Well Number/Sampling Date/Screen Intervals
MW-70-POC02 MW-70-POC02 MW-70-POCO03 MW-70-POCO03 MW-70-POC04 MW-70-POC04
9/4/2008 9/15/2009 9/2/2008 9/15/2009 10/14/2008 9/1/2009
Parameters Method Unit (190-200)* (190-200)* (190-200)* (190-200)* (195-205)* (195-205)*
Wet Chemistry
TOTAL ALKALINITY 2320B mg/L 203 NA 138 NA 198 NA
TOTAL DISSOLVED SOLIDS 2540C mg/L 605 NA 4,500 NA 20,600 NA
BROMIDE 300 mg/L 0.53 NA 6.73 NA 384 NA
CHLORIDE-CL 300 mg/L 174 NA 2,190 NA 11,900 NA
NITRATE-N 300 mg/L 0.200 U NA 0.200 U NA 0.0915J NA
NITRITE-N 300 mg/L 0.200 U NA 0.400 U NA 1.00U NA
SULFATE 300 mg/L 64 NA 397 NA 1,650 NA
ACETATE 300.0M mg/L 1.00U NA 1.00U NA 9.34 NA
BUTYRATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA
LACTATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA
PROPIONATE 300.0M mg/L 1.00U NA 1.00U NA 1.00U NA
HYDROGEN SULFIDE 4500F mg/L 1.00U NA 1.00U NA 1.00U NA
TOTAL ORGANIC CARBON 5310B mg/L 0.630J NA 1.09 NA 2.75 NA
Dissolved Metals
ARSENIC 6010B mg/L 0.200 U NA 0.200 U NA 0.200 U NA
IRON 6010B mg/L 0.282 NA 0.555 NA 4.11 NA
MANGANESE 6010B mg/L 0.0577J NA 0.668 NA 21 NA
Volatile Organic Compounds
1,1,1,2-TETRACHLOROETHANE 8260B pg/L 10U 10U 10U 10U 10U 10U
1,1,1-TRICHLOROETHANE 8260B pg/L 10U 10U 10U 10U 10U 10U
1,1,2,2-TETRACHLOROETHANE 8260B pg/L 10U 10U 10U 10U 10U 10U
1,1,2-TRICHLOROETHANE 8260B pg/L 10U 10U 10U 10U 1.0U 10U
1,1-DICHLOROETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U
1,1-DICHLOROETHENE 8260B pg/L 0.50 U 0.50U 0.50U 0.50U 0.50U 0.50U
1,1-DICHLOROPROPENE 8260B pa/L 10U 10U 10U 10U 10U 10U
1,2,3-TRICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U
1,2,3-TRICHLOROPROPANE 8260B pa/L 10U 10U 10U 10U 10U 10U
1,2,4-TRICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U
1,2,4-TRIMETHYLBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U
1,2-DIBROMO-3-CHLOROPROPANE 8260B pg/L 20U 20U 20U 20U 20U 20U
1,2-DIBROMOETHANE 8260B pa/L 10U 10U 10U 10U 10U 10U
1,2-DICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 1.0U
1,2-DICHLOROETHANE 8260B pg/L 0.50U 0.50U 0.50U 0.50U 0.50U 0.50U
1,2-DICHLOROPROPANE 8260B ug/L 10U 10U 10U 10U 10U 10U
1,3,5-TRIMETHYLBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U
1,3-DICHLOROBENZENE 8260B pg/L 10U 10U 10U 10U 10U 10U
1,4-DICHLOROBENZENE 8260B pa/L 10U 10U 10U 10U 10U 10U
2,2-DICHLOROPROPANE 8260B pg/L 10U 10U 10U 1.0U 1.0U 1.0U
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Table 4-9 (continued)

IEEC-1107-0014-0003

May 2010
Well Number/Sampling Date/Screen Intervals
MW-70-POC02 MW-70-POC02 MW-70-POCO03 MW-70-POCO03 MW-70-POC04 MW-70-POC04
9/4/2008 9/15/2009 9/2/2008 9/15/2009 10/14/2008 9/1/2009
Parameters Method Unit (190-200)* (190-200)* (190-200)* (190-200)* (195-205)* (195-205)*

2-BUTANONE 8260B ua/L 10U 10U 10UJ 10U 10U 10U
2-CHLOROTOLUENE 8260B ug/L 10U 10U 10U 1.0U 10U 10U
2-HEXANONE 8260B ua/L 10U 10U 10U 10U 10U 10U
4-CHLOROTOLUENE 8260B ug/L 10U 10U 10U 1.0U 10U 1.0U
4-METHYL-2-PENTANONE 8260B pa/L 10U 10U 10U 10U 10U 10U
ACETONE 8260B ug/L 10 UJ 10U 10 UJ 10U 10 UJ 10U
BENZENE 8260B pa/L 10U 1.0U 10U 10U 10U 10U
BROMOBENZENE 8260B ug/L 10U 1.0U 10U 10U 10U 10U
BROMODICHLOROMETHANE 8260B pa/L 1.0U 10U 10U 10U 1.0U 10U
BROMOFORM 8260B ug/L 1.0U 1.0U 10U 1.0U 1.0U 10U
BROMOMETHANE 8260B pa/L 20U 20U 20U 20U 20U 20U
CARBON DISULFIDE 8260B pg/L 1.0U 0.27J 0.38J 1.0U 1.0U 10U
CARBON TETRACHLORIDE 8260B pa/L 0.50U 0.50U 0.50U 0.50 U 0.50U 0.50U
CHLOROBENZENE 8260B pg/L 1.0U 1.0U 10U 1.0U 1.0U 10U
CHLOROETHANE 8260B pa/L 20U 20U 20U 20U 20U 20U
CHLOROFORM 8260B ug/L 10U 10U 10U 1.0U 10U 10U
CHLOROMETHANE 8260B ua/L 20U 20U 20U 20U 20U 20U
CIS-1,2-DICHLOROETHENE 8260B ug/L 10U 10U 1.0U 10U 10U 10U
CIS-1,3-DICHLOROPROPENE 8260B pa/L 1.0U 1.0U 10U 10U 10U 10U
DIBROMOCHLOROMETHANE 8260B ug/L 1.0U 1.0U 10U 1.0U 1.0U 1.0U
DIBROMOMETHANE 8260B pa/L 1.0U 10U 10U 10U 1.0U 10U
DICHLORODIFLUOROMETHANE 8260B pg/L 20U 2.0UJ 20U 2.0UJ 20U 20U
ETHYLBENZENE 8260B pa/L 1.0U 10U 10U 10U 1.0U 10U
FREON113 8260B pg/L 1.0U 1.0UJ 10U 1.0UJ 1.0U 10U
HEXACHLOROBUTADIENE 8260B pa/L 10U 10U 10U 10U 1.0U 10U
ISOPROPYL BENZENE 8260B pg/L 10U 1.0U 10U 10U 10U 10U
M/P-XYLENES 8260B pa/L 10U 10U 10U 10U 10U 10U
METHYLENE CHLORIDE 8260B pg/L 10U 1.0U 10U 10U 10U 10U
METHYL TERTIARY BUTYL ETHER 8260B pa/L 10U 10U 10U 1.0U 10U 10U
N-BUTYLBENZENE 8260B pg/L 10U 1.0U 10U 10U 10U 10U
N-PROPYLBENZENE 8260B ua/L 10U 1.0U 1.0U 10U 10U 10U
O-XYLENE 8260B ug/L 10U 10U 1.0U 1.0U 10U 10U
P-ISOPROPYLTOLUENE 8260B pa/L 10U 1.0U 10U 10U 10U 10U
SEC-BUTYLBENZENE 8260B ug/L 1.0U 1.0U 1.0U 1.0U 1.0U 10U
STYRENE 8260B pa/L 1.0U 10U 10U 10U 1.0U 10U
TERT-BUTYLBENZENE 8260B ug/L 1.0U 1.0U 10U 1.0U 1.0U 10U
TETRACHLOROETHYLENE 8260B pa/L 1.0U 10U 10U 10U 1.0U 10U
TOLUENE 8260B pg/L 1.0U 1.0U 10U 1.0U 0.45J 1.5

TRANS-1,2-DICHLOROETHENE 8260B pa/L 10U 10U 10U 10U 1.0U 1.0U
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Table 4-9 (continued)

IEEC-1107-0014-0003

May 2010
Well Number/Sampling Date/Screen Intervals
MW-70-POC02 MW-70-POC02 MW-70-POCO03 MW-70-POCO03 MW-70-POC04 MW-70-POC04
9/4/2008 9/15/2009 9/2/2008 9/15/2009 10/14/2008 9/1/2009
Parameters Method Unit (190-200)* (190-200)* (190-200)* (190-200)* (195-205)* (195-205)*
TRANS-1,3-DICHLOROPROPENE 8260B ug/L 10U 10U 10U 10U 10U 10U
TRICHLOROETHENE 8260B pg/L 50U 50U 50U 50U 50U 50U
TRICHLOROFLUOROMETHANE 8260B pg/L 20U 2.0UJ 20U 2.0UJ 20U 20U
VINYL CHLORIDE 8260B pg/L 0.50U 0.31J 0.50U 0.50U 0.50U 0.50U
XYLENES (TOTAL) 8260B pg/L 20U 20U 20U 20U 20U 20U
Dissolved Hydrocarbon Gases
ETHANE RSK175 pa/L 20U NA 20U NA 20U NA
ETHENE RSK175 Mg/l 20U NA 20U NA 20U NA
METHANE RSK175 pg/L 2.7 NA 5.5 NA 5.2 NA
Notes:
*feet below ground surface
Bolded parameters are constituents of concern
J - estimated value
Mg/L - microgram per liter
mg/L - milligrams per liter
NA - not analyzed
POC - point of compliance
U - not detected
Page 3 of 3
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Table 4-10

1,4-Dioxane Analytical Results

Well ID Date 1,4-Dioxane, pg/L
MW-70-MNAOQ5 12/14/2009 1.1U
MW-70-PMWO03A 12/16/2009 14
MW-70-PMW12A 12/16/2009 1.1U
MW-70-PMW14A 12/16/2009 1.1U
MW-70-10 12/16/2009 1.1U
MW-70-02 12/21/2009 11U
MW-70-35 12/21/2009 1.1U
MW-70-POCO01 12/21/2009 11U
MW-70-23 12/21/2009 1.1U
MW-70-POC02 12/21/2009 11U
MW-70-21 12/21/2009 1.1U
MW-70-POC04 12/21/2009 1.1U
MW-70-03 12/22/2009 45
Note:

Hg/L - micrograms per liter

U - not detected below the reporting limit
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IEEC-1107-0014-0003

May 2010
Table 4-11
Source Area Biobarrier Performance Monitoring Redox Parameters
Source Area Biobarrier Redox Parameters
Monitoring Well 1D/ Date of y orp DO Nitrate Iron Sulfate | Sulfide Methane Alkalinity

Screen Intervals Sampling P (mg/L) | (mg/L) | (mg/L) [ (mg/L) (mg/L) (ng/L) mg/L
08/21/08 75 -199 0.00 02U 0.34 268 1.00U 20 203

MW-70-PMWO02A 12/08/08 7.61 -267 0.24 0.4 0.7 200 NM 22 NM
03/27/09 7.43 -302 0.00 NM NM NM NM NM NM

(70.5-80.5)* 07/06/09 7.36 -238 0.00 NM NM NM NM NM NM

08/04/09 NM -215 0.00 NM NM NM NM NM NM
08/25/09 6.92 -214 0.00 0.2U 0.366 248 1.00U 2,300 202
08/21/08 7.51 -171 0.00 02U 0.318 319 1.00U 16 195

MW-70-PMWO02B 12/08/08 7.48 -217 0.00 0.3 0 190 NM 22 NM
03/27/09 7.47 -249 0.00 NM NM NM NM NM NM

(90-100)* 07/06/09 7.13 -216 0.00 NM NM NM NM NM NM
08/04/09 NM -175 0.00 NM NM NM NM NM NM
08/25/09 7.49 -252 0.00 0.2U 0.267 321 1.00U 580 204
08/25/08 7.03 -85 0.00 02U NM 303 NM 11 203
IW-70-SAB06 01/05/09 551 -274 0.03 0.9 75 0 NM 13,000 NM
01/16/09 6.71 -320 0.10 0.9 0.5 10 NM NM NM
(65-80/85-105)* 02/10/09 5.74 -274 0.00 101 NM 0.8 NM 12,000 NM
04/06/09 6.16 -252 0.74 NM NM NM NM NM NM
05/15/09 6.23 -226 NM NM NM NM NM NM NM
06/04/09 6.33 -268 NM NM NM NM NM NM NM
06/30/09 6.42 -295 0.00 NM NM NM NM NM NM
08/10/09 6.38 -223 0.00 NM NM NM NM NM 275
08/25/09 6.08 -244 0.00 0.200 U NM 1.32 NM 19,000 994
11/03/08 7.8 -139 0.02 0.1J 0.6 365 NM 24 NM
IW-70-SAB09 12/10/08 571 -330 0.00 0.2 2 10 NM 86 NM
12/23/08 6.18 -347 0.00 0.6 0.8 11 NM NM NM
(65-105)* 03/02/09 5.17 -255 0.00 0.7 0.8 21 8.75 13,000 NM

04/09/09 5.19 -229 0.23 NM NM NM NM NM NM
05/20/09 5.27 -197 NM NM NM NM NM NM NM
06/05/09 5.07 -202 NM NM NM NM NM NM NM
06/30/09 5.24 -236 0.00 NM NM NM NM NM NM
08/10/09 5.66 -194 0.00 NM NM NM NM NM NM
08/27/09 5.53 -138 0.00 NM NM NM NM NM NM
11/03/08 7.19 -215 0.00 0.4 1.4 420 NM 52 NM
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Table 4-11 (continued)

IEEC-1107-0014-0003

May 2010
Source Area Biobarrier Redox Parameters
Monitoring Well 1D/ Date of oH orp DO Nitrate Iron Sulfate Sulfide Methane Alkalinity

Screen Intervals Sampling (mg/L) | (mg/L) | (mg/L) [ (mg/L) (mg/L) (ng/L) mg/L
12/10/08 5.91 -350 0.00 0.6 NM 116 NM 73 NM
IW-70-SAB11 12/22/08 6.58 -349 0.00 0 0 9 NM NM NM
03/03//09 5.18 -258 0.00 1 14 0.2 315 9,500 NM
(65-105)* 04/08/09 5.19 -237 0.01 NM NM NM 15,600 NM NM
05/20/09 5.05 -218 NM NM NM NM NM NM NM
06/05/09 5.08 -234 NM NM NM NM 6200 NM NM
06/30/09 5.35 -263 0.00 NM NM NM 3235 NM NM

08/10/09 5.6 -217 0.00 NM NM NM NM NM 0
08/27/09 5.13 -186 0.00 NM NM NM NM NM NM

11/11/09 4,94 -231 0.00 NM 30 2 473 NM 0
08/21/08 7.34 -184 0.00 0.2U 0.245 328 1.00U 24 205
MW-70-PMWO03A 12/12/08 7.28 -326 0.00 0.3 0.68 140 NM 32 NM
03/04/09 5.82 -272 0.00 1 2 0 NM 15,000 NM
(70-80)* 03/27/09 5.96 =277 0.20 NM NM NM NM NM NM
07/06/09 6.21 -184 0.00 NM NM NM 542 NM NM
08/04/09 NM -184 0.00 NM NM NM NM NM NM
09/16/09 5.82 -262 0.00 0.0521] 49.7 1.89 1.00U 34,000 695
11/11/09 6.13 -164 0.00 NM 0 24 112 NM 100
08/21/08 7.09 -170 0.00 0.2U 0.285 321 1.00U 22 198
MW-70-PMWO03B 12/12/08 7.41 -338 0.00 0.4 NM NM NM 15 NM
03/04/09 7.32 -294 0.00 0.6 1 360 NM 4,000 NM
(90-100)* 03/27/09 7.45 -299 0.00 NM NM NM NM NM NM
07/06/09 7.15 -333 0.00 NM NM NM 694 NM NM
08/10/09 7.37 -345 0.00 NM NM NM NM NM NM
08/26/09 7.1 -260 0.00 0.2U 0.386 300 1.00U 7800 208
11/11/09 7.04 -309 0.00 NM 1 160 42 NM 100

Notes:

*feet below ground level

DO - dissolved oxygen

J - estimated value

mg/L - milligrams per liter

Mo/l - microgram per liter

NM - not measured

ORP - oxidation-reduction potential
pH - potential of hydrogen

U - not detected
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IEEC-1107-0014-0003

May 2010
Table 4-12
Souce Area Biobarrier
Performance Monitoring
Dehalococcoides and Vinyl Chloride Reductase Gene
Monitoring Well ID/ 10/31/08 - | 12/22/08 - 02/10/09 - | 03/02/09 - | 8/16/2009-
Screen Interval Assay 8/25/2008 | 11/04/08 | 12/23/08 | 01/16/09 | 02/11/09 | 03/04/09 | 9/16/2009

IW-70-SAB01 DHC NA ND NA 7.E+06 9.E+07 NA NA
(60-80)* VCr NA NA NA NA NA NA NA
IW-70-SAB02 DHC NA NA NA NA 3.E+06 NA NA
(65-105)* VCr NA NA NA NA NA NA NA
IW-70-SAB03 DHC NA ND NA 2.E+07 1.E+09 NA NA
(65-105)* VCr NA NA NA NA NA NA NA
IW-70-SAB04 DHC NA NA NA NA 7.E+05 NA NA
(60-80/85-105)* VCr NA NA NA NA NA NA NA
IW-70-SAB05 DHC NA NA NA NA 9.E+08 NA NA
(65-105)* VCr NA NA NA NA NA NA NA

IW-70-SAB06 DHC ND NA NA 1.E+07 2.E+06 NA 2E+07

(65-80/85-105)* VCr NA NA NA NA NA NA 2.E+07
IW-70-SABO7 DHC NA NA NA NA 5.E+07 NA NA
(65-105)* VCr NA NA NA NA NA NA NA
IW-70-SAB08 DHC NA NA NA NA 8.E+04 2.E+04 U NA
(65-105)* VCr NA NA NA NA NA 2.E+04 U NA
IW-70-SAB09 DHC NA ND 2.E+06 NA NA 2.E+05 NA
(65-105)* VCr NA NA NA NA NA 2.E+04 U NA
IW-70-SAB10 DHC NA NA NA NA 1.E+06 7.E+06 NA
(67-87/92-107)* VCr NA NA NA NA NA ND NA

IW-70-SAB11 DHC NA 6.E+05 9.E+06 NA NA 3.E+05 4E+06

(65-105)* VCr NA 2.E+06 NA NA NA ND 1E+05
IW-70-SAB12 DHC NA 2.E+06 8.E+06 NA NA 1.E+04 NA
(65-105)* VCr NA 4 E+03 U NA NA NA ND NA
IW-70-SAB13 DHC NA NA NA NA 1.E+06 1.E+04 NA
(65-106)* VCr NA NA NA NA NA ND NA
IW-70-SAB14 DHC NA 2.E+05 ND NA 1.E+05 2.E+04 U NA
(60-105)* VCr NA 7.E+03 NA NA NA NA NA

MW-70-PMWO03A DHC NA ND NA NA NA 7.E+04 2.0E+06

(70.50-80.50)* VCr NA NA NA NA NA ND 4.0E+06

MW-70-PMW03B DHC NA ND NA NA NA 3.E+03 1.00E+03

(90-100)* VCr NA NA NA NA NA ND ND

Notes:

*feet below ground level

DHC - Dehalocococcoides

ND - not detected
NA - not analyzed

U - not detected because the sample specific quantification limit is 2 x 10 ° per liter

VCr - vinyl chloride reductase
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Table 4-13
Source Area Biobarrier
Performance Monitoring

Total Organic Carbon and Volatile Fatty Acids

Source Area Biobarrier Wells: Total Organic Carbon and Volatile Fatty Acids

Monitoring Well ID/

Date of Sampling TOC Lactate Butyrate Propionate Acetate
Screen Intervals
MW-70-PMWO02A 8/25/2008 0.967 U <1.0 <1.0 <1.0 <1.0
(70.5-80.5)* 12/8/2008 NA <1.0 <1.0 <1.0 <1.0
8/26/2009 1.06 <1.0 <1.0 <1.0 <1.0
MW-70-PMW02B 8/21/2008 1.04U <1.0 <1.0 <1.0 0.738J
(90-100)* 12/8/2008 NA <1.0 <1.0 <1.0 <1.0
8/25/2009 1.16 <1.0 <1.0 <1.0 <1.0
IW-70-SAB06 8/25/2008 0.828J <1.0 <1.0 <1.0 <1.0
(65-80/85-105)* 1/5/2009 860 <1.0 80.1 407 611
1/16/2009 730 <1.0 40.8 782 536
2/10/2009 222 <1.0 112 607 383
8/26/2009 38 <1.0 <1.0 <1.0 5.7
IW-70-SAB09 11/3/2008 1.06 <1.0 <1.0 <1.0 <1.0
(65-105)* 12/10/2008 32 <1.0 <1.0 124 564
12/23/2008 389 <1.0 12.6 262 474
3/2/2009 222 <25.0 380 707 1310
IW-70-SAB11 11/3/2008 1.7 <1.0 <1.0 <1.0 0.65
(65-105)* 12/10/2008 30 <1.0 <1.0 29.2 510
12/22/2008 469 <1.0 7.61 239 445
3/3/2009 444 <25.0 400 657 1270
MW-70-PMWO03A 8/21/2008 0.865 U <1.0 <1.0 <1.0 0.563J
(70-80)* 12/12/08 37 <1.0 <1.0 12.8 61.1
03/04/09 219 <1.0 16.5 249 59.7
09/16/09 53.3 <1.0 2.25 11 85.5
MW-70-PMW03B 08/21/08 117U <1.0 <1.0 <1.0 0.5331J
(90-100)* 12/12/08 1 <1.0 <1.0 <1.0 <1.0
03/04/09 2 <1.0 <1.0 <1.0 <1.0
8/26/2009 1.12 <1.0 <1.0 <1.0 <1.0

Notes:

*feet below ground level

J - estimated value
NA - not analyzed

TOC - total organic carbon

U - not detected
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Table 4-14
Shell Horizon Biobarrier 3
Performance Monitoring
Redox Parameters
Shell Horizon Biobarrier 3 Wells
Monitoring Well ID/Screen Date of DO ORP Nitrate Iron Sulfate Sulfide Methane Alkalinity Dhc verA
Intervals Sampling PH mg/L mV mg/L mg/L mg/L mg/L Hg/L mg/L cells/L cells/L
MW-70-PMW11A 8/29/2008 6.92 0.00 -158 0.2 2.46 524 NM 26 158 NA NA
(85-95)* 9/8/2009 7.11 0.00 -231 0.105 1.28 310 ND 370 148 NA NA
MW-70-PMW11A DUP 9/8/2009 NM NM NM 0.0991 1.3 302 NM 360 148 NA NA
MW-70-PMW11B 8/29/2008 6.94 0.00 -170 0.2 1.25 440 NM 10 200 NA NA
(115-125)* 9/8/2009 6.75 0.00 -188 0.0868 1.23 493 ND 12 210 NA NA
IW-70-SHB310 8/28/2008 6.62 0.00 -145 0.2 NM 453 NM 28 210 ND ND
(80-95/105-130)* 10/13/2009 5.1 0.00 -256 NM NM 183 ND 13,000 325 3E+05 1E+05
IW-70-SHB310 DUP 10/13/2009 5.11 NM NM NM NM NM NM NM 326 NA NA
MW-70-PMW12A 9/2/2008 7.36 0.00 -127 0.2 0.581 207 NM 9.2 163 ND ND
(85-95)* 9/17/2009 6.82 0.00 -203 0.2 0.643 139 ND 4700 180 2E+06 7E+03 U
11/12/2009 7.02 0.00** -340 NM 0.6** 105** 465** NM 100 NA NA
MW-70-PMW12B 9/2/2008 6.63 0.02 -154 0.2 1.36 393 NM 9.2 198 ND ND
(115-125)* 9/8/2009 6.7 0.00 -360 0.131 13.6 3.1 ND 23,000 809 100,000,000 | 4E+03 U
11/12/2009 6.61 0.00** -315 NM 27** 1x* 126** NM 100 NA NA
MW-70-MNA14 9/4/2008 6.89 0.03 -170 NM NM NM NM 140 NM NA NA
(115-125)* 8/31/2009 7.24 0.00 -243 NM NM NM NM 37 NM NA NA

Notes:
*feet below ground level
**field measurement
Dhc - Dehalococcoides
DO - dissolved oxygen
DUP - duplicate sample
cells/L - cells per liter
mg/L - milligrams per liter
ug/L - microgram per liter

mV - millivolts

NA - not analyzed

ND - not detected

NM - not measured

ORP - oxidation-reduced potential

pH - potential of hydrogen

U - less than the reporting limit

ver A - vinyl chloride reductase A gene

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach
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Table 4-15
Shell Horizon Biobarrier 3
Performance Monitoring
Total Organic Carbon and Volatile Fatty Acids
Shell Horizon Biobarrier 3 Wells: Total Organic Carbon and Volatile Fatty Acids
Monitoring Well ID/Screen . TOC Lactate Butyrate Propionate Acetate
Date of Sampling
Intervals mg/L mg/L mg/L mg/L mg/L
MW-70-PMW11A 8/29/2008 1.0 <1.00 <1.00 <1.00 1.55
(85-95)* 9/8/2009 1.4 <1.00 <1.00 <1.00 2.19
MW-70-PMW11A DUP 9/8/2009 14 <1.00 <1.00 <1.00 2.36
MW-70-PMW11B 8/29/2008 1.4 <1.00 <1.00 <1.00 2.93
(115-125)* 9/8/2009 2.0 <1.00 <1.00 <1.00 2.94
IW-70-SHB310 8/28/2008 1.8 <1.00 <1.00 <1.00 <1.00
(80-95/105-130)* 10/13/2009 769 10U 126 491 662
MW-70-PMW12A 9/2/2008 1.2 <1.00 <1.00 <1.00 <1.00
(85-95)* 9/17/2009 1.1 <1.00 <1.00 <1.00 3.43
MW-70-PMW12B 9/2/2008 1.7 <1.00 <1.00 <1.00 <1.00
(115-125)* 9/8/2009 27.7 <1.00 <1.00 25.8 25.7
MW-70-MNA14 9/4/2008 NA NA NA NA NA
(115-125)* 8/31/2009 NA NA NA NA NA
Notes:
*feet below ground level
DUP - dupicate sample
mg/L - milligrams per liter
NA - not analyzed
TOC - total organic carbon
VFA - volatile fatty acids
Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach Page 1 of 1
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Table 4-16
Second Sand Biobarrier
Performance Monitoring
Redox Parameters
Second Sand Biobarrier Wells
Monitoring Well ID/ Screen Date of pH DO ORP Nitrate Iron Sulfate Sulfide Methane Alkalinity DHC vCcrA
Intervals Sampling (mg/L) mV (mg/L) (mg/L) (mg/L) (mg/L) (ng/L) mg/L cell/L cell/L
MW-70-PMW13A 9/3/2008 6.82 0.00 -254 0.200 0.8 345 ND 680 225 NA NA
(125-135)* 7123/2009 7.62 0.00 -257 NM NM NM NM NM NM NA NA
9/1/2009 7.09 0.00 -238 0.121 1.3 450 ND 350 217 NA NA
MW-70-PMW13B 9/3/2008 6.73 0.00 -207 0.200 3.4 634 ND 16 205 NA NA
(145-155)* 7123/2009 7.66 0.00 -275 NM NM NM NM NM NM NA NA
9/1/2009 7.14 0.00 -255 0.146 3.0 609 ND 13 205 NA NA
IW-70-SSB109 8/28/2008 6.61 0.00 -169 0.200 NM 719 ND 9.5 183 5,000 2,000
(125.75-165.75)* 4/27/2009 5.1 0.399 -238 NM NM NM NM NM NM NA NA
5/26/2009 5.15 Unable to collect -248 NM NM NM NM NM NM NA NA
6/17/2009 5.07 0 -217 NM NM NM NM NM NM NA NA
7/21/2009 5.69 0.00 -188 NM NM NM NM NM NM NA NA
9/3/2009 5.54 0.00 -234 0.118 NM 0.88 ND 13,000 629 10,000 2E+04 U
11/14/2009 5.76 0.00** -169 NM 19** 0** 1145** NM 80 NA NA
IW-70-SSB109 DUP 8/28/2008 NM NM NM NM NM NM NM NM NM NA NA
MW-70-PMW14A 9/3/2008 6.93 0.00 -153 0.200 3.0 383 ND 8.8 193 NA NA
(128-138)* 7/23/2009 7.11 0.00 -244 NM NM NM NM NM NM NA NA
9/16/2009 6.46 0.00 -286 0.200 25 373 ND 33 242 NA NA
11/14/2009 7.04 0.00** -372 NM 1** 184** 1437** NM 70 500,000 7E+03 U
MW-70-PMW14A DUP 9/16/2009 NM NM NM 0.200 NM 374 NM NM 243 NA NA
MW-70-PMW14B 9/3/2008 6.92 0.00 -136 0.200 3.1 544 ND 12 208 NA NA
(149-159)* 7/23/2009 6.88 0.00 -242 NM NM NM NM NM NM NA NA
9/3/2009 6.52 0.00 -209 0.0896 15 176 ND 17,000 641 500 4E+03 U
11/14/2009 6.47 0.00** -253 NM 32** 107** 91** NM 250 NA NA
MW-70-PMW14B DUP 9/3/2009 NM NM NM 0.0768 15.6 183 NM 18,000 654 NA NA
MW-70-MNA15 9/4/2008 6.83 0.00 -164 NM NM NM NM 18 NM NA NA
(140-150)* 8/26/2009 6.88 0.00 -204 NM NM NM NM 27 NM NA NA
MW-70-MNA16 8/29/2008 6.65 0.00 -134 NM NM NM NM 6.2 NM NA NA
(140.50-150.50)* 8/31/2009 7.08 0.00 -244 NM NM NM NM 7.9 NM NA NA
MW-70-MNA17 8/29/2008 6.76 0.00 -108 NM NM NM NM 7.9 NM NA NA
(140-150)* 9/1/2009 6.87 0.00 -230 NM NM NM NM 8.2 NM NA NA
MW-70-14 9/9/2009 6.9 0.00 -91 NM NM NM NM 6.9 NM NA NA
(160-170)*
MW-70-15 9/2/2008 6.9 0.00 -87 NM NM NM NM 12 NM NA NA
(160.80-170.30.)* 9/2/2009 6.93 0.00 -128 NM NM NM NM 8.7 NM NA NA
MW-70-438 9/2/2009 6.92 0.00 -231 NM NM NM NM 7 NM NA NA
(135.50-145.50)*

Notes:
*feet below ground level
**field measurement
cell/L - cells per liter
Dhc - Dehalococcorides
DO - dissolved oxygen

Hg/L - microgram per liter
mg/L - milligrams per liter
mV - millivolts

NA - not analyzed

ND - not detected

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach
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Table 4-17
Second Sand Biobarrier
Performance Monitoring
Total Organic Carbon and Volatile Fatty Acids

IEEC-1107-0014-0003
May 2010

Second Sand Biobarrier Wells: Total Organic Carbon and Volatile Fatty Acids
Monitoring Well 1D/ . TOC Lactate Butyrate Propionate Acetate
Date of Sampling

Screen Intervals mg/L mg/L mg/L mg/L mg/L
MW-70-PMW13A 9/3/2008 1.87 <1.00 <1.00 <1.00 <1.00
(125-135)* 9/1/2009 2.26 <1.00 <1.00 <1.00 1.67
MW-70-PMW13B 9/3/2008 1.65 <1.00 <1.00 <1.00 <1.00
(145-155)* 9/1/2009 1.78 <1.00 <1.00 <1.00 1.37
IW-70-SSB109 8/28/2008 1.28 <1.00 <1.00 <1.00 1.00
(125.75-165.75)* 9/3/2009 1110 <1.00 358 363 303
IW-70-SSB109 DUP 9/3/2008 NA <1.00 360 364 304
MW-70-PMW14A 9/3/2008 2.08 <1.00 <1.00 <1.00 <1.00
(128-138)* 9/16/2009 3.59 <1.00 <1.00 <1.00 1.43
MW-70-PMW14A DUP 9/16/2009 3.36 <1.00 <1.00 <1.00 141
MW-70-PMW14B 9/3/2008 1.72 <1.00 <1.00 <1.00 <1.00
(149-159)* 9/3/2009 5.91 <1.00 <1.00 <1.00 1.34
MW-70-PMW14B DUP 9/3/2009 5.48 <1.00 <1.00 <1.00 1.02

Notes:

*feet below ground level
mg/L - milligrams per liter
NA - not analyzed

TOC - total organic carbon

Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach
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Table 5-1

Soil Vapor Analytical Results

IEEC-1107-0014-0003
May 2010

Hydrogen Sulfide (ppbV)

Hydrogen Sulfide (ppmV)

Methane (ppmV)

Methane (ppmV)

Sample Number 8/26/2008 9/14/2009 8/26/2008 9/14/2009
SV-70-01 427 1.0U 1,650 11,000
SV-70-02 497 10U 229,000 300,000
SV-70-03 50U 1.0U 330 1,300
SV-70-04 NA 10U NA 48,000
SV-70-05 990 1.0U 739,000 >990,000
SV-70-06 50U 1.0U 3,360 31,000
SV-70-07 4.2 1.0U 53 21,000
SV-70-08 3.3J 10U 27,100 2,000
SV-70-09 50U 1.0U 93,700 580,000
SV-70-10 447 10U 3,600 1,500
SV-70-11 3.6J 10U 35 1,000
SV-70-12 50U 1.0U 610 20,000

Notes:
ppbV - parts per billion by volume
ppmV - parts per million by volume
J - estimated value
U - not detected
Performance Monitoring Report, IR Site 70, Naval Weapons Station Seal Beach Page 1 of 1
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Table 6-1
Quality Assurance/Quality Control Summary
Data Quality Measurement
Indicators Performance Criteria 2009 Performance Monitoring
Percent recoveries for All data was considered accurate. No data was
MS/MSD Ceriteria qualified due to MS/MSD. All samples met accuracy
60 to 100 percent criteria except:
Accuracy 1) Ethane in MS for70-PMWO03A (54 percent),
compared to MSD (51 percent)
2) Nitrite in MS for MW-70-PMW14A (129 percent)
compared to MSD (132 percent )
RPD between duplicate | Overall precision was good. No data was qualified or
results <25 percent rejected. All samples met RPD goal except:
1) Acetate in MW-70-PMW14B (27.11 percent)
.. 2) Methane n MW-70-PMWO03A (83.33 percent)
Precision
3) Sulfate in MW-70-PMWO3A (93.36 percent)
The high RPDs in methane and sulfate may be due to
the higher concentrations reported in these samples as
a result of EISB implementation.
Completeness 95 percent completeness | Completeness was 1.00 percent.
No samples were rejected.
e Qualitative Standard methods, units and reporting formats met
Comparability o .
comparability requirements per the QA/QC program.
Representativeness DQO para.rneters ar.ld DQO parameters and 'fmalytical parameters meet
proper sampling techniques | QA/QC program requirements.
Acronyms/Abbreviations:

DQO - data quality objectives

EISB — Enhanced In-Situ Bioremediation
MS/MSD — matrix spike/matrix spike duplicate
QA/QC - quality assurance, quality control
RPD - relative percent difference

Performance Monitoring Report, IR Site 70, Naval Weapons Station, Seal Beach
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Figure 1-4. Project Schedule
2009 Performance Monitoring
IR Site 70, NWS Seal Beach

ID  [Task Name ‘ Duration Start Finish [2009 [2010 2011
arter [4th Quarter | 1st Quarter [2nd Quarter [3rd Quarter [ 4th Quarter | 1st Quarter [2nd Quarter [3rd Quarter [ 4th Quarter 1st Quarter 2nd Q
Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul | Aug | Sep | mqm [ Dec | Jan | Feb [ Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr |
1 |Date of Award Odays Wed5/28/08 Wed 5/28/08
| 2 |Kick-off Meeting 0 days Tue 6/3/08 Tue 6/3/08
| 3 |BASEBID 562days ~ Wed 6/4/08  Thu 7/29/10 )
| 4 | Task 1- Baseline Groundwater Sampling 265days ~ Wed 6/4/08  Tue 6/9/0! o
5 Meetings 53 days Wed 6/11/08 Fri 8/22/08 &=
| 6 | Pre-Construction Submittals 48 days Wed 6/4/08  Mon 8/11/08 =g
7 SAP Addendum Preparation and Submittal 15 days Wed 6/4/08 Tue 6/24/08
BE Navy Review SAP Addendum 14 days Wed 6/25/08  Mon 7/14/08
9 Final SAP Addendum Odays  Tue 7/15/08  Tue 7/15/08|15
| 10 | APP/HASP Addendum Preparation and 20 days Wed 6/4/08 Tue 7/1/08
| Submittal
11 Navy Review APP/HASP Addendum 28 days Wed 7/2/08 Fri SISIOSil
| 12| Final APP/HASP Addendum Odays Mon8/11/08  Mon 8/11/08 8/11
[ 13| Geophysical Survey l1day Mon 8/18/08  Mon 8/18/08
| 14 | Soil Vapor Probe Installation 2days  Thu 8/21/08 Fri 8/22/08;
[ 15 | Dedicated Pump Inventory, Procurement, and 42 days Mon 6/23/08  Tue 8/19/08
| Installation
16 Baseline Monitoring 12days Wed 8/20/08 Thu 9/4/08
[ 17 | Soil Vapor Sampling 2days Mon 8/25/08  Tue 8/26/08
| 18| Laboratory Analysis 28 days Fri 9/5/08 Tue 10/14/08
[ 19 | Data Evaluation 30days Thu10/16/08 Wed 11/26/08
| 20 | Reporting 139days Thu 11/27/08 Tue 6/9/09 = )
| 21| Preparation of Draft Report 45days Thu11/27/08  Wed 1/28/09 _l
| 22| Submit Draft report to Navy Odays Wed 1/28/09 Wed 1/28/09 1/28
| 23| Draft Report Review by Navy 24days  Thu 1/29/09 Tue 3/3/09 =
| 24 | Preparation of Draft-Final Report 22 days Wed 3/4/09 Thu 4/2/09
| 25 | Submit Draft-Final Report to Navy, RWQCB, 0 days Thu 4/2/09 Thu 4/2/09 412
. and DTSC
26 Draft-Final Report Review by Navy, RWQCB, 32 days Fri 4/3/09  Mon 5/18/09
I and DTSC
27 Preparation of Final Report 16 days  Tue 5/19/09 Tue 6/9/09 [
| 28 | Submit Final Report to Navy, RWQCB, and 0 days Tue 6/9/09 Tue 6/9/09 & 6/9
| 29 | Task2- ED\/T§|Cr|jection. Source Area & Six 498 days Tue 9/2/08  Thu 7/29/10, & )
L Biobarriers
30 Meetings 438 days Tue 9/2/08 Thu 5/6/10 > )
. Pre-Field Activities 45days  Tue9/2/08  Mon 11/3/08 =l
| 32| EVO/KB-1 Injection 453days  Tue11/4/08  Thu 7/29/10 = 9
| 33| Source Area Biobarrier (SAB) 64days  Tue11/4/08  Fri1/30/09
[ 34 | Mobilization and Prep. 10days  Mon 2/2/09 Fri 2/13/09 -
| 35 | Second Sand Biobarrier 1 (SSB-1) 21days Wed 2/18/09 Wed 3/18/09
[ 36 | Mobilization and Prep. 8days  Thu3/19/09  Mon 3/30/09 =
| 37 | Shell Horizon Biobarrier 3 (SHB-3) 129 days  Tue 3/31/09 Fri 9/25/09
| 38 | Mobilization and Prep. 11days Mon 9/28/09 Mon 10/12/09
| 39 | First Sand Biobarrier 2 (FSB-2) 31days Tue 10/13/09 Tue 11/24/09
[ 40 | Mobilization and Prep. 9days Wed 11/25/09  Mon 12/7/09
| a1 | First Sand Biobarrier 1 (FSB-1) 49 days  Tue 12/8/09 Fri 2/12/10;
[ 42| Mobilization and Prep. 5days  Mon 2/15/10 Fri 2/19/10]
| 43| Shell Horizon Biobarrier 1 (SHB-1) 33days  Mon 2/22/10 Wed 4/7/10
[ 44| Installation/Development of Remaining 23 20days  Mon 4/12/10 Fri 5/7/10! [
| Injection Wells in the Source Area Treatment
45 Mobilization and Prep. S5days  Mon 5/10/10 Fri 5/14/10;
| 46 | Source Area Treatment Grid 40days  Mon 5/17/10 Fri 7/9/10
|47 | Demobilization 14days  Mon 7/12/10  Thu 7/29/10
TTaSK 3 -»2009 Annual Groundwater Performance 226 days  Tue 8/25/09 Tue 7/6/10] @ )
Monitoring
49 Performance Monitoring 15days  Tue 8/25/09  Mon 9/14/09
| 50 |  Soil Vapor Sampling 2days Mon 9/14/09  Tue 9/15/09
| 51 |  Laboratory Analysis 28days Wed 9/16/09  Fri 10/23/09
| 52 | DataEvaluation 35days Mon 10/26/09  Fri 12/11/09
| 53| Reporting 147 days Mon 12/14/09  Tue 7/6/10 "2
| 54 | Preparation of Draft Report 43days Mon 12/14/09  Wed 2/10/10 bl
| 55 | Submit Draft report to Navy Odays Wed 2/10/10 Wed 2/10/10 2/10
| 56 | Draft Report Review by Navy 24days  Thu2/11/10  Tue 3/16/10
[ 57 | Preparation of Draft Report 36 days Thu 4/1/10  Thu 5/20/10
| 58 | Submit Draft-Report to RWQCB, and DTSC 0 days Fri 5/21/10 Fri 5/21/10; 5/21
[ 59 | Draft-Report Review by RWQCB, and DTSC 17 days Fri5/21/10  Mon 6/14/10
| 60 | Preparation of Final Report 16days  Tue 6/15/10 Tue 7/6/10
[ 61 | Submit Final Report 0 days Tue 7/6/10 Tue 7/6/10 & 716
| 62 [Task 3 - 2010 Annual Groundwater Performance 172days Mon 8/23/10  Tue 4/19/11 O )
Monitoring
63 Performance Monitoring 15days  Mon 8/23/10 Fri 9/10/10 -
| 64 |  Soil Vapor Sampling 2days Mon®8/30/10  Tue 8/31/10
| 65 | Laboratory Analysis 28days Mon 9/13/10 Wed 10/20/10 i—
| 66 | Data Evaluation 30days Thu10/21/10 Wed 12/1/10
| 67 |  Reporting 99days Thu12/2/10  Tue 4/19/11 )
| 68 | Preparation of Draft Report 30days  Thu12/2/10 Wed 1/12/11
| 69 | Submit Draft report to Navy Odays Wed1/12/11 Wed 1/12/11 1/12
| 70 | Draft Report Review by Navy 24days  Thu 1/13/11 Tue 2/15/11
| 71 | Preparation of Draft-Final Report 12days Wed 2/16/11 Thu 3/3/11 ()
| 72| Submit Draft-Final Report to Navy, RWQCB, and 0 days Thu 3/3/11 Thu 3/3/11 3/3
| 73| B:-a?t(-:ﬁnal Report Review by Navy, RWQCB, and 17 days Fri3/4/11  Mon 3/28/11 ;
| 74 | E:;j)ira!ion of Final Report 16 days  Tue 3/29/11 Tue 4/19/11 ¢
| 75 | Submit Final Report to Navy, RWQCB, and DTSC Odays  Tue4/19/11  Tue 4/19/11 @
Project: [EEC-1107-0014-003 Task G Progress —— Summary ===y  External Tasks ) Deadline
Date: May 2010 Split L. Milestone 3 Project Summary === External Milestone &
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EXCEED THE TARGET CLEANUP GOAL

(80-100) - WELL SCREEN INTERVAL, IN FEET BELOW GROUND SURFACE

FALL 2009 PERFORMANCE MONITORING WAS CONDUCTED PRIMARILY

IN THE SOURCE AREA, SHELL HORIZON AND SECOND SAND BIOBARRIERS.
ADDITIONAL INTERPRETATION BASED ON INSIGHT (2009), BASELINE
GROUNDWATER MONITORING REPORT.
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PMWOZA PMWO02A PMWO02A PMWO02B PMWO02B PMWO02B
8/2008 12/2008 8/2009 8/2008 12/2008 8/2009
® Ethene 0.02 0.02 0.02 0.02 0.02 0.02
mVC 0.00 0.00 0.00 0.01 0.00 0.01
m cDCE 1.01 1.66 1.24 1.76 2.38 1.87
m TCE 1.14 0.35 0.05 3.63 1.14 0.11
Figure 4-5

Concentration Trends Over Time in Upgradient
Wells MW-70-PMWO02A and MW-70-PMWO02B
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Concentration Trends Over Time within the Source Area Biobarrier at

Wells IW-70-SABO6and IW-70-SAB11
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m Ethene| 0.07 0.07 ND 0.07 0.11 0.06 0.01 ND 0.02 ND
mVC 0.01 0.33 0.39 0.32 0.53 0.67 0.16 0.24 0.33 1.14
m cDCE 0.11 4.04 2.07 4.35 0.01 9.89 16.74 6.01 6.24 4.57
mTCE 7.13 6.42 0.46 0.71 0.02 0.03 12.94 0.44 0.27 0.22
Figure 4-6
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Figure 4-7

Concentration Trends Over Time within the Source Area Biobarrier at

Well IW-70-SAB09
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PMWO3A | PMWO3A | PMWO3A | PMWO3A | PMWO03B | PMWO03B | PMWO03B | PMWO03B
8/2008 12/2008 3/2009 9/2009 8/2008 12/2008 3/2009 8/2009
B Ethene 0.02 0.02 0.01 0.01 0.03 0.03 0.03 0.03
= VC 0.01 0.01 0.30 0.16 0.01 0.01 0.01 0.05
m cDCE 0.07 1.22 3.73 0.03 3.04 7.36 9.92 4.96
m TCE 4.32 2.40 0.04 0.01 1.76 0.34 0.04 0.06
Figure 4-8

Concentration Trends Over Time in Downgradient
Wells MW-70-PMWO03A and MW-70-PMWO03B
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PMW11A|PMW11A|PMW11B | PMW11B| SHB310 | SHB310 |PMW12A|PMW12A|PMW12B | PMW12B
8/2008 | 9/2009 | 8/2008 | 9/2009 | 8/2008 | 10/2009 | 9/2008 | 9/2009 | 9/2008 | 9/2009
® Ethene ND ND ND ND ND 0.71 ND ND ND 0.07
mVC 0.01 0.02 0.02 0.03 0.03 1.10 0.06 0.82 0.02 6.88
m cDCE 0.38 0.78 0.73 1.45 3.11 1.14 0.40 0.06 0.99 0.38
mTCE 1.22 1.98 3.81 7.23 4.41 9.13 1.29 ND 6.62 ND
Figure 4-9

Molar Concentrations of Chlorinated COCs and Ethene
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Shell Horizon Biobarrier 3 Long Term pH trends
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Second Sand Biobarrier

18
16
14
% 12 i 0
= —
c
. - |
=
o
- 8 |— 1 | - | L
o
5 6 — -
o
4 — [ —_—1 —_— — —_
I ]
41 = N = 0 N 5 m B
0 (F—— —_— —_— — — - =
PMW13A | PMW13A | PMW13B | PMW13B | SSB109 SSB109 | PMW14A | PMW14A | PMW14B | PMW14B
9/2008 9/2009 9/2008 9/2009 8/2008 9/2009 9/2008 9/2009 9/2008 9/2009
® Ethene 0.64 0.64 0.09 0.07 0.06 0.06 0.06 0.43 0.21 0.10
mVC 6.56 7.36 0.05 0.94 0.01 1.50 0.09 11.68 0.03 0.08
m cDCE 0.65 0.78 1.87 3.73 0.40 1.14 1.87 3.32 1.35 6.53
m TCE 2.44 2.82 6.85 8.37 2.28 0.09 8.37 1.37 4.03 0.13
Figure 4-11

Concentration Trends Over Time within the Second Sand Biobarrier at

Wells MW-70-PMW13A, MW-70-PMW13B, IW-70-SSB109, MW-70-PMW14A, and MW-70-PMW-14B




Second Sand Wells
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® cDCE 0.02 0.03 1.24 1.55 11.40 10.36 0.01 0.01
m TCE 0.01 0.05 4.11 7.08 1.07 3.50 0.00 0.02
Figure 4-12

Concentration Trends Over Time within the Second Sand Biobarrier at
Wells MW-70-15, MW-70-MNA15, MW-70-MNA16, and MW-70-MNA17
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Figure 4-13. Second Sand Biobarrier Long Term pH Trends
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