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EXECUTIVE SUMMARY

This Remedial Design (RD) defines the technical and operational requirements
for remediation of groundwater contaminated with chlorinated solvents at Installation
Restoration (IR) Program Site 70, Naval Weapons Station (NAVWPNSTA) Seal Beach,
California (Figure 1.1). GeoSyntec Consultants, Inc. (GeoSyntec) prepared this
document for Southwest Division, Naval Facilities Engineering Command (NFECSW)
under a contract with Naval Facilities Engineering Service Center (NFESC). The
Department of Navy (DON) NFECSW directs this 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). NAVWPNSTA Seal Beach is located in the City of Seal
Beach, California. Surrounding municipalities include Los Alamitos to the north,
Westminster to the east, Huntington Beach to the southeast, and Long Beach to the west.
The Pacific Ocean borders NAVWPNSTA Seal Beach to the south (Figure 1.1). The
Seal Beach National Wildlife Refuge (SBNWR) is located southeast of the site within the
Station boundaries. IR Site 70, also known as the Research, Testing, and Evaluation
(RT&E) area, consists of multistory office and production buildings, asphalt-paved
parking areas, an assortment of aboveground tanks and attendant above- and below-
ground piping distribution systems, several concrete-lined sumps, and underground
storage tanks (USTS).

Groundwater contamination exists in two distinct areas: (i) a suspected source
area which may contain residual dense, non-aqueous phase liquid (DNAPL) source with
dissolved trichloroethene (TCE) concentrations exceeding 1,000 pg/L at shallow depths
(within 60 ft below ground surface; bgs); and (ii) a dissolved phase plume extending
downgradient in a south-southeasterly direction from the source. The areal extent of the
volatile organic compound (VOC) plume in groundwater is approximately 4,000 ft by
1,500 ft, with vertical migration exceeding 160 ft from the water table (approximately
13 feet below ground surface (ft bgs)). The highest TCE concentrations in the source
area were reported at 130,000 pg/L, with much lower TCE concentrations (<1,000 pg/L)
observed throughout the majority of the plume. Low levels of cis-1,2-dichloroethene
(cis-1,2-DCE; < 100 pg/L) and vinyl chloride (VC; <10 pg/L) are primarily seen near the
source area and at lower concentrations throughout the plume. Preliminary results from
the natural attenuation microcosm study portion of the Pilot Study (Appendix D) confirm
that intrinsic biological attenuation of the plume is minimal. An analysis of natural
attenuation of TCE within the plume, presented in Appendix A, suggests that the natural
attenuation half life rate of TCE is on the order of 5 years.

The Extended Removal Site Evaluation (ERSE; BNI, 1999) concluded that no
complete exposure pathway exists between chemicals in groundwater and ecological
receptors at IR Site 70. The groundwater plume is approximately 60 feet below ground
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surface at the leading edge where it approaches the SBNWR boundary. The human-
health risk screening for IR Site 70 groundwater estimated a total cancer risk of 1.2 x 10™
and a hazard index of 4,600, resulting primarily from TCE, which exceeds the NCP-
defined generally acceptable range. Upon review of the operational history and site-
specific groundwater data, the DON has determined that this site contains elevated
concentrations of TCE in groundwater which threatens multiple aquifers, thus requiring a
response action. As a result, the DON has initiated the remedial action described herein
for the impacted groundwater at IR Site 70 to reduce any potential threats to human
health and the surrounding environment.

The following Remedial Action Objectives (RAOs) were developed for IR Site 70
groundwater cleanup (GeoSyntec, 2005b):

e Consistent with United States Environmental Protection Agency (EPA),
State Water Resources Control Board (SWRCB), California Environmental
Protection Agency (Cal/EPA), and Regional Water Quality Control Board
(RWQCB) Santa Ana Region policies and regulations, protect existing
beneficial uses of the shallow aquifer underlying NAVWPNSTA Seal Beach
to the extent practicable while preventing or minimizing VOC migration
beyond the current NAVWPNSTA Seal Beach boundaries at concentrations
exceeding site remediation goals;

e  Prevent further degradation of groundwater quality (e.g., through DNAPL
mobilization and/or spreading of dissolved phase contamination related to
remedial activities); and

e  Protect human health by preventing extraction of VOC-impacted shallow
groundwater for domestic use until site remediation goals are achieved.

Chloroform,  1,1-dichloroethene, TCE, 1,1-dichloroethane, cis-1,2-DCE,
trans-1,2-dichloroethene, tetrachloroethene and VC were identified as the primary
contaminants of concern (COCs) at IR Site 70 based on their contribution to the
screening-level carcinogenic risk and frequency of occurrence at the site. The target
cleanup goals (TCGs) for IR Site 70 groundwater are as follows:

Analyte VOCs Performance Criteria (ug/L)
Chloroform 100
1,1-Dichloroethene 6
cis-1,2-Dichloroethene 6
trans-1,2-Dichloroethene 10
Trichloroethene 5
Vinyl chloride 0.5
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The values listed in the table are federal Maximum Contaminant Levels (MCLS)
for drinking water promulgated by EPA or California MCLs established by the
Department of Health Services, whichever is lower for a given constituent (GeoSyntec,
2005b). While MCLs have generally been established as TCGs for the purposes of
developing the full-scale bioremediation design, this should not be construed as an
acceptance by the DON of final remediation goals at IR Site 70. The DON believes
establishing final remediation goals is an iterative process, taking into account site-
specific factors such as aquifer classification and designated use, technical practicability
to achieve the stated cleanup goals, and the site- and chemical-specific nature of the
groundwater requiring remedial action.

The selected remedy for groundwater at IR Site 70 is enhanced in situ
bioremediation (EISB), monitored natural attenuation (MNA), and land-use controls
(LUCs). Site remedial activities will contain the following major components:

e  Utility clearance through review of existing public works maps and drawings
for gas, electrical, communication, water, sewer, fiber optic, and other buried
utilities.

e A geophysical survey to assist in locating and marking any underground
utilities or features and to provide utility clearance.

e  Submittal and approval of a dig authorization form from the NAVWPNSTA
Seal Beach Facilities Department will precede any subsurface activity at IR
Site 70.

e  Construction of a network of groundwater monitoring wells.

e Installation of a grid of emulsified vegetable oil (EVO) injection wells in the
source area to deliver electron donor (i.e. EVO) throughout and subsequently
maximize enhancement of DNAPL dissolution.

e  Construction of six biobarriers (one to contain ongoing mass flux from the
source, five to treat the plume) along the plume through installation of lines
of EVO injection wells transecting the plume at select locations and depths.
Dissolved phase contaminants will be treated as groundwater flows through
each biobarrier under ambient groundwater flow (i.e., passive treatment).

e Initial injections of EVO to accelerate natural biodegradation of VOCs in
groundwater.

e Injection of a commercially available Dehalococcoides (DHC) culture to
stimulate complete dechlorination of VOCs to ethene.

e  Comprehensive performance monitoring throughout the EISB process to
monitor remedial performance and assess the need for biobarrier
maintenance.
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e  Periodic maintenance of the biobarriers in the form of EVO reinjections, re-
bioaugmentation, etc. as needed.

e  Monitoring of contaminant concentrations and natural attenuation
parameters until remediation goals are achieved.

Active remediation will be conducted within areas of TCE concentrations
exceeding 250 pg/L. Active treatment consists of continued re-injection of EVO within
the treatment areas (ie. within the biobarriers or source zone). Active treatment will be
terminated once the TCE concentrations within the plume and source area reduce below
200 pg/L. Monitored natural attenuation will be employed throughout the remainder of
the plume not actively treated (i.e., where TCE concentrations are below 200 pg/L) and
after the active treatment phase until final cleanup goals are achieved. It is estimated that
active treatment of the plume will be required for a maximum of 16 years (with shorter
operation times for some biobarriers), followed by 35 years of MNA to achieve TCGs.
The duration of source treatment cannot be predicted due to the lack of information
regarding the mass of DNAPL phase TCE present in the subsurface. Due to the minimal
seepage velocity of the plume, natural attenuation processes, and retardation of VOC
migration, the plume is not expected to expand much beyond its current boundaries, and
IS not anticipated to impact potential ecological or human receptors during the 50 year
treatment timeframe. A component of the MNA program includes monitoring of sentinel
wells situated at strategic locations that will allow for corrective measures to be taken if
plume migration and attenuation levels are unacceptable. Monitoring of the MNA will
be done during the active treatment phase to determine the trends of MNA in the
dissolved phase plume. Based on these results the DON will propose modifications
and/or discontinuing MNA as evidence is gathered that the plume is naturally degrading
to meet the TCGs.

A monitoring program will be initiated to track progress towards achievement of
the following performance criteria:

e  Complete dechlorination of TCE to ethene within the biobarriers;
e  Localized and/or minimal secondary groundwater quality impacts; and

e  DHC growth to concentrations exceeding 10" cells/L, and migration of the
augmented culture throughout the active treatment zones.

Similarly, criteria for MNA performance include indications of reducing TCE
concentrations with time and minimal expansion of the plume beyond the current extents.
Monitoring programs were developed for the first five years of monitoring, at which
point we recommend that the sampling locations, frequency and analytes monitored be
optimized for the long-term monitoring program. The sampling program may be refined
as necessary within the initial five year period and through subsequent five year periods
as needed, based on the data collected.
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Key locations within each biobarrier/treatment area will be monitored to assess
EISB performance. These locations were selected from those areas that will provide
early indications of EVO consumption (and thus the need to reinject) and/or locations
where biobarrier performance is most likely to be lowest (e.g., due to insufficient
residence time, higher initial TCE concentrations requiring more degradation half-lives to
meet TCGs, etc.). In this way, the sampling and analytical costs may be minimized while
continuing to collect critical information. Vertical monitoring intervals will be confined
to 10 ft intervals, per U.S. EPA guidance (U.S. EPA, 1986), and nested wells will be used
to monitor treatment zones that exceed 25 ft in vertical depth. If at any time decreasing
EISB performance is detected at these “sentinel” wells indicating the need for biobarrier
maintenance, then selected other locations will be sampled to evaluate the extent of the
region within the treatment area that requires maintenance and appropriate corrective
action will be taken.

A number of parameters will be sampled from wells located within active
treatment zones on a quarterly basis for the first year of operation (to confirm the
successful stimulation of desired bioactivity levels), followed by semi-annual monitoring
(to assess ongoing treatment levels and the need for biobarrier maintenance) for the initial
five year period. Targeted analytes include VOCs, dissolved hydrocarbon gases (DHGs;
innocuous end products of the dechlorination reaction, including ethene and ethane, and
methane), inorganic anions (particularly chloride, which is another daughter product of
the dechlorination process), polymerase chain reaction (PCR) assays specific to DHC,
depth to water (to monitor changes in groundwater flow direction) and field parameters
[particularly pH, oxidation-reduction potential (ORP) and dissolved oxygen (DO), which
are measures of geochemical conditions required for anaerobic microbial activity].

To assess the continuing presence of EVO within the treatment zone, qualitative
measures of EVO presence will also be monitored in these locations on a semi-annual
basis, including total organic carbon (TOC) and volatile fatty acids (VFAS) acetic,
butyric, lactic and propionic acids (breakdown products of EVO fermentation).
To evaluate the potential impact on secondary groundwater quality and the contaminant
distribution in the plume, samples will be obtained from targeted locations downgradient
of the biobarriers on a semi-annual basis. To provide a baseline comparison, samples
will also be obtained from up-gradient locations at similar sampling intervals. Targeted
analytes include all of the bioremediation performance indicators listed above
(i.e.,, VOCs, DHGs, inorganic anions, DHC, depth to water, and field parameters
including total dissolved solids and specific conductance), as well as secondary
groundwater quality parameters including dissolved metals (e.g., iron, manganese,
arsenic), and sulfide.

MNA sampling locations were chosen to provide one of two forms of
information: (i) “sentinel” wells were selected to provide early indications of undesired
plume migration (which may warrant corrective action) and to provide information with
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regards to attenuation of lower concentrations of TCE on the fringe of the plume; and
(i) performance assessment wells located along the core of the plume between
biobarriers to provide some indication of potential biobarrier operation timeframe.
Vertical monitoring intervals will be confined to 10 ft intervals, per U.S. EPA guidance
(U.S. EPA, 1986), with screened intervals corresponding to the approximate center of the
targeted treatment depth interval.

Sampling frequencies for each MNA well were selected in consideration of the
attenuation rate of TCE as well as considering the potential plume migration rate in each
hydrogeologic unit. Accordingly, both sentinel and biobarrier MNA wells will be
sampled annually for the first five years of operation. Targeted analytes include VOCs,
DHGs, DHC PCR assays (to assess potential migration of dechlorinating microorganisms
outside of the active treatment zone and any related impact to the attenuation rate in these
areas; between biobarrier wells only), depth to water (to monitor changes in groundwater
flow direction) and field parameters.

DON has defined the point of compliance as the base boundary and has agreed to
provide a point of compliance (POC) well network for the Site 70 plume. These wells
are located outside the current extent of the plume based on the 2005 groundwater data
(BNI, 2005). The POC will have sentinel wells located within the respective zones. A
baseline sampling event will be completed for all of the POC network wells to define
existing conditions. Subsequent sampling of the POC wells will be based on an
assessment of baseline data, solute transport time (from the model), distance from the
edge of the plume, and historic groundwater flow rates for each unit.

Annual reviews of monitoring data will be conducted to assess biobarrier
performance and the need for maintenance, plume migration, dechlorination activity,
extent of microbial migration, changes to monitoring program based on trend analysis of
monitoring data, and the adequacy of the remedial action to meet RAOs. Annual reviews
will be documented in a summary report issued to appropriate regulatory agencies. These
reports may include suggested modifications to the cleanup program to optimize remedial
performance, changes to the monitoring program, and suggestions minimize O&M costs.
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1. INTRODUCTION
1.1  Purpose and Scope

This Remedial Design (RD) defines the technical and operational requirements
for remediation of groundwater contaminated with chlorinated solvents at Installation
Restoration (IR) Program Site 70, Naval Weapons Station (NAVWPNSTA) Seal Beach,
Seal Beach, California (Figure 1.1).

NAVWPNSTA Seal Beach is an active federal facility that is being remediated
under the IR Program. The station is not on the National Priorities List. The lead agency
for remedial investigation (RI1) and remedial action at this station is the Department of the
Navy (DON). Regulatory agencies providing support and oversight include the
Department of Toxic Substance Control (DTSC) and the Regional Water Quality Control
Board (RWQCB) Santa Ana Region.

The DON, Naval Facility Engineering Command Southwest Division
(NFECSW), directs this 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). Upon
review of the site’s operational history and site-specific groundwater data, the DON has
determined that this site contains elevated concentrations of trichloroethene (TCE) in
groundwater, thus requiring a response action. The DON has initiated the remedial action
for the impacted groundwater at IR Site 70 to reduce potential threats to human health
and the surrounding environment.

The purpose of this RD is to define the technical and functional requirements for
remediation of groundwater contaminated with chlorinated solvents at IR Site 70. The
scope of work for this RD consists of an aggressive biostimulation/bioaugmentation in
situ treatment option for the high concentration source area, a passive in situ biobarrier
treatment of the dissolved-phase contamination, monitored natural attenuation, and land
use controls. The implementation, inspection, reporting, and enforcement of the land use
controls will be conducted in accordance with the current NAVWPNSTA Seal Beach
procedures, and as outlined below.

1.2 Overview of Remedial Approach

The remediation approach for IR Site 70 consists of two distinct methods one for
the source area and the other for the dissolved plume phase. The enhanced treatment
approach for the high concentration source area will consist of a grid of injection wells
that cover the source area. These wells will be constructed so that electron donor
(emulsified vegetable oil; EVO) injections can be made at future dates as needed.
Injection of the EVO will create a reduced environment conducive to microbial growth.
KB-1™ (mixed dehalorespiring bacteria including DHC) will be amended to the
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subsurface in the middle of EVO injections, with a pre- and post-injection flush of anoxic
and reduced water that will provide the required geochemical environment for DHC
growth and activity. The population density of the DHC will be monitored along with
electron donor and contaminant concentrations. Monitoring data will be used to
determine the need for additional electron donor injections, growth and dispersion of
DHC, and groundwater quality. At start up, the monitoring program will be more
frequent to identify the dechlorination rate and to demonstrate the complete
dechlorination to ethene within the target timeframe.

The conceptual approach for the dissolved phase plume is to construct permeable
biobarriers through the use of multiple well points that will transect the plume at selected
locations. These transects will consist of individual well points that will allow multiple
dosing of EVO on an as needed basis. EVO and KB-1™ injections will be performed in
a similar manner to that used in the source area. Dispersion of the DHC will be
monitored along with electron donor and contaminant concentrations as outlined above
for the source treatment.

Documents consulted in order to develop this design document include the
following documents:

e Extended Site Removal Evaluation (ERSE) [Bechtel National Inc. (BNI),
1999];

e  Groundwater Feasibility Study Report (FS) (BNI, 2002);

e  Revised Groundwater Feasibility Study Report (RFS) (GeoSyntec, 2005a);
and,

e Pilot Study (Appendix D), previously referred to as the Remedial Design
Optimization (RDO) Investigation and Report.

The remainder of this document is organized as follows:

e  Section 2 - Site Conditions

e  Section 3 - Regulatory Framework

e  Section 4 - Remedial System Design

e  Section 5 - Pre-Remediation Construction Activities

e  Section 6 - Remediation Operations, Performance Monitoring and Reporting
e  Section 7 - Waste Management Plan

e  Section 8 - Project Management

. Section 9 - References
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2. SITE CONDITIONS
2.1  Facility and Site Description

IR Site 70, also known as the Research, Testing, and Evaluation (RT&E) area,
consists of multistory office and production buildings, asphalt-paved parking areas, an
assortment of aboveground tanks and attendant above- and below-ground piping
distribution systems, several concrete-lined sumps, and underground storage tanks
(USTs). From 1962 to 1973, the National Aeronautics and Space Administration
(NASA) utilized the area for the design and manufacture of the Saturn 11 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. These 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 (RSE) Report from Bechtel National, Inc.
(BNI 1996a) for the IR Site 70 area addressed potential waste sources from:

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 dilute acids, volatile organic
compounds (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. Discharged wastewater contained
high total dissolved solids (TDS), sodium, chloride, and had high or low pH.

IR Site 70 is located just south of Westminster Boulevard and east of Seal Beach
Boulevard (Figure 2.1). IR Site 70 encompasses approximately 40 acres, but the
groundwater plume extends beyond the site boundaries. Groundwater at the site is
impacted by the past use of chlorinated solvents (primarily TCE), with possible dense
non-aqueous phase liquid (DNAPL) and dissolved phase chlorinated solvents reported by
Bechtel National Inc. (BNI, 2002). Groundwater contamination extends from the water
table near the source area to approximately 170 feet below ground surface (ft bgs).
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A Site conceptual model was generated from the remedial investigation data and
presented in the Feasibility Study (BNI, 2002).

2.2 Previous Investigations

In 1993, Jacobs Engineering Group (JEG) conducted a Preliminary Assessment
(PA) of IR Site 70 (JEG 1994). Ten Areas of Concern (AOCs) were identified for further
evaluation to assess the presence or absence of chemicals of potential concern (COPCs).
These ten AOCs were identified based on historical activities, use of chemicals, and the
likelihood of a potential threat to human health and the environment. The PA identified
major COPCs as hexavalent chromium, TCE, phenolic compounds,
trichlorotrifluoroethane (Freon TF), and heavy metals.

BNI conducted an RSE for the RT&E area (BNI 1996a) to address potential waste
sources from IR Site 70. The RSE report recommended that process piping systems and
facilities be decommissioned and that soil and groundwater in the area be investigated
further (BNI 1996a). These facilities were decommissioned in 1998, as documented in
the decommissioning report (Battelle, 1998). The report also recommended soil
investigations for the presence of hexavalent chromium, vinyl chloride (VC), and heavy
metals. Groundwater investigations were recommended to delineate the TCE plume and
to determine a potential vadose zone source, as well as the nature and extent of
hexavalent chromium, phenolic compounds, and heavy metals.

In 1996, soil and groundwater samples were collected at IR Site 70 to obtain
analytical data necessary to populate a Relative Risk Site Evaluation Model (RRSEM,
BNI 1996b). By using data collected at NAVWPNSTA Seal Beach and 14 other bases,
the RRSEM was used to assist in prioritizing funding for sites in the IR Program. The
samples indicated the presence of VOCs, semivolatile organic compounds,
polychlorinated biphenyls, pesticides, and metals. Based on this and subsequent studies,
including the ERSE of IR Sites 40 and 70 (BNI, 1999), the Navy determined that there
was no immediate threat to the environment from groundwater at IR Site 70. The
Remedial Investigation/Feasibility Study (RI/FS) (BNI, 2002) determined that
groundwater at IR Site 70 was impacted and a remedial action was required to address
the source area and dissolved phase plume, based on a human health risk evaluation.

A RFS was developed for the DON in response to a DON directive for optimizing
remedial actions (GeoSyntec, 2005a). Based on advancements in bioremediation of
source area and dissolved phase VOCs, the RFS evaluated the use of in situ
bioremediation alternatives for remediating the site. In situ biobarriers to treat the
dissolved plume and in situ bioremediation of the source area rated highest overall among
the five balancing criteria. Based on these results, the DON decided to proceed with this
alternative in order to remediate the site. Subsequently, a Pilot Study was conducted in
which field studies were carried out to optimize the design of the remediation. The
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results of these field studies are presented in Appendix D. The Pilot study demonstrated
that site soil and groundwater samples from Site 70 could be dechlorinated through
enhanced bioremediation.

2.3  Physical Setting

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. This northwest-trending
structural basin is approximately 50 miles long and 20 miles wide with deposits as much
as 20,000 feet thick. Basin morphology was developed through the mechanisms of
folding, faulting, erosion, and fluctuating sea levels (JEG, 1994).

Most of the NAVWPNSTA Seal Beach lies on predominantly 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; on the northeast by the Repetto
and Puente Hills; on the east and southeast by the Santa Ana Mountains and the San
Joaquin Hills; and on the south, southwest, and west by the Palos Verdes Hills and the
Pacific Ocean. The land at NAVWPNSTA Seal Beach slopes evenly from approximately
20 feet above sea level in the northwestern part of the NAVWPNSTA Seal Beach to sea
level in the tidal flats of the Seal Beach National Wildlife Refuge (SBNWR) in the
southeast (Figure 2.2). The most pronounced topographic feature at the NAVWPNSTA is
part of Landing Hill on the southwest. Landing Hill reaches a maximum elevation of
about 50 feet (JEG, 1994).

The area climate is classified as a marine-influenced southern California coastal
region with mild winters that average 52 degrees Fahrenheit (°F) and summers that
average 68 °F. Temperature ranges from winter lows in the 30s °F to summer highs in the
90s °F. Annual precipitation averages 12.5 inches, with approximately 90 percent
occurring between the months of November and April. Although precipitation is low, a
high humidity level is sustained because of the proximity of the Pacific Ocean
(JEG, 1994). Prevailing winds average 3.8 miles per hour from the west. Occasional
strong, dry winds from the northeast, known as the “Santa Anas,” occur in the fall,
winter, and early spring (JEG, 1994). Periodically, the region is subjected to a
phenomenon called “El Nino,” which brings unusually high precipitation, flooding, high
winds, and temperatures outside the expected range. The NAVWPNSTA was subjected
to this EI Nino weather pattern in 1997 and 1998, resulting in extremely high winds,
higher than normal tidal cycles, a rise in groundwater level, flooding, and ponding in
otherwise dry areas.

2.4 Regional Geology/Hydrogeology

Two faults, the Seal Beach Fault and the Los Alamitos Fault, traverse portions of
the station. These two faults are part of the Newport-Inglewood Fault zone. The Seal
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Beach Fault is located in the southern portion of the Newport-Inglewood Fault zone. It is
a right lateral oblique fault with the south side displaced upward relative to the north side.
Vertical displacement is approximately 5 feet in the upper Pleistocene units (Ebersold,
1997). Movement along the fault since or during recent alluvium deposition has not
displaced recent sediments. On the station, the Seal Beach Fault has uplifted Upper
Pleistocene deposits at Landing Hill and Hog Island, cutting diagonally across the station
and parallel to the coast (JEG 1995a). Apparent movement is nearly vertical with the
south side displaced upward relative to the north side. There is also evidence of apparent
right lateral motion (Ebersold, 1997). The Los Alamitos Fault lies parallel to the Seal
Beach Fault and about 2.25 miles northeast of the Alamitos Gap. The Los Alamitos Fault
has little effect on the movement and quality of groundwater in the Lower Pleistocene
San Pedro Formation and is older than the active Seal Beach Fault (JEG 1995a).

Soils at the station contain abundant clay and silt and are poorly drained. Six soil
types have been identified. The Bolsa series (JEG, 1995b; SCS, 1978) covers
approximately two-thirds of NAVWPNSTA Seal Beach including IR Site 70 (Figure
2.3). These soils are moderately alkaline and calcareous and have developed from largely
flat alluvial and coastal deposits. The soils extend to approximately 49 inches below
ground surface (bgs) and have moderate to slow permeability.

The sequence of the stratigraphy underlying NAVWPNSTA Seal Beach, from
youngest to oldest, is:

. Recent Alluvium;
e  Upper Pleistocene Lakewood Formation;
. Lower Pleistocene San Pedro Formation; and

° Pliocene Pico Formation.

The maximum thickness of Recent Alluvium deposits in the region is
approximately 80 to 100 feet. The upper 50 feet consists of fine sands, silty clays, and
clays, while the lower unit consists of sands and gravels, silty sands, silty clays, and
clays.

Transitional, shallow marine and fluvial deposits of great variability are part of
the Upper Pleistocene sand and clay deposits, starting at approximately 80 to 100 feet and
continuing to depths beyond the scope of investigations at IR Site 70. Units are
discontinuous and contain zones of high and low permeability. The maximum thickness
of the Lakewood Formation is approximately 350 feet in the city of Lakewood
(DWR, 1961).
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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, 1995a). There are four general aquifer zones at
the station (JEG, 1995a):

e asemiperched, unconfined zone within the upper Recent Alluvium deposits;

e a confined fresh groundwater zone contained in lower Recent Alluvium
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
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e aconfined zone of saline water underlying the freshwater zone.

Shallow groundwater underlying the station (upper Recent Alluvium deposits) is
within the Lower Santa Ana River Basin (Orange County management zone) (RWQCB,
1995, with Amendment R8-2004-0001). Beneficial uses of groundwater within the
Orange County management zone include municipal and domestic supply, agriculture,
industrial service supply, and industrial process supply. Shallow groundwater underlying
IR Site 70 currently 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 feet deep and saline. The second zone is
approximately 250 to 1,000 feet deep and freshwater. This aquifer is the primary water
supply source for neighboring cities. Groundwater levels in the 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, 1995a).

2.5  Site Conditions at IR Site 70
2.5.1 Observed Geologic Units

The information presented within this section is based upon the refined site
conceptual model that was developed from the results of the Pilot Study activities. See
Appendix D for more details. The local geology, based upon groupings of higher
hydraulic conductivity soils and lower conductivity soils into separate units to better
represent hydrogeological behavior, is shown in cross-section view in Figure 2.4. This
conceptual site model consists of six separate hydrostratigraphic units or model layers.
Working down from ground surface, these are:

e Upper Fines Unit (ground surface to approximately 60 ft bgs).
Comprises three zones: a shallow zone of surficial soils and recent clayey
sediments; an intermediate zone of interbedded silts, clays, and sandy silts
and clays that includes the semi-perched zone; and 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.

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

Shell Horizon (approximately 105 to 135 ft bgs). 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 RDO-6A/B.
This Unit has been subdivided into the Shell Horizon (Interbedded Clays)
and Shell Horizon (Fine-grained Sands) to reflect differences in the plume
migration behavior and hydrogeologic characteristics. Shell and gravel
layers were encountered in some but not all borings, comprising interbeds
within the Shell Horizon that do not appear to be spatially extensive. Wood
chips were encountered in several borings at a depth of about 110 feet.

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

Deep Clay (approximately 170-190 ft bgs). Regional geological trends
suggests that this Deep Clay Unit is likely continuous throughout the area of
IR Site 70. Where it has been encountered on Site, it is described as a fat
clay and is described in the literature as an interbedded unit (BNI, 2002).

Deep Sand (approximately 190 ft bgs and below). Appears to be similar in
character to the First and Second Sand Units; however, it has been logged in
only a few sample points on Site (BNI, 2002).

2.5.2 Hydraulic Conductivities and Heterogeneity

The hydraulic conductivities of screened intervals in selected groundwater
monitoring wells were determined on the basis of aquifer (slug and continuous discharge
pumping) tests (BEI, 2003). Local relative vertical variability in hydraulic conductivities
(indicating degree of soil heterogeneity) was evaluated using electromagnetic borehole
flowmeter surveys in selected groundwater monitoring wells installed as part of the Pilot
Study activities (Appendix D). Results of the tests may be summarized as follows:

Upper Fines Unit: Relatively low horizontal hydraulic conductivity, based
on limited lateral migration of dissolved phase contaminants within this
Unit. Vertical variability of hydraulic conductivities an order of magnitude
or higher within a distance of a few feet was observed during Pilot Study
activities (Appendix D), indicating significant heterogeneity in this Unit.

First Sand Unit: Represented by a horizontal hydraulic conductivity of
2.4x102 cm/sec (centimeter per second) based on a slug test (BEI, 2003) this
unit varies dramatically across the transect wells. The zone of highest
relative permeability within this unit (at minimum an order of magnitude
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higher) in the area of the transect of wells installed during Pilot Study
activities (RDO-1 to RDO-5) appears to be between 65 to 80 ft bgs.

e  Shell Horizon: Estimated hydraulic conductivities range from 1x10~
cm/sec horizontal and 1x10 cm/sec vertical near the source area where the
Shell Horizon is predominantly interbedded clays, to 1x102 cm/sec
horizontal and 8x10™* cm/sec vertical for the area where the Shell Horizon is
predominantly fine-grained sand (BEI, 2003). Localized variability in K in
the region of the Shell Horizon where it grades to predominantly fine-
grained sand ranges by an order of magnitude between layers with
thicknesses typically on the order of one to two feet (GeoSyntec 2006).

e Second Sand Unit: The bulk hydraulic conductivity of the Second Sand
Unit is approximately 2.3x10? cm/sec horizontally and 1.5x10° cm/sec
vertically based on the 2003 pump test (BEI, 2003). Vertical
characterization of K variability in the upper coarser area of this Unit,
showed a smaller degree of heterogeneity than the Shell Horizon
(GeoSyntec, 2006).

The hydraulic conductivities of the Deep Sand range from 10 to 100 feet per day
based on information from the Geologists Report Alamitos Barrier Improvement Project
Construction Unit 12, Los Angeles and Orange Counties, California (December 30, 1997,
Section 2.2, page 13). This is based on correlation of the Deep Sand Unit to the B
aquifer. The hydraulic conductivities of the Deep Clay Unit are unknown.

2.5.3 Groundwater Flow

The First and Second Sands are laterally continuous and are both of sufficient
horizontal and vertical conductivities to allow for both vertical and horizontal migration
to occur. The Upper Fines, Shell Horizon (Interbedded Clays) Units and the Deep Clay
exhibit geologic layers that significantly hamper the migration of contaminants, likely
due to their predominantly fine-grained character and a lack of connected layers of high
permeability. However as the Shell Horizon grades to a slightly coarser unit to the
southeast, it provides vertical continuity between the First and Second Sands allowing for
vertical migration of contaminants. The Deep Sand appears separated from the Second
Sand in the study area by the Deep Clay.

Groundwater flow in the First Sand Unit is nearly south near the source area
(averaging approximately 170° from north), which is the direction of plume migration in
the upgradient portion of the plume where it is primarily confined to this unit.
Groundwater flow in the Second Sand Unit is more southeasterly, resulting in a shift in
the plume migration direction where the plume migrates vertically into this Unit.
Downgradient of this location, the groundwater flow direction within the First Sand Unit
also appears to shift to a more southeasterly direction, although limited data is available
in this area. The vertical head difference between hydrogeologic units indicates consistent
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downward migration of groundwater throughout the plume and source area, with some
localized areas (primarily near the RDO-6 well nest see Figure 2.5) with slight head
differences that imply at least transient localized areas of upward migration of
groundwater between the Second and First Sand Units.

The general groundwater flow direction in each hydrogeologic unit is consistent
over time, with little seasonal variation. The magnitude of the average horizontal
hydraulic gradients in each of the units also appears to remain consistent with time,
although seasonal variations between summer and winter months are observed along with
seasonal fluctuations in the water elevations ranging up to 7 feet (ft) in all layers. The
gradients in the winter months are generally a factor of two to three lower than those in
the summer months. The horizontal gradients are highest in the First Sand Unit, by
approximately a factor of three in comparison to those in the Upper Fines Unit and the
Second Sand. The average horizontal hydraulic gradient in each unit ranges from 0.0006
feet per foot (ft/ft) in the Upper Fines Unit, 0.0007 ft/ft in the Second Sand, up to 0.002
ft/ft in the First Sand/Shell Horizon (Fine-Grained Sands).

Potential external factors that may influence local gradients and vertical migration
of groundwater include groundwater pumping (regional 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; however, the temporal consistency in the
gradients and groundwater flow direction indicate that the overall impact to local
groundwater flow migration is minimal. Tidal influences appear negligible in areas
within the Site that will be impacted by remediation activities (BEI, 2003).

In the long-term, variability in the groundwater migration behavior on Site may
be caused by changes in operation of the Alamitos Injection Barrier. The Alamitos
Injection Barrier, to the Northwest of IR Site 70, is operated jointly by Los Angeles
County, Department of Public Works, Water Replenishment District of Southern
California (WRD) and Orange County Water District as a seawater barrier. This Barrier
includes the injection of fresh water at depths as shallow as 27 ft bgs. The shallowest
injection may affect the southeasterly gradient in the Second Sand Unit as well as the
gradient. The injection barrier may affect the direction of flow in the First Sand Unit to a
lesser extent, due to lower injection rates. According to the WRD, the operation of the
barrier is not likely to change within the next 30 years in such a way so as to affect
groundwater flow in the aquifers of interest. However, future changes will be monitored
and evaluated under the long-term evaluation monitoring program.
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2.5.4 General Groundwater Chemistry

General groundwater chemistry data (BNI, 1999) indicate:

Groundwater at IR Site 70 appears to vary from fresh to brackish, based
upon total dissolved solids (TDS) data.

Chloride appears to be the major anion present in groundwater.
Major cations include sodium, calcium, and magnesium.
Minor amounts of dissolved gases (methane and ethene) are present.

Based on alkalinity values, groundwater appears to be generally hard to very
hard.

Dissolved iron is locally present up to about 6 milligrams per liter (mg/L).

Total organic carbon is present locally; the highest concentrations were
reported in a center-of-plume location within the defined boundary of the
VOC plume.

Specific conductance indicates that shallow groundwater underlying the site
ranges from fresh to brackish to slightly saline;

pH values suggest that the groundwater is slightly basic.

Dissolved oxygen (DO) and oxidation reduction potential (ORP) data
indicate moderately reduced to reduced conditions.

Ferrous iron is locally present.

X-ray diffraction mineralogical data obtained from eight IR Site 70 soil
samples during the Pilot Study showed calcite to be present at 1% to 5% by
weight in all of the samples and dolomite (CaMg(COs),) in over 50% of the
samples.

2.5.5 Nature and Extent of Contamination

The spatial distribution of contaminants at IR Site 70, based on groundwater
sampling data collected during the 3™ quarter 2005 groundwater sampling event and the
Pilot Study activities, was modeled by GeoSyntec using the 3D plume generator
contained in Environmental Visualization Systems (EVS) software (Appendix D). Figure
2.5 shows the distribution of sampling locations for the data included in the dataset,
including well screen interval depths. The contaminant distribution at IR Site 70, based
upon the interpretation of this data, is illustrated in a number of figures as described

below:
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i) TCE. Figures 2.6 to 2.10 show the interpreted vertical and lateral extents of
the 100 micrograms per liter (ug/L), 250 pg/L, and 1,000 pg/L concentration
isosurfaces (Figures 2.6, 2.7 and 2.8 respectively), as well as the estimated
contours of TCE distribution along vertical cross-sections oriented along the
axis of the plume (Figure 2.9) and perpendicular to the axis of the plume as
measured in the Pilot Study transect along Kitts Highway (Figure 2.10);

i) Cis-1,2-Dichloroethene (cis-1,2-DCE). Figures 2.11 to 2.14 show the
interpreted vertical and lateral extents of the 70 pg/L and 200 pg/L
concentration isosurfaces (Figures 2.11 and 2.12 respectively), as well as the
estimated contours of cis-1,2-DCE distribution along vertical cross-sections
oriented along the axis of the plume (Figure 2.13) and perpendicular to the
axis of the plume as measured in the Pilot Study transect (Figure 2.14);

i) VC. Figures 2.15 to 2.17 show the interpreted vertical and lateral extents of
the 0.5 pg/L concentration isosurface (Figure 2.15) as well as the estimated
contours of VC distribution along vertical cross-sections oriented along the
axis of the plume (Figure 2.16) and perpendicular to the axis of the plume as
measured in the Pilot Study transect (Figure 2.17); and

iv) Total plume mass. Figures 2.18 to 2.22 show the interpreted vertical and
lateral extents of the 50%, 75% and 90% total dissolved phase mass
isosurfaces (Figures 2.18 to 2.20 respectively), as well as the estimated TCE
plume mass envelopes along vertical cross-sections oriented along the axis of
the plume (Figure 2.21) and perpendicular to the axis of the plume as
measured in the Pilot Study transect along Kitts Highway (Figure 2.22). For
the 2005 dataset, 50% of the plume mass corresponds to the 1,680 ug/L
isosurface, 75% of the plume mass corresponds to the 560 pg/L isosurface,
and 90% of the plume mass corresponds to the 180 pg/L isosurface.

These figures show high TCE concentrations (>1,000 pg/L) near the source area,
suggesting the presence of TCE in the form of residual DNAPL, with a dissolved phase
plume extending to the south-southeast. The ERSE (BNI, 1999) data represented in the
3D RFS data set (GeoSyntec, 2005a) suggest the presence of a localized high
concentration (>10,000 pg/L) area down plume near MW-70-40; however, the 3" quarter
2005 groundwater monitoring data do not (BEI, 2005). The Remedial Design field
investigation did detect TCE concentrations above 5,000 pg/L (Figure 2.10) in the same
vicinity (GeoSyntec, 2006). Given the more complete coverage (i.e., more depth discrete
data points) in the ERSE (BNI, 1999) data set, the potential for the existence of localized
higher concentrations in this area should be considered.

The lateral migration of contaminants within the Upper Fines Unit is mostly
confined to the source area, due to the downward hydraulic gradients and the low
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horizontal hydraulic conductivity. Further downward migration of the dissolved phase is
prevented in areas of the Site where the Shell Horizon predominantly consists of
interbedded clay layers (i.e., beneath the source area and the upgradient portion of the
plume). The plume migrates in a horizontal south-southeasterly direction within the First
Sand Unit. Further downgradient where the Shell Horizon grades to predominantly fine-
grained sands, downward migration of the plume is observed into the Second Sand Unit
(Figure 2.6). Figure 2.6 shows further horizontal migration of the plume within both the
First and Second Sand Units.

The dissolved phase plume extends from just below ground surface to at least
160 ft bgs, approximately 4,000 ft long in a northwest-southeast direction, and
approximately 1,500 ft wide in a northeast-southwest direction. Of the total plume mass,
50% is confined to the upgradient portion of the plume within the source area and the
First Sand Unit. The area comprising 90% of the total plume mass extends to the toe of
the plume into the Second Sand Unit.

VC is primarily detected at low concentrations (a few pg/L) within the source
area, with sporadic detections further downgradient in the plume at concentrations just
above the detection limit. Similarly, cis-1,2-DCE is detected at low concentrations (few
hundred pg/L) throughout the plume, indicating a low level of natural biological
attenuation. Preliminary results from the natural attenuation microcosm study (provided
in GeoSyntec, 2006) confirm that biological attenuation of the plume is minimal.
An analysis of natural attenuation of TCE within the plume, based on concentration
trends with distance along the axis of the plume, is presented in Appendix A. This
analysis suggests that the natural attenuation rate of TCE is on the order of 5 years.

2.6 Risk Assessment

The ERSE (BNI, 1999) concluded that no complete exposure pathway exists
between chemicals in groundwater and ecological receptors at IR Site 70. Thus,
chemicals reported in groundwater were not evaluated further for ecological risk.

For the human-health screening risk assessment, COPCs were screened by
comparing their maximum reported concentrations in soil and groundwater with
concentrations representing a level of acceptable risk. The basic tenet of this approach is
that the risk presented by a given concentration of a chemical is acceptable when it does
not exceed the concentration established by regulatory agencies.

Screening was conducted as follows.

e COPCs were matched to the respective tap water preliminary remediation
goal (PRG) values and were evaluated as two groups. The first group was
composed of those COPCs with cancer-based PRG values; and the second
was composed of the COPCs with noncancer hazard-based PRG values.
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e The ratio of the maximum reported chemical concentration and cancer/
noncancer/saturation-based PRG were calculated for each COPC.

e  The ratio of each carcinogen was multiplied by 1 x 10° to obtain a cancer
risk estimate.

. The cancer risk estimates were summed to obtain an estimate of total cancer
risk.

e The ratios for the noncarcinogens were summed to obtain an estimate of
total chronic toxicity. The sum of these ratios is called the hazard index.

e  The human-health risk screening for IR Site 70 groundwater estimated a
total cancer risk of 1.2 x 107, and a hazard index of 4,600, resulting
primarily from TCE.
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3. REGULATORY FRAMEWORK
3.1 Regulatory Overview

Cleanup at IR Site 70 is being conducted as part of the IR Program. The program
identifies, assesses, characterizes, and cleans up or controls pollutants from past
hazardous waste disposal operations and spills. The program was established to comply
with federal requirements regarding cleanup of hazardous waste sites. These federal
requirements are outlined in CERCLA, as amended by the Superfund Amendments and
Reauthorization Act (SARA).

CERCLA and NCP Requirements are as follows:

e  Section 121(d) of the CERCLA (1980) states that remedial actions on
CERCLA sites must attain (or the decision document must justify the waiver
of) any federal or more stringent state environmental standards,
requirements, criteria, or limitations that are determined to be legally
applicable or relevant and appropriate.

e  Applicable requirements are those cleanup standards, standards of control,
and other substantive environmental protection requirements, criteria, or
limitations promulgated under federal or state law that specifically address
the situation at a CERCLA site. The requirement is applicable if the
jurisdictional prerequisites of the standard show a direct correspondence
when objectively compared to the conditions at the site. If the requirement
is not legally applicable, then the requirement is evaluated to determine
whether it is relevant and appropriate.  Relevant and appropriate
requirements are those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations
promulgated under federal or state law that, while not applicable, address
problems or situations similar to the circumstances of the proposed response
action and are well suited to the conditions of the site (United States
Environmental Protection Agency [U.S. EPA] 1988a). The criteria for
determining relevance and appropriateness are listed in Title 40, Code of
Federal Regulations (CFR), Section 300.400(g)(2) (40 CFR 300.400[9][2],
and include the following:

—  the purpose of the requirement and the purpose of the CERCLA action;

—  the medium regulated or affected by the requirement and the medium
contaminated or affected at the CERCLA site;

—  the substances regulated by the requirement and the substances found at
the CERCLA site;

HY0888\Site 70 Full-Scale Design Report - Draft_20060823.doc 16



D R AF T - For Discussion Purposes Only GeoSyntec Consultants

— any variances, waivers, or exemptions of the requirement and their
availability for the circumstances at the CERCLA site;

—  the type of place regulated and the type of place affected by the release
or CERCLA action;

—  the type and size of structure or facility regulated and the type and size
of structure or facility affected by the release or contemplated by the
CERCLA action; and

— any consideration of use or potential use of affected resources in the
requirement and the use or potential use of the affected resource at the
CERCLA site.

The DON, under the Defense Environmental Restoration Program, follows the
U.S. EPA RI and FS protocols. An RI/FS involves characterizing the nature and extent of
risk posed by hazardous waste sites and evaluating options for cleanup. The NCP [Title
40 Code of Federal Regulations (CFR) 300] provides the RI/FS protocols.

3.2  Applicable or Relevant and Appropriate Requirements (ARARS)
3.2.1 Chemical Specific ARARs

ARARs are used to develop remediation goals for the groundwater affected by
VOCs at IR Site 70.

Chemical-specific ARARs are generally health- or risk-based numerical values or
methodologies applied to site-specific conditions that result in the establishment of
numerical values. Many potential ARARs associated with particular remedial
alternatives (such as closure or discharge) can be characterized as action-specific
ARARs, but include numerical values or methodologies to establish them so they fit in
both categories of ARARs. To simplify the comparison of numerical values, some
action-specific ARARs with numerical values are discussed in this section.

The substantive provisions of the following requirements are the most stringent of
the potential federal and state groundwater ARARs and TBCs for the action:

e  Water Quality Control Plan (WQCP) for the Santa Ana River Basin
(8) (RWQCB 1995) (water quality objectives [WQOs], beneficial uses,
waste discharge limitations);

e federal maximum contaminant levels (MCLs) and nonzero maximum
contaminant level goals (MCLGS) for organic compounds;

e  state primary MCLs for organic compounds in Title 22 California Code of
Regulations (CCR); and
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e  Resource Conservation and Recovery Act (RCRA) groundwater protection
standards in Title 22 CCR Section 66264.94(a)(1),(a)(3), (c), (d), and (e).

It is not technically or economically feasible to achieve background
(i.e., nondetect) levels of VOCs in the contaminant plume as required under the RCRA
groundwater protection standards. Therefore, as provided for in 22 CCR 66294.94(c),
concentration limits based on MCLs, nonzero MCLGs, and health-based criteria have
been set as the remedial goals for IR Site 70.

The Point of Compliance (POC) for MCLGs and MCLs under the Safe Drinking
Water Act (SDWA) is at the tap. For CERCLA remedies, however, U.S. EPA indicates
that nonzero MCLGs or MCLs should be attained throughout the contaminated plume, or
at and beyond the edge of the waste management area when the waste is left in place
(55 Federal Register 8753). The CERCLA POC is consistent with that specified under
the RCRA groundwater protection standards, which state that the POC at which the
protection standards apply is a vertical surface, located at the hydraulically downgradient
limit of the waste management area that extends throughout the uppermost aquifer
underlying the regulated unit (22 CCR 66264.95). The POC for IR Site 70 will be the
NAVWPNSTA Seal Beach site boundary or the existing groundwater point of use,
whichever is hydraulically most upgradient.

The California State Water Resources Control Board (SWRCB) Resolution
No 68-16 establishes the policy that high-quality waters of the state “shall be maintained
to the maximum extent possible” consistent with the “maximum benefit to the people of
the state.” This has been interpreted by the SWRCB to include a prohibition on the
continued migration of existing groundwater contaminant plumes at levels that exceed
background for the aquifer (SWRCB, 1994). The DON has considered this position, and
determined that further migration of already contaminated groundwater is not a discharge
governed by the language in SWRCB Resolution No. 68-16. More specifically, the
language indicates that it is prospective in intent, applying to new discharges in order to
maintain existing high-quality waters. It is not intended to apply to restoration of waters
that have already degraded.

For construction of monitoring and EVO injection wells, federal and state
requirements for characterizing wastes will be applicable to the drill cuttings and
contaminated personal protective equipment generated from the implementation of the
remedial action.

3.2.2  Location Specific ARARs

Pertinent and substantive provisions of the following potential ARARs were
reviewed to determine whether they are potential federal ARARs for the IR Site 70
groundwater RFS:
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e Title 22 CCR 66264.18 (a), (b), and (c) (Hazardous Waste Control Act
[HWCA])

e 40 CFR Part 6, 6.302 and Appendix B, excluding Sections 6(a)(2), 6(a)(4),
and 6(a)(6); Executive Order 11988, Protection of Floodplains; and
Executive Order 11990, Protection of Wetlands

e 36 CFR Part 65 (National Archeological and Historical Preservation Act)
e 36 CFR Part 800 (National Historic Preservation Act, Section 106)
e 16 USC Section 1536(a) (Endangered Species Act of 1973)

e 40 CFR 230.10, 231, 231.1, 231.2, 231.7, and 231.8 (Clean Water Act
Section 404)

e 50 CFR Section 35.1 et seq. (Wilderness Act)

e 50 CFR Part 27 (National Wildlife Refuge System)

e 16 USC Section 662 (Fish and Wildlife Coordination Act)

e 16 USC 1271 et seq. and Section 7(a) (Wild and Scenic Rivers Act)

e 16 USC Section 307(c) and Section 1456(c); 15 CFR part 930 and Section
723.45 (Coastal Zone Management Act)

e 16 USC 3504 (Coastal Barrier Resource System)

e 16 USC 461-467 (Historic Sites, Buildings, and Antiquities Act)
e 16 USC 403 (Rivers and Harbors Act of 1890)

e 16 USC Section 703 (Migratory Bird Treaty Act of 1972)

e 16 USC Section 1372(2) (Marine Mammal Protection Act)

e 16 USC Section 1801 et seq. (Magnuson Fishery Conservation and
Management Act)

Requirements that are determined to be ARARs or TBCs are identified in Table
3.1 in the column denoted by the heading ARAR Determination. Determinations of status
for location-specific ARARs were generally based upon consultation of maps or lists
included in the regulation or prepared by the administering agency. References to the
document or agency consulted are provided in the Comments column and in footnotes to
the table. Specific issues concerning some of the requirements are discussed in the
following sections.
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3.2.2.1 Floodplains

The requirements of actions taken within a floodplain (40 CFR Part 6[b], 6.302,
and Appendix B) address the potential impacts on floodplain beneficial use (flood
control, water quality, and habitat) that could be affected by site remediation.

NAVWPNSTA Seal Beach is outside the study area and is designated “Area Not
Included.”  Therefore, the areas are in a location for which flood hazards are
undetermined. However, it is noted that areas directly adjacent to NAVWPNSTA Seal
Beach IR Site 70 within the Seal Beach city boundary are mapped as “Zone X” — areas
lying outside the 500-year floodplain.

3.2.2.2 Historic and Cultural Resources

The National Historic Preservation Act requires federally funded projects to
identify and mitigate impacts of project activities on properties included in or eligible for
the National Register of Historic Places.

The National Archeological and Historical Preservation Act requires federally
funded projects to identify and mitigate the impacts of project activities on significant
scientific, prehistoric, historic, or archeological data. An archeological survey was
conducted for portions of NAVWPNSTA Seal Beach (Ogden, 1995). As indicated, a
total of 186 of the 250 structures addressed in the survey (including IR Site 70) were
eligible for nomination to the National Register of Historic Places as contributing
elements to a historic district. Structures included at IR Site 70 were designated as
eligible.

3.2.2.3 Critical Habitats and Endangered or Threatened Species

Biological resources and sensitive habitats at NAVWPNSTA Seal Beach were
identified through field reconnaissance surveys performed in May 1992 and 1994.
Personnel from the California Department of Fish and Game and the U.S. Fish and
Wildlife Service were also contacted. Two published databases were consulted: the
California Natural Diversity Data Base and the California Wildlife Habitat Relationships
System. Based on these surveys, none of the IR Site 70 areas were identified to contain
habitat that may support special-status species. However, five species of birds and one
species of salt marsh habitat plant (classified as endangered either by federal or state
agencies) are known to inhabit NAVWPNSTA Seal Beach (BNI, 1999).

Owl and/or hawk nests are known to exist in the RTE buildings; however,
remedial activities are unlikely to impact these birds as industrial activities already exist
in the area. No federal- or state-listed species or species proposed as rare, threatened, or
endangered are known to live in the immediate project area. The requirements pertaining
to biological resources are therefore not ARARs.
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3.2.3 State ARARsS

Potential state location-specific ARARs are presented in Table 3.2. Potential
location-specific ARARs identified from the state include the WQCP (RWQCB 1995),
the Ocean Plan (SWRCB 1997), the Coastal Act of 1976, and the Endangered Species
Act. These have been discussed in previous sections.

3.2.4 Action Specific ARARS

Federal and State ARARs are addressed above. The South Coast Air Quality
Management District mandates that no VOCs should be discharged from the
groundwater, EVO, and KB-1™ blending operation. The blending operation treatment
approach is intended to develop an anaerobic condition, and thus groundwater will not be
exposed to the atmosphere.

3.3  Remedial Action Objectives (RAOs) and Cleanup Goals

The following RAOs were developed for IR Site 70 groundwater cleanup
(GeoSyntec, 2005b):

e  Consistent with EPA, SWRCB, California Environmental Protection Agency
(Cal/EPA), and RWQCB Santa Ana Region policies and regulations, protect
existing beneficial uses of the shallow aquifer underlying NAVWPNSTA
Seal Beach to the extent practicable while preventing or minimizing VOC
migration beyond the current NAVWPNSTA Seal Beach boundaries at
concentrations exceeding site remediation goals;

e  Prevent further degradation of groundwater quality (e.g., through DNAPL
mobilization and/or spreading of dissolved phase contamination related to
remedial activities); and

e  Protect human health by preventing extraction of VOC-impacted shallow
groundwater for domestic use until site remediation goals are achieved.

Chloroform,  1,1-dichloroethene, TCE, 1,1-dichloroethane, cis-1,2-DCE,
trans-1,2-DCE, tetrachloroethene and VVC were identified as COCs at IR Site 70 based on
their contribution to the screening-level carcinogenic risk and frequency of occurrence at
the site. The attainment area for this remedial action is the footprint of the TCE plume at
IR Site 70 as defined by the area exceeding the MCL of 5 pg/L (see Figure 3.1).

The DON intends to establish a POC boundary along the station boundary to
monitor the plume during the remedial action. POC monitoring wells will be identified at
appropriate depth intervals for the respective zones (Upper Fines, First Sand, and Second
Sand) outside the current plume boundaries. In addition the DON proposes to provide
POC wells within the Deep Sand down gradient and cross gradient of the current extent
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of the TCE plume. Some point of compliance wells will be outside the plume limit but
will not be located at the boundary of the base. These wells will be used to verify the
groundwater gradients and monitor the potential migration of the plume during the
remedial action.

Because of the levels of contamination encountered, the affected medium
(i.e., groundwater) will be addressed as two separate areas within the plume: (i) a suspected
source area, and (ii) a dissolved-phase plume. Cleanup goals were evaluated accordingly.

Table 3.3 lists the target cleanup goals (TCGs) that are applicable to IR Site 70,
based on an analysis of federal and state ARARs (see Section 3.2 above). The values
listed in the table are federal MCLs for drinking water promulgated by EPA or California
MCLs established by the Department of Health Services, whichever is lower for a given
constituent (GeoSyntec, 2005b). While MCLs have generally been established as TCGs
for the purposes of developing the full-scale bioremediation design, this should not be
construed as an acceptance by the DON of final remediation goals at IR Site 70. The
DON believes establishing final remediation goals is an iterative process, taking into
account site-specific factors such as aquifer classification and designated use, equal
application of the remedial goal, and the site- and chemical-specific nature of the
groundwater requiring remedial action.
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4. REMEDIAL SYSTEM DESIGN

The subsections below outline the conceptual design of the proposed full-scale
remedial program for IR Site 70, including a brief overview of the design concept
(Section 4.1), a summary of the process through which the remedial designs were
developed (Section 4.2), the resulting proposed remedial approach (Section 4.3) and an
overview of the proposed performance assessment program (Section 4.4).

4.1 Design Concept

Based on the analysis performed as part of the Revised Feasibility Study
(GeoSyntec, 2005a), a remedy of enhanced bioremediation was selected for full-scale
treatment of dissolved phase and source area contamination at IR Site 70. The proposed
bioremediation approach consists of the following:

e Enhanced destruction of residual DNAPL phase through stimulating
bioactivity within close proximity to the DNAPL/water interface to enhance
the DNAPL dissolution rate.

e Dissolved phase mass treated passively using linear biobarriers spaced along
the plume and allowing ambient groundwater flow to flush contaminated
groundwater through the biobarriers.

e  Bioaugmentation with a commercially available dechlorinating culture
(KB-1™) used to reduce uncertainty in biological performance and to reduce
the time required to achieve measurable results.

e  Monitored natural attenuation (MNA) incorporated into the remedy
wherever contaminants can be naturally assimilated by the aquifer to reach
treatment goals within a reasonable time frame (assumed to be 35 years after
termination of the active treatment phase for design purposes).

e  Ongoing operation and maintenance (O&M) of the enhanced bioremediation
remedy consisting of periodic reinjections of electron donor (as required to
maintain biological activity) and monitoring to assess the ongoing biobarrier
and MNA performance, the need for biobarrier maintenance, evidence for
growth and dispersion of DHC, and monitor the secondary water quality
impacts.

e Land Use Controls are designed to prevent exposure to VOC-contaminated
groundwater on the property overlying Site 70.

e Contingency measures incorporated into the bioremediation remedy to
protect downgradient potential human and ecological receptors per U.S.
EPA guidance (U.S. EPA 1998, 1999).
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The RAOs, which the remedial design has been developed to address, are outlined
in Section 3.3 above. For design purposes, it was assumed that the lower of State and
Federal MCLs was the ultimate TCG for remediation of the plume and source area within
the attainment area. Based on discussions with the RWQCB, the regions of the plume
and source area to be targeted for active enhanced bioremediation treatment (i.e., areas
amended with EVO and bioaugmented) will be confined to regions with TCE
concentrations that exceed 250 pg/L for the dissolved phase plume and 1,000 pg/L for
the source area. The active treatment phase will be terminated once concentrations
within the dissolved phase plume and source area are reduced below 200 pg/L, after
which MNA will be used to treat regions of the attainment area that contain TCE
concentrations between the TCGs and 200 pg/L. Final Site TCGs will be determined
through an iterative process, taking into account site-specific factors such as aquifer
classification and designated use, MNA performance, and the site- and chemical-specific
nature of the groundwater requiring remedial action.

4.2 Remedial System Design Development Process

The subsections below outline the remedial design development process,
including a summary of the basis of the design (Section 4.2.1), an overview of the design
approach (Section 4.2.2), a summary of uncertainties in the assumptions used to develop
the designs and their potential impact on the design (Section 4.2.3), and an overview of
the evaluation of various design alternatives considered (Section 4.2.4).

4.2.1 Design Basis

The design for the full-scale bioremediation system was developed based on the
Site hydrogeological conceptual model (see Section 2.5) that was developed as a result of
the Pilot Study activities (Appendix D) and the ERSE (BNI, 1999) and the FS
(BNI, 2002). The relevant features of the Site hydrogeologic conceptual model that
impact the remedial design of the source and plume treatment system include the
following:

e  The distribution of contaminants within the RAO attainment area, including
the likely presence of residual DNAPL in the source area;

e  The predominant groundwater flow directions in each unit, as indicated by
plume morphology, groundwater elevation contours, and vertical head
differences between hydrogeologic units; and

e Spatial and/or temporal variability in the plume migration pathways,
hydraulic gradients, hydraulic conductivities, and soil heterogeneity.
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Details on each of these features are included in Section 2.5. Other factors that
were considered during the design process include the following:

The achievable radius of injection (ROI) for the EVO within each of the
targeted units, as determined during Pilot Study activities (Appendix D),
which ranged from a minimum of 12 ft ROI in the First and Second Sand
Units, down to <10 ft in the Shell Horizon (Fine-Grained Sands) and the
Upper Fines Unit.

The apparent rate of biologically induced natural attenuation and the
enhanced biodegradation rates within bioremediation treatment zones as
determined from the microcosm study (see Section 2.5 above and
GeoSyntec, 2006).

Potential reductions in soil hydraulic conductivity related to injection of the
EVO in each unit, which are expected to be minor in the coarser-grained
units (i.e., First and Second Sand Units) and are not expected to exceed 50%
reductions in finer-grained soils (i.e., Shell Horizon and Upper Fines Units);
(GeoSyntec 2006).
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e  The achievable rates of injection for electron donor amendment, which are
expected to range from 2 to 5 gpm per 10 ft screened interval in a well in
finer-grained units up to 12 gpm per 10 ft screened interval in a well in the
more permeable units (GeoSyntec, 2006).

Specific design assumptions for the source treatment design are summarized in
Table 4.1. Design assumptions upon which the dissolved phase plume design is based
are summarized in Appendix A. These assumptions were incorporated into a numerical
model to evaluate the impact and effect on design parameters (see Section 4.2.2 below).

4.2.2 Design Approach

The design approach was developed to account for the nature of the contaminant
distribution, the soil lithology, groundwater flow behavior, access constraints, and with
consideration of the RAOs. In the source area, the design approach was developed with
the goals of: (i) treating residual DNAPL in a manner that will enhance the removal of
the DNAPL phase and significantly reduce the required treatment duration and
persistence of the DNAPL, and (ii) contain any untreated mass flux out of the DNAPL
source area to remove the source of the plume, which will aid in reducing dissolved phase
plume treatment duration.

In the downgradient dissolved phase plume, the size of the plume and the
distribution of contaminants in various lithological units increases the complexity of the
treatment approach. The design approach for plume treatment was developed with the
goals of designing a robust treatment system that will attenuate dissolved phase
contamination to meet the RAOs (see Section 4.1) within a total 50 year timeframe, while
minimizing costs for implementation and maintenance over the treatment lifespan.

MNA will be incorporated into the remedy design where appropriate (i.e., where
risk to potential receptors is acceptable and where contaminants will naturally attenuate
to meet RAOs within the targeted 35 year post-active-treatment timeframe) to further
minimize treatment costs. It is assumed that the DON would retain administrative control
of the Site and that institutional controls would remain in effect until RAOs are achieved
to protect existing monitoring wells, treatment infrastructure, and grant access for
sampling, installing new monitoring wells, and implementing any additional remedial
measures needed in the future.

Sections 4.2.2.1 and 4.2.2.2 below outline the design approach for the source and
downgradient dissolved phase plume respectively.

4.2.2.1 Source Area

The duration of treatment of source zones is typically required for as long as the
source area remains, due to continuing dissolution of the DNAPL phase causing
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dissolved phase mass flux that can continue to migrate downgradient and sustain the
plume. Treatment duration may be shortened significantly through enhancement of the
rate of DNAPL dissolution. For bioremediation systems, this is encouraged through the
biodegradation of dissolved phase mass within the vicinity of the DNAPL/water
interface, which increases the concentration gradient between the DNAPL and
groundwater, thus enhancing the dissolution rate. DNAPL dissolution enhancements on
the order of 2 to 14 times have been observed in both field and lab settings within active
bioremediation zones, resulting in 2 to >6 times reduction in the DNAPL lifespan
(ESTCP, 2005).

To encourage DNAPL dissolution to the extent possible, it is proposed that
electron donor be delivered throughout the source area through a grid of injection wells
within the area containing >1,000 pg/L TCE shown on Figure 4.1. A low solubility,
long-lasting electron donor (EVO) will be used to allow for stimulation of continuous
bioactivity over long periods of time with infrequent reinjections. EVO also has the
added benefit of being an immiscible organic compound, and thus may either partition
into the DNAPL phase, thus providing electron donor directly to the DNAPL/water
interface, or may sorb some of the DNAPL phase, thus potentially reducing mass flux
from the source zone.

In addition to the grid of injection wells to directly treat the DNAPL phase, a
downgradient biobarrier will be installed within the First Sand Unit to contain any
untreated mass flux from the source area through biodegradation of remaining
contaminants (see Figure 4.1). This biobarrier will essentially cut off the source of mass
that is sustaining the dissolved phase plume, which will help shorten the duration of
plume treatment.

To avoid spreading contamination within the plume during electron donor
injection events, the EVO injection will use source area groundwater as the amendment
water for injecting the EVO (i.e.,, the net fluid balance remains fairly constant).
Groundwater will be extracted from wells located within close proximity to EVO
injection wells, thus minimizing mounding and enhancing the distribution of the EVO
around the injection points. EVO injections will be staged such that groundwater is
extracted and reinjected into areas of similar contaminant concentration profiles
(i.e., groundwater containing higher concentrations of TCE will not be reinjected into
areas with significantly lower concentrations; see Section 6.3.1.1 for details).

Bioaugmentation will be implemented during electron donor amendment to
minimize mobilizations to the site, enhance the DHC distribution around the injection
well, and reduce labor costs. To provide the appropriate geochemical environment for
the DHC (the group of microorganisms responsible for reductive dechlorination of
chlorinated ethenes) in the KB-1™ culture are known to grow, the KB-1™ injection will
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be conducted mid-way through the EVO injection, preceded and followed by a flush of
anoxic water according to the procedure outlined in Section 6.3.1.1.

Because of the long-term persistence of DNAPL, it is possible that multiple
reinjections of electron donor may be required before the targeted treatment level is
achieved in the source area. Electron donor will be reinjected as needed to sustain
bioactivity levels (see Section 6.3.1.1 for details). Enhanced in situ bioremediation
(EISB) performance will be monitored throughout the active remediation period,
concurrent with MNA monitoring in areas where MNA is being employed, to track
remedial progress and optimize remedial performance (see Sections 4.4.2.1 and 4.4.3.1
below for details).

4.2.2.2 Downgradient Plume

For treatment of the plume, the size of the plume containing >250 pg/L TCE
(1800 ft long and up to 700 ft wide) and the migration of contaminants within multiple
hydrogeologic units across vertical intervals exceeding 160 ft in depth in some locations
is the primary challenge for development of a bioremediation design for the dissolved
phase plume. Due to the sheer size of the treatment area, stimulating bioremediation
throughout the targeted treatment area as proposed for source treatment is prohibitively
expensive. To minimize the costs of plume treatment, MNA will be incorporated into the
remedy where applicable, and the extent of the EISB zones will be minimized to provide
cost effective treatment of the plume to meet RAOs within a total 50-year timeframe.

The plume treatment design will be a passive treatment approach consisting of
linear transects of enhanced bioremediation zones (biobarriers) spaced across the plume
and oriented perpendicular to the general direction of groundwater flow (see Figures 4.2,
4.3, and 4.4 for example treatment system layout). Biodegradation of the contaminants
within the plume will occur through a combination of MNA between biobarriers and
ambient groundwater flow flushing contaminated groundwater through the biobarriers,
where dissolved phase mass is biodegraded to innocuous end products such as ethene and
chloride.

The optimal treatment design will consist of a balance between the number of
biobarriers and the treatment duration. More biobarriers will reduce the treatment
duration (and thus minimize the number of electron donor reinjection events and the
duration of monitoring), but will increase capital costs related to increased well
installations and annual operations and maintenance (O&M) costs (i.e., higher electron
donor volumes and labor costs per reinjection event). To optimize the treatment design,
the treatment duration and overall costs for installation and maintenance of the biobarrier
system were evaluated for multiple biobarrier layouts. The biobarrier design selected for
full-scale implementation will be the lowest cost option of the evaluated designs.
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Because of the complexity of the contaminant distribution and the variability in
the soil geology and hydrogeological properties within the plume, a numerical model of
the site was developed that incorporated the site complexity and other factors that could
impact remedial performance (e.g., potential permeability reductions within biobarriers).
The model was used to assess whether RAOs could be achieved within a total 50 year
timeframe for each biobarrier option evaluated, as well as assess the required duration of
active operation for each biobarrier and associated MNA monitoring program. This
information was used to develop estimates for remedial costs for each design option,
which provided the basis of selection of the full-scale remedy design (see Section 4.2.4
below for more details). The numerical model was also used to perform sensitivity
analyses to evaluate the impact of variability in particular parameters (e.g., seasonal
variability in hydraulic gradient) on remedial effectiveness and treatment duration. The
design of the biobarrier layouts were adjusted to account for potential parameter
variability, thus providing a more robust treatment system. More details on the modeling
process are included in Section 4.2.4 below and Appendix A.

The design of each biobarrier was developed considering the local vertical and
lateral extent of TCE concentration above 250 pg/L, the general direction of groundwater
flow, the groundwater residence time, the ability to distribute electron donor (EVO)
within the aquifer, and the enhanced rate of biodegradation within each biobarrier. In
addition, ease of implementation and protection of downgradient receptors through
acceptable plume migration under MNA were included in the final selection criteria. The
biobarriers will be constructed of a line of injection wells oriented perpendicular to the
general direction of groundwater flow and spaced at a distance that is slightly less than
the achievable ROI of the electron donor distribution (based on Pilot Test of the ROI), to
ensure lateral continuity of the bioactive zones. The width of the biobarriers will be
designed to provide sufficient groundwater residence time within the EISB zone such that
downgradient groundwater flux out of the biobarriers will meet treatment goals. The
screened interval of the well screens will be confined to unique hydrogeological units to
avoid the potential for vertical migration of contaminants through injection wells. The
selected plume treatment approach consists of a total of 6 biobarriers transecting the
plume in the various depth intervals (3 biobarriers in the First Sand Unit, 2 biobarriers in
the Shell Horizon, and 1 biobarrier in the Second Sand Unit). More details on injection
well layouts and construction details are included in Section 4.3.2.1 and Section 5.5.3
below.

Similar to the Source Area treatment, EVO will be used as the electron donor due
to its long-term persistence in the treatment zone. To avoid spreading contamination
within the plume during electron donor injection events, the EVO injection will use local
groundwater as the source of amendment water for injecting the EVO (i.e., the net fluid
balance remains fairly constant). Groundwater will be extracted from wells located
within close proximity to EVO injection wells, thus minimizing mounding and enhancing
the distribution of the EVO around the injection points. EVO injections will be staged
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such that groundwater is extracted and reinjected into areas of similar contaminant
concentration profiles (i.e., groundwater containing higher concentrations of TCE will
not be reinjected into areas with historically lower concentrations).

Bioaugmentation will be implemented during electron donor amendment to
minimize mobilizations to the site, enhance the DHC distribution around the injection
well, and reduce labor costs. To provide the appropriate geochemical environment for
which the DHC (the group of microorganisms responsible for reductive dechlorination of
chlorinated ethenes) in the KB-1™ culture are known to grow, the KB-1™ injection will
be conducted mid-way through the EVO injection, preceded and followed by a flush of
anoxic water according to the procedure outlined in Section 6.3.2.1.

Depending upon the spacing of the biobarriers and the groundwater migration
rate, multiple reinjections of electron donor may be required before the targeted treatment
level is achieved in the downgradient plume. Electron donor will be reinjected as needed
to sustain bioactivity levels within the biobarriers (see Section 6.3.2.2 below for details).
EISB performance will be monitored throughout the active remediation period,
concurrent with MNA monitoring in areas where MNA is being employed, to track
remedial progress and optimize remedial performance (see Sections 4.4.2.2 and 4.4.3.2
below for details).

4.2.3 Design Uncertainties

Design uncertainties vary with the design approach and the nature of the
contamination.  Sections 4.2.3.1 and 4.2.3.2 below provide an overview of the
uncertainties associated with the source area and downgradient plume designs
respectively, and address the potential impact on the estimated treatment duration, and
required design modifications that may be required.

4.2.3.1 Source Area
Uncertainties that impact the remedial design for the source area include:

e  The total mass of DNAPL present in the subsurface. The amount of DNAPL
mass present will govern the remediation duration, as more mass will require
more time to effectively dissolve and biodegrade.

e  The distribution of DNAPL in the subsurface. DNAPL present as residual
phase will be treated more quickly than pools of DNAPL and/or DNAPL
diffused into low permeability layers, which is limited by the rate of back-
diffusion, due to the higher interfacial area available for mass transfer.

e  The depth of migration of the DNAPL phase within the source area. The
vertical distribution of TCE concentrations in both groundwater and soil
within the source area to depths of 60 ft bgs is well characterized from
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previous site characterization activities (GeoSyntec, 2006; BNI, 1999, 2002).
However, elevated TCE concentrations (>1,000 pg/L) are seen within the
First Sand Unit below. The elevated concentrations at depth may be present
as a result of vertical migration of dissolved phase from the Upper Fines
Unit.

e The potential for preferential pathways due to stream channels and/or
anthropogenic induced pathways in the subsurface may have affected the
distribution of DNAPL within the source area.

The source area will need to be treated continuously for as long as required to
reduce mass flux from the source area to levels that may be naturally assimilated by the
aquifer, which is impacted by the continuing presence of DNAPL. Due to this
uncertainty, the required duration of source treatment cannot be predetermined.

For design purposes, it was assumed that DNAPL phase is present only in the
Upper Fines Unit. However, source grid treatment may need to be expanded vertically if
DNAPL phase is also present within the First Sand Unit. A biobarrier downgradient of
the source will be included as part of the source treatment program to contain any
potential ongoing mass flux from the source area.

4.2.3.2 Downgradient Plume

From the Pilot Study activities (Appendix D), a number of data gaps in
interpretation of the contaminant distribution within the plume and the plume extents
were noted. These included:

e A lack of concentration data in the area between the RDO-6 well cluster and
the MW-70-42 well cluster located approximately 800 ft downgradient.
This data gap creates uncertainty in the width of the plume in this area,
particularly for the higher TCE concentration portion of the plume.

e A lack of concentration data for the area downgradient of the MW-70-42
well cluster (i.e., the leading edge of the plume) and MW-70-15, an
approximate distance of 1,100 ft downgradient, where low detections of
TCE are found. The location of the leading edge of the plume will impact
the placement of the biobarrier that is intended to contain further
downgradient mass flux and may require an additional biobarrier.

e A lack of concentration data within the First Sand Unit in areas
downgradient of MW-70-08, which limits our knowledge of the upper
vertical extent of contamination in the downgradient half of the plume. This
will impact the screened depths over which plume biobarriers must be
constructed.
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To the south of MW-70-08, there is a lack of concentration or water
elevation data that can indicate whether a portion of the plume is continuing
to migrate in this direction within the First Sand Unit. If the plume is
continuing to migrate in this direction, then additional biobarrier(s) may be
needed in this area to contain and prevent further plume migration in this
area.

With the exception of the Pilot Study transect (RDO-1 through RDO-5
Figure 2.5), the lateral distribution of TCE across downgradient regions of
the plume is unknown. Biobarrier lengths were selected based on the
interpreted extents of the 250 pug/L TCE contours, but modifications may be
required if more data becomes available.

Little data exists concerning concentrations of TCE below the deep clay.
This lack of data inhibits our evaluation of the plume’s vertical extent, and
our evaluation of vertical remediation required. Further investigation will be
needed to evaluate the vertical extent of the plume.

To address these data gaps in the biobarrier design, the following were assumed
for design purposes:

In the region of the plume between the MW-70-08/09/31 well cluster and the
MW-70-42A/B well cluster, it was assumed that contamination was present
at similar concentration to that found in these well clusters. Additional
characterization of the contaminant distribution in this area may result in
changes to the proposed biobarrier design.

Biobarriers located to the southeast of MW-70-08 were assumed to require
installation in both the First Sand Unit as well as the Second Sand Unit.
This may require adjustment of biobarrier well screen intervals and/or
modification of biobarriers if further delineation of the plume in this area
indicates that the current interpretation of the upper vertical extent of the
plume in this area varies from the conceptual model.

The location of the biobarrier at the leading edge of the plume was assumed
to be at the extents of the current interpretation of the downgradient edge of
the plume (i.e., near the MW-70-41A/B, MW-70-42A/B and MW-70-43A/B
well clusters). The width of the biobarrier was assumed to extend over much
of the distance between MW-70-41A/B and MW-70-43A/B. The location
and width of this biobarrier may need to be adjusted prior to full-scale
implementation if additional data in this area becomes available, or an
additional biobarrier may need to be installed.

Other design uncertainties noted from the results of the Pilot Study activities
include: (i) the potential reduction in permeability of the aquifer within the biobarriers
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due to injection of the EVO, which may result in the plume bypassing the biobarrier if the
reduction is sufficient; and (ii) the seasonal variability in hydraulic gradient, which may
result in an alteration of the residence time within each barrier. The potential impact of
these design uncertainties were addressed in the modeling through sensitivity studies (see
Appendix A for details). It was concluded that these factors did not significantly impact
the remedial design or overall treatment effectiveness. Should a reduction of
conductivity occur during emplacement of the EVO, the natural degradation properties of
the EVO will allow the aquifer to return to its initial state. As this process occurs,
subsequent water will flow through the barrier and be treated as planned. Other possible
corrective actions may consist of push-pull pumping within the barrier wells, addition of
more groundwater for flushing, use of extraction wells to increase flow, or the addition of
surfactants to reduce oil globule size. To detect an impermeable barrier effect
groundwater level measurements upgradient, within, and downgradient of biobarriers will
be used to determine if mounding, a possible sign of reduced flow through the barriers, is
observed during performance monitoring events.

4.2.4 Evaluation of Design Alternatives

Several design alternatives were considered for treatment of the dissolved phase
plume, to evaluate whether any cost savings could be achieved through installing more
biobarriers and thus reducing treatment duration (lower O&M costs but higher capital
costs) versus fewer biobarriers with an extended active treatment duration (higher O&M
costs, but lower capital costs). The base case scenario was developed to target active
treatment of the plume to a maximum concentration of 200 pg/L within an approximate
15 year timeframe (for portions of the plume), followed by MNA. Optimal biobarrier
placements and number of biobarriers to reach this goal were evaluated through running
several simulations with various biobarrier layouts and evaluating the required timeframe
to achieve a maximum concentration of 200 pg/L throughout the Site (see Appendix A
for details). Once the base case scenario was developed, one other alternative scenario
was simulated by adding two additional biobarriers and reevaluating the required
treatment duration of each biobarrier (Alternative 1). A second alternative design
(Alternative 2) was not simulated, but was developed from the results of the Alternative 1
and the Base Case scenario simulations for purposes of evaluating the cost benefit of
more biobarriers and lower remediation duration. In all design scenarios, once a
maximum concentration of 200 pg/L was achieved within the active treatment zones,
biobarrier operation was terminated and MNA was implemented to achieve TCGs. The
results of the modeling analysis are summarized in Table 4.2 for each design alternative,
and the details regarding the modeling assumptions, resulting concentration distributions,
biobarrier layouts, etc. may be found in Appendix A. The design alternatives may be
described as follows:
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e  Base Case Scenario: The design for this scenario consists of 5 biobarriers in
total to treat the plume, with a maximum active biobarrier operation time of
16 years.

e Design Alternative 1. Based upon the base case scenario, but with two
additional biobarriers, one each screened within the Shell Horizon and First
Sand Units, for a total of 7 biobarriers and a maximum active biobarrier
operation time of 11 years.

e Design Alternative 2: Based upon the base case scenario, but with one
additional biobarrier, screened within the First Sand Unit, for a total of
6 biobarriers and a maximum active biobarrier operation time of 13 years.

The source treatment configuration for each scenario was the same, and consisted
of a grid treatment approach within the Upper Fines Unit and a downgradient biobarrier
targeting the First Sand Unit for containment of mass flux from the source (see
Section 4.3.1 below for details).

Estimated costs for implementation of each scenario were developed and
compared to determine which option provided the highest cost benefit. The results of the
analysis are illustrated in Figure 4.5. From this analysis, it appears that the base case
scenario provides the optimal design from a cost-benefit point of view. It is also the
alternative with the highest ease of implementation, and thus represents less risk due to
potential problems arising with access constraints, etc. None of the design alternatives
posed unacceptable risk to potential receptors, as plume migration was confined to the
Site and the maximum extent of plume migration in each case is not expected to extend
significantly beyond the area of MW-70-15. For all design alternatives, TCGs were
obtained under MNA within approximately 50 years following startup of the active
treatment phase (Appendix A).

4.3  Proposed Remedial Approach
4.3.1 Source Area

The subsections below outline the proposed remedial approach for treating
DNAPL and dissolved phase contaminants within the source area (Section 4.3.1.1), as
well as presenting contingency measures that may need to be implemented as a result of
data uncertainties (Section 4.3.1.2).

4.3.1.1 Proposed Remedial Design for the Source Area

The source area treatment system was developed following the design process
outlined in Section 4.2.2.1 above and considering design uncertainties discussed in
Section 4.2.3.1 above. The source treatment consists of a grid of EVO injection wells,
used to directly target DNAPL phase, combined with a downgradient source containment
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biobarrier, which will contain any untreated mass flux from the source area and mitigate
continuing mass contribution to the plume (see Figure 4.1 for source treatment
configuration). Table 4.1 contains a listing of the assumptions used to develop the source
area design and the basis for the assumptions. Table 4.2 contains a summary of the total
number of EVO injection wells, EVO amendment concentrations, and required
amendment volumes for both the source treatment area and the source containment
biobarrier. The source treatment EVO injection wells will be screened within the Upper
Fines Unit only and distributed within the estimated 1,000 pg/L TCE contour on
approximate 20 ft spacings as shown in Figure 4.1. The area directly beneath this
targeted treatment zone contains a large number of buried utilities, which may require
modification of the locations of the wells to avoid interference with these utilities during
drilling activities. Source containment biobarrier wells will be screened within the First
Sand Unit only as shown on Figure 4.1, and will consist of 14 wells spaced 24 ft apart
across the width of the plume containing >250 pg/L TCE.

Section 6.3.1.2 provides a description of the long-term maintenance program for
the source treatment zones. During injection of the EVO, injection rates and pressures
will be limited to avoid any potential mobilization of DNAPL phase. Details on the
injection protocols and procedures, the specific design of the various components of the
remedial system (e.g., injection equipment, bioaugmentation equipment, etc.), and
injection well construction details are included in Sections 6.2.1, 6.2.2, and 5.5.3,
respectively.

4.3.1.2 Source Treatment Contingency Measures

There are several factors that may impact the success of source area treatment,
related to uncertainties in our understanding of the contaminant mass distribution in this
area, as well as the current level of natural attenuation and the potential impact of
implementation of EISB on natural attenuation (related to migration of amended
dechlorinating microorganisms outside of the EISB zone of influence). To address these
uncertainties, we recommend implementing the proposed remedial system as outlined in
Section 4.3.1.1 above and monitoring system performance for a five year period, at which
point source treatment performance will be evaluated and modifications to the source
treatment program may be incorporated as outlined below:

e If mass flux from the source area does not appear to have reduced
significantly after five years of treatment, then the presence of DNAPL
phase TCE within the First Sand Unit may be inferred. This will require
extension of the source grid treatment to the First Sand Unit.

e Ongoing low levels of natural attenuation within the Upper Fines Unit
around the grid treatment zone may result in a halo of elevated TCE
concentrations (>100 pg/L) persisting around the treatment zone for an
extended period of time (>30 years). The potential for horizontal migration
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of TCE within this unit is low, given the tightness of the formation and the
low seepage velocity. The rate of vertical migration is unknown. If the
resulting mass flux from this unit to the First Sand Unit below is above the
assimilative capacity of the aquifer, the treatment area may need to be
expanded to target areas of lower TCE concentrations.

4.3.2 Dissolved Phase Plume
4.3.2.1 Proposed Remedial Design for the Downgradient Plume

The downgradient plume treatment approach was developed following the design
process outlined in Section 4.2.2.2, and considering design uncertainties discussed in
Section 4.2.3.2. Several design options were evaluated as outlined in Section 4.2.4, and a
cost-benefit analysis was performed to select the optimal design. Other considerations in
the design selection process included ease of implementation and protection of
downgradient receptors through acceptable plume migration under MNA. The selected
plume treatment approach consists of a total of 5 biobarriers transecting the plume in the
various depth intervals (2 biobarriers in the First Sand Unit, 2 biobarriers in the Shell
Horizon, and 1 biobarrier in the Second Sand Unit). The length of each biobarrier was
chosen to effectively intercept the portion of the plume containing >250 pg/L TCE.
Table 4.2 contains a summary of the total number of EVO injection wells, EVO
amendment concentrations, and required amendment volumes for each biobarrier.

Section 6.3.2.2 provides a description of the long-term maintenance program for
the plume biobarriers. Details on the injection protocols and procedures, the specific
design of the various components of the remedial system (e.g., injection equipment,
bioaugmentation equipment, etc.), and injection well construction details are included in
Sections 6.2.1, 6.2.2 and 5.5.3 respectively.

4.3.2.2 Plume Treatment Contingency Measures

There are several factors that may impact the success of plume treatment, related
to uncertainties in our understanding of the contaminant mass distribution in this area, as
well as the current level of natural attenuation and the potential impact of implementation
of EISB on natural attenuation (related to migration of amended dechlorinating
microorganisms outside of the EISB zone of influence). In particular, uncertainties in the
contaminant distribution within the downgradient half of the plume are significant, and
may potentially require substantial changes to the biobarrier designs in the area
(including potentially a reduction or increase in the number of biobarriers and/or
biobarrier widths). We recommend improved vertical and lateral delineation of the
plume in this area and reevaluating the current design prior to installation of the system.
We also recommend baseline sampling of every fourth EVO injection well for VOCs and
field parameters prior to the initial EVO injection to confirm the need for EVO
amendment throughout the entire biobarrier width, and to provide a baseline for any
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future sampling. The potential impacts to the Deep Sand will be investigated during the
placement of the POC wells within the Deep Sand.

To address the remaining uncertainties, we recommend implementing the
remedial system and monitoring system performance for a five year period, at which
point plume treatment performance will be evaluated and modifications to the program
may be incorporated as outlined below:

e If plume migration in the MNA areas is more extensive than originally
estimated and/or MNA rates are not as favorable, additional biobarriers
and/or extensions to existing biobarriers may be required.

e If natural attenuation rates are lower than originally estimated, longer
operation of the active treatment phase may be required.

4.3.3 Criteria for Termination of EISB Activities

Based on the results of the modeling studies, it appears that TCE concentrations
on the order of 200 pg/L may be successfully attenuated below TCGs 35 years after
termination of the active treatment phase. Therefore, the initial criteria to switching from
active EISB treatment to MNA will be based upon achievement of 200 ug/L throughout
upgradient areas (i.e., for termination of operation of each biobarrier, the region of the
aquifer that is upgradient of that biobarrier and downgradient of the next biobarrier
should have maximum TCE concentrations on the order of 200 pg/L prior to termination
of active treatment). This evaluation will be made from the upgradient monitoring well
for each biobarrier. Ongoing monitoring and evaluation of natural attenuation rates and
plume migration behavior will provide data to allow for a periodic reevaluation of this
active treatment goal, as changing conditions and/or model refinement may require either
a lower or higher target active treatment goal to achieve similar results.

Similarly, the initial criteria (TCGs) for termination of MNA are State MCLs.
Final Site MNA TCGs will be determined through an iterative process, taking into
account site-specific factors such as aquifer classification and designated use, MNA
performance, equal application of TCGs for remedial sites, and the site- and chemical-
specific nature of the groundwater requiring remedial action.

4.4 Performance Assessment

The following subsections outline the design of the monitoring program including
a summary of performance metrics (Section 4.4.1) and evaluation of ongoing EISB
(Section 4.4.2) and MNA (Section 4.4.3) performance in both the source and
downgradient plume areas, including rationale for selection of the sampling
locations/depths, analytes, and sampling frequency. More details on the sampling
schedules and sampling implementation procedures are included in Section 6.3.3.
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4.4.1 Performance Metrics

Certain criteria should be met for maintaining optimal EISB performance,
including the following:

e  Complete dechlorination of TCE to ethene within the biobarriers;
e  Localized and/or minimal secondary groundwater quality impacts; and

e  DHC growth to concentrations exceeding 10" cells/L, and migration of the
augmented culture throughout the active treatment zones.

Similarly, criteria for MNA performance include indications of reducing TCE
concentrations with time and minimal expansion of the plume beyond the current extents.
Indicators of these success measures will be tracked throughout the remediation program
as outlined in Sections 4.4.2 and 4.4.3 below.

4.4.2 Assessment of Enhanced In Situ Bioremediation Performance

The EISB performance monitoring program was developed with the primary
objectives of minimizing long-term monitoring costs while collecting sufficient data to
assess long-term EISB performance and the need for EISB maintenance and/or
implementation of contingency measures. In developing the monitoring program, the
following factors were considered:

e  Environmental risk. The risk to potential ecological and human receptors
created by periods of decreased biobarrier performance (e.g., related to
consumption of the EVO) at IR Site 70 is negligible as long as current
groundwater use restrictions remain in place on the Site. The results of the
numerical modeling suggest that the potential plume migration prior to
attenuation to achieve Site TCGs is not expected to impact any nearby
extraction wells.

e  Groundwater seepage velocity. Seepage velocities in all known impacted
units on IR Site 70 are fairly low (not exceeding 85 ft /year), and the
expected plume migration will be lower due to retardation of the
contaminants. As a result, decreased biobarrier performance for a period of
6 months will likely only result in plume migration to a maximum extent of
20 to 30 ft downgradient.

e Natural attenuation. From an analysis of the concentration trends with
distance in the plume, it appears that the natural attenuation half-life of TCE
is on the order of 5 years (see Appendix A for details). Any contaminant
mass that is not fully treated within the active treatment zones will continue
to attenuate naturally.
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e EVO consumption rate. From a preliminary estimate, it appears that the
EVO is likely to persist for a minimum of 5 years in most treatment areas
(see Table 4.2 and Appendix B for details). Geochemical trends should be
monitored fairly closely for at least one EVO consumption cycle to evaluate
changes in various geochemical parameters with EVO consumption, which
will allow for more accurate determination of biobarrier maintenance.

e Potential adverse impacts to secondary groundwater quality. Stimulation of
biodegradation in an anaerobic and reducing environment may lead to
production of undesirable compounds, including methane, dissolved metals
(e.g., iron, manganese), hydrogen sulfide, and elevated groundwater
turbidity and specific conductance. Some of these compounds represent a
potential health and safety risk; others impact the groundwater aesthetics
(i.e., appearance, odor and taste).

e Growth and migration of the dechlorinating culture. The indigenous
bacteria at IR Site 70 do not appear to possess the ability to completely
dechlorinate TCE to innocuous end products such as ethene. Sustained
growth and migration of the amended dechlorinating culture is necessary to
achieve TCGs. Microorganisms tend to be fairly robust and can typically
withstand adverse conditions for limited periods of time. For example,
endogenous decay of biomass upon consumption of the EVO will result in a
slow decrease in biobarrier performance over time. Even if reamendment of
more culture is necessary, the associated costs may be lower than
implementation of a monitoring program that would prevent failure of the
culture.

Sections 4.4.2.1 and 4.4.2.2 below outline the proposed EISB performance
monitoring programs in more detail for the source and downgradient plume treatment
zones respectively. Monitoring programs have been developed for only the first five
years of monitoring (approximately corresponding to one EVO consumption cycle in at
least one biobarrier), at which point we recommend that the sampling locations,
frequency and analytes monitored be optimized for the long-term monitoring program.
Passive sensors tracking key geochemical parameters may also be incorporated into the
monitoring program at that time, if appropriate, to further minimize sampling and
analytical costs. The sampling program may be refined as necessary within this
timeframe and/or extended as appropriate, based on the data collected.

In general, the number of EISB performance monitoring sampling locations per
treatment area will be confined to one or two locations selected from those areas that will
provide early indications of EVO consumption (and thus the need to reinject) and/or
locations where biobarrier performance is most likely to be lowest (e.g., due to
insufficient residence time, higher initial TCE concentrations requiring more degradation
half-lives to meet TCGs, etc.). In this way, the sampling and analytical costs may be
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minimized while continuing to collect critical information. Vertical monitoring intervals
will be confined to 10 ft intervals, per U.S. EPA guidance (U.S. EPA, 1986), and nested
wells will be used to monitor treatment zones that exceed 25 ft in vertical depth. If at any
time decreasing EISB performance is detected at these “sentinel” wells indicating the
need for biobarrier maintenance, then selected other locations will be sampled to evaluate
the extent of the region within the treatment area that requires maintenance and
appropriate corrective action will be taken.

Table 4.3 summarizes the parameters that will be monitored during the initial five
year monitoring program and the information that may be obtained from each analyte.
A number of parameters will be sampled from wells located within active treatment
zones on a quarterly basis for the first year of operation (to confirm the successful
stimulation of desired bioactivity levels), followed by semi-annual monitoring (to assess
ongoing treatment levels and the need for biobarrier maintenance) for the remainder of
the five year period. Targeted analytes include VOCs, dissolved hydrocarbon gases
(DHGs; innocuous end products of the dechlorination reaction, including ethene and
ethane, and methane), inorganic anions (particularly chloride, which is another daughter
product of the dechlorination process), polymerase chain reaction (PCR) assays specific
to DHC; the microorganisms responsible for complete dechlorination of TCE to ethene,
depth to water (to monitor groundwater flow direction) and field parameters (particularly
pH, ORP and DO, which are measures of geochemical conditions required for anaerobic
microbial activity).

To assess the continuing presence of EVO within the treatment zone, qualitative
measures of EVO presence will also be monitored in these locations on a semi-annual
basis, including total organic carbon (TOC) and volatile fatty acids (VFAs) acetic,
butyric, lactic and propionic acids (breakdown products of EVO fermentation). Typical
concentration trends of these analytes are an initial increase shortly after EVO injection,
then slow decreases to an asymptotic level as the biomass grows with a corresponding
increase in the rate of the soluble organic released from the EVO. Depending on the
sustained level of bioactivity, the asymptotic TOC and VFA concentrations may or may
not be above background levels, and thus the usefulness of these parameters in providing
a surrogate indicator of EVO presence may be limited. The information gained from
these analytes will be evaluated on an ongoing basis and modifications to the sampling
program may be made as appropriate.

To evaluate the potential impact on secondary groundwater quality and the
contaminant distribution in the plume, samples will be obtained from targeted locations
downgradient of the biobarriers on a semi-annual basis. To provide a baseline
comparison, samples will also be obtained from upgradient locations at similar sampling
intervals. Targeted analytes include all of the bioremediation performance indicators
listed above (i.e., VOCs, DHGs, inorganic anions, DHC, depth to water, and field
parameters including total dissolved solids and specific conductance), as well as
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secondary groundwater quality parameters including dissolved metals (e.g., iron,
manganese, arsenic), and sulfide.

4.4.2.1 Source Area EISB Performance Monitoring Program

The monitoring program for the source area treatment was developed to meet the
following specific objectives:

e  Monitor bioremediation performance and assess the need for treatment
system maintenance, which could consist of reamendment of EVO,
rebioaugmentation, etc. (see Section 6.3.1.2 for details);

e  Monitor the continuing flux of contaminant mass from the source area
upgradient of the Source Containment biobarrier, to evaluate the need to
expand the source grid treatment to the First Sand Unit;

e  Monitor for occurrence and persistence of adverse impacts
(e.g., mobilization of metals, excessive methane generation, etc.); and

e  Collect sufficient data to evaluate whether EISB activities may be terminated
and MNA initiated.

The wells to be used for monitoring system performance in the Source area
treatment are outlined in Table 4.4. The locations of these wells are shown on Figure 4.1.
For the source grid treatment area, EISB performance will be monitored at two key
locations using two well nests (proposed new well installations PMW-1A/B and existing
well nest MW-70-27 and MW-70-28). These locations were selected as they represent
locations where both the electron donor demand and the EVO consumption rate is likely
to be highest, due to the presence of elevated TCE concentrations and DNAPL. For the
Source Containment Biobarrier, EISB performance will be monitored at a location within
the core of the plume along a transect of three well nests through the biobarrier. The
transect of wells will consist of PMW-2A/B (upgradient wells), EVO injection well
IW-SC-6, and PMW 3A/B (downgradient wells). The location of this transect was
chosen to approximately coincide with the higher concentration core of the plume, where
the EVO is likely to be consumed first.

If changes in VOCs and other EISB indicators suggest lowering of bioactivity
levels in the monitored locations (e.g., related to consumption of the EVO), then further
investigation of selected other regions of the source grid treatment area or Source
Containment Biobarrier will be undertaken to evaluate the extent of the source area
treatment system that require further maintenance and only those areas will be targeted.
In this way, it is hoped that maintenance of the EISB treatment system may be focused
and optimized to minimize remediation costs while maximizing effectiveness.
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4.4.2.2 Downgradient Plume Performance Monitoring Program

The monitoring program for the downgradient plume area treatment was
developed with the following objectives:

e  Monitor bioremediation performance and assess the need for biobarrier
maintenance, which could consist of reamendment of EVO,
rebioaugmentation, etc. (see Section 6.3.2.2 for details);

e  Monitor for adverse impacts that may require further action;

e  Collect sufficient data to evaluate whether EISB activities may be terminated
and MNA initiated; and

e Collect sufficient data for evaluating the need for implementation of
contingency measures.

The wells to be used for monitoring system performance in the downgradient
plume are outlined in Table 4.5. The locations of these wells are shown on Figures 4.2,
4.3, and 4.4 for the First Sand Unit, Shell Horizon, and Second Sand Unit, respectively.
For each biobarrier, EISB performance will be monitored at a location within the core of
the plume along a transect of three well nests through the biobarrier. The transect of
wells will consist of upgradient, EVO injection, and downgradient wells. The location of
each transect was chosen to approximately coincide with the higher concentration core of
the plume, where the EVO is likely to be consumed first. The only exception to this is
the second transect through Biobarrier FS-1 situated to the southwest end of the
biobarrier (i.e., transect of PMW-4A/B, IW-FS1-8, and PMW-5A/B). This second
biobarrier was included in the monitoring program due to the extended length of this
biobarrier and to provide one monitoring location with a lower influx of TCE to provide a
secondary measure of EVO longevity in areas with a lower electron donor demand.

If changes in VOCs and other EISB indicators suggest lowering of bioactivity
levels in the monitored locations (e.g., related to consumption of the EVO), then further
investigation of other regions of the impacted biobarrier will be undertaken to evaluate
the extent of the biobarrier that requires further maintenance and only those areas will be
targeted. In this way, it is hoped that maintenance of the EISB treatment system may be
focused and optimized to minimize remediation costs while maximizing effectiveness.

4.4.3 Assessment of Monitored Natural Attenuation

The natural attenuation monitoring program was developed with the primary
objectives of minimizing long-term monitoring costs while assessing progress of the
attenuation of contaminants and the need for implementation of contingency measures.
In developing the monitoring program, the following factors were considered:
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e  Environmental risk. The risk to potential ecological and human receptors
created by periods of decreased biobarrier performance (e.g., related to
consumption of the EVO) at IR Site 70 is negligible as long as current
groundwater use restrictions remain in place on the Site. The results of the
numerical modeling suggest that the potential plume migration prior to
attenuation to achieve Site TCGs is not expected to impact any nearby
extraction wells.

e  Groundwater seepage velocity. Seepage velocities in all known impacted
units on IR Site 70 are fairly low (not exceeding 85 ft /year), and the
expected plume migration will be lower due to retardation of the
contaminants.

e Natural attenuation. From an analysis of the concentration trends with
distance in the plume, it appears that natural attenuation is occurring on site
with a TCE half-life on the order of 5 years (see Appendix A for details).

Sections 4.4.3.1 and 4.4.3.2 below outline the proposed MNA monitoring
programs in more detail for the source and downgradient plume treatment zones
respectively. Monitoring programs have been developed for only the first five years of
monitoring, at which point we recommend that the sampling locations, frequency and
analytes monitored be optimized for the long-term monitoring program. Passive sensors
tracking key geochemical parameters may also be incorporated into the monitoring
program at that time, if appropriate, to further minimize sampling and analytical costs.
The sampling program may be refined as necessary within the initial five year period,
based on the data collected.

In general, the MNA sampling locations were chosen to provide one of two forms
of information: (i) “sentinel” wells were selected to provide early indications of undesired
plume migration (which may warrant corrective action) and to provide information with
regards to attenuation of lower concentrations of TCE on the fringe of the plume; and
(i) performance assessment wells located along the core of the plume between
biobarriers to provide some indication of potential biobarrier operation timeframe.
Vertical monitoring intervals will be confined to 10 ft intervals, per U.S. EPA guidance
(U.S. EPA, 1986), with screened intervals in monitored natural attenuation wells
corresponding to the approximate center of the targeted treatment depth interval.

Table 4.3 summarizes the parameters that will be monitored during the initial
five-year MNA monitoring program and the information that may be obtained from each
analyte. Sampling frequencies for each well was selected in consideration of the
attenuation rate of TCE (targeting a minimum of two samples per half-life), as well as
considering the potential plume migration rate in each hydrogeologic unit. Accordingly,
both sentinel and biobarrier MNA wells will be sampled annually during the initial five-
year program. Targeted analytes include VOCs, DHGs, DHC PCR assays (to assess
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potential migration of dechlorinating microorganisms outside of the active treatment zone
and any related impact to the attenuation rate in these areas; between biobarrier wells
only), depth to water (to monitor changes in groundwater flow direction) and field
parameters.

4.4.3.1 Monitored Natural Attenuation in the Source Area

The MNA monitoring program for the source area was developed with the
following objectives:

e  Monitor MNA trends and evaluate the need for more aggressive treatment
outside of the 1,000 pg/L source treatment zone; and

e Collect sufficient data for evaluating the need for implementation of
contingency measures.

The critical areas for evaluating MNA performance in the source area are:
(1) within the Upper Fines Unit outside of the grid treatment area but within the area of
elevated (>100 pg/L) TCE concentrations; (ii) within the Upper Fines Unit at a location
downgradient of the grid treatment area and within an area of lower (<100 pg/L) TCE
concentrations; and (iii) within the First Sand Unit and upgradient of the source
containment biobarrier but downgradient of the area in which mass flux from the Upper
Fines Unit is expected to enter the First Sand Unit. Figure 4.1 illustrates the proposed
sampling locations in relation to the TCE concentrations within the Upper Fines Unit and
the proposed grid treatment area and downgradient source containment biobarrier
location.

4.4.3.2 Monitored Natural Attenuation in the Downgradient Plume

The MNA monitoring program for the downgradient plume was developed with
the following specific objectives:

e  Monitor temporal MNA trends and evaluate the effectiveness of natural
attenuation processes at reducing VOC concentrations within the plume; and

e  Monitor VOC trends in critical monitoring locations to evaluate impact to
the plume size and mass distribution over time.

The critical areas for evaluating MNA performance in the downgradient plume
are: (i) at the outer edges of each biobarrier to evaluate plume bypass related to decreased
permeability in the biobarrier, as well as evaluate impacts to the plume due to EVO
injection activities; (ii) at the toe of the plume to evaluate downgradient plume migration
rate during the treatment duration; and (iii) between biobarriers to evaluate plume
attenuation rate between the treatment zones. Figures 4.2, 4.3 and 4.4 illustrate the
proposed sampling locations in relation to the TCE concentrations within the First Sand,
Shell Horizon and Second Sand Units respectively and the proposed biobarrier locations.
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The evaluation of the MNA data during the initial 5 year active treatment phase may be
continued, reduced, or increased based on the results of the concentration trend analyses.

4.4.4 Land Use Controls

The objectives of the land-use controls are to prevent exposure to VOC-
contaminated groundwater and maintain the integrity of the remedial action until
remediation goals are achieved. The following are land-use controls on property
overlying the IR Site 70 groundwater plume:

e No new groundwater extraction, injection, or drinking water wells shall be
installed within the IR Site 70 groundwater plume or associated buffer zone
inside the Station without prior review and written concurrence from the
DON, DTSC, and RWQCB.

e Injection and monitoring wells and associated piping and equipment that are
included in the remedial action shall not be altered, disturbed, or removed
without the prior review and written concurrence from the DON, DTSC, and
RWQCB.

The land use controls required by this alternative will be applied to the overlying
footprint of the existing areas of contamination, approximately 50 acres, and two
associated buffer zones (Figure 4.6) that will extend from and encircle the interpreted
limits of the VOC plume. A half-mile-radius buffer zone will be established for
groundwater from the surface to a depth of approximately 495 feet bgs and a 250-foot-
radius buffer zone for groundwater beneath the deep aquitard at depths greater than 495
feet bgs (Figure 4.6). This dual zone thereby creates a three-dimensional buffer zone by
depth.

County of Orange Ordinance 2607 authorizes the Orange County Health Care
Agency (OCHA) to regulate the construction and destruction of wells. Section 4-5-14 of
the Ordinance States, “It is the purpose of this article to control the construction and
reconstruction of wells to the end that the groundwater of this County will not be
impaired in quality and that water obtained from such wells will be suitable for the
purpose for which used and will not jeopardize the health, safety or welfare of the people
of this County...” (OCHA, 2002).

These land use controls will be implemented by restricting well permits via the
Orange County Health Care Agency Environmental Health Department in a manner
similar to what exists for the nearby Alamitos Barrier. The permit restrictions will
require that OCHA, the DON, and other appropriate stake holders (identified by the
DON) review well permit applications prior to the granting said permits within the
controlled area to determine compliance with applicable sections of the County of Orange
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Ordinance 2607 (OCHA, 2002). This restriction will apply to water supply wells and
injection wells within the buffer zones.

The DON will provide necessary information to appropriate local and county
agencies to identify off-Base areas impacted by groundwater contamination. The DON
will support these agencies with technical information required in order to implement
restrictions on construction and use of wells in the affected areas.

445 POC Monitoring

The POC for Site 70 will be the boundary of Naval Weapons Station Seal Beach.
In order to determine if the plume is migrating off the station, a monitoring well network
will be established. This network will be comprised of existing wells that have no or
very low previous detections of TCE. Wells will be selected such that the contaminated
groundwater zones will each have a POC well network. Additionally, POC wells will be
installed into the Deep Sand. The proposed POC network is shown in Figure 4.7. Since
no TCE has been detected in the deeper aquifers immediately upgradient to the source
zone and there is a consistent southeasterly gradient supported by the Alamitos barrier
injection to the northwest, only the Upper Fines and First Sand units will be monitored
for POC along the northwestern base boundary. The POC wells will be monitored for
groundwater gradient in addition to groundwater chemistry, should the groundwater flow
direction change significantly in the lower aquifers, additional wells may be installed.
Should TCE be detected in POC wells above the MCL (confirmed by two subsequent
samples), the DON will consider additional remedial actions and/or new POC wells.

The POC monitoring program will provide an initial baseline sampling event to
define existing conditions. Subsequent sampling of the POC wells will be based on an
assessment of baseline data, solute transport time (from the model), distance from the
edge of the plume, groundwater flow direction, and historic groundwater flow rates for
each unit. Sampling and groundwater levels will be measured within each respective
zone during each sampling event. The analyses will be defined in the sampling analysis
plan.
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5. PRE-REMEDIATION CONSTRUCTION ACTIVITIES
5.1  Subcontracting/Procurement

All field activities will be performed under the direct supervision of the DON
contractor with assistance from several specialty subcontractors. The procurement of
appropriate subcontractors and required services and materials will be performed in a
manner consistent with the terms of the contract and applicable Federal Acquisition
Regulations.

Prior to the intrusive field activities, a geophysical surveyor will be retained. The
geophysical surveyor will assist in locating and marking any underground utilities or
features and provide utility clearance. Subsequent to well installation, a land surveyor
will be retained. The land surveyor will assist in locating and marking the proposed well
locations in the field.

Specialty subcontractors will be procured to assist in the specific aspects of the
construction activities. These subcontractors include a fencing subcontractor, drilling and
well installation subcontractor (including well development activities), a hazardous waste
hauler/transporter, a treatment, storage, and disposal facility (TSDF), an analytical
laboratory, and a groundwater sampling company. The groundwater sampling company
will conduct all purging and sampling activities for groundwater. The analytical
laboratory will perform the required chemical analysis on the soil and groundwater
samples during waste characterization and verification sampling. The laboratory also will
perform liquid analyses on any groundwater samples collected during monitored natural
attenuation. The hazardous waste hauler/transporter will provide proper manifests signed
by the DON representative prior to the transport of the soil cuttings from the well drilling
to the identified regulatory-approved TSDF. DON will determine the TSDF. A fencing
subcontractor will be retained for installing the necessary security fencing and gates
around the temporary equipment and material storage area.

Other subcontracting services will be used to provide waste containers, a vacuum
truck, and wastewater treatment and disposal services. Waste containers include
21,000-gallon capacity Baker Tank (or equivalent) and 55-gallon drums for storage of
decontamination wastewater and a dumpster for storage of trash/solid waste and used
polyethylene liners/personal protective clothing. Vacuum truck services may be used to
transport the decontamination water to an off-sitt CERCLA-approved wastewater
treatment and disposal facility.

Vendor procurement will involve an emulsified vegetable oil vendor, leasing an
office trailer, generators, portable toilets, groundwater pumps, and health and safety
monitoring equipment. Other miscellaneous equipment such as sampling and testing
equipment, construction tools, PVC pipe and fittings, sandbags, and so forth, will be
procured on an as-needed basis.
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5.2 Notifications

Prior to the start of field activities at the Site, the following interested parties will
be notified:

e  The Navy (SWDIV) Project Manager;

e Naval Weapons Station Seal Beach;

e  California Environmental Protection Agency (Cal-EPA);

e  Department of Toxic Substance Control (DTSC);

e RWQCB:;and

e  Orange County Environmental Health Services (OCEHS).

In addition, the United States Fish and Wildlife Service will be notified prior to
any work being conducted in and around the Seal Beach National Wildlife Refuge
(within 50 feet of the boundary).

Signed dig permits will be obtained from the Public Works Department on base
before any excavation or drilling work begins. The names of all personnel conducting
work on the base will be submitted to the Resident Officer in Charge of Construction
(ROICC) at least 48 hours prior to commencement of work. Prior to entering the base for
the first time, all personnel will report to the Seal Beach Naval Weapons Station Pass
office located at 800 Seal Beach Blvd in Seal Beach, CA with photo identification and
vehicle registration and proof of insurance. Camera permits will be obtained from the
pass office with proper endorsement from the ROICC prior to use of any cameras on Site.
Camera permits will be required to allow photographs of the continuous core samples.

5.3  Kickoff Meeting

Prior to work commencing on Site, a kickoff meeting will be held, including
representatives of the following:

e  NAVWPNSTA Public Works Department;

e  Explosives Safety Department;

e  Ordnance Department;

e  Fire Department;

e  Security Department;

e  Environmental Department;

. ROICC - on base; and
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e NAVFAC -Si Le, PE, RPM.

The kickoff meeting will go over base operating procedures, safety issues, cell
phone use, restricted areas, and other issues as needed.

54 Mobilization

Mobilization activities include site preparation, movement of equipment and
materials to the site, as well as training and site orientation of field personnel. At least
2 weeks prior to mobilization, the appropriate DON personnel, including the RPM and
the NAVWPNSTA IR Program Coordinator, will be notified about the planned schedule
for mobilization and the remediation activities.

Prior to mobilization, photographs (with approved camera pass) will be taken of
all work areas in order to ensure work areas are returned to acceptable conditions upon
completion of work activities. This shall be done in accordance with all base
photography regulations.

Upon receipt of appropriate records and authorizations, the field personnel and
temporary facilities will be mobilized to the site. Mobilization of temporary facilities will
involve the establishment of a suitable staging area to support the project activities. The
support facilities to be installed in the staging area will include an office trailer, restroom
facilities, and equipment and material laydown area. Once support facilities are
transferred to the site, utility connections will be furnished for power, water, and
communications. The laydown area and layout are discussed further in section 6.

Prior to any equipment being taken out on site, the equipment will be added to a
log of all field equipment. The equipment shall be inspected and photographed. The
equipment log will contain a record of the type of equipment, the condition of the
equipment and the date of mobilization to the field.

Equipment mobilization will be initiated with site preparation activities. In order
to minimize storage requirements, equipment and materials will be mobilized to the site
on an as-needed basis. A dedicated laydown area will be used for short-term storage of
equipment and materials. If needed, a secure storage trailer will be mobilized to the site
for short- and long-term storage of materials, small equipment, and tools required for the
project. All construction equipment will be delivered to the site in a clean condition.

55 Field Construction Activities
5.5.1 Marking Locations

Prior to the start of intrusive activity, all well locations shall be clearly marked
using either white spray paint or stakes marked with the well names as appropriate. To
expedite the process of marking locations, a map with all well names, utilities, buildings,
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roads and other landmarks shall be produced. This same map shall be used in order to
obtain permits from the base.

5.5.2 Geophysical Survey of Locations

Underground utility clearance will be completed prior to drilling at all new
groundwater monitoring well and injection well installation locations. A site
reconnaissance will be conducted to locate utilities on as-built drawings to find evidence
of any undocumented utilities. Active utilities present within the areas where wells will
be drilled will be located prior to any intrusive work. A 10-foot by 10-foot area around
each well location will be swept using ground-penetrating radar (GPR) and/or an
electromagnetic induction (EMI) instruments and marked as clear where appropriate.
The GPR and EMI will produce an image of the subsurface conditions identifying
discontinuities in the soil column. These discontinuities can be identified as non-native
objects such as metallic pipes or debris. Utility lines in the immediate vicinity will be
marked in the field, using color-coded surveyor paint. The results of the geophysical
survey will be compared to the latest available versions of as-built drawings to determine
if any undocumented utilities or other features exist in the survey area.

Wherever possible, a transmitter/receiver unit will be attached to the exposed pipe
or utility to trace metallic pipes or utilities that are either indicated on NAVWPNSTA
utility maps or are obvious via surface expression. The location of the utility will be
marked on the ground using color-coded surveyor paint.

If a utility is identified within 3 feet of the proposed drilling location, the drilling
point will be moved and the clearance procedures will be repeated. The clearance of each
boring location will be documented in the field logbook.

Drilling at each well location will be initiated by hand auguring or air knifing to a
depth of approximately 10 ft bgs to minimize the risk of encountering underground utility
lines that may have escaped detection during the utility and geophysical clearance efforts.
Access into tight or confined areas will be reviewed with the ROICC and base personnel
to determine if additional safeguards are required (lockout, tagout, blast reduction zone,
etc.)

5.5.3 Injection and Monitoring Well Installation

The proposed locations of source area injection and monitoring wells are shown
in Figure 4.1. In the downgradient plume, the proposed locations for injection and
monitoring wells screened in the First Sand Unit, Shell Horizon and Second Sand Unit
are shown in Figures 4.2, 4.3 and 4.4 respectively. Proposed well locations may change
depending on locations of utilities and other physical impediments including access.
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Injection and monitoring well boreholes will be drilled using hollow-stem auger
and/or sonic drilling methods for source area and first sand biobarrier wells. Deeper
biobarrier injection wells will be drilled using sonic, mud rotary, or other appropriate
drilling methods. Continuous cores will be obtained from every sixth injection well and
the detailed lithology from the cores will be recorded on borehole logs. The drill cuttings
of all other injection wells and monitoring wells will be observed as the boreholes are
drilled for soil classification, and the lithology encountered during drilling of the soil
borings will be recorded on boring logs. Borehole logging will be conducted by a
geologist under supervision of a State of California Professional Geologist. Soil samples
will be classified using Unified Soil Classification System (USCS). Soil classification
will consist of an evaluation of physical characteristics such as grain size, soil type, and
moisture content.

Soil samples will be obtained from continuous cores for visual analysis and
chemical screening using photoionization detectors (source grid treatment area only) for
more detailed delineation of the DNAPL distribution in the source area. Samples will be
obtained from drill cuttings taken from the remainder of the boreholes for sieve analysis
only. Photographic logs of the drill cuttings will be made for all continuous core borings.

Injection wells will be constructed of 4-inch diameter schedule 80 polyvinyl
chloride (PVC) as shown in Figure 5.1. The screen intervals for each of the injection
wells are shown in Table 5.1. All injection wells will have 0.020-inch screens. Injection
wells in paved areas will be completed with minimum 17 inch diameter traffic rated flush
mount surface completions. Injection wells will be completed at surface with a flange
fitting (for attachment of the EVO injection well-head fitting) and flange cap (9 inches
OD) that will terminate just below the top of the well vault. Other injection wells will be
completed as above or with above ground surface completions (also with flange fitting),
based on traffic in the area and Navy approval. The well head construction will be
according to the surface type. Flush mount wells will be used for paved surfaces and
monument boxes will be used for wells for depressed or low lying areas. Wells
immediately adjacent to roadways will be flush mounted to limit traffic hazards. Wells
constructed in low lying areas will have a minimum of 2 feet stick up to avoid flooding
the well head.

Monitoring wells will be constructed of 4-inch diameter PVC as shown in
Figure 5.2. Monitoring wells with a total depth less than 100 ft shall be constructed of
schedule 40 PVC and monitoring wells with a total depth of greater than 100 ft shall be
constructed of schedule 80 PVC. The screen intervals for each of the injection wells are
shown in Table 5.2. AIll monitoring wells will have 0.020-inch screens. Monitoring
wells in paved areas will be completed with flush mount surface completions. Other
monitoring wells will be completed with flush mount or above ground surface
completions based on traffic in the area and Navy approval. Wells constructed in low
lying areas will have a minimum of 2 feet stick up to avoid flooding the well head. The
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biobarrier wells adjacent to roadways and within roadways will be flush mount to
minimize the traffic hazard.

The filter pack for all injection and monitoring wells will be Monterey #2/16 sand
and will extend to approximately 2 feet above the top of screen. One foot of fine silica
sand will be placed on top of the filter pack as transition sand. Two feet of bentonite
chips will be placed on top of the transition sand as a seal and allowed to hydrate prior to
placement of the grout. The injection wells shall be grouted from three ft or less below
the surface to the top of the bentonite seal. All well construction details may be changed
in the field as required by lithology encountered during drilling and due to any
construction changes to the injection wells. The top of the well casings will be secured
with watertight, locking well caps and locks to help deter unauthorized entry. The well
designations will be marked on the well vault.

5.5.4 Injection and Monitoring Well Development

The proposed groundwater monitoring wells and injection wells will be developed
to improve hydraulic conductivity between the wells and the surrounding formations after
the well seal has cured for at least 24 hours. Development typically consists of surging
during construction and then removing approximately five well volumes of water from
each well while noting changes in turbidity, pH, conductivity, and temperature.
Development will be performed using a well development rig capable of bailing, surging,
and pumping groundwater. Well development will be completed as described in the
appropriate SOP (see Appendix C). Based on previous well development experience an
estimated 3,000 gallons of development water per well will be generated. A waste water
management plan will be developed to properly dispose of this water.

Following profiling and characterization activities, development water will be
disposed of in accordance with applicable state and federal laws and as described in
Section 7.0.

5.5.5 Decontamination of Field Equipment

All field equipment shall be decontaminated prior to removal from the site.
Decontamination shall be carried out in accordance with the SOPs (Appendix C) at the
decontamination area on base. The decontamination area will be maintained in a clean
and orderly manner. Waste will be removed at periodic intervals to limit the volume of
waste on site.

5.5.6 Management of Investigation Derived Waste

All waste will be handled and disposed of as described in Section 7.0.
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5.6 Demobilization

Demobilization will consist of decontamination of all heavy equipment, cleaning
the project site, inspection, and certification of completion. The activities will include
decontamination and removal of all construction equipment and materials, as well as
collection and disposal of all contaminated material including decontamination
wastewater and disposable equipment. Transportation and disposal of waste generated
from the construction and remediation activities are discussed in Section 7.0.

Heavy equipment will be decontaminated using heavy brushes to remove soil and
dirt attached to the equipment surfaces. Special attention will be paid to removing
material from the drill rig and auger flights. Tools and items for which decontamination
is difficult or impossible to verify will remain on site until completion of the work for
subsequent packing and off-site disposal at an approved disposal facility.
Decontamination of temporary facilities located within the support zone will be limited to
exterior cleaning.

Prior to removal from site, all decontaminated equipment and material will be
inspected and accepted by the Site Health and Safety Officer (SHSO) and the Project
Superintendent. These individuals will certify that decontamination was performed for all
equipment and materials in their daily field logs.

Site restoration work will include repair of any erosion or runoff-related damage;
removal of all materials such as excess construction material, wood, debris and other
foreign material; and removal of all construction equipment. The site administrative
support complex will be disconnected from electrical, telephone, and water lines. All
office and storage trailers will be removed and returned to the rental company.
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6. REMEDIATION OPERATIONS, PERFORMANCE MONITORING, AND
REPORTING

6.1  Amendment Procurement and Storage
6.1.1 EVO

Newman’s Zone (standard product) EVO will be procured from Remediation and
Natural Attenuation Services, Inc. The product contains 49 percent (%) by volume
soybean oil and 6% sodium lactate.

The EVO will be shipped to site in 1,000 L (264 gal) totes. EVO totes for near-
term use will be kept in a designated area at each site as shown in Figures 6.1, 6.2, 6.3,
and 6.4 in a shaded area to mitigate product spoilage during hot weather. The totes stored
onsite will be loaded onto a trailer or a stabled truck and transported over to the active
injection area. The totes will be off loaded by an all terrain forklift. A refrigerated
warehousing facility in the greater LA area will be used for longer-term storage of the
EVO totes.

6.1.2 KB-1™

KB-1™ dechlorinating culture will be procured from SIREM (Guelph, Ontario,
Canada), shipped to the site in stainless-steel pressure vessels and stored on-site for a
maximum of 14 days prior to injection. The KB-1™ dechlorinating culture is capable of
completely dechlorinating TCE to VC and ethene and requires anaerobic conditions for
growth and survival.

Cylinders of pressurized argon gas will be required to create an anaerobic blanket
within each injection well during KB-1™ injection activities to mitigate oxygen exposure
during injection activities. Argon cylinders will be procured from local suppliers shortly
before the KB-1™ injections and stored on site for limited periods of time in secure
areas.

6.1.3 Anaerobic Water

To provide ideal conditions for KB-1™ survival and growth in situ, anaerobic
water will be injected before and after KB-1™ addition. Two 6,500 gallon Baker tanks,
located as shown on Figures 6.1 to 6.4, will be filled with either potable water supplied
from a fire hydrant or groundwater several days prior to the KB-1™ injection. The
oxygen within this water will be consumed by indigenous microorganisms through the
addition of appropriate amounts of a soluble electron donor, such as sodium lactate, and
seeding of oxygen-consuming bacteria through either the addition of a septic tank
bacterial puck or groundwater containing indigenous bacteria. The water will be ready
for injection when the DO value drops below 0.5 ml/L and ORP decreases below —
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100 mV. Both tanks will be replenished immediately upon draining to ensure a constant
supply of anoxic water as needed during KB-1 injections.

6.2 EVO Injection Process and Equipment
6.2.1 Process Overview

EVO will be added to the subsurface to achieve a target oil saturation of 0.5% for
both the source area and downgradient plume biobarrier treatment areas. The
concentrated Newman Zone EVO (49% oil) will be diluted with groundwater to produce
a 1% emulsion (equivalent to 0.5% oil). Groundwater will be extracted from adjacent or
nearby wells with similar groundwater contaminant levels using submersible pumps and
a multi-channel manifold. The groundwater will be pumped to a central dosing unit,
amended with concentrated emulsified oil and reinjected through a multi-channel
manifold into the same number of injection wells. A simplified process flow schematic is
provided in Figure 6.5.

Fifty percent of the 1% EVO target volume will be injected into each well before
the introduction of KB-1™. To provide ideal conditions for the KB-1™ in situ, 200 to
300 gallons of anoxic water will be injected before and after KB-1™ injection. A trash
pump will be used to transfer anaerobic water from a 6,500-gallon Baker tank to the
injection wells via the same multi-channel EVO manifold. After addition of the anaerobic
water, the injection well will be flushed with argon gas to purge any residual oxygen
from the water in the well and from the air standing in the well bore. The argon gas will
then be used to transfer the desired volume of culture from the shipping vessel to the
delivery vessel. Three liters of KB-1™ will be delivered through a drop line to the
middle of the screened interval of each injection well, using argon gas to push solution
from the delivery vessel into the well. Following KB-1™ injection, an additional 200-300
gallons of anaerobic water will be injected into each injection well before proceeding
with the injection of the remaining EVO. The standard operating procedure for EVO
injection and KB-1"™ addition is detailed in Appendix C.

6.2.2 Equipment

The EVO injection equipment includes EVO totes, transfer hoses, injection skid
(manifolds and dosing pumps), and amendment point well-head fittings as illustrated in
Figure 6.6 and detailed in Table 6.1. In addition to the EVO injection equipment, a 2 L
KB-1™ delivery vessel, 80 ft® argon gas cylinders and two 6,500 gallon Baker tanks are
required for bioaugmentation. The individual components of the EVO injection system
are discussed below (Figure 6.6).

EVO Totes. The totes each contain approximately 1,000 L [2,100 pounds
(954 kg)] of emulsion. Each tote has two access ports, one on the top and one at the base.
Each tote is attached to a pallet for shipment.
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Injection skid. A trailer-mounted injection system will be constructed as
illustrated in Figure 6.6 to receive source water via a multi-channel manifold, dose in the
EVO at a selected rate using one or more Dosmatic pumps and then distribute the
emulsion to another multi-channel manifold used to direct the dilute emulsion to the
injection wells. The specifications of the dose pumps are selected based on the expected
flow rate of source water and the target injection flow rates. The manifolds and/or well-
head fittings will be capable of measuring both positive and negative pressures (vacuum
and compound gauge). The equipment required is listed in Table 6.1.

Amendment Well Head Fittings. The injection well head fittings will be
equipped with a flange to connect to the injection well flange, which will be sealed with
bolts and a rubber gasket (Figure 6.6). The remainder of the well head fitting will consist
of a 2-inch diameter clear PVC riser tube and a 2-inch PVC cross fitted with a vent valve,
vacuum/pressure gauge and a flow control valve with cam-and-groove fittings to which
the amendment injection manifold will be connected to the injection well.  All
connections will be solvent welded with the possible exception of threaded fittings for the
ball valves (2-inch) and the pressure gauge (1/4-inch) brass.

6.3  Remediation Operations
6.3.1 Source Area and Source Containment Biobarrier
6.3.1.1 EVO and KB-1™ Injection Staging

EVO and KB-1™ will be injected in stages into the 57 source area wells in the
source grid treatment area within the Upper Fines Unit, as well as into the 14 injection
wells that form the Source Containment Biobarrier in the First Sand as shown in
Figure 6.1. The EVO injection for these two areas may not occur concurrently. For both
areas, the targeted oil amendment rate will be 0.5% or approximately 1% EVO. The
system layout for anaerobic water, oil, and dosing equipment for the source area is shown
in Figure 6.1. The required total EVO, EVO dilution water, anaerobic water and KB-1™
culture volumes, as well as the estimated injection duration for each area of the source
treatment are summarized in Table 6.2.

The EVO injection of the source grid treatment area will require approximately 59
working days, assuming sustained injection rates of 10 gpm per well and based on
injection of a total of 51 totes of EVO and 1,313,000 gal of groundwater. KB-1™
injections will require 171 L of KB-1™, 22,800 gal anoxic water, and 10 argon gas
cylinders (80 ft* size cylinders). The EVO injection will be conducted in 7 stages, in a
manner that will permit a 2-person team to effectively manage the injection of up to 10
wells simultaneously. The staging of the injections is summarized in Table 6.2 and
illustrated in Figure 6.1. The staging process includes extraction of groundwater from one
set of wells while reinjecting into nearby wells after mixing with the EVO with the goal
of minimizing the net fluid balance in the subsurface to mitigate spreading of the
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contamination. Groundwater will be extracted from wells with similar contaminant
profiles as that of the injection wells, and injections will work inwards and upgradient to
the extent possible. Injection will commence with Group 1 wells, with Group 2 wells
acting as extraction wells and so on (see Table 6.2 for details). The extracted
groundwater to be used for injection into Group 6 and 7 wells will come from wells in
which EVO injection has been completed. Although a small percentage of previously
injected oil and KB-1™ is expected to be pumped into the Group 6 and 7 injection wells
and injection flow rates are anticipated to be lower (assumed to be approximately half),
this is preferable to storing large quantities of water on-site for the injection of the last
groups of wells. Prior experience with EVO injections indicates that only a small
percentage of the EVO remains mobile, and that the majority of the EVO will quickly
sorb (within a few days) to the soil and remain bound to the soil.

A similar EVO injection approach will be taken with the Source Containment
Biobarrier. The EVO injection of the Source Containment Biobarrier will require
approximately 45 days, assuming sustained injection rates of 10 gpm per well, and will
require a total of 26 totes of EVO and 655,900 gal groundwater. For the KB-1™
injection, 42 L of KB-1™, 9,000 gal anoxic water, and 3 argon gas cylinders. The EVO
injection will be conducted in 3 stages, as detailed in Table 6.2 and illustrated in Figure
6.1, following a similar rationale as that used for the source grid treatment area.

Injection durations were estimated by dividing the total target amendment volume
by the total estimated injection flow rate and assuming a 10-hr day. In addition to the
actual injection time, it is assumed that one day each will be required for the start-up of
each injection stage, for KB-1™ injection and for decontamination. If the total injection
time exceeds one five-day work week, then one day for every five days of injection is
assumed to be required for cleaning of hose and equipment for storage over the weekend
and setup upon return.

During all injections, EVO injection rates, pressures, total EVO and water
volumes will be tracked for each of the injection wells. EVO injection monitoring forms
can be found in Appendix C. Between each injection stage, the lines, well and filter pack
will be injected with unamended groundwater to flush EVO away from the well to
minimize biofouling. The system will then be decontaminated.

6.3.1.2 Maintenance of Biotreatment Zone

EVO within the biotreatment zone will gradually dissolve and degrade ultimately
producing hydrogen (electron donor), which is used by dechlorinating bacteria to
reductively dechlorinate the TCE, cDCE, and VC (electron acceptors). In addition to
dechlorinating bacteria, other bacteria that use electron acceptors such as nitrate, ferric
iron, and sulfate can compete for the hydrogen produced from the EVO. The longevity
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of the EVO can be predicted by estimating the electron acceptor demand and using
stoichiometry to determine how long the EVO will persist.

The volume of oil amended into the Upper Fines Unit in the source grid treatment
area is estimated to be sufficient to biodegrade all contaminant mass currently existing as
dissolved phase, including demand on electron donor exerted by other electron acceptors
(e.g., oxygen, nitrate, sulfate, etc.) and a safety factor of 2 to account for ferric iron and
manganese reduction processes that are not explicitly accounted for in the stoichiometric
calculations in Appendix B. If DNAPL is present, additional EVO injections will likely
be required. Neither the EVO longevity nor the number of EVO injections required in
the source grid treatment area can be determined a priori as they depend upon the rate of
EVO consumption and the potential mass of TCE DNAPL present.

The longevity of EVO in the Source Containment Biobarrier is estimated to be
6 years as shown in Table 4.2, based upon the current flux of contaminant mass and other
electron acceptors (particularly sulfate) through the biobarrier. Detailed stoichiometric
calculations and equations can be found in Appendix B. This calculation assumes a
safety factor of 2 is appropriate for this site. A safety factor of 2 is used to increase the
calculated electron donor demand above the stoichiometric amount to include any mass
consumption pathways not specifically accounted for in the equation. Electron donor
demand from iron and/or manganese reduction may potentially exceed this, and thus
introduces uncertainty in the estimated longevity of the EVO, with probable longevity
being somewhere in the range of 2 to 6 years.

To verify and monitor the longevity of EVO in the field, groundwater samples
will be taken from 4 monitoring wells (2 sets of 2 nested wells) within the source grid
treatment area (PMW-1A, PMW-1B, MW-70-27 and MW-70-28) and 4 monitoring wells
and 1 injection well in a transect perpendicular to the source containment biobarrier to
analyze for VOCs, TOC, VFAs, DO, ORP, and DHC (see Section 6.3.3 for the detailed
monitoring program). DHC levels will provide an indication of DHC population levels,
with declining levels being indicative of possible electron donor limited conditions.
Higher DO and ORP, and less efficient VOC biodegradation are other indications that the
electron donor has been consumed. TOC and VFAs may also be depressed in the
injection wells.

Because the mass of TCE DNAPL in the source area is unknown, the duration of
source treatment (grid treatment and source containment biobarrier) is also unknown.
VOC sampling and EVO reinjections will continue until TCE levels have declined to
levels below 200 pg/L. Should a subsequent reinjection be required, the area for
reinjection will be confined to only those with TCE concentrations above 200 ug/L;
thereby reducing EVO and labor costs. This may require further VOC sampling in the
source area to assess what area to target.
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6.3.2 Dissolved Phase Plume Biobarriers
6.3.2.1 EVO and KB-1™ Injection Staging

To treat the dissolved phase plume, EVO will be injected into 5 biobarriers in the
three hydrogeologic units (First Sand, Shell Horizon, and Second Sand). It is anticipated
that the biobarriers will be installed in phases over several years as discussed in Section
8.1. Details of the EVO injection staging for the two First Sand biobarriers is presented in
Table 6.3 and for the Shell Horizon and Second Sand biobarriers in Table 6.4. The EVO
will be injected in a similar manner as that used for the source containment biobarrier,
using extraction wells within the biobarrier for makeup groundwater where possible.
Anaerobic water and KB-1™ will be amended in the same manner as for the source area.
Each biobarrier is discussed briefly below. For each injection well, the EVO injection
rates, pressures, total EVO and water volumes will be monitored.

Biobarrier FS-1

Biobarrier FS-1 will consist of 35 injection wells installed on 24 ft centers and
spanning the 250 pg/L contour of the plume as shown in Figure 4.2. The injection rate is
anticipated to be 10 gpm per well. Each well will require 47,327 gallons of amendment
(representing 476 gallons of EVO and 46,851 gallons of water) and 3 L of KB-1™. The
entire biobarrier will require 16,660 gallons, or 64 totes of EVO, and 1,639,785 gal
groundwater. KB-1™ injections will require a total of 105 L of culture, 22,400 gal of
anoxic water, and 6 argon gas cylinders. It is estimated that injection into the biobarrier
will require a total of 69 days. EVO equipment staging locations are shown on Figure 6.2.
It is anticipated that EVO can be injected into the biobarrier in 4 stages as detailed in
Table 6.3 and illustrated in Figure 6.2

Biobarrier FS-2

Biobarrier FS-2 will consist of 29 injection wells installed on 24 ft centers and
spanning the 250 pg/L contour of the plume near the toe of the plume in this unit as
shown in Figure 4.2. The injection rate is anticipated to be 10 gpm per well. Each well
will require 36,810 gallons of amendment (representing 370 gallons of EVO and
36,440 gallons of groundwater) and 3 L of KB-1™. The entire biobarrier will require
10,730 gallons, or 41 totes of EVO, and 1,056,760 gal of groundwater. KB-1™
injections will require 87 L of culture, 14,500 gal of anoxic water, and 5 argon gas
cylinders. It is estimated that injection into the biobarrier will require a total of 38 days.
EVO equipment staging locations are shown on Figure 6.4. It is anticipated that EVO can
be injected into the biobarrier in 3 stages as detailed in Table 6.3 and illustrated in Figure
6.2
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Biobarrier SH-1

Biobarrier SH-1 will consist of 37 injection wells on 20 ft centers spanning the
250 pg/L contour of the plume as shown in Figure 4.3. The injection rate is anticipated
to be 5 gpm per well. Each well will require 19,304 gallons of amendment (representing
194 gallons of EVO and 19110 gallons of water) and 3 L of KB-1™. The entire
biobarrier will require 7,178 gallons, or 28 totes of EVO, and 707,070 gal of
groundwater. KB-1™ injections will require 111 L of culture, 12,950 gal of anoxic
water, and 7 argon gas cylinders. It is estimated that injection into the biobarrier will
require a total of 48 days. EVO equipment staging locations are shown on Figure 6.5. It is
anticipated that EVO can be injected into the biobarrier in 4 stages as detailed in Table
6.4 and illustrated in Figure 6.5

Biobarrier SH-2

Biobarrier SH-2 will consist of 32 injection wells on 20-ft centers spanning the
250-pg/L contour of the plume as shown in Figure 4.3. The injection rate is anticipated
to be 5 gpm per well. Each well will require 19,304 gallons of amendment (representing
194 gallons of EVO and 19,110 gallons of water) and 3 L of KB-1™. The entire
biobarrier will require 6,208 gallons or 24 totes of EVO, 611,520 gal of groundwater.
KB-1™ injections will require 96 L of culture, 11,200 gal of anoxic water, and 6 argon
gas cylinders. It is estimated that injection into the biobarrier will require a total of
48 days. EVO equipment staging locations are shown on Figure 6.3. It is anticipated that
EVO can be injected into the biobarrier in 4 stages as detailed in Table 6.4 and illustrated
in Figure 6.3

Biobarrier SS-1

Biobarrier SS-1 will consist of 22 injection wells on 24-ft centers spanning the
250-ug/L contour at the toe of the plume in the Second Sand Unit as shown in Figure 4.4.
The injection rate is anticipated to be 25 gpm per well. Each well will require
42,068 gallons of amendment (representing 423 gallons of EVO and 41,645 gallons of
water) and 3 L of KB-1™. The entire biobarrier will require 9,306 gallons, or 36 totes of
EVO, and 916,190 gal of groundwater. KB-1™ injections will require 66 L of culture,
12,320 gal of anoxic water and 4 argon gas cylinders. It is estimated that injection into
the biobarrier will require a total of 22 days. EVO equipment staging locations are shown
on Figure 6.4. It is anticipated that EVO can be injected into the biobarrier in 3 stages as
detailed in Table 6.4 and shown in Figure 6.4.

6.3.2.2 Maintenance of Biobarriers

The longevity of the EVO can be predicted by estimating the electron acceptor
demand and using stoichiometry and calculations of the estimated contaminant mass
discharge through each biobarrier to determine how long the EVO will persist. As
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summarized in Table 4.2, each EVO injection into Biobarriers FS-1, FS-2, SH-1, SH-2,
and SS-1 is expected to last approximately 6, 5, 10, 10 and 15 years, respectively. Backup
calculations to support these estimates can be found in Appendix B.

To verify and monitor the longevity of EVO in the field, groundwater samples
will be taken from 3 to 5 monitoring wells, including an injection well, in transect(s)
perpendicular to the biobarrier to analyze for VOCs, TOC, volatile fatty acids, DO, ORP,
and DHC (see Section 6.3.3 for the detailed monitoring program). DHC assays will
provide an indication of DHC population levels, with declining levels being indicative of
possible electron donor limitations. Higher DO and ORP and less efficient VOC
biodegradation are other indications that the electron donor has been consumed. TOC and
VFAs may also be depressed in the injection wells.

Modeling suggests that the biobarriers may require operation periods ranging
from 8 to 16 years (see Table 4.2). If the EVO is required to last 5 to 15 years in practice,
then only 1 to 3 applications of EVO may be required within each biobarrier.

6.3.3 Groundwater Sampling and Analytical Program

Monitoring of various groundwater parameters is required over the course of the
remedial action to ensure that groundwater treatment is occurring as planned. Monitoring
and analytical procedures are outlined in the following subsections. Detailed procedures
for groundwater sampling and well purging are presented in the SOP (Appendix C).

6.3.3.1 Parameters

Groundwater analyses will include both laboratory sample analyses and field
measurements. Field parameters will be monitored using a flow-through cell equipped
with multiple monitoring probes for analysis of pH, temperature, conductivity, ORP, and
DO.

The groundwater analytes are summarized in Table 6.5 along with the method
number, detection limits, sampling volumes, preservatives, and holding times for each of
the measurements. The rationale and information gained from each analyte is
summarized in Table 4.3. VOCs and DHGs are measured to monitor biodegradation of
the TCE through to ethene and ethane. Decreased sulfate, nitrate, and dissolved oxygen
concentrations or increased ferrous iron and methane levels are geochemical indicators of
reduced conditions. DHC assays track the level of DHC organisms to determine whether
they are growing and propagating away from the well. A DHC level of 10" gene copies/L
is indicative of a cell density where ethene production is typically observed. TOC and
VFAs will be used as surrogates to track the degradation and consumption of the
emulsified oil. Field parameters such as pH, temperature, DO, and ORP are useful to
ensure the attainment of reduced conditions and to monitor for changes in pH that may
adversely affect the microbial population.
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6.3.3.2 Sampling Procedures and Frequency

Groundwater samples for laboratory analysis will be collected according to
procedures outlined in the SOP (Appendix C). Field parameters of pH, temperature,
conductivity, ORP, and DO will be collected immediately prior to sampling.

The groundwater samples will be collected using low-flow sampling techniques to
minimize aquifer disturbances and to obtain a representative sample. The objective of
low-flow purging is to remove water from the screened interval at a rate that is
comparable to the ambient groundwater flow rate. This minimizes aquifer drawdown in
the well and limits the mixing of water within the screened interval with overlying
stagnant water in the well casing. Low-flow purging allows for collection of
representative groundwater samples with minimal disturbance and low turbidity. During
purging, DO, pH, conductivity, ORP, and temperature data will be collected using an
appropriate field instrument equipped with a flow-through cell.

The sampling frequency for the initial five years of the remediation program is
summarized in Table 6.6, which shows the analytes, wells, and sampling frequency for
both the source area and the biobarriers. After five years, the monitoring program will be
optimized accounting for the geochemical trends observed during the initial five years of
operation. Source area performance monitoring wells and indicated biobarrier injection
wells will be sampled prior to EVO injection (baseline) and then quarterly for the first
year and semi-annually thereafter after EVO injection. MNA wells will be sampled less
frequently, either annually or biannually and for a smaller subset of parameters to track
MNA trends.

6.3.4 Reporting

Annual reviews of monitoring data will be conducted to assess biobarrier
performance and the need for maintenance, plume migration, dechlorination activity,
extent of microbial migration, and the adequacy of the remedial action to meet RAOs.
Annual reviews will be documented in a summary report issued to appropriate regulatory
agencies. These reports may include suggested modifications to the cleanup program to
optimize remedial performance and minimize O&M costs.
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7. WASTE MANAGEMENT PLAN
7.1 Waste Characterization

State and federal regulations require waste generators to determine if a waste is
hazardous. Soil cuttings and development water generated during drilling operations at IR
Site 70 may potentially be classified as hazardous or California non-RCRA hazardous
waste.

Waste generated during the field operations will be representatively sampled and
analyzed to determine the hazard classification prior to transport off site. Analytical
testing will be conducted at a Department of Health Services (DHS)-certified and Naval
Facilities Engineering Service Center-evaluated analytical laboratory. The waste profiling
(waste classification determination) will be based on the results of the soil sample
analyses. Analytical methods used for waste classification may include total metals,
Toxicity Characteristic Leaching Procedure (TCLP), and Waste Extraction Test (WET).

7.2 Waste Streams

There are several waste streams that may result from the well installation and
associated remediation activities. A description of potential waste streams is presented
below:

e  Waste soil cuttings and drilling mud from monitoring well and injection well
installation;

e  Decontamination wastewater from drilling, well development, and
groundwater sampling equipment cleaning, purge water and development
water from groundwater monitoring wells;

e Used disposable sampling equipment and personal protective equipment
(PPE);

e Liquids and solids, including well material debris generated during well
installation;

e Residual EVO from totes and decontamination of injection equipment,
decontamination water from KB-1"™, and any spills from these items; and

e Inert or non-hazardous solid waste (refuse).
7.2.1 Decontamination Wastewater/Purge and Development Water

Additional wastewater will be generated from development and purging of
injection and monitoring wells. Wastewater will be generated from equipment and
personnel decontamination. Liquid waste will be placed in temporary storage containers
[Baker tanks or Department of Transportation (DOT) 17H 55-gallon drums] on site until
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their disposal. Upon completion of field activities, the wastewater will be sampled to
determine if it is a hazardous waste. If drums are used, the drums of decontamination
water will be labeled with respect to contents and will be staged in a predetermined
secured area with secondary containment and spill control equipment. Weekly
inspections of the drum storage area will be conducted and documented to ensure that
drums are properly labeled, sealed, and in good condition. Following completion of the
project, the wastewater will be treated on site and disposed of on site in compliance with
a general waste discharge permit from RWQCB (as permitted), or properly transported to
an appropriately permitted facility for treatment or disposal. For purge and development
water meeting the criteria under RWQCB Order R8-2002-0044, disposal will be
infiltration back onto the existing aquifer within the footprint of the plume.

7.2.2 Contaminated Drill Cuttings

Solid waste (soil) generated from well installation will be placed in covered
portable roll-off bins lined with plastic sheeting or in DOT 17H 55-gallon drums. Solid
waste stored in roll-off bins or drums will be temporarily staged on site and transported
off site to a permitted disposal facility following characterization and profiling.

Drill cuttings will be transported to an appropriately permitted, CERCLA off-site
rule-approved Class | hazardous waste facility or other appropriate facility as determined
by waste characterization.

Use of any disposal facility is subject to approval under subcontractor
qualification procedures. All manifests and final disposal decisions will be at the
direction of the DON on site representative.

7.2.3 Used Personal Protection Equipment

All used PPE and disposable sampling equipment will be placed in DOT-
approved 17H 55-gallon drums or waste storage and later disposed of at an appropriate
landfill. Construction activities will be performed in Level D or modified Level D.
Depending upon air monitoring results, protection level may be upgraded to Level C.
Management of the drums of PPE will be similar to management of the drums of
decontamination wastewater described above.

7.2.4 Miscellaneous Debris

Clean miscellaneous debris such as concrete and asphalt resulting from coring
operations, PVC pipe sections, and others will be transported to an appropriate licensed
landfill for disposal. Use of any disposal facility is subject to approval under
subcontractor qualification procedures.
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Mixing regular trash and/or non-hazardous solid waste with potentially
contaminated waste will be avoided.

7.3 Waste Containerization and Accumulation

Potential hazardous waste (soil cuttings, wastewater, and PPE) will be placed in
containers on site. DOT-trained personnel will perform container selection based on type
and quantity of waste to be generated. Containers may include DOT-specification drums
or roll-off bins for regulated hazardous material. DOT-specification containers are not
required for non-hazardous material that does not meet a DOT hazard class. An inventory
of hazardous and non-hazardous waste containers and quantities will be maintained for
future reporting and inspection.

All containerized hazardous waste will be stored in DOT-approved containers at
designated temporary accumulation area(s). These areas shall be clearly marked on pre-
mobilization site maps. The temporary accumulation area will be equipped with spill
containment and a spill kit. Where appropriate and feasible, these areas will include
secondary containment. The temporary accumulation area and containers will be
inspected weekly. Any deficiencies found during the inspection that require corrective
action (unlocked gates, missing or damaged labels, leakage, or missing containers) will
be recorded and documented. Containers approaching the 90-day accumulation limit will
also be noted.

Containerized hazardous waste must be accumulated in accordance with 22 CCR,
Sections 66264.170 through 177 (Use and Management of Containers). Containers of
hazardous waste and portable tanks will be inspected and logged weekly while the
fieldwork is in progress. Inspections will include an evaluation for proper labeling, secure
closure, the condition of each container/tank, number of containers/tanks, and condition
of the accumulation area(s). Any signs of deterioration, leaking, or dents will be noted,
and containers will be immediately re-packed or the tanks will be drained, if necessary.
Standing water will be removed from the containment area within 24 hours. Inspection
results will be provided upon request to NAVWPNSTA Seal Beach. All containers will
be checked to ensure labels and markings are in good condition. DOT information for
hazardous materials, including proper shipping descriptions and hazard class labels, will
be added to containers prior to shipping. Hazardous waste may be accumulated on site in
containers for a maximum of 90 days. Hazardous waste may be accumulated on site in
portable tanks for a maximum of 60 days. The 60 and 90 days begin on the date that the
waste is first generated and containerized or stockpiled.
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7.3.1 Labeling

At the time of generation, all disposable waste containers will be labeled, by using
indelible ink, with the following information:

e  Source and location;

e  Contents and quantity of material in the container;

e  Potential health, safety, and environmental hazards;

e  Accumulation start date (the date the material was first put in the container);
e Date container sampled;

e  Parameters used for analysis; and

e “ANALYSIS PENDING - POTENTIALLY HAZARDOUS.”

The same information shall be recorded in field logs for non-disposable
containers. Upon the determination that the material in the waste container is hazardous,
the container will immediately be labeled with a completed commercial EPA
“HAZARDOUS WASTE” label. The label will include the accumulation start date and
other requested information and managed as defined in 22 CCR, Sections 66262.30
through 66262.34, Pre-Transport Requirements.

7.4  Waste Sampling

All waste shall be sampled and profiled prior to arrangements being made for
disposal off site. The DON shall be the generator for all waste produced during the
course of the work. The DON shall make the final decision as to the hazardous waste
facility contracted to accept waste generated during this project.

7.5  Waste Transportation

Hazardous material will be transported by a subcontractor approved under
subcontractor qualification procedures. The transporter will have appropriate licenses,
including an EPA identification number. Hazardous material including hazardous waste
will be properly classified, described, packaged, marked, and labeled for shipment as
required by applicable sections of 49 CFR, Parts 171, 172, 173, 178, and 179, and
22 CCR, Sections 66262.10 through 66262.45. Properly DOT-trained personnel will
perform DOT functions.

e  Shipping Description — Material that does not exhibit one of the nine DOT
hazard classes (explosive, flammable, poison, combustible, and so forth) is
not regulated under DOT rules for the transportation of hazardous material.
The Compliance Officer or the DOT Coordinator will confirm this
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description prior to shipment. The applicable DOT shipping description,
EPA hazardous waste number, and the California waste code will be selected
based on the results of the waste characterization.

e Marking and Labeling — The shipping name, hazard class, identification
number, technical names, EPA markings and waste code numbers, and
consignee/consignor designations must be marked on packages for shipment
in accordance with 49 CFR, Part 172. This information will be marked on
each roll-off bin after consultation with the Compliance Officer or DOT
Coordinator.

e Placarding — Vehicles will be appropriately placarded in accordance with
49 CFR, Part 172.

e Manifest — Hazardous materials shipped off site must be properly
manifested. Manifests will be completed by and require DON signature
before the waste leaves the site. Copies of all manifests will be retained in
the project files; original copies are sent with the transporter. All loads will
be weighed at the base weigh station prior to DON representative signing the
manifest.

e LDR (Land Disposal Restriction) Certification — LDR Certification will
be prepared and will accompany the manifest if applicable. Copies of all
LDR Certifications will be retained in the project files with copies of the
signed manifest received from the disposal facility. All original waste
disposal paperwork will be maintained by the Environmental office at
NAVWPNSTA Seal Beach.

7.6  Waste Disposal

All waste materials will be disposed according to methods described below. This
section describes the disposal methods for the waste materials generated at the site
including solid waste, EVO wastewater material or excess, wastewater, contaminated
soil, and uncontaminated soil and debris.

7.6.1 Solid Waste and Wastewater Disposal

All discarded materials, waste materials, or other objects will be handled in such a
manner to control the potential for spreading contamination, creating a sanitary hazard, or
causing litter to be left on site. All used PPE materials will be temporarily stored in
55-gallon drums and later disposed at a CERCLA-approved and permitted landfill or
TSDF. The wastewater generated from personnel and equipment decontamination will be
stored in 55-gallon drums or Baker tanks. A sample of the wastewater will be collected
and analyzed to determine if it is a hazardous waste, and then appropriately transported to
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an off-site disposal and/or treatment facility. Any leftover EVO solution will be removed
from the site by an appropriate vendor for recycling.

7.6.2 Contaminated Waste Transportation and Disposal

Following waste classification, all waste material will be disposed of according to
the final waste classification. Disposal may be a combination of options determined by
the hazardous classifications as follows:

e  Soil and debris classified as RCRA hazardous waste will be transported to an
appropriately permitted and CERCLA-approved hazardous waste landfill for
treatment, if necessary, and disposal.

e  Soil and debris classified as non-RCRA hazardous waste will be transported
to an appropriately permitted and CERCLA-approved hazardous waste
landfill for disposal.

Contaminated drill cuttings will be transported to an appropriate off-site disposal
facility. A hazardous waste manifest will be filled out for each load and submitted to the
DON to sign as generator. Original copies of the manifest will be provided to the
transporter for shipment.

Trucks hauling contaminated waste material for off-site disposal will use Gate
Number 9 located on Westminster Avenue to exit NAVWPNSTA Seal Beach. The trucks
will travel east on Westminster Avenue to Bolsa Chica Road, then go north on Bolsa
Chica Road to enter the 405 Freeway. Trucks hauling contaminated waste for off-site
disposal will not be allowed to travel on Seal Beach Boulevard.

7.7  Release Prevention, Response, and Reporting
7.7.1 Spill Prevention

Vehicle fueling, generator fueling, and management of decontamination waste are
the three primary activities that may result in a spill. Spill prevention practices are
described below for these three activities.

e  Fueling — All vehicles will be fueled and serviced prior to moving onto the
site. Any on-site fueling of equipment will be conducted within a designated
controlled area. If generators will be required at remote locations for power,
they will be parked on a double layer of visqueen which will be bermed to
provide temporary containment. A fuel spill response kit with absorbent
material will be staged at the active fueling locations. No bulk quantities of
fuel will be stored on site.

e Wastewater — Wastewater will be containerized in 55-gallon drums or a
Baker tank (or equivalent). A secondary containment will be constructed for
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the drums or the Baker tank within areas where a release would impact
buildings and structures. All wastewater will have secondary containment
until waste profiling is complete. After profiling, all hazardous wastewater
will have secondary containment. Therefore, any spills from the drums or
the tank will be contained and will not be released to the surrounding areas.

e EVO - Any emulsified vegetable oil solution spilled during project activities
will be cleaned and containerized in 55-gallon drum(s) or other appropriate
containers, and hauled off-site for disposal.

7.7.2  Spill Response

In the event of a release of hazardous material into the environment, field
personnel will initiate action, as specified in the HASP, to contain or control the release
or evacuate the area if the spill is significant or represents an immediate health threat.

Absorbent pads, shovels, and 55-gallon drums will be kept at the site to address
the possibility of spills.

7.7.3 Spill/Release Reporting

The steps below outline the chain of communications to be followed if a
significant spill of any hazardous substance occurs.

1. Internal Contact:

Site personnel involved in the spill should immediately contact the SHSO,
who will notify the Project Manager. The Field Manager or the Project
Manager will contact the NAVWPNSTA IR Program Coordinator and the
ROICC identified below:

NAVWPNSTA IR Program Coordinator: Pei-Fen Tamashiro (562) 626-7897
ROICC: David Crawley (562) 626-7964

2. If arelease of a waste or hazardous substance, regardless of quantity, could
threaten human health or the environment outside the facility, the Project
Manager will verify that the following have been notified by the DON:

e DHS at (800) 852-7550.
e National Response Center at (800) 424-8802.
e Local Emergency Response Coordinator (Fire Department, if necessary).

e Report releases and submit written follow-up emergency notice under
Superfund Act and Reauthorization Amendments, Title Il requirements.
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7.8 PROJECT AND PERSONNEL REQUIREMENTS

Project personnel training requirements and inspection programs applicable to the
remedial action at IR Site 70 are described below. Protocols for inspections by regulatory
agencies and third parties are also addressed below.

7.8.1 Personnel Training/Certification Requirements
Personnel training and certification requirements include the following:

e Site personnel must have Occupational Safety and Health Administration
(OSHA) 40-hour Health and Safety/Emergency Response Hazard
Communication and RCRA training.

e  Site personnel performing DOT functions (including selecting, packaging,
marking, labeling, preparing shipping papers, and loading) must be trained
in accordance with the requirements of DOT 49 CFR, Part 172, Subpart H
(aka DOT/HM-126F). Subcontractors performing DOT functions must
supply proof of training.

e All project personnel (contractor and subcontractors) will be trained
according to the project quality assurance compliance policies and
procedures. The project Quality Assurance Officer (QAQO) (or the on site
designate) will verify the project personnel and subcontractors have the
proper training prior to beginning project activities.

e  All project personnel performing waste management will be certified for in
accordance with 40 CFR, Part 265.16 for waste management activities.

7.8.2 Inspection and Audit Procedures

Site inspections and audits may occur during the remedial activities to assure
compliance with this RD, applicable state and federal regulations, and the HASP.
Internal audits by the contractor QAO will be made to document compliance with
sampling procedures, quality assurance sampling, and proper implementation of field
procedures. These audits will be documented and provided to the SWDIV QAO or his
representative.
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8. PROJECT MANAGEMENT

The project management team will be responsible for all technical and
administrative aspects of the remedial action. Included among the responsibilities of the
team are the project schedule, staffing, data management, quality assurance audits, health
and safety audits, document control, project meetings, and reporting.

8.1  Project Schedule

The proposed schedule for implementation of the remedial action is included in
this RD as Figure 8.1. The schedule is presented in a GANTT chart format with critical
path delineated for the first phase. The schedule is based on a five year initial operation.
Upon award of the contract, the schedule will be updated and tracked against plan to
monitor project performance. Due to the size of the remedial activities the project has
been broken up into discrete phases. A scope of work and specification will be
developed for the subsequent phases including a GANNT chart schedule for each phase.
These will consist of the following:

e Phase 1: Source Area EISB, which includes the grid of EVO injection wells
within the area containing TCE concentrations exceeding 1,000 pg/L within
the Upper Fines Unit in the RT&E area, which is defined as the source area.
The source area treatment also includes a biobarrier placed immediately
down gradient of the source area, within the First Sand. This biobarrier is
located at this point to intercept dissolved phase plume emanating from the
Source Area. The Phase 1 components are shown in Figure 6.1.

e  Phase 2: First Sand Biobarriers FS-1 and FS-2, which are shown in Figure
6.2. Biobarrier FS-1 is located on the west side of Kitts Highway and runs
parallel to Kitts Highway for most of its length. Biobarrier FS-2 is located
in proximity to 2nd Street.

e Phase 3: Second Sand Biobarrier SS-1, which is located at the leading edge
of the plume, at the end of the warehouse area just prior to the wetland area.
This biobarrier is shown in Figure 6.4.

° Phase 4: Shell Horizon Biobarrier SH-1 and SH-2, which are shown in
Figure 6.3. These biobarriers intercept the plume within the transmissive
portion of the Shell Horizon.

The schedule includes preparatory; pre-remediation field construction activities;
and remediation operations, performance monitoring, and reporting activities.
Construction and remediation activities have been planned to start after approval of the
RD, sampling analysis plan, health and safety plan, and procurement of the necessary
equipment, materials, and subcontracting services.
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Five main activities will be followed during the course of this project:

e Stagel - Project Startup. This stage includes preparation of project
submittals that include the Work Plan, SAP, HASP, Standard Operating
Procedures (SOP), and Quality Assurance Project Plan (QAPP).

e Stage2 - Preparatory Activities. This stage includes notifications, dig
permit review and submittal, procurement, and mobilization of equipment,
materials, fencing staging area, setting up each site layout in accordance
with the plan, mobilizing storage tanks, connex box, laydown area for
equipment, preparing containment and moving in generator for power at
remote locations, and personnel.

e Stage 3 - Pre-remediation Construction Activities. This stage includes a
preliminary marking of the injection and monitoring well locations (co-
ordinate with surveyors to verify correct location), uitility clearance surveys
(geophysical survey of all well locations and public works utility document
review), air knifing (or hand augering) to 8 to 10 feet for each drilling
location, drilling, well installation, well development, installation of
dedicated well head equipment, installation of temporary piping, installation
of dedicated monitoring well pumps, installation of temporary extraction
pumps land survey (post-construction) to verify the well locations, and
construction of the EVO and KB-1" dosing and manifold distribution
system.

e Stage 4 - Remediation Operations, Performance Monitoring, and
Reporting Activities. The first stage of this task will be to conduct a
baseline sampling effort of all monitoring wells and every fourth injection
well (VOCs and field parameters only) within the monitoring program.
Once this data is collected and samples have been accepted at the lab for
analysis, the initial EVO injection will be implemented. This will be done in
accordance with the specifications in Section 6 and the SOP. Prior to and
during the EVO injection a pre-defined set of extraction wells will be
pumped to provide the blend water for injection and to maintain a hydraulic
balance during the injection phase. Bioaugmentation will be implemented
mid-way through electron donor amendment to minimize mobilizations to
the site, enhance the DHC distribution around the injection well, and reduce
labor costs. A slug of anoxic water will be pumped into the injection wells
followed by injection of KB-1", a subsequent slug of anoxic water, and then
continuation of the remainder of the EVO injection. The KB-1" introduces
non-indigenous microorganisms to the groundwater (bioaugmentation to
complete the dechlorination process). After EVO and KB-1" injection, the
performance groundwater monitoring program will be implemented. The
monitored natural attenuation monitoring program will be conducted on an
annual basis initially. The EISB sequence will be documented in a report for
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each phase (area) of EVO/KB-1" injection. Annual status reports will be
provided over the first 5-year period.

8.2  Project Responsibilities

The DON RPM for this project is Mr. Si T. Le (P.E.). Mr. Le is responsible for
project management, budget control, schedule maintenance, and contacting regulatory
agencies. Ms. Pei-Fen Tamashiro (P.G.) is the NAVWPNSTA IR Program Coordinator.
Ms. Tamashiro will be responsible for community relations activities and ensuring that
the field and remedial activities are in compliance with the applicable rules and
regulations. Mr. David Crawley is the ROICC and is responsible for the technical
oversight of field activities, coordination of field activities with different NAVWPNSTA
departments and personnel, base access for equipment, subcontractors, and project
personnel, and Quality Control (QC). Mr. Chris Leadon is the DON Remedial Technical
Manager, responsible for the technical oversight and review of the project documents.
Mr. Narcisco Ancog is the Navy QAO and will provide review and acceptance of the
SAP prior to any field work commencing.

Project personnel and responsibilities are outlined in Figure 8.2. The following is
a list of key project personnel contacts:

Agency Contact Project Title
Southwest Division, Mr. Si Le, P.E. DON RPM
Naval Facilities Engineering Command (619) 532-2295

1220 Pacific Highway
San Diego, CA 92132-5190

NAVWPNSTA Seal Beach Ms. Pei-Fen Tamashiro, P.G. NAVWPNSTA IR Program
800 Seal Beach Boulevard (562) 626-7897 Coordinator

Building 110

Seal Beach, CA 90740-5000

ROICC Los Angeles Mr. David Crawley ROICC

NAVWPNSTA Seal Beach (562) 626-7964

Building 230

Seal Beach, CA 90740-5000

Southwest Division, Mr. Chris Leadon Remedial Technical Manager
Naval Facilities Engineering Command (619) 532-3878

1220 Pacific Highway
San Diego, CA 92132-5190

California Environmental Protection Agency Ms. Katherine Leibel DTSC-RPM
Department of Toxic Substances Control (714) 484-5446

Office of Military Facilities

5796 Corporate Way

Cypress, CA 90630

California Regional Water Quality Ms. Patricia Hannon RWQCB-RPM
Control Board, Santa Ana Region (951) 782-4498

3737 Main Street, Suite 500
Riverside, CA 92501-3348
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8.3 Data Management

The following is a summary of the data management tools that will be employed
for the duration of this project:

e  Microsoft Project software will be used for all schedule tracking.
e  Project cost tracking will be done using Microsoft Excel spreadsheets.

e Home and field office staff for technical data management will use
Microsoft Excel® spreadsheets and a GIS data base system. Microsoft
Word® will be employed for word processing.

e Data management and manipulation will be done using GIS data base
management and EVS visualization software.

8.4 Document Control Procedures

GeoSyntec’s internal document control procedures will be followed for the
duration of the project. Additional guidance provided by the DON will be used for
document control, particularly for matters relating to regulatory compliance.
Management of internal and external correspondence will be administered at the home
office in Huntington Beach, California. Complete project files will be maintained in a
secure, dry area at the field office.

Particular attention will be paid to documents related to sampling to obtain data in
support of the design and for performance monitoring. In particular, a daily sampling log
in a permanent binder will be completed in the field by the sampler(s). One log will be
used for soil samples and a different one for groundwater samples. The daily log form
will list each sample and QC sample taken that day and will specify the required
frequency of duplicate, Matrix Spike and Matrix Spike Duplicate, and other Quality
Assurance (QA) samples. All QA and QC samples will be documented on a check list
for sample submittals on each day. A copy of the sampling logs from the preceding day
will be reviewed daily by a field chemist at the office to coordinate QA samples and
sample batches with the laboratory. Audits of this procedure will be completed by the
field chemist and/or the project manager (or his designate).

8.5  Meetings and Reports
8.5.1 Field Activity Phase Meetings

Project status meetings will be held weekly (or at less frequent intervals if desired
by the DON) at the field office during the field construction activities. The Project
Manager, Project Superintendent, SHSO, and other selected individuals will be required
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to attend these meetings with the ROICC and the NAVWPNSTA IR Program
Coordinator. The agenda of the project status meetings will include the following:

e  Review and approval of minutes of previous meeting;

e  Review of work progress;

e Review of quality/health and safety programs;

e  Field observations, problems, and conflicts;

e  Problems, which impede construction schedule and proposed corrective
actions;

e  Review of off-site delivery schedules;

e  Corrective measures and procedures to regain projected schedule;
e  Revisions to construction schedule;

e  Forecast of progress for next succeeding work period;

e  Coordination of schedules;

e  Review of submittal schedules, if any;

e  Pending changes and substitutions;

e Review of proposed changes for effects of construction, completion date,
and other aspects of the project; and

e  Other project-related business.

Minutes of the meetings will be prepared by the contractor and submitted to the
DON. Daily reports will be prepared by the Project Superintendent and the PQCM and
submitted to the ROICC during the field construction activities. Weekly reports will be
prepared by the Project Manager and submitted to the RPM, NAVWPNSTA IR Program
Coordinator, and the ROICC during the field construction activities.

8.5.2 Monthly Project Meetings

The project manager will provide a written status update to the SWDIV RPM
prior to each monthly meeting. The meeting notes will succinctly provide the status of
each major phase of work, and any new, outstanding, or complete activities. All
outstanding and new activities will have a designated party and date for follow-up. The
PM (or his designate) will attend the monthly meeting to provide clarification or
additional data as needed. The project meetings are attended by the regulatory
representatives, the base IR coordinator, the ROICC, the SWDIV technical manager, and
the SWDIV RPM as well as other contractors and are an important opportunity to address
outstanding issues. These meetings will be scheduled on the GANTT chart.

HY0888\Site 70 Full-Scale Design Report - Draft_20060823.doc 75



D R AF T - For Discussion Purposes Only GeoSyntec Consultants

8.5.3 Quarterly Status Meetings — Project Team

An internal project team teleconference meeting will be scheduled on a quarterly
basis. This meeting will provide for a review of the ongoing activities, scheduling issues,
staffing needs, and deliverable schedules. These meetings will be documented with
meeting notes and will provide action items as needed. These meetings will evaluate
system performance issues and provide for interactive communication regarding project
issues. Prior to the meeting, a brief agenda will be disseminated to provide some focus to
the meeting. These meetings are intended to provide value added input to the project
performance and to coordinate activities amongst a far flung project team.
Subcontractors may be included on the calls on an as needed basis.

8.5.4 Restoration Advisory Board Meetings

An initial RAB meeting will be scheduled prior to the start of the field work. This
meeting will advise the community RAB members of the proposed actions the DON will
implement for each phase. The project schedule anticipates one RAB meeting per year
during the first 5 year period to maintain communication and to provide updates on the
performance monitoring results. Prior to each new phase being implemented, the RAB
will be notified and presented with a summary of the activities and schedule. The RAB
meeting where the project will be presented will be attended by the PM (or his designate)
and other project team members as needed to provide the information. Handouts for the
project team presentations will be provided to RAB members. The contractor will note
any questions or issues presented by the RAB and make every effort to provide responses
to these comments to the DON for their submittal to the RAB.

8.5.5 Yearly Status and Performance Enhancement Report to Navy

The EISB contractor will provide a summary of the performance monitoring
results in a technical memo format. This technical memo will document data collection
results for the year, summarize field activities, and provide recommendations on ways to
enhance the system performance. These evaluations will include an assessment of the
monitoring program and its effectiveness in evaluating the system performance. The
technical memorandum will document any findings during the year on system
performance, failures, or problems. The yearly status report will be prepared as an
internal DON document and will be generated in draft and final format.
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Table 3.1
Potential Federal Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

. . - _— ARAR
Location Requirement Prerequisite Citation Determination Comments

Hazardous Waste Control Act

Within 61 meters (200 New treatment, storage, or disposal ~ RCRA hazardous waste; 22 CCR 66264.18(a) Not an ARAR The nearest active fault with Holocene movement is the

feet) of a fault displaced in  of hazardous waste prohibited. treatment, storage, or Newport-Inglewood Fault, approximately 8 miles southwest

Holocene time. disposal of hazardous waste. of NAVWPNSTA Seal Beach.

Within 100-year floodplain  Facility must be designed, RCRA hazardous waste; 22 CCR 66264.18(b) Not an ARAR Potential groundwater treatment plant site locations and
constructed, operated, and treatment, storage, or extraction wells are not within the 100-year floodplain (as
maintained to avoid washout. disposal of hazardous waste. defined by FEMA).

Within salt dome Placement of noncontainerized or RCRA hazardous waste, 22 CCR 66264.18 (c) Not an ARAR Based on geologic information presented in ERSE, salt

formation, underground bulk liquid hazardous waste placement. domes, mines, or caves do not exist at or in the vicinity of

mine, or cave. prohibited. NAVWPNSTA Seal Beach.

Executive Order 11988, Protection of Floodplains

Within floodplain. Actions taken should avoid adverse  Action that will occur ina 40 CFR 6, Appendix A;  Notan ARAR Although not surveyed, areas directly adjacent to
effects, minimize potential harm, floodplain (i.e., lowlands) excluding Sections NAVWPNSTA Seal Beach IR Site 70 within the Seal Beach
and restore and preserve natural and  and relatively flat areas 6(2)(2), 6(a)(4), 6(a)(6); city boundary are mapped as “Zone X” - areas lying outside
beneficial values. adjoining inland and coastal 40 CFR 6.302 of the 500-year floodplain. None of the proposed extraction

waters and other flood-prone wells or on-site treatment facilities is within the FEMA-
areas. delineated floodplain.

National Archeological and Historical Preservation Act

Within area where action ~ Construction on previously Alteration of terrain that Substantive ARAR An archeological survey for NAVWPNSTA Seal Beach

may cause irreparable undisturbed land would require an threatens significant requirements of 36 CFR indicates the presence of 186 out of the 250 structures

harm, loss, or destruction  archeological survey of the area. scientific, prehistoric, 65, 40 CFR 6.301(3), 16 surveyed as eligible for contributing to a historic district.

of significant artifacts. historic, or archeological USC Section 469 Buildings at IR Site 70 are listed.

data.
National Historic Preservation Act, Section 106
Historic property owned or  Action to preserve historic Property included in or Substantive ARAR An archaeological survey of NAVWPNSTA Seal Beach

controlled by federal properties; planning of action to

agency. minimize harm to properties listed
on or eligible for listing on the
National Register of Historic Places.
HY0888
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eligible for the National
Register of Historic Places.

requirements of 36 CFR
800, 40 CFR 6.301(b),
16 USC, Section 470
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indicates the presence of 186 out of 250 structures that are
eligible as elements contributing to a historic district.
Buildings at IR Site 70 are included.
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Location Requirement

Table 3.1 (continued)
Potential Federal Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

Prerequisite

Citation

ARAR
Determination

GeoSyntec Consultants

Comments

Endangered Species Act of 1973

Critical habitat upon which  Action to conserve endangered

endangered species or species or threatened species,

threatened species depend.  including consultation with the
Department of the interior.

Executive Order 11990, Protection of Wetlands

Wetland. Action to minimize the destruction,
loss, or degradation of wetlands.

Clean Water Act, Section 404

Wetland. Action to prohibit discharge of
dredged or fill material into wetland
without permit.

Wilderness Act

Wilderness area. Area must be administered in such a
manner as will leave it unimpaired
as wilderness and preserve its

wilderness character.
National Wildlife Refuge System

Wildlife Only actions allowed under the
provisions of 16 USC Section 668
dd(c) may be undertaken in areas
that are part of the NWR System.

Fish and Wildlife Coordination Act, Section 662

Area affecting stream or Action taken should protect fish or
other water body. wildlife.

HY0888
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Determination of effect
upon endangered or
threatened species or its
habitat.

Wetland as defined by EO
11990 Section 7.

Wetland as defined by EO
11990 Section 7.

Federally owned area
designated as wilderness
area.

Avrea designated as part of
NWR System.

Diversion, channeling, or
other activity that modifies a
stream or other water body
and affects fish or wildlife.

16 USC 1536(a), 50
CFR 402

40 CFR 6, Appendix A;
excluding Sections
6(2)(2), 6(2)(4), 6(2)(6);
40 CFR 6.302

40 CFR 230.10; 40 CFR
231 (231.1, 231.2,231.7,
231.8)

50 CFR 35.1 et seq. 16
USC, Section 1131

50 CFR 27; 16 USC,
Section 668dd

16 USC 662

Page 2 of 4

ARAR

TBC

Not an ARAR

Not an ARAR

ARAR

Not an ARAR

IR Site 70 remedial activities may affect the Seal Beach
NWR, which supports special status species or habitat.

Jurisdictional wetlands at NAVWPNSTA Seal Beach,
identified by U.S. Army Corps of Engineers, are in close
proximity to the sites. IR Site 70 remedial actions will
include measures to prevent or mitigate any expected impacts
on wetlands.

Discharge of dredged or fill material to a wetland is not
planned as part of the response action.

NAVWPNSTA Seal Beach is not in a federally owned
wilderness area.

NAVWPNSTA Seal Beach includes the Seal Beach NWR
and Bolsa Chica Ecological Reserve. NAVWPNSTA Seal
Beach is part of the NWR System.

Response actions are not anticipated to modify a stream or
other water body.
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Table 3.1 (continued)
Potential Federal Location-Specific ARARs

GeoSyntec Consultants

IR Site 70, Naval Weapons Station Seal Beach, California

Location Requirement

Prerequisite Citation

ARAR
Determination

Comments

Wild and Scenic Rivers Act

Within area affecting
national wild, scenic, or
recreational river.

Avoid taking or assisting in action
that will have direct adverse effect
0on scenic river.

Coastal Zone Management Act

Within coastal zone. Conduct activities in a manner
consistent with approved state

management programs.

Activities that affect or may 16 USC 1271 etseq.and Notan ARAR

affect any of the rivers
specified in Section 1276.

Section 7(a), 40 CFR
6.302(e)

Activities affecting the Section 307(c) of 16 TBC
coastal zone, including lands USC 1456(c); also see
hereunder and adjacent 15 CFR 930 and 923.45

shore land.

National Recommended Water Quality Criteria - Correction 1999

Habitat including
freshwater and saltwater
environments.

Establishes water quality standards
for freshwater, saltwater, and
human-health criteria.

Historic Sites, Buildings, and Antiquities Act

Historic sites. Avoid undesirable impacts on

landmarks.
Rivers and Harbors Act of 1890

Navigable waters. Requires permits for structures or
work in or affecting navigable

waters.
Migratory Bird Treaty Act of 1972

Migratory bird area. Protects almost all species of native
birds in the U.S. from unregulated
“take” that can include poisoning at
hazardous waste sites.

Marine Mammal Protection Act

Marine mammal area. Protects any marine mammal in the
U.S., except as provided by
international treaties from

unregulated “take.”

HY0888
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40 CFR 131 Section TBC
304(a)(1) of the Clean
Water Act

Discharge potentially
affecting water quality.

Avreas designated as historic 16 USC 461-467, 40 Not an ARAR
sites. CFR 6.301(a)
Activities affecting 33 USC 403 Not an ARAR

navigable waters.

Presence of migratory birds. 16 USC Section 703 TBC

Presence of marine
mammals.

16 USC 13722) TBC

Page 3 of 4

No wild, scenic, or recreational rivers are at or in the vicinity
of NAVWPNSTA Seal Beach.

NAVWPNSTA Seal Beach is within the Coastal Barrier
Resource System.

Establishes water quality standards for freshwater and
saltwater that are based on current toxicity information.
Where discharges occur to freshwater and saltwater, these
criteria provide guidance.

See comments under National Historic Preservation Act.

NAVWPNSTA Seal Beach is in the vicinity of navigable
waters. However, remedial actions should have no adverse
effect on navigable waters.

IR Site 70 remedial action addresses contaminated
groundwater. Migratory birds are not likely to be exposed to
VOC-affected groundwater or affected by remedial activities.

The project site is in a coastal zone or area that might be
habitat for marine mammals.
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Table 3.1 (continued)
Potential Federal Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

ARAR

Location Requirement Prerequisite Citation Determination Comments
Magnuson Fishery Conservation and Management Act
Fishery under Provides for conservation and Presence of managed 16 USC 1801 et seq. Not an ARAR The project site is not near areas of managed fisheries.
management. management of specified fisheries fisheries.
within specified fishery conservation
zones.
Notes:

Statutes and policies and their citations are provided as headings to identify general categories of potential ARARs for the convenience of the reader. Listing the statutes and
policies does not indicate the DON accepts the entire statutes or policies as potential ARARs. Specific potential ARARs are addressed in the table below each general heading:
only substantive requirements of the specific citations are considered potential ARARSs.

Acronyms/Abbreviations:
ARAR - applicable or relevant and appropriate requirement
CCR —California Code of Regulations
CFR - Code of Federal Regulations
DON - U.S. Department of the Navy
EO - Executive Order
ERSE - Extended Removal Site Evaluation
FEMA — Federal Emergency Management Agency
IR — Installation Restoration
NAVWPNSTA Seal Beach — Naval Weapons Station Seal Beach
NWR - National Wildlife Refuge
RCRA - Resource Conservation and Recovery Act
TBC - to be considered
USC — United States Code
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Table 3.2
Potential State Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

ARAR

Location Requirement Prerequisite Citation A Comments
Determination
Hazardous California Endangered Species Act
Habitat No person shall import, export, Fish and TBC IR Site 70 remedial actions might affect areas that support California-
take, possess, or less any Game Code listed endangered species or habitat. The NAVWPNSTA Seal Beach
endangered or threatened Sections NWR supports endangered species.
species or part or product 2050-2098
thereof.
California Coastal Act of 1976
Coastal Zone Regulates activities associated Public TBC The project site is not in an area governed by this statute.
with development to control Resources
direct significant impacts on Code
coastal waters and to protect Sections
state and national interests in 30000-30900;
California coastal resources. 14 CCR
13001-
13666.4

State Water Resources Control Board and California Regional Water Quality Control Board, Santa Ana Region

Describes water basins in Santa Ana Region.  Public Water System.

Water Quality ARAR

Substantive provisions in Chapters 2 through 4 of the Basin plan are

Establishes beneficial uses of groundwater Control Plan ARARSs. The beneficial uses for the Santa Ana Pressure Subbasin are
and surface water. Establishes water quality for the Santa municipal/domestic use (potential drinking water), agricultural supply,
objectives, including narrative and numerical Ana Basin industrial service supply, and industrial process supply. These uses
standards. Establishes implementation plans (Basin Plan). also apply to the shallow groundwater system at NAVWPNSTA Seal
to meet water quality objectives and protect Beach.
beneficial uses, and incorporates statewide
water quality control plans and policies.
California Ocean Plan of 1997
Ocean and Coastal Waters. Provides for the protection of Discharge California ARAR The remedial actions to be conducted at IR Site 70 may result in
the quality of the ocean waters  potentially Ocean Plan, discharge of treated groundwater to surface waters terminating in the
for use and enjoyment by the affecting water SWRCB ocean.
people of the State, requiring quality. Resolution
the control of discharge of No. 97-026
waste into the ocean waters.
HY0888 Page 1 of 8 DRAFT FOR DISCUSSION PURPOSES ONLY
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Potential State Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

Location Requirement Citation D ARAR Comments
etermination

Aquatic Habitat/ Action must be taken if toxic Fishand Game TBC These code sections prohibit the deposition into state waters of, inter alia,

Species materials are placed where Code 5650(a), petroleum products (Section 5650(a)), factory refuse (Section 5650(b)), and any
they can enter waters of the (b), and () substance deleterious to fish, plants or birds (Section 5650(f)). These are
State. There can be no release substantive, promulgated environmental protection requirements. These
that would have a deleterious requirements impose strict criminal liability on violators. (People v. Chevron
effect on species or habitat. Chemical Company (1983) 143 Cal. App. 3d 50). This imposition of strict

criminal liability imposes a standard that is more stringent than federal law. The
extent to which each subdivision of Section 5650 is relevant and appropriate
depends on the site characterization.

Section 5650 makes it unlawful “to deposit in, permit to pass into, or place
where it can pass into the waters of this state,” enumerated substances as
petroleum products, sawdust, wood shavings, factory refuse, or any other
substances or materials that are deleterious to fish, plant life, or bird life.

Wildlife Species Action must be taken to Fishand Game ARAR This code section prohibits the taking of birds and mammals, including taking
prohibit the taking of birds Code Section by poison. “Take” is defined by Fish and Game Code Section 86 to include
and mammals, including the 3005 (Stats. killing. “Poison” is not defined in the code. Although there is no state authority
taking by poison 1957, c. 456, p. on this point, federal law recognizes that poison, such as Strychnine, may effect

1353, Section incidental taking. (Defenders of Wildlife v. Administrator, Environmental

3005) Protection Agency (1989) 882. F. 2d. 1295). This code section imposes a
substantive, promulgated environmental protection requirement. Because the
remediation of this site involves treatment of contaminants, this section appears
to be applicable and relevant.

Rare Native Plants Action must be taken to Fishand Game TBC Section 1908 imposes a substantive requirement by forbidding any “person” to
conserve native plants, there Code Section take rare or endangered native plants. California Code of Regulations Title 14,
can be no releases and/or 1908 (Added Section 670.2 provides a listing of the plants of California that have been
actions that would have a by Stats. 1977, declared to be Endangered, Threatened or Rare. Fish and Game Code Section
deleterious effect on species c. 1181, p. 67 provides the definition of “person” as any natural person or partnership,
or habitat 3869, Section corporation, limited liability company, trust, or other type of association.

8) Whether the federal government or contractors acting on behalf of the federal
government would fall within the definition is a potential issue. To the extent
that there are rare or endangered plants on site, Section 1908 would be an ARAR
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Location Requirement

Table 3.2 (continued)

GeoSyntec Consultants

Potential State Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

Prerequisite

ARAR

Citation Determination

Comments

Endangered Species Action must be taken to
conserve endangered species,
there can be no releases
and/or actions that would
have a deleterious effect on
species or habitat.

Wildlife / Domestic Species Action must be taken to
prohibit the use of steel-jawed
leghold traps

HY0888
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Fishand Game ARAR
Code Section

2080 (Added

by Stats. 1984,

¢. 1240, Section

2).

Fishand Game TBC
Code Section

3003.1 (Prop. 4,
Section 1

approved Nov.

3, 1998, eff.

Nov. 4, 1998)

Page 3 of 8

This section prohibits the take, possession, purchase or sell within the state, any
species (including rare native plant species), or any product thereof, that the
commission determines to be an endangered or threatened species, or the
attempt of any of these acts. This section is applicable and relevant to the extent
that there are endangered or threatened species in the area which have the
potential of being affected if actions are not taken to conserve the species. This
section prohibits releases and/or actions that would have a deleterious effect on
species or their habitat. This section and applicable Title 14 regulations should
be considered applicable, relevant, and appropriate due to the presence of the
California least tern, the peregrine falcon, the California brown pelican, and the
double-crested cormorant.

California Code of Regulations Title 14 Section 670.2 provides a listing of the
plants of California declared to be Endangered, Threatened or Rare.

California Code of Regulations Title 145 Section 670.5 provides a listing of
Animals of California declared to be endangered or threatened.

California Code of Regulations Title 14 Section 783 et. seq., provides the
implementation regulations for the California Endangered Species Act.

This section prohibits the use of any body gripping trap and provides that it is
unlawful for any person, including an employee of the federal government, to
use or authorize the use of such device to capture any game mammal, fur-
bearing mammal, non-game mammal, protected mammal, or any dog or cat.
This prohibition will not apply in the extraordinary case where the use of such a
device is the only method available to protect human health and safety.
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Table 3.2 (continued)

GeoSyntec Consultants

Potential State Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

Prerequisite

ARAR

Citation Determination

Comments

Action must be taken to
prevent the taking of fully
protected birds

Fully Protected Bird Species /
Habitat

Actions must be taken to
assure that there is “no net
loss” of wetlands acreage or
habitat value. Action must be
taken to preserve, protect,
restore, and enhance
California’s wetland acreage
and habitat values.

Wetlands

HY0888
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Fishand Game ARAR
Code Section

3511 (Added

by Stats. 1970,

c. 1036, p.

1848 Section 4)

Fishand Game TBC
Commission

Wetlands

Policy (adopted

1987) included

in Fish and

Game Code

Addenda

Page 4 of 8

This section provides that it is unlawful to take or possess any of the following
fully protected birds:

American peregrine falcon
Brown pelican
California black rail
California clapper rail
California condor
California least tern
Golden eagle
Greater sandhill crane
Light footed clapper rail
Southern bald eagle
Trumpeter swan
White-tailed kite

. Yuma clapper rail

Although some of the fully protected birds are not typically found in Site 70, this
statute will be considered Applicable and Relevant if any of the above
mentioned fully protected birds or their habitat are found on or near the site.

This policy seeks to provide for the protection, preservation, restoration,
enhancement, and expansion of wetland habitat in California. Further, it
opposes any development or conversion of wetland that would result in a
reduction of wetland acreage or habitat value. It adopts the USFWS definition
of a wetland which utilizes hydric soils, saturation or inundation, and vegetable
criteria, and requires the presence of at least one of these criteria (rather than all
three) in order to classify an area as a wetland. This policy is not a regulatory
program and should be included as a TBC.
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Location

Requirement

Table 3.2 (continued)

GeoSyntec Consultants

Potential State Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

Prerequisite

Citation ARAR

Determination

Comments

Fully Protected Mammals

Fully Protected Reptiles and
Amphibians

Birds

HY0888
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Action must be taken to
ensure that no fully protected
mammals are taken or
possessed at any time

Actions must be taken to
prevent the take or possession
of any fully protected reptile
or amphibian

Action must be taken to avoid
the take or destruction of the
nest or eggs of any bird

Fishand Game TBC
Code section

4700 (Added

by Stats. 1970,

c. 1036, p. 1848
Section 6)

Fishand Game TBC
Code Section

5050 (Added

by Stats. 1970,

c. 1036, p. 1849
Section 7)

Fishand Game ARAR
Code Section
3503

Page 5 of 8

This section prohibits the take or possession of any of the fully protected
mammals or their parts. The following are fully protected mammals:

Morro Bay kangaroo rat

Bighorn sheep except Nelson bighorn sheep

Northern elephant seal

Guadalupe fur seal

Ring-tailed cat

Pacific right whale

Salt-marsh harvest mouse

Southern sea otter

. Wolverine

Although some fully protected mammals are not typically found in Site 70, this
statute will be considered Applicable and Relevant if any of the above
mentioned fully protected mammals or their habitat are found on or near the site.

This section prohibits the take or possession of fully protected reptiles and
amphibians or parts thereof. The following are fully protected reptiles and
amphibians:

a. Blunt-nosed leopard lizard

b. San Francisco garter snake

¢. Santa Cruz long-toed salamander

d. Limestone salamander

e. Black toad

Although some fully protected reptiles and amphibians are not typically found
in Site 70, this statute will be considered Applicable and Relevant if any of the
above mentioned fully protected reptiles or amphibians or their habitat are found
on or near the site.

This section prohibits the take, possession, or needless destruction of the nest or
eggs of any bird, except as otherwise provided by this code or any regulation
made pursuant thereto.
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Location

Requirement

Potential State Location-Specific ARARs

Table 3.2 (continued)

GeoSyntec Consultants

IR Site 70, Naval Weapons Station Seal Beach, California

Prerequisite

Citation

Determination

ARAR

Comments

Birds of Prey

Non-Game Birds

Fur-Bearing Mammals

Non-Game Mammals

HY0888
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Action must be taken to
prevent the take, possession,
or destruction of any birds-of-
prey or their eggs

Actions must be taken to
prevent the take of non-game
birds

Provides manners under
which fur-bearing mammals
may be taken

Action must be taken to avoid
the take or possession of non-
game animals

Fishand Game TBC
Code Section

3503.5 (Added

by Stats. 1985,

¢. 1334, Section

6)

Fish and Game
Code Section
3800 (Added
by Stats. 1971,
c. 1470, p.
2906, Section
13)

TBC

Fishand Game TBC
Code Section

4000 et. Seq.

(Stats. 1957, c.

456, p. 1380,

Section 4000)

Fish and Game
Code Section
4150 (Added
by Stats. 1971,
c. 1470, p.
2907, Section
21)

TBC

Page 6 of 8

This section prohibits the take, possession, or destruction of any birds in
the orders of Falconifromes or Strigifromes (birds-of-prey) or to take,
possess, or destroy the nest or eggs of any such bird except as otherwise
provided by this code or any regulation adopted pursuant thereto. This
section will be applicable and relevant if such species or their eggs are
located on or near the site.

This section prohibits the take of non-game birds, except in accordance
with regulations of the commission, or when related to mining
operations with a mitigation plan approved by the department. This
section further provides requirements concerning mitigation plans
related to mining. This section is applicable and relevant if non-game
birds or their eggs are located on or near the site and such species have
not been included in the Fish and Wildlife Conservation Plan filed
pursuant to the Federal Fish and Wildlife Conservation Act. Species
included in the plan will be protected at the federal standard making this
section an ARAR to the extent that it is more stringent than the federal
standard of protection.

This section provides that a fur-bearing mammal may be taken only with a
trap, a firearm, bow and arrow, poison under a proper permit, or with the
use of dogs

Non-game mammals are those occurring naturally in California which
are not game mammals, fully protected mammals, or fur-bearing
mammals. These mammals, or their parts, may not be taken or
possessed except as provided in this code or in accordance with
regulations adopted by the commission.
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Table 3.2 (continued)

GeoSyntec Consultants

Potential State Location-Specific ARARs
IR Site 70, Naval Weapons Station Seal Beach, California

ARAR

Location Requirement Prerequisite Citation A Comments
Determination
Non-Game Animals Action must be taken to avoid Title 14 TBC This Regulation provides that non-game birds and mammals may not be taken.

the take of non-game California a. The following non-game birds and mammals may be taken except as

mammals except as provided Code of provided in Chapter 6: English sparrow, starling, coyote, weasels, skunks,

in applicable regulations Regulations opossum, moles and rodents (excludes tree and flying squirrels, and those listed
(CCR) as furbearers, endangered, or threatened species);
E#;L?R/ 372' b. Fallow, sambar, sika, and axis deer may be taken concurrently with the
07/01/74 general deer season;

Tidal Invertebrates

Protected Amphibians

HY0888
Design Report\Table 3.2.doc

Action must be taken to avoid
the take or possession of
mollusks, crustaceans, or
other invertebrates

Action must be taken to avoid
the take or possession of
protected amphibians

Fish and ARAR
Game Code

Section 8500

(Added by

Stats. 1972,

c. 1248, p.

2436,

Section 2,

eff. Dec. 13,

1972)

Title 14 ARAR
CCR

Sections 40

(Section 40
designated

effective

03/01/74)
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¢. Aoudad, mouflon, tahr, and feral goats may be taken all year; and

d. American crows may be taken only under provisions of Section 485 and by
landowners or tenants, or person authorized by landowners or tenants, when
American crows are committing or about to commit depredations upon
ornamental shade trees, agricultural crops, livestock, or wildlife, or when
concentrated in such numbers and manner as to constitute a health hazard or
other nuisance. If required by Federal regulations, landowners or tenants shall
obtain a Federal migratory bird depredation permit before taking any American
crows or authorizing any other person to take them.

Although some of the non-game birds and mammals are not typically found in
Site 70, this statute will be Applicable and Relevant if any of the above
mentioned non-game birds and mammals or their habitat are found on or near
the site.

It is unlawful to possess or take, unless otherwise expressly permitted in this
chapter, mollusks, crustaceans, or other invertebrates, unless a valid tidal
invertebrate permit has been issued. The taking, possessing, or landing of such
invertebrates pursuant to this section shall be subject to regulations adopted by
the commission.

This regulation makes it unlawful to capture, collect, intentionally kill or injure,
possess, purchase, propagate, sell, transport, import, or export any native reptile
or amphibian, or parts thereof unless under special permit from the department
issued pursuant to Title 14 CCR, Sections 650, 670.7, or 783 of these
regulations, or as otherwise provided in the Fish and Game Code or these
regulations.
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Location

Requirement

Potential State Location-Specific ARARs

Table 3.2 (continued)

GeoSyntec Consultants

IR Site 70, Naval Weapons Station Seal Beach, California

Prerequisite

ARAR

Citation Determination

Comments

Furbearing Mammals

Furbearing Mammals

Action must be taken to avoid
take

Provides methods of take for
other forbearing mammals
not listed in Title 14 CCR,
Section 460

Title 14 CCR, ARAR
Section 460

(effective

07/01/59)

Title 14 CCR, TBC
Section 465

(effective

07/01/69)

Regulation makes it unlawful to take fisher, marten, river otter, desert kit
fox, and red fox.

Although some of the mammals are not typically found in Site 70, to the
extent that the red fox, which is highly possible to occur in the area, or its
habitat is found on or near Seal Beach NWS, this section will be an
ARAR.

Furbearing mammals not listed specifically in Title 14 CCR Section 460
and listed in 14 CCR, Section 461, 462, 463, and Section 464 may be
taken only with a firearm, bow and arrow, or with the use of dogs, or
traps in accordance with the provisions of Section 465.5 of Title 14 and
Section 3003.1 of the Fish and Game Code. Although these mammals
may not be currently present in Site 70, if one is found on or near Site 70
at some future date, this section will become applicable and relevant.

Notes:

Statutes and policies and their citations are provided as headings to identify general categories of potential ARARSs for the convenience of the reader. Listing the statutes and
policies does not indicate the DON accepts the entire statutes or policies as potential ARARs. Specific potential ARARs are addressed in the table below each general heading:
only substantive requirements of the specific citations are considered potential ARARSs.

Acronyms/Abbreviations:

ARAR - applicable or relevant and appropriate requirement
CCR - California Code of Regulations
DON - U.S. Department of the Navy

IR — Installation Restoration

NAVWPNSTA Seal Beach — Naval Weapons Station Seal Beach
NWR - National Wildlife Refuge
SWRCB - State Water Resources Control Board

TBC - to be considered

HY0888
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GeoSyntec Consultants

Table 3.3
Remedial Action Objectives
IR Site 70
Naval Weapons Station Seal Beach, California

Remediation Goal*

Constituent of Concern Exposure Route Receptor(s) (ng/L)

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

Trichloroethene Ingestion Future residential 5
groundwater users

Vinyl chloride Ingestion Future residential 0.5
groundwater users

Chloroform Ingestion Future residential 100

groundwater users

Note:

! The EISB performance and MNA monitoring results will be periodically reviewed, including a
trend analysis of the remediation performance to evaluate progress towards meeting the remedial
action objectives (RAQOs). The site numerical model will be periodically updated and recalibrated
to evaluate whether RAOs can be met and the time required to achieve the RAOs. Reevaluation of
the RAOs may be required at a future date, depending on the trends in remedial performance.

* based on ARARs-based maximum contaminant level

Acronyms/Abbreviations:
ARAR - applicable or relevant and appropriate requirement
EISB — enhanced in situ bioremediation
IR — Installation Restoration (Program)
MNA — monitored natural attenuation
RAO - Remedial Action Objective
pg/L-micrograms per liter
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Table 4.1

Source Treatment Design Basis

IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

. . Well Total Effective Well Proposed Target | Target Oil
Treatment Area Aquifer Unit Spacing | Porosity® | Porosity” Screen Screen ROI ¢ Dose®
Targeted Length ¢ Interval
(ft) (ft) (depth bgs) (ft) (%)
Source Grid Treatment Upper Fines Unit 20 0.40 0.33 30 25-55 10 0.5%
Source Biobarrier First Sand Unit 24 0.34 0.28 45 60-105 12 0.5%

Notes

#Estimated from soil collected during RDO activities (GeoSyntec 2006).

® Effective porosity is assumed to be 83 percent of total porosity, based on grain size evaluation (Technical Memorandum No. 5, Table | 2, BNI, 1999b).

“Based on estimated thickness of these units in this region of the aquifer.
¢ Estimated from pilot EVO injections conducted during RDO activities (GeoSyntec 2006).
¢Based on theoretical stoichiometric demand. Reported as % oil. (i.e ., EVO dose is ~twice the oil dose).

Acronyms/Abbreviations
ft - feet

bgs - below ground surface
ROI - radius of influence

RDO - remedial design optimization
EVO - emulsified vegetable oil
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Table 4.2 GeoSyntec Consultants
Summary of Biobarrier and Source Area Design Details
IR Site 70, Naval Weapons Station Seal Beach, California

a) Selected Remedial Design

Estimated Target Target .
Total KB:
. . Biobarrier TOte.iI NP -of Duration of well Proposed Target | Target Oil Target BVO | Target Water Amendment | KB-1™ | Total EVO Total ° iM AnFI(EIpaFed
Treatment Aquifer Unit Injection . . Screen Screen Volume per | Volume per Water 1 Reinjection
Zone Area Targeted Length Wells Biobarrier Length Interval ROl Dose Well Well Volume per | Dose per | - Volume Volume | Vol Frequenc)
9 Operation 9 Well Well olume a y
(ft) (vears)” (ft) (depth bgs) (ft) (%) (gal)® (gal) (gal)® (8] (gal) (gal) (L) (years)
Source | Source Grid Treatment| Upper Fines Unit - 57 U 30 25-55 10 0.5% 234 23,032 23,266 3 13,338 1,326,162 171 U
Source Biobarrier First Sand Unit 325 14 U 45 60-105 12 0.5% 476 46,851 47,327 3 6,664 662,578 42 6
Biobarrier FS-1 First Sand Unit 820 35 14 45 60-105 12 0.5% 476 46,851 47,327 3 16,660 | 1,656,445 105 6
Biobarrier FS-2 First Sand Unit 685 29 16 35 65-100 12 0.5% 370 36,440 36,810 3 10,730 | 1,067,490 87 5
Plume Base
Case Biobarrier SH-1 Shell Horizon 725 37 8 25 105-130 10 0.5% 194 19,110 19,304 3 7,178 714,248 111 10
Scenario Biobarrier SH-2 Shell Horizon 630 32 13 25 105-130 10 0.5% 194 19,110 19,304 3 6,208 617,728 96 10
Biobarrier SS-1 Second Sand Unit 525 22 11 40 125-165 12 0.5% 423 41,645 42,068 3 9,306 925,496 66 15
b) Other Design Alternatives Evaluated
Estimated Target Target .
Total KB
. . Biobarrier | Total No. of | Duration of well Proposed Target | Target Oil Target EVO | Target Water Amendment | KB-1™ | Total EVO Total ™ An_tl(ilpa_ted
Treatment Aquifer Unit I . . Screen Screen Volume per | Volume per Water 1 Reinjection
Zone Area Targeted Length Injection Biobarrier Length Interval ROI Dose well Well Volume per | Dose per | Volume Volume | Vol Frequenc
g Wells Operation 9 Well Well olume a Y
(ft) (vears)” (ft) (Depth BGS) (ft) (%) (gah® (gal) (gah® L) (gal) (gal) L) (years)
Biobarrier FS-1 First Sand Unit 625 27 8 45 60-105 12 0.5% 476 46,851 47,327 3 12,852 | 1,277,829 81 6
Biobarrier FS-2 First Sand Unit 675 29 8 45 60-105 12 0.5% 476 46,851 47,327 3 13,804 | 1,372,483 87 6
Plume Biobarrier FS-3 First Sand Unit 685 29 8 35 65-100 12 0.5% 370 36,440 36,810 3 10,730 | 1,067,490 87 5
Allieerﬂgt?ve Biobarrier SH-1 Shell Horizon 725 37 8 25 105-130 10 0.5% 194 19,110 19,304 3 7,178 714,248 111 10
1 Biobarrier SH-2 Shell Horizon 690 35 8 25 105-130 10 0.5% 194 19,110 19,304 3 6,790 675,640 105 10
Biobarrier SH-3 Shell Horizon 630 32 10 25 105-130 10 0.5% 194 19,110 19,304 3 6,208 617,728 96 10
Biobarrier SS-1 Second Sand Unit 525 22 11 40 125-165 12 0.5% 423 41,645 42,068 3 9,306 925,496 66 15
Biobarrier FS-1 First Sand Unit 625 27 8 45 60-105 12 0.5% 476 46,851 47,327 3 12,852 | 1,277,829 81 6
Biobarrier FS-2 First Sand Unit 675 29 8 45 60-105 12 0.5% 476 46,851 47,327 3 13,804 | 1,372,483 87 6
Plume Biobarrier FS-3 First Sand Unit 685 29 8 35 65-100 12 0.5% 370 36,440 36,810 3 10,730 | 1,067,490 87 5
Design
Alternative Biobarrier SH-1 Shell Horizon 725 37 8 25 105-130 10 0.5% 194 19,110 19,304 3 7,178 714,248 111 10
2 Biobarrier SH-2 Shell Horizon 630 32 8 25 105-130 10 0.5% 194 19,110 19,304 3 6,208 617,728 96 10
Biobarrier SS-1 Second Sand Unit 525 22 11 40 125-165 12 0.5% 423 41,645 42,068 3 9,306 925,496 66 15
Notes

# Amendment volumes were calculated assuming a cylindrical distribution of fluid around each injection point, and accounting for the effective porosity of the soil, the targeted saturation of the oil, and the oil distribution efficiency around each injection point as quantified during RDO activities (GeoSyntec 2006).
® Treatment duration was estimated as the time required to achieve a maximum trichloroethene concentration of 200 pg/L upgradient of each biobarrier as determined from numerical modeling (see Appendix A).
©Longevity is dependent upon rate of TCE degradation and TCE DNAPL mass in the subsurface, which is currently unknown.

Acronyms/Abbreviations

ft - feet

% - percent

gal - gallons

L - liters

U- Unknown

bgs - below ground surface

RDO - remedial design optimization
TCE - trichloroethene

Hg/L - micrograms per liter
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Table 4.3
Summary of Analytes
IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

ANALYTE

INFORMATION OBTAINED FROM ANALYTE

MONITORING PROGRAM

Volatile Organic Compounds

Dissolved Hydrocarbon Gases
(ethene, ethane, methane)

Iron/Manganese/Arsenic

Inorganic Anions

Sulfide

Total Organic Carbon
Volatile Fatty Acids
(acetic, butyric, lactic, propionic)

Dehalococcoides (DHC)

Depth to Water

Field Parameters
(pH, DO, ORP, spc, turbidity,
temperature)

Quantify degradation of target chlorinated compounds

Ethene and ethane are complete degradation products; secondary indicator of
degradation of target compounds
Methane indicator of reducing conditions; also a health and safety issue

Secondary groundwater quality parameters; may be mobilized due to inducement of
reducing conditions in groundwater

Declining nitrate and sulfate concentrations indicative of reducing conditions
Increasing chloride concentrations is an indicator of reduction of chlorinated VOCs

Indicator of sulfate reduction. Also a health and safety issue if forms hydrogen sulfide

Qualitative indicator of presence of electron donor

VFA:s are breakdown products of the electron donor; qualitative indicator of presence
of electron donor

Measures levels of Dehalococcoides group of bacteria responsible for degradation of
cDCE to VC and ethene
Indicator of bioaugmented culture growth and persistence

Monitor fluctuations of the water table to track groundwater flow direction

DO and ORP are measures of anaerobic conditions; other parameters are monitored to
ensure there is no negative effect on secondary groundwater chemistry

PMW, MNA

PMW, MNA

PMW

PMW

PMW

PMW

PMW

PMW, MNA

PMW, MNA

PMW, MNA

HY0888
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GeoSyntec Consultants

Table 4.3
Summary of Analytes
Site 70, Naval Weapons Station Seal Beach, California

Acronyms/Abbreviations

cDCE - cis-1,2-dichloroethene

MNA — monitored natural attenuation
DO - dissolved oxygen

ORP - oxidation reduction potential
PMW - performance monitoring well
spc — specific conductance

VC —vinyl chloride

VFAs - volatile fatty acids

VOC:s - volatile organic compounds
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D R AF T - For Discussion Purposes Only GeoSyntec Consultants

TABLE 4.4

SUMMARY OF MONITORING PROGRAM - SOURCE AREA
IR SITE 70, NAVAL WEAPONS STATION SEAL BEACH, CALIFORNIA

Targeted | Treatment Monitoring Screened Fun_ctio_n of Well in . .
Zone Unit Area Locations® Intervals ® Monitoring Program Rationale for Well Selection
PMWP® | MNA | POC
PMW-1A 25 t0 35 ft bys v Located in area of elevated [TCE] (4 mg/L), possible
DNAPL
PMW-1B 45 to 55 ft bgs v
Located in very high concentration zone, likely
-70- v
o MW-70-27 25 to 35 ft bgs DNAPL present
i
Treatment MW-70-28 50 to 60 ft ng v
Upper i v Monitor MNA of higher [TCE] to assess need for
Fines MNA-1 4010 50 ft bgs contingency, sentinel well for migration of plume
@ MNA-2 3510 45 ft bgs 4 . - N
3] Sentinel wells for monitoring plume migration
= MNA-3 35to 45 ft bgs 4
n MW-70-02 20 to 30 ft bgs v Upgradient Point of Compliance
i -70- v
Poml'g of MW-70-10 30 t0 40 ft bgs Crossgradient Point of Compliance
Compliance | \Mw-70-17 | 30 to 40 ft bgs v
MW-70-22 20 to 30 ft bgs v Downgradient Point of Compliance
PMW-2A | 70to 80 ft bgs v Upgradient wells for monitoring concentration
First Source PMW-2B 90 to 100 ft bgs v influx into biobarrier
sand | Conwinment | PMW-3A | 70to 80 ft bgs v Downgradient from biobarrier, to evaluate
Biobarrier PMW-3B 90 to 100 ft bgs v concentrations leaving biobarrier
IW-SC-6 60 to 105 ft bgs v Within biobarrier, provides EISB performance data
Notes

 Screen intervals are approximate and may be adjusted in the field according to the local soil lithology. Monitoring well screen intervals should be consistent with
injection well screens, and may be modified as necessary in the field.

® PMW wells will be used to evaluate the ongoing effectiveness of the EISB program and evaluate the need for biobarrier maintenance, including EVO reinjections,
rebioaugmentation, etc.

¢ Monitoring well locations may be found on Figure 4.1. Point of compliance well locations may be found on Figure 4.7.
Acronyms/Abbreviations

ft bgs — feet below ground surface MNA — monitored natural attenuation
DNAPL - dense non-aqueous phase liquid PMW - performance monitoring well
EISB - enhanced in situ bioremediation [TCE] - trichloroethene concentration

EVO - emulsified vegetable oil

HY0888 Page 1 of 1 8/24/2006
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D R AF T - For Discussion Purposes Only GeoSyntec Consultants

TABLE 4.5

SUMMARY OF MONITORING PROGRAM - DOWNGRADIENT PLUME
IR SITE 70, NAVAL WEAPONS STATION SEAL BEACH, CALIFORNIA

Function of Well in
Zone Ta&%ﬁ:ed Tr?:\:;r;ent '\Ijlggalt?orr']rslg |ii£?~\e/2ffa Monitoring Program Rationale for Well Selection
PMW® | MNA | POC
MW-70-38 80 to 100 ft bas v Upgradient well for monitoring concentration
g influx into biobarrier
I\W-ES1-18 60 to 105 ft bas v Within biobarrier, provides performance data
9 along plume core
PMW-6A 70 to 80 Tt bgs Y Downgradient from biobarrier, to evaluate
PMW-6B 90 to 100 ft bgs v concentrations leaving biobarrier in plume core
- v . L .
PMW-4A 7010 80 ft bgs Upgradient well for monitoring concentration
PMW-4B 90 to 100 t bgs v influx into biobarrier
Within biobarrier, provides performance data in
§ . q Biobarrier IW-FS1-8 60 to 105 ft bgs v lower [TCE] area (EVO may persist longer in this
5 | FirstSan FS-1 area than plume core)
o
PMW-5A 70 to 80 Tt bgs Y Downgradient from biobarrier, to evaluate
PMW-5B 90 to 100 ft bgs v concentrations leaving biobarrier in plume fringe
RDO-5 65 to 105 ft bgs 4
MNA-6 80 to 90 ft bgs 4 Evaluate MNA of plume
MNA-17 80 to 90 ft bgs 4
MNA-15 80 to 90 ft bgs v
Sentinel wells for monitoring plume migration
MNA-16 80 to 90 ft bgs v
HY0888 Page 1 of 4 2/24/2006
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TABLE 4.5 (continued)

GeoSyntec Consultants

SUMMARY OF MONITORING PROGRAM - DOWNGRADIENT PLUME
IR SITE 70, NAVAL WEAPONS STATION SEAL BEACH, CALIFORNIA

Function of Well in
Zone Targe_ted Treatment Momtprmg Screeneda Monitoring Program Rationale for Well Selection
Unit Area Locations Intervals b
PMW MNA | POC
PMW-7A 6510 75 ft bgs v Upgradient well for monitoring concentration
influx into biobarrier
PMW-7B 85 to 95 ft bgs v
IW-FS2-16 65 to 100 ft bgs v Within biobarrier, provides performance data
along plume core
Biobarrier Downgradient well for monitoring concentrations
- v
FS-2 PMW-8A 6510 75 ft bgs leaving biobarrier
PMW-8B 85 t0 95 ft bs v Downgradient well for monitoring concentrations
leaving biobarrier
First Sand MNA-7 75 to 85 ft bgs v Sentinel Well
MNA-8 75 to 85 ft bgs v Evaluate MNA of plume core
g POC Well 1 80 to 90 ft bgs v Upgradient point of compliance
>
o Point of MW-70-11 80 to 100 ft bgs v Crossgradient point of compliance
Compliance MW-70-35 90 to 100 ft bgs v Crossgradient point of compliance
MW-70-16 95 to 105 ft bgs v Downgradient point of compliance
PMW-9 115 0 125 ft bgs v Upgradient vyell for mon_ltorlng concentration
influx into biobarrier
IW-SH1-13 105 to 130 ft bgs v Within biobarrier, provides performance data
along plume core
Shell Biobarrier Downgradient from biobarrier, to evaluate
. . v :
Horizon SH-1 PMW-10 11510 125 ftbgs concentrations leaving biobarrier
RDO-6A 115 to 125 ft bgs v Evaluate MNA of plume core
MNA-11 115 to 125 ft bgs v Sentinel well for monitoring plume migration
HY0888 Page 2 of 4
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TABLE 4.5 (continued)

GeoSyntec Consultants

SUMMARY OF MONITORING PROGRAM - DOWNGRADIENT PLUME
IR SITE 70, NAVAL WEAPONS STATION SEAL BEACH, CALIFORNIA

Function of Well in
Zone Targe_ted Treatment Momtprmg Screeneda Monitoring Program Rationale for Well Selection
Unit Area Locations Intervals b
PMW MNA | POC
PMW-11 115 1o 125 ft bgs v Upgradient \{vell for monitoring concentration
influx into biobarrier
Within biobarrier, provides performance data
Shell Biobarrier IW-SH2-16 105 to 130 ft bgs v along plume core
Horizon SH-2 i i i
PMW-12 115 0 125 ft bgs v Downgradient from bloparrle_r, to eyaluate
concentrations leaving biobarrier
MNA-9 115 to 125 ft bgs 4 Evaluate MNA of plume core
PMW-13A 130 to 140 ft bgs v Upgradient well for monitoring concentration
PMW-13B 150 to 160 ft bgs v influx into biobarrier
IW-SSI-9 125 10 165 ft bgs v Within biobarrier, provides performance data
along plume core
(5]
§ PMW-14A 1300 140 ft bgs v Downgradient from biobarrier, to evaluate
= Biobarri . N .
o IOSSa-Ter PMW-14B 150 to 160 ft bgs v concentrations leaving biobarrier
MNA-14 140 to 150 ft bgs v
Sg:ﬁgd Evaluate MNA of plume core
MNA-12 140 to 150 ft bgs v
MNA-13 140 to 150 ft bgs v
Sentinel Well
MW-70-15 160 to 170 ft bgs v
MW-70-23 110 to 130 ft bgs 4 Crossgradient point of compliance
Point of . . .
. -70- v
Compliance MW-70-36 150 to 160 ft bgs Crossgradient point of compliance
MW-70-21 150 to 170 ft bgs v Downgradient point of compliance
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D R AF T - For Discussion Purposes Only GeoSyntec Consultants

TABLE 4.5 (continued)

SUMMARY OF MONITORING PROGRAM - DOWNGRADIENT PLUME
IR SITE 70, NAVAL WEAPONS STATION SEAL BEACH, CALIFORNIA

Function of Well in
Zone Targe_ted Treatment Momtprmg Screeneda Monitoring Program Rationale for Well Selection
Unit Area Locations Intervals b
PMW MNA | POC
POC Well 2 190 to 200 ft bgs v Crossgradient point of compliance
E Deep Point of P ] : :
0_3_ Sand Compliance POC Well 3 190 to 200 ft bgs Crossgradient point of compliance
POC Well 4 190 to 200 ft bgs v Downgradient point of compliance
Notes

#Screen intervals are approximate and may be adjusted in the field according to the local soil lithology. Monitoring well screen intervals should be consistent with
injection well screens, and may be modified as necessary in the field.

*PMW wells will be used to evaluate the ongoing effectiveness of the EISB program and evaluate the need for biobarrier maintenance, including EVO reinjections,
rebioaugmentation, etc.

¢ Monitoring well locations may be found on Figure 4.2 (First Sand Unit), 4.3 (Shell Horizon), and 4.4 (Second Sand Unit).

Acronyms/Abbreviations

EISB — enhanced in situ bioremediation
EVO - emulsified vegetable oil

MNA - monitored natural attenuation
PMW - performance monitoring well
POC - point of compliance

[TCE] - trichloroethene concentrations
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Table 5.1

Injection Well Construction Details

IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

Well Location Aquifer Unit Well Total Total Feet of Top of Screen Bottom of Screen (ft

Depth' Screen® (ft bgs)* bgs)*
Source Area Grid Treatment Upper Fines 60 30 25 55

Source Area Biobarrier First Sand Unit 110 45 60 105
Biobarrier FS-1 First Sand Unit 110 45 60 105
Biobarrier FS-2 First Sand Unit 105 35 65 100
Biobarrier SH-1 Shell Horizon 135 25 105 130
Biobarrier SH-2 Shell Horizon 135 25 105 130
Biobarrier SS-1 Second Sand Unit 170 40 125 165

Notes
* All construction details are subject to changes in the field due to lithology.

Acronyms/Abbreviations
FS-First Sand

ft bgs-feet below ground surface
IR-Installation Restoration
SH-Shell Horizon

SS-Second Sand
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Table 5.2

Monitoring Well Construction Details
IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

Top of Bottom of
WeI.I Well Location well 2 Aquifer Unit well To'lcal Total Fee} Screzn (ft Screen (ft
Function Depth Depth of Screen bas): 1
gs) bgs)
. A Upper Fines 40 10 25 35
Source Grid Treatment Area B Upper Fines 80 10 5 £5
Source Containment Biobarrier A F!rst Sand Un!t 85 10 70 80
B First Sand Unit 105 10 90 100
Biobarrier ES-1 A F!rst Sand Un!t 85 10 70 80
PMW B F!rst Sand Un!t 105 10 90 100
Biobarrier ES-2 A F!rst Sand Un!t 80 10 65 75
B First Sand Unit 100 10 85 95
Biobarrier SH-1 -- Shell Horizon 130 10 115 125
Biobarrier SH-2 -- Shell Horizon 130 10 115 125
Biobarrier SS-1 A Second Sand Un!t 145 10 130 140
B Second Sand Unit 165 10 150 160
Source Grid Treatment Area -- Upper Fines 50/55° 10 35/40° 45/50°

Biobarrier FS-1 -- First Sand Unit 95 10 80 90
MNA B_iobarr_ier FS-2 -- First Sand_Unit 90 10 75 85
Biobarrier SH-1 -- Shell Horizon 130 10 115 125
Biobarrier SH-2 -- Shell Horizon 130 10 115 125
Biobarrier SS-1 -- Second Sand Unit 155 10 140 150
First Sand Crossgradient -- First Sand 95 10 80 90
POC Deep Sand Crossgradient -- Deep Sand 205 10 190 200
Deep Sand Downgradient -- Deep Sand 205 10 190 200

Notes

* All construction details are subject to changes in the field due to lithology.

2\Well depth “A” corresponds to shallower wells denoted as “PMW-#A", and well depth “B” corresponds to deeper wells denoted as “PMW-#B” installed in the same location (i.e., well nest).
¥ MNA-1 will be screened between 40 and 50 ft bgs. The remainder of the MNA wells within the Source Grid Treatment Area will be screened from 35 to 45 ft bgs.
Acronyms/Abbreviations

FS-First Sand

ft bgs-feet below ground surfac

IR-Installation Restoration

SH-Shell Horizon

SS-Second Sand

PMW-Performance Monitoring Wells

POC-Point of Compliance

MNA-Monitored Natural Attenuation Wells
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Table6.1

Equipment Inventory and Needs For EISB Injection
IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

Quantity
Equipment Required Comments
§ Submersible Pump (0 to 40 gpm) 10 1inch braided PVC w/ camlock
% Electrical Cable Extension for Submersible Pump 10 long enough to reach power source
5 Stainless Steel Cable 10 @ 165 ft  [cable connection to stabilize pump in extraction well
fg Submersible Pump Hose 10 @ 165ft |1 inch braided PVC w/ camlock
5 Extraction Well Flow Control Valves 10 w/ camlock
% Pump Flow Control System (recirculation line or electronic
% controller) 10 prevent extraction pump over pressure and control flow rate
é Pressure gauge 10
10} Extraction Lines 130 @50ft [2inch braided PVC hose w/ camlock
Trailer for EVO Distribution System 1 Size=17ft
4 inch PVC pipe with 10 inlet connectors 1 inlet connectors capable of being capped
Sediment Bag Filter Vessels 2 plumbed in parallel. Size =200 gpm
g Inline Bag Filters (140 mesh/104um) 30 prevent sands from entering distribution system
2 |ainchBall valves 4
5 Compound Pressure Gauge 4 0to+/- 100 psi
E Pressure Reducing Valves 1 reduce effluent pressure to <100 psi
] 4 inch PVC Pipe for Header Assembly 30ft Schedule 80 PVC
g 2 inch Globe Valves 5
a Dosmatic I njector 5 A40-2.5% emulsion
3 2inch Ball Vaves 22
% Dosmatic Water Meter/Totalizer 5 11050 GPM
= 2 inch PVC Pipe for Dosmatic Assemblies 10ft Schedule 40 PV C w/ suitably sized couplings
% 4 inch PVC Distribution Header 1 w/ 10-channels but able to modify to include more
= 4 inch PVC Pipe for Distribution Manifold Assembly 10ft Schedule 40 PV C w/ suitably sized couplings
Injection Well Water Meters/Totalizers 10 3/4to 30 GPM
Flow Control Valves (needle or globe) 10 coordinate with injection well meters. w/camlock
Injection Delivery Lined 130 @ 50 ft |2 inch braided PV C hose w/ camlock
%‘ 4 inch Flange and Gasket pairing 20 flanged seal to each injection well
5 2inch Clear PVC Pipe 20t
< 2inch PVC Cross 20
B |2inch shutoff Ball valve 20 wicamlock
= |2inchvent Ball vave 20
=2 Compound Pressure Gauge 1 0to +/- 100 psi
Generators (or Power Supply) 3(1) supporting extraction pumps and booster pump
Closed Top Tank (6,500 gal) 2 rent, storage of anoxic water generation for KB-1™ addition
Polyethylene Storage Tank (1,000 gal) 3 rent, cleaning fluid for injection equipment
Water Level Tape 1 rent or purchase
Fire Hose ~500ft  |rent or purchase (to anoxic water tank for KB-1™ addition)
© Hose guard/ ramp or trenching 1 rent if hose or electrical crosses traffic thoroughfare
% Water Meter (City of Seal Beach) 2 rent from City
o Connex Boxes (40 ft x 8 ft) 1 rent, storage of onsite EVO totes
Spill Kits 3
Secondary Containment of Staged EVO 1
Argon Gas Cylinders 41 80ft3
Pallet Jack 1 low cost ($100)
Gradall fork lift 1 rent to unload totes on arrival

Acronyms/Abbreviations

gpm - gallons per minute

ft - feet

2 - cubic feet

PVC - poly vinyl chloride

Um - micrometers

psi - pounds per square inch
ga - galon

EVO - emulsified vegetable oil

HY 0888
Design Report\Tables\TablesforDesignDoc

DRAFT FOR DISCUSSION PURPOSES ONLY

2/24/2006
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Table 6.2
Summary of Injection Stages, Amendment Volumes, and Estimated Injection Duration - Source Area and Source Biobarrier
IR Site 70, Naval Weapons Station Seal Beach, California

SOURCE AREA
Total .
Lo Injection Extraction Well Number IW Target Oil Target EVO Total EVO | Total Water | Amendment A_mtlg:npated Tgtal Total | Total Vo!ume EVO Injection Total
Injection Stage q q Wells In Each Volume Per Injection Rate| Anticipated |[Target KB- Anoxic X Estimated
Well Group Group Group Dose Well Volume Volume Volume Per Well Injection Rate | 1™ Dose Water Duration Time
(%)’ (gal)® (gal)® (gan)’ (gal)® (gpm)’ (gpm) (95 (gal)® (days)* (days)®
1 Group 1 Group 2 9 0.5% 234 2,106 207,288 209,394 10 90 27 3,600 3.9 7
2 Group 2 Group 3 9 0.5% 234 2,106 207,288 209,394 10 90 27 3,600 3.9 7
3 Group 3 Group4 10 0.5% 234 2,340 230,320 232,660 10 100 30 4,000 3.9 7
4 Group 4 Group 5 10 0.5% 234 2,340 230,320 232,660 10 100 30 4,000 3.9 7
5 Group 5 Group 6/ Group 2 10 0.5% 234 2,340 230,320 232,660 10 100 30 4,000 3.9 7
6 Group 6 Group 5 4 0.5% 234 936 92,128 93,064 5 20 12 1,600 7.8 12
7 Group 7 Group 2 5 0.5% 234 1,170 115,160 116,330 5 25 15 2,000 7.8 12
TOTAL 57 13,338 171 59
SOURCE BIOBARRIER
Total .
Lo Injection Extraction Well Number IW Target Oil Target EVO Total EVO | Total Water | Amendment A_mtlg:npated Tgtal Total | Total Vo!ume EVO Injection Total
Injection Stage q q Wells In Each Volume Per Injection Rate| Anticipated |[Target KB- Anoxic X Estimated
Well Group Group Group Dose Well Volume Volume Volume Per Well Injection Rate | 1™ Dose Water Duration Time
(%)’ (gal)® (gal)® (gan)’ (gal)® (gpm)’ (gpm) (95 (gal)® (days)* (days)®
1 Group 1 Group 2 7 0.5% 476 3,332 327,957 331,289 10 70 21 4,480 7.9 12
2 Group 2 Group 2 3 0.5% 476 1,428 140,553 141,981 10 30 9 1,920 7.9 12
3 Group 2 Group 1 4 0.5% 476 1,904 187,404 189,308 5 20 12 2,560 15.8 21
TOTAL 14 6,664 42 45

Notes:

# EVO injection based on 10 hour days.

® Total estimated time for injection includes 3 days for equipment setup, testing, and decommissioning. For injections that will require more than 5 working days, one extra day is included for cleaning of the equipment after every five days for weekend
storage.

¢ Anoxic water required for KB-1 injections.

¢ See Figure 6.1 for locations of injection and extraction wells.

¢ See Table 4.2 for a summary of design details and assumptions.

" Based on achivable injection rates during RDO activities (GeoSyntec 2006) and accounting for longer screened interval.

Acronyms/Abbreviations

% - percent

gal - gallons

L - liters

gpm - gallons per minute

% - percentage

EVO - emulsified vegetable oil
IW - injection well
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Table 6.3
Summary of Injection Stages, Amendment Volumes, and Estimated Injection Duration - Biobarriers FS-1 and FS-2
IR Site 70, Naval Weapons Station Seal Beach, California

BIOBARRIER FS-1

Total .
Lo Injection Extraction Well Number IW Target Oil Target EVO Total EVO | Total Water | Amendment A_mtlg:npated Tgtal Total | Total Vo!ume EVO Injection Total
Injection Stage q q Wells In Each Volume Per Injection Rate| Anticipated |[Target KB- Anoxic X Estimated
Well Group Group Group Dose Well Volume Volume Volume Per Well Injection Rate | 1™ Dose Water Duration Time
(%)° (gah)® (gah)® (gal)® (gah)® (gpm)’ (gpm) (55 (gal)® (days)® (days)®
1 Group 1 Group 4/Group 2 9 0.5% 476 4,284 421,659 425,943 10 90 27 5,760 7.9 12
2 Group 2 Group 3 9 0.5% 476 4,284 421,659 425,943 10 90 27 5,760 7.9 12
3 Group 3 Group 2 9 0.5% 476 4,284 421,659 425,943 5 45 27 5,760 15.8 22
4 Group 4 Group 1 8 0.5% 476 3,808 374,808 378,616 5 40 24 5,120 15.8 22
TOTAL 35 16,660 105 68
BIOBARRIER FS-2
Total -
_ Injection Extraction Well Number IW Target Oil Target EVO Total EVO | Total Water | Amendment A.m".:'pamd ‘_I'c_)tal Total Total Vo_lume EVO Injection Total
Injection Stage q q Wells In Each Volume Per Injection Rate| Anticipated |Target KB- Anoxic X Estimated
Well Group Group Group Dose well Volume Volume Volume Per Well Injection Rate | 1™ Dose Water Duration Time
(%)° (gan® (gan® (gah)® (gan® (gpm)’ (gpm) (B (gan® (days)® (days)”
1 Group 1 Group 2 10 0.5% 370 3,700 364,400 368,100 10 100 30 5,000 6.1 10
2 Group 2 Group 3 10 0.5% 370 3,700 364,400 368,100 9 90 30 5,000 6.8 11
3 Group 3 Group 2 9 0.5% 370 3,330 327,960 331,290 5 45 27 4,500 12.3 17
TOTAL 29 10,730 87 38

Notes:

® EVO injection based on 10 hour days.

® Total estimated time for injection includes 3 days for equipment setup, testing, and decommissioning. For injections that will require more than 5 working days, one extra day is included for cleaning of the equipment after every five days for weekend
storage.

¢ Anoxic water required for KB-1 injections.

9 See Figure 6.2 for locations of injection and extraction wells.

¢ See Table 4.2 for a summary of design details and assumptions.

" Based on achivable injection rates during RDO activities (GeoSyntec 2006) and accounting for longer screened interval.

Acronyms/Abbreviations

% - percent

gal - gallons

L - liters

gpm - gallons per minute

% - percentage

EVO - emulsified vegetable oil
IW - injection well
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Table 6.4
Summary of Injection Stages, Amendment Volumes, and Estimated Injection Duration - Biobarriers SH-1, SH-2 and SS-1
IR Site 70, Naval Weapons Station Seal Beach, California

BIOBARRIER SH-1

Total .
Lo Injection Extraction Well Number IW Target Oil Target EVO Total EVO | Total Water | Amendment A_mtlg:npated Tgtal Total | Total Vo!ume EVO Injection Total
Injection Stage Well G g G q Wells In Each Dose Volume Per Volume Volume Volume Injection Rate| Anticipated |[Target KB- Anoxic Duration Estimated
ell Group roup Group Well Per Well Injection Rate | 1™ Dose Water Time
(%)’ (gal)® (gal)® (gan)’ (gal)® (gpm)’ (gpm) (55 (gal)® (days)* (days)®
1 Group 1 Group 2/Group 3 10 0.5% 194 1,940 191,100 193,040 5 50 30 3,500 6.4 10
2 Group 2 Group 3 9 0.5% 194 1,746 171,990 173,736 5 45 27 3,150 6.4 10
3 Group 3 Group 4 9 0.5% 194 1,746 171,990 173,736 5 45 27 3,150 6.4 10
4 Group 4 Group 3 9 0.5% 194 1,746 171,990 173,736 2.5 23 27 3,150 12.9 18
TOTAL 37 7,178 111 48
BIOBARRIER SH-2
Total -
Lo Injection Extraction Well Number IW Target Oil Target VO Total EVO | Total Water | Amendment A.m".:'pamd ‘_I'c_)tal Total Total Vo_lume EVO Injection Total
Injection Stage Well G q G q Wells In Each Dose Volume Per Volume Volume Volume Injection Rate| Anticipated |Target KB- Anoxic Duration Estimated
ell Group roup Group Well Per Well Injection Rate | 1™ Dose Water Time
(%)° (gan® (gan® (gah)® (gan® (gpm)’ (gpm) Ly (gan)® (days)® (days)®
1 Group 1 Group 2 8 0.5% 194 1,552 152,880 154,432 5 40 24 2,800 6.4 10
2 Group 2 Group 3 8 0.5% 194 1,552 152,880 154,432 5 40 24 2,800 6.4 10
3 Group 3 Group 4 8 0.5% 194 1,552 152,880 154,432 5 40 24 2,800 6.4 10
4 Group 4 Group 3 8 0.5% 194 1,552 152,880 154,432 25 20 24 2,800 12.9 18
TOTAL 32 6,208 96 48
BIOBARRIER SS-1
Total .
Lo Injection Extraction Well Number IW Target Oil Target EVO Total EVO | Total Water | Amendment A_mtlg:npated Tgtal Total | Total Vo!ume EVO Injection Total
Injection Stage Well G q G q Wells In Each Dose Volume Per Volume Volume Volume Injection Rate| Anticipated |[Target KB- Anoxic Duration Estimated
ell Group roup Group Well Per Well Injection Rate | 1™ Dose Water Time
(%)’ (gal)® (gal)® (gan)’ (gal)® (gpm)’ (gpm) (55 (gal)® (days)* (days)®
1 Group 1 Group 2/Group 3 8 0.5% 423 3,384 333,160 336,544 25 200 24 4,480 2.8 6
2 Group 2 Group 3 7 0.5% 423 2,961 291,515 294,476 25 175 21 3,920 2.8 6
3 Group 3 Group 2 7 0.5% 423 2,961 291,515 294,476 125 88 21 3,920 5.6 10
TOTAL 22 9,306 66 22

Notes:

# EVO injection based on 10 hour days.

® Total estimated time for injection includes 3 days for equipment setup, testing, and decommissioning. For injections that will require more than 5 working days, one extra day is included for cleaning of the equipment after every five days for weekend
storage.

¢ Anoxic water required for KB-1 injections.

“ See Figure 6.3 (Biobarrier SH-1 and SH-2) and Figure 6.4 (SS-1) for locations of injection and extraction wells.

¢ See Table 4.2 for a summary of design details and assumptions

" Based on achivable injection rates during RDO activities (GeoSyntec 2006) and accounting for longer screened interval.

Acronyms/Abbreviations

% - percent

gal - gallons

L - liters

gpm - gallons per minute

% - percentage

EVO - emulsified vegetable oil
IW - injection well

HY0888 DRAFT FOR DISCUSSION PURPOSES ONLY
Design Report\Tables\TablesforDesignDoc.xls 2/24/2006
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Table 6.5
Analytical Requirements
IR Site 70, Naval Weapons Station Seal Beach, California

Analyte Method Container Preservation Volume Hold Time
. . . HCL pH<2
Volatile Organic Compounds 8260B VOA vial Store at 4 °C (+ 2) 3 x40 mL 14 days
Dissolved Hydrocarbon Gases . Storeat 4°C
(ethene, ethane, methane) RSK 175 VOA vial +-2°C 2x40mL 14 days
Dissolved = 6010B plastic HNO; to pH<2 1000 mL 6 months
Iron/Manganese/Arsenic 8
NOj3 48 hours
Inorganic Anions - Store at 4 °C Cl 14 days
Nitrate/Nitrite/Chloride/Sulfate 300.0 plastic +-2°C 250 mL SO,% 28 days
NO, 48 hours
. . Storeat 4°C
Sulfide 376.2 plastic (+/- 2 °C), NaOH 500 mL 7 days
415.1 single
Total Organic Carbon burn/9060 plastic sulfuric acid 500 mL 14 days
quadruple burn
Volatile Fatty Acids :
(acetic, butyric, lactic, 300M plastic Sto:f_azto‘é c 500 mL 28 days
propionic)
) - Store at 4°C
Dehalococcoides (DHC) PCR 16S rRNA plastic +-2°C 1L 7 days
Depth to Water Waterg;‘;”d'”g NA NA NA NA
Field Parameters lon Specific
(pH, DO, ORP, spc, turbidity, P NA NA NA NA
Electrode
temperature)
Acronyms/Abbreviations
NA - not applicable mL — milliliters
PCR - polymerase chain reaction HCL - hydrochloric acid
spc — specific conductance HNO; — nitric acid
DO - dissolved oxygen NaOH — sodium hydroxide
ORP - oxidation reduction potential NOjs™- nitrate
°C — degrees Celsius NO, - nitrate
L - liters Cl - chloride
VOA - volatile organic analysis S0,% - sulfate
DHC - Dehalococcoides
HY0888 DRAFT FOR DISCUSSION PURPOSES ONLY
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Table 6.6

Tentative Sampling Schedule For First Five Years of Operation

IR Site 70, Naval Weapons Station Seal Beach, California

Event Baseline *° Quarterly (Year One Only) Semi-Annually Annually
Zone Treatment Area | Monitoring Well well S T I A BT ~ gmm - ~ - < o ° ~ o < o ° "o gmm - ~ - >
p S ol B l|2w|l © iy S o | = S 8} T |23 8} iy 8}
Pncion | B QI E| 2SS S(BE| k(e 2| eS| || E|E|S|e|E|aE|E |||z
PMW -1A PMW X X X X X X X X X X X X X X X X X X
PMW-1B PMW X X X X X X X X X X X X X X X X X X
MW-70-27 PMW X X X X X X X X X X X X X X X X X X X X
Grid Treatment MW-70-28 PMW X X X X X X X X X X X X X X X X X X X X
MNA-1 MNA X X X X X X X
§ MNA-2 MNA X X X X X X
3 MNA-3 MNA X X X X X X
PMW-2A PMW X X X X X X X X X X X X X X X X
PMW-2B PMW X X X X X X X X X X X X X X X X
Source Biobarrier IW-SC-6 PMW X X X X X X X X X X X X X X X X X X X X
PMW-3A PMW X X X X X X X X X X X X X X X X
PMW-3B PMW X X X X X X X X X X X X X X X X
MW-70-38 PMW X X X X X X X X X X X X X X X X
IW-FS1-18 PMW X X X X X X X X X X X X X X X X X X X X
PMW-6A PMW X X X X X X X X X X X X X X X X
PMW-6B PMW X X X X X X X X X X X X X X X X
PMW-4A PMW X X X X X X X X X X X X X X X X
PMW-4B PMW X X X X X X X X X X X X X X X X
. . IW-FS1-8 PMW X X X X X X X X X X X X X X X X X X X X
Biobarrier FS-1
PMW-5A PMW X X X X X X X X X X X X X X X X
PMW-5B PMW X X X X X X X X X X X X X X X X
RDO-5 MNA X X X X X X X
MNA-6 MNA X X X X X X X
MNA-15 MNA X X X X X X
MNA-16 MNA X X X X X X
MNA-17 MNA X X X X X X X
E PMW-7A PMW X X X X X X X X X X X X X X X X
E PMW-7B PMW X X X X X X X X X X X X X X X X
IW-FS2-16 PMW X X X X X X X X X X X X X X X X X X X X
Biobarrier FS-2 PMW-8A PMW X X X X X X X X X X X X X X X X
PMW-8B PMW X X X X X X X X X X X X X X X X
MNA-7 MNA X X X X X X X
MNA-8 MNA X X X X X X X
PMW-9 PMW X X X X X X X X X X X X X X X X
IW-SH1-13 PMW X X X X X X X X X X X X X X X X X X X X
Biobarrier SH-1 PMW-10 PMW X X X X X X X X X X X X X X X X
RDO-6A MNA X X X X X X X
MNA-11 MNA X X X X X X
PMW-11 PMW X X X X X X X X X X X X X X X X
. . IW-SH2-16 PMW X X X X X X X X X X X X X X X X X X X X
Biobarrier SH-2
PMW-12 PMW X X X X X X X X X X X X X X X X
MNA-9 MNA X X X X X X X
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Table 6.6

Tentative Sampling Schedule For First Five Years of Operation
IR Site 70, Naval Weapons Station Seal Beach, California

Event Baseline *° Quarterly (Year One Only) Semi-Annually Annually
Zone Treatment Area | Monitoring Well ~ . < o . ~ = - ~ - < - . ~ ™ ~ o - ~ B . o ™ .
Well 2818 E| 29| E|s8| el 8|85 2|8|al8|8|5|2|g|&|z8|¢x]|8]8]¢
Fanction |\ B S0 F | 218 RSB B E S F ||| S T ||| 5|k 5| S |F|5
PMW-13A PMW X X X X X X X X X X X X X X X X
PMW-13B PMW X X X X X X X X X X X X X X X X
IW-SSI-9 PMW X X X X X X X X X X X X X X X X X X X X
© PMW-14A PMW X X X X X X X X X X X X X X X X
E Biobarrier SS-1 PMW-14B PMW X X X X X X X X X X X X X X X X
o MNA-12 MNA X X X X X X X
MNA-13 MNA X X X X X X
MNA-14 MNA X X X X X X X
MW-70-15 MNA X X X X X X
MW-70-02 POC X X X X X X X X X X
Upper Fines MW-70-10 POC X X X X X X X X X X
- MW-70-17 POC X X X X X X X X X X
= MW-70-22 POC X X X X X X X X X X
= POC Well 1 POC X | X | X[ X | X[ X]| x| X X | X
2 - MW-70-11 POC X | X | X | X | X| X | X| X X X
K= First Sand
= MW-70-35 POC X X X X X X X X X X
5 MW-70-16 POC X | X [ X[ X | X[ X ]| X] X X | X
o MW-70-23 POC X[ x| x| x| x| x| x] x X [ X
2 Second Sand MW-70-36 POC X | x| x| x| x|[x]|x]| x X | X
S MW-70-21 POC X | X | X | X | X | X | X X X X
POC Well 2 POC X | X | X[ X | X ]| X[ X X X X
Deep Sand POC Well 3 POC X X X X X X X X X X
POC Well 4 POC X X X X X X X X X X
Notes

-

~

w

~

3

=

-~

©

©

in that area.

X indicates that a sample is to be collected.

PMW - Performance Monitoring Well

POC - Point of Compliance Well
MNA - Monitoring Natural Attenuation Well

Field Parameters (FP) are pH, dissolved oxygen, oxidation-reduction potential, specific conductance, temperature, turbidity and depth to water.
VOCs are Chlorinated Volatile Organic Compounds (EPA Method 8260B).
DHGs are Dissolved Hydrocarbon Gases (i.e. methane, ethene and ethane).
Anions to be analyzed for are chloride, sulfate, nitrate and nitrite.

Volatile Fatty Acids (VFAS).
Total Organic Carbon (TOC).
Total sulfides.

Dissolved Metals include iron, manganese and arsenic.

DNA Assay for Dehalococcoides (DHC).
* Baseline VOC and field parameter samples will be obtained from every fourth injection well prior to EVO injections to better characterize the VOC distribution across the width of the plume and confirm the need for EVO injections
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Figure 2.5

This detailed station map has been deleted from the
Internet-accessible version of this document as per
Department of the Navy Internet security regulations.
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Figures 3.1, 4.1 through 4.4

These detailed station maps have been deleted from the
Internet-accessible version of this document as per
Department of the Navy Internet security regulations.
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Figure 4.7

This detailed station map has been deleted from the
Internet-accessible version of this document as per
Department of the Navy Internet security regulations.
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Figures 6.1 through 6.4

These detailed station maps have been deleted from the
Internet-accessible version of this document as per
Department of the Navy Internet security regulations.
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Figure 8.1

Proposed Project Schedule

IR Site 70

Naval Weapons Station Seal Beach, California

[2008 [2009

| | [ [ \ tr \ tr3a | \ tr 1 tr2 | tr 3 tr
Fri 12/30/11 —

ID ﬂ ‘Task Name Duration Start Finish [2007
1 Phase 1-Source Area 1312 days Mon 10/30/06 |
2 E Task 1-Meetings 1312 days  Mon 10/30/06 Fri 12/30/11 ‘
3 E Task 2-Pre-Field Activities 45 days Wed 11/1/06 Tue 1/9/07 _
4 E Task 3-Well Construction 73 days Mon 1/8/07 Thu 4/19/07 _
5 E Task 4-EVO/KB-1 Injection 1142 days Thu 4/26/07 Wed 10/26/11

6 E Task 5-Demobilization 15 days Thu 6/21/07 Fri 7/13/07

7 E Task 6-Monitoring 1164 days Thu 4/19/07 Fri 11/18/11

8 E Task 7-Data Evaluation 1169 days Thu 4/26/07 Fri 12/2/11

9 E Task 8-Reporting 1065 days Thu 10/4/07 Wed 12/14/11

10

11 Phase 2-First Sand 1303.8 days Tue 10/2/07 Fri 11/9/12

12 E Task 1-Meetings 1303.1 days Tue 10/2/07 Thu 11/8/12

13 E Task 2-Pre-Field Activities 60 days Wed 10/3/07 Wed 1/2/08

14 E Task 3-Well Construction 80 days Wed 1/2/08 Wed 4/23/08

15 E Task 4-EVO/KB-1 Injection 1152 days Wed 4/30/08 Thu 11/1/12

16 E Task 5-Demobilization 14 days Fri 7/25/08 Wed 8/13/08

17 E Task 6-Monitoring 1162 days Wed 4/23/08 Thu 11/8/12

18 E Task 7-Data Evaluation 1035days  Thu 10/23/08 Fri 11/9/12

19 E Task 8-Reporting 1010 days Mon 12/1/08 Fri 11/9/12

20

21 Phase 3-Second Sand 1306.8 days Thu 10/2/08 Tue 11/5/13

22 E Task 1-Meetings 1303.3 days Thu 10/2/08  Wed 10/30/13
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APPENDIX A: DETAILS OF NUMERICAL MODELING

A.1l. INTRODUCTION

This Appendix provides a description of the numerical groundwater flow and
transport model that was developed to aid optimization of the design of the
bioremediation program for treatment of the dissolved phase plume at Installation
Restoration (IR) Program Site 70. Groundwater Flow and Transport models are useful
tools to allow scientists and engineers to simulate future conditions at a site. Models are
capable of taking into account numerous variables in three dimensions and, through an
iterative process utilizing complex algorithms, can produce simulations of future
contaminant concentrations. A modeling process was implemented for the design phase
of the remediation system due to the complexity of the site conditions at IR Site 70 and
the number of possible permutations needing assessment.

The model was utilized to determine the optimum physical dimensions, location,
number, and operational longevity of the biobarriers to be placed on Site. The model
incorporates the currently known extent of TCE impacted groundwater and is based upon
the assumption that source area treatment is completed (i.e., that no DNAPL, sorbed
phase or dissolved phase TCE remained in the source area following source area
treatment) prior to the start of the optimization simulations without any change in the
known extents of TCE impacted groundwater. This assumption is not unreasonable
given the presence of the Source Containment Biobarrier (see Section 4.3.1.1 for details),
which will mitigate any further mass contribution to the plume from the source area.

The numerical model was based upon the Site conceptual model presented in the
Pilot Study Appendix of the Remedial Design (GeoSyntec, 2006). Sections A.2 and A.3
provide overviews of the conceptual and numerical models, respectively. Section A.4
presents the numerical model calibration, and Section A.5 contains a discussion of the
results of the design optimization simulations along with the degree and significance of
uncertainties in the model. Section A.6 provides a summary of limitations inherent with
the modeling process.

A.2. SITE CONCEPTUAL MODEL

Section 2.5 provides details on the current Site conceptual model. A summary of
the information relevant to the development of the numerical model is provided below.
Results of the Extended Removal Site Evaluation [ERSE; Bechtel National Inc. (BNI),
1998] and subsequent investigations (GeoSyntec, 2006) have shown that volatile organic
compounds (VOCs), primarily trichloroethene (TCE), have migrated downward through
the shallow stratigraphic units into deeper zones. The highest VOC concentrations in
groundwater are located in the Upper Fines Unit in the source area, but VOCs are also

1



Draft for Discussion Purposes Only

present downgradient at lower concentrations in the underlying First Sand, Shell Horizon
and Second Sand Units. The deeper portion of the plume, in the First Sand, Shell
Horizon and Second Sand Units, has migrated beyond IR Site 70. The conceptual model
and the subsequent numerical model focus on the area of the plume within and beyond IR
Site 70 and includes stratigraphic units where VOCs have been consistently detected.

A.2.1 Hydrogeology

A.2.1.1 Aquifer System

The site-specific hydrogeologic units are shown in Figure 2.4 (Section 2.5.1).
The units include the Upper Fines, the First Sand, the Shell Horizon (Fine-grained
Sands), the Shell Horizon (Interbedded Clays), the Second Sand, the Deep Clay, and the
Deep Sand Unit. The Upper Fines Unit comprises three zones: a shallow zone of
surficial soils and recent clayey sediments; an intermediate zone of interbedded silts,
clays, and sandy silts, and clays that includes the semi-perched zone; and a lower zone of
interbedded silts, clays, and fine to coarse-grained, silty to clayey sands. Coarser-grained
soils (sand and silty sand) dominate the First Sand Unit, Shell Horizon (Fine-grained
Sands), and Second Sand Unit. The Shell Horizon transitions from interbedded clays,
silts, fine-grained sands and shell layers to a predominantly fine-grained sand between
RDO-3A/B and RDO-6A/B (GeoSyntec, 2006). The Deep Clay Unit is a locally
continuous layer composed of interbedded fine-grained material (clay and silt)
(Geosyntec, 2006). The Deep Sand is similar in character to the Second Sand Unit
(GeoSyntec, 2006). A more detailed description of Site geology is presented in Section
2.5.1. The water table is located in the Upper Fines Unit (BNI, 2000).

A.2.1.2 Hydraulic Properties and Boundaries

A 5-day pumping test and a 3-month pilot test were performed using well
EW-70-01, screened in the Upper Fines Unit (BNI, 1991a,b). A step-discharge pumping
test was performed in wells screened within the upper portion of the First Sand Unit, and
slug tests were performed in the middle and lower portions of the First Sand Unit, and
within the Second Sand Unit (BNI, 1999a). The aquifer parameters measured in these
tests that were used in the numerical model are listed in Table A.1.

Natural hydrogeologic boundaries within or adjacent to the Site appear to be
absent with the exception of a wetland area to the southeast of the Site. Regional
hydrogeologic boundaries beyond the study area (e.g., groundwater divide, river, or
ocean) are sufficiently distant from IR Site 70 such that they are unlikely to affect the
model development for IR Site 70 (BNI, 2000).
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A.2.1.3 Sources and Sinks

Recharge from precipitation infiltrating within IR Site 70 is expected to be small
due to land use at the Site. Recharge beyond IR Site 70 is possible in areas of bare soil
and unlined stormwater channels, most significantly in areas of agricultural irrigation and
domestic lawn watering (BNI, 2000).

Groundwater discharge occurs at water supply wells that were identified in the
ERSE Report (BNI, 1998). These supply wells are located beyond IR Site 70, but within
the Navy property, and are screened below the Deep Clay Unit identified at IR Site 70
(BNI, 1998).

Water level data collected during the ERSE investigation (BNI, 1998), EW-70-01
pumping test (BNI, 1999a), and EW-70-01 pilot test (BNI, 1998b) indicate seasonal
water level fluctuations within a range of approximately 7 feet or more at monitoring
wells in the Upper Fines Unit, First Sand Unit, and Second Sand Unit. Potentiometric
head differences between the Upper Fines Unit and the First Sand Unit range from an
average of 0.2 ft near the source area to an average of 2.0 ft in downgradient areas near
the toe of the plume. Head differences between the First and Second Sand Units are
much less and typically average around 0.4 ft near the toe of the plume (GeoSyntec,
2006).

The horizontal hydraulic gradient is generally south-southeasterly within the
Upper Fines and First Sand Units, and trends to the southeast in the Second Sand Unit
(Geosyntec, 2006). A discussion of the magnitude, direction and variability of hydraulic
gradients is presented in Section 2.5.3.

A.2.2 Plume Interpretation

The spatial distribution of contaminants at IR Site 70, based on groundwater
sampling data collected during the 3rd quarter 2005 groundwater sampling event and the
PILOT STUDY activities, was interpolated and visualized by GeoSyntec using the
kriging algorithm in C Tech’s Environmental Visualization Systems (EVS) software
(GeoSyntec, 2006). Figure 2.5 shows the distribution of sampling locations for the data
included in the dataset, including well screen interval depths. The contaminant
distribution at IR Site 70, based upon the interpretation of these data, is illustrated in
Figures 2.6 to 2.22 and is discussed in Section 2.5.5. These figures show high TCE
concentrations (>1,000 pg/L) near the source area and a dissolved phase plume extending
to the south-southeast.
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A.3. NUMERICAL MODEL DEVELOPMENT

This section describes the modeling codes, grid design, layer discretization,
hydraulic properties, and transport properties that comprise the numerical model used for
the optimization modeling of the plume full-scale bioremediation design. The flow
model properties are summarized in Table A.1, and the transport model properties are
summarized in Table A.2.

A.3.1 Modeling Codes

The groundwater flow and transport modeling codes used to simulate the plume
bioremediation design options were Modular Three-dimensional Groundwater Flow
Model 2000 (MODFLOW2000) (Harbaugh et al., 2000) and Multi-species Transport in
Three-dimensions (MT3D99) (Zheng, 1999), respectively. The groundwater transport
modeling code MT3D99 simulates advection, dispersion, and decay of contaminants in
three dimensional (3-D) flow systems, and also simulates the sequential decay of TCE
through cis-1,2-dichloroethene (cis-1,2-DCE), vinyl chloride (VC), ethene and chloride
through reductive dechlorination. MT3D99 is designed to be used in conjunction with a
block-centered finite difference flow model such as MODFLOW?2000. Both codes were
operated via Waterloo Hydrogeologic’s (WHI) graphical user interface Visual
MODFLOW, Version 4.1.

A.3.2 Model Domain, Grid, and Boundary Conditions

A.3.2.1 Model Domain

The active modeling domain was centered over the geographic centroid of the
plume and extends horizontally 5,600 feet by 5,600 feet and by approximately 200 feet
vertically. A much larger domain was originally generated; however, the domain outside
this local area of interest was set to ‘inactive’, so as to focus the simulations on the fate
and transport of TCE impacted groundwater in the immediate vicinity of IR Site 70 (see
Figure A.1). The domain was rotated approximately 120 degrees from north to align the
grid with the major groundwater flow direction in the Second Sand unit.

A.3.2.2 Model Grid

A variable grid size approach was utilized to refine the model in the areas of
greatest interest. A horizontal grid cell size of 10 feet by 10 feet was used in the vicinity
of biobarriers. A grid cell size of 20 feet by 20 feet was used elsewhere throughout the
delineated plume area. Due to model software constraints, incremental grid refinements
are necessary so as not to introduce artificial instabilities to the model; therefore, the grid



Draft for Discussion Purposes Only

spacing was increased to 80 feet and then to 280 feet approaching the model boundaries.
The active model domain and horizontal grid is shown in Figure A.1.

The model horizontal domain was designed to include the current known location
of the dissolved phase TCE plume. Water supply wells, surface water bodies, injection
wells, etc. in the vicinity of the Site were included implicitly as part of the boundary
conditions applied along the edges of the active model domain. Navy Water Wells Nos.
2, 3 and the City of Seal Beach Well SB-7, which are located in the model domain, are
inactive and were thus not simulated in the model.

The vertical model domain was discretized to seven layers representing the seven
hydrogeologic units from the Upper Fines Unit to the Deep Sand Unit, as shown in
Figure A.2. The shallow, intermediate and deep zones of the Upper Fines Unit were
combined into a single model layer (Layer 1), representing the Upper Fines. The First
Sand, Second Sand, Deep Clay and Deep Sand were each represented by single model
layers (Layers 2, 5, 6 and 7). The Shell Horizon was subdivided into the Shell Horizon
(Interbedded Clays; Layer 4) and Shell Horizon (Fine-grained Sands; Layer 3). The
bottom of the Deep Sand Unit was a no-flow boundary for the model. The layer
thicknesses were variable and set according to the Site conceptual model (GeoSyntec,
2006). Figure A.2 illustrates generalized vertical locations and thicknesses of the seven
model layers.

A.3.2.3 Boundary conditions

A recharge boundary condition was applied to the upper layer of the model. An
average recharge value of 10% of the annual average precipitation rate, equivalent to 1.38
inches peryear (35 mm/year), was calculated through the analysis of 15 years of
precipitation data collected in Long Beach by the University of California, Agriculture
and Natural Resources Department, similar to the model used for the Feasibility Study
(FS; BNI, 2000).

Boundary conditions along the four sides of the model were represented by a line
of constant head cells in the Upper Fines, First Sand, and Second Sand layers. The value
(or values trending linearly, where applicable) of the constant-head boundaries were
selected to simulate average gradients across the Upper Fines, First Sand, Shell Horizon
(Fine-grained Sands), and Second Sand Units that match the average yearly groundwater
flow field, with respect to hydraulic gradient (both horizontal and vertical) direction and
magnitude, and the absolute water level elevation value as discussed in more detail in
Section 2.5.3. The MODFLOW2000 water budget from the final model calibration
simulation indicates that the constant head boundaries chosen lead to reasonable
simulated groundwater flow rates across the Site.
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A.3.3 Flow Model Properties

The flow model layer properties that most significantly affect most model
simulations are the following:
e Horizontal hydraulic conductivity;

e Vertical hydraulic conductivity;
e Specific yield (for the water-table layer 1); and
e Specific storage (for confined layers 2 through 7)

The property values used in the model are summarized in Table A.1l. The
majority of model parameters utilized in the model were calculated from Site data;
however, some were refined to be more representative of Site conditions during the
model calibration procedure. The notes section of Table A.1 lists the sources of data for
the various model input parameters and this section describes the basis for the property
values chosen to be representative of Site conditions in more detail.

Table A.1 presents model layer average elevation and thickness, vertical hydraulic
conductivity ratio (i.e., anisotropy), vertical conductance, total porosity, and effective
porosity. The thickness of the model layers was based on interpolations of hydrogeologic
contact selections kriged in three-dimensions using EVS (GeoSyntec, 2006).

A.3.3.1 Hydraulic Parameters

Layer properties were based on test data, where available, including the constant-
discharge pumping test and pilot test at EW-70-01 (BNI, 1999a and b, respectively), the
step-discharge test at EW-70-02 (BNI, 1999a), pumping tests at EW-70-03 (BNI, 2003),
slug tests in monitoring wells (BNI, 1999a), and a geotechnical laboratory test
(GeoSyntec, 2006). Analysis of the 3-month pilot test and 5-day pumping test at
EW-70-01 provided an estimate of hydraulic conductivity and storage coefficient for the
Upper Fines (BNI, 1999a and b). Slug tests, which provide a measure of hydraulic
conductivity, have been performed in monitoring wells in the Upper Fines Unit, First
Sand Unit and the Shell Horizon (Fine-grained Sands) Unit (see Table D-3, BNI, 1999a).
Remaining properties required for the model were estimated based on literature values,
where appropriate, and adjusted through model calibration as necessary.

The horizontal hydraulic conductivity utilized for the Upper Fines Unit (model
layer 1) was partly based on the pumping test results for EW-70-01, conducted in the
upper portion of the Upper Fines Unit (BNI, 1999a). Based on the reported
transmissivity of 1,531 ft?/day and an average saturated thickness of 15 feet, as indicated
by continuously cored EW-70-02, the hydraulic conductivity of the upper portion of the
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Upper Fines Unit is 102 ft/day (BNI, 1999a). However, the Upper Fines Unit in the
current model also includes a horizon of interbedded finer-grained materials including
silt, clay and fine-grained sand. According to the U.S. Bureau of Reclamation (1981), the
hydraulic conductivity of these materials is on the order of 0.014 ft/day. Therefore, the
hydraulic conductivity of the entire Upper Fines Unit was taken as the weighted average
(based on the average relative thickness) of these two portions of the Upper Fines Unit,
and was estimated to be 1.20 ft/day.

The horizontal hydraulic conductivity for the First Sand Unit (model layer 2), was
taken from slug test results for monitoring wells screened in this unit (BNI, 1999a). Four
tests in the lower portion of the First Sand Unit and partially screened in the higher
conductivity portion of the shell horizon, at wells MW-70-08, MW-70-12, MW-70-13,
and MW70-16, indicate an average hydraulic conductivity of 0.014 cm/s (Table A.1). A
mean value, as opposed to a value from a single slug test, was chosen as more
representative of the average hydraulic conductivity of the First Sand Unit, due to the
variability of reported values (BNI, 1999a).

The Shell Horizon (Fine-grained Sands) Unit (model layer 3) is described in the
ERSE Report as consisting of typically fine- to coarse-grained sand, locally fine to
medium grained, with shell content ranging from trace to over 50 percent (BNI, 1998).
For the model simulations, a horizontal hydraulic conductivity of 0.011 cm/s, as
determined through the analysis of pumping test data (BNI, 2003), was assumed for this
unit.

The horizontal hydraulic conductivities for the Shell Horizon (Interbedded Clay)
Unit (model layer 4) and the Deep Clay Unit (model layer 6) were assumed to be 1 x 10®
cm/s, based on the following literature values: massive clay typically has a hydraulic
conductivity of less than 1 x 107" cm/s (U.S. Bureau of Reclamation, 1981); and silt, clay,
and mixtures of sand, silt, and clay typically have hydraulic conductivities ranging from
1x10*cm/s to 1 x 107 cm/s (U.S. Bureau of Reclamation, 1981). The Shell Horizon
(Interbedded Clay) Unit and the Deep Clay Unit are commonly silty clay with a trace of
sand (and shell fragments in the Shell Horizon), and can include clayey silt, sandy silt,
and silty sand, although clay appears predominant (Geosyntec, 2006). These units are not
considered massive clay, but a value of 1 x 10°° cm/s reflects the predominance of clay
and was chosen as being representative of the units for use in the model.

The horizontal hydraulic conductivity for the Second Sand Unit (model layer 5),
was based on the geometric mean of slug test results for monitoring wells screened in this
unit. Three tests in the Second Sand Unit, at wells MW-70-09, MW-70-14, and
MW-70-15, indicate an average hydraulic conductivity of 0.024 cm/s (BNI, 1999a)
(Table A.1). The slug test results indicate a general increase in hydraulic conductivity
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with depth, which is consistent with the observed increasing proportions of medium- and
coarse-grained sand (BNI, 1999a).

The horizontal hydraulic conductivity for the Deep Sand Unit (model layer 7),
was assumed to be similar but slightly higher than the hydraulic conductivity of the
Second Sand Unit based on the geologic composition. A value of 0.025 cm/s (Table A.1)
was chosen as representative, as this unit is considered to be a similar, but slightly coarser
sand type.

The anisotropy ratios chosen as representative for the model layers are intended to
reflect the observed stratigraphy and the measured head differences between layers. The
ratio of horizontal hydraulic conductivity (Ky) to vertical hydraulic conductivity (Ky) in
the Upper Fines Unit (model layer 1) was found (through model calibration) to be 400:1.
While the Ky:Ky ratio of 400:1 is greater than typical published values (Marsily, 1986),
the interbedded character of the Upper Fines Unit make this ratio reasonable. The Upper
Fines Unit represents sands with high hydraulic conductivities as well as Clays with low
hydraulic conductivities. This wide range of possible hydraulic conductivity values
explains the otherwise greater than normal variance between the two representative
hydraulic conductivities applied to the Upper Fines Unit.

Vertical hydraulic conductivity values determined through the analysis of
constant discharge pumping test data (BNI, 2003), were chosen as representative of Site
conditions for the Shell Horizon (Fine-grained sands) Unit (model layer 3) and the
Second Sand Unit (model layer 5). As discussed in detail in the Final IR Site 70 Aquifer
Test Report (BNI, 2003), when anomalous test results are excluded, the vertical hydraulic
conductivity of the Shell Horizon (Fine-grained sands) Unit and the Second Sand Unit
are calculated to be 2.5 and 4.2 ft/day, respectively. In conjunction with the Ky values
chosen to be representative of Site conditions above, these calculated Ky values give
Ku:Ky ratios of 12.5:1 and 16.2:1 for the Shell Horizon (Fine-grained Sands) Unit and
Second Sand Unit, respectively. The anisotropy ratio of the First Sand Unit (model layer
2) and the Deep Sand (model layer 7) was assumed to be equivalent to the ratio
calculated for the Second Sand (i.e., 16.2:1). The vertical hydraulic conductivity of the
Shell Horizon (Interbedded Clays) Unit (model layer 4) and the Deep Clay Unit (model
layer 6) was assumed to be one fiftieth of the horizontal hydraulic conductivity (Ky:Ky =
50:1), as vertical to horizontal anisotropy ratios between 1 and 100 are considered typical
for soils with a predominance of clay materials (Marsily, 1986). Model calibration
indicated that these calculated anisotropy ratios are representative of Site conditions

The total porosity values shown in Table A.1 were based on geotechnical analyses
of soil samples collected from the Pilot Study wells (GeoSyntec, 2006). The values
chosen to be representative for the model layers were based on the similarity between the
layer geology and the soil description of the geotechnical samples. For example, the soil

8
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description for the RDO-3B geotechnical sample is “fine SAND (SP), 5-10% shells, clay,
clayey sand” (GeoSyntec, 2006) which is similar to the description for the Upper Fines
Unit: “surficial soils and recent clayey sediments, interbedded silts and fine to coarse-
grained, silty to clayey sands.” (GeoSyntec, 2006) Therefore, the total porosity value of
0.40 for the RDO-3B sample was assigned to model layer 1 (the Upper Fines Unit).
Following this method, the assigned total porosities were 0.40 for the finer grained
materials of the Upper Fines Unit, the Shell Horizon (Interbedded Clays) Unit, and the
Deep Clay Unit (model layers 1, 4, and 6, respectively), 0.34 for the First Sand Unit,
Second Sand Unit, and Deep Sand Unit (model layers 2, 5, and 7, respectively) and 0.28
for the Shell Horizon (Fine-grained Sands) Unit (model layer 3). Note that the relatively
low porosity value measured for the Shell Horizon (Fine-grained Sands) geotechnical
sample is caused by the presence of stringers of coarse gravel and shell fragments
(GeoSyntec, 2006). The effective porosity values were assumed to be 83 percent of total
porosity, based on the mean grain-diameter relationship for porosity components
(Marsily, 1986; and Table 1-2, BNI, 1999b).

Representative values chosen for specific yield were based on literature values for
various grain sizes. A specific yield of 0.02 to 0.07 is typical for clay and sandy clay,
0.08 is typical for silt, 0.21 is typical for fine sand, and 0.26 is typical for medium sand
(Johnson, 1967). A value of 0.08 was chosen as representative for the Upper Fines, as
this unit is predominantly clays and silt with some sand. A value of 0.17 was chosen as
representative for the First Sand Unit as this value is the average of the values for silt and
coarse sand. The Shell Horizon (fine-grained sands), which is composed of sands and
silts as well as shell fragments, was assigned a value of 0.14 (the average value for all of
these materials). The Second Sand Unit and the Deep Sand Unit are slightly coarser than
the First Sand Unit; therefore, a slightly higher value of specific yield, 0.18, was chosen
as representative for these units. The Shell Horizon (Interbedded Clay) Unit and the
Deep Clay Unit, which are predominantly clay, were assigned a low specific yield value
of 0.02.

The Upper Fines Unit is unconfined; therefore the storage coefficient (0.08) was
assigned a value equal to the specific yield (Driscoll, 1986). For confined layers, specific
storage is generally 0.0001 per foot (ft*) or less (Fetter, 1994). Therefore, the specific
storage value for model layers 2 through 7 were assigned to be 0.00001, a median value
within the typical range given by Freeze and Cherry (1979) and Driscoll (1986).

A.3.4 Solute Transport Model Properties

The layer properties required for the transport model simulation include dispersivity,
soil/water distribution coefficient, soil bulk density, effective porosity, and degradation
rate. Table A.2 summarizes the property values used in the modeling simulations. This
section describes the basis for the property values chosen as representative for the Site.
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Effective porosity values were those specified in Table A.1 for the flow model.
Soil bulk density was derived from geotechnical analysis (GeoSyntec, 2006) in an
analogous manner to that described for total porosity above.

Longitudinal dispersivity was calculated according to the method of Xu and
Eckstein (1995) which estimates a dispersivity value based on the total plume length.
This parameter was estimated to be approximately 30 feet from plume visualizations.
The transverse/longitudinal and vertical/longitudinal dispersivity ratios were determined
through model calibration to the current spatial orientation of the plume (see Section
A.4). A transverse/longitudinal dispersivity ratio of 0.5 and a vertical/longitudinal
dispersivity ratio of 0.01 were derived from calibration results.

The distribution coefficient (Ky) was based upon the equation Ky = Ko foc
(Marsily, 1986), where Ko is the organic carbon distribution coefficient, and foc is the
fraction of organic carbon in soil. K, values were taken from the literature (Aziz et al.,
2000), and the fraction of organic carbon values were derived from laboratory tests on
soil samples from IR Site 70 (see Table E2-7, FS report, BNI 2000). The f,. value for the
Upper Fines Unit (0.35%) was calculated as the average f,. value for: 1) the shallow zone
of surficial soils and recent clayey sediment, 2) the intermediate zone of interbedded silts,
clays, and sandy silts and clays, and, 3) the lower zone of interbedded silts, clays, and
fine to coarse-grained, silty to clayey sands [i.e., the top three layers in the FS transport
model, (BNI, 2000)]. The f,. value for the First Sand (0.14%) was determined from
laboratory data (Table E2-7 in FS report, BNI, 2000). The f,. value for the Shell Horizon
(Fine-grained Sand), Second Sand and Deep Sand Unit were assumed values (0.05), as in
the FS model (BNI, 2000). The f,. value for the Deep Clay Unit and the Shell Horizon
(Interbedded Clays) was assumed to be equal to the value determined for the Upper Fines
Unit. Fate and transport properties for the primary plume contaminant TCE and daughter
products cis-1,2-DCE, VC, ethene and chloride required for the transport model include
the organic carbon-to-water partitioning coefficient (Ko, — see Table A.2 for assumed
values for each constituent) and the aqueous diffusion coefficient (D), which was 7.72 x
10 ft®/day for TCE (Cohen and Mercer, 1993).

Analysis of the preliminary results of the anaerobic control microcosms presented
in GeoSyntec (2006) was inconclusive with regards to a natural attenuation rate, outside
of the fact that the degradation rate appears to be fairly slow (>3 years). Therefore, site
TCE concentration data along the center line of the plume (monitoring wells MW-70-37,
MW-70-38 and MW-70-08) were used to estimate the natural biodegradation half-life
using the analytical modeling code BioChlor (Aziz et al., 2000). The estimated natural
biodegradation half-life calculated according to Biochlor analysis was five years, as
presented in Figure A.3. Throughout model calibration and for the Pilot Study
simulations, inter-barrier zones (i.e. areas outside the biobarrier ROI) were assigned TCE
degradation half-lives of five years for all units; see Table A.2). In the absence of other
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data, a five year half-life was assumed for cis-1,2-DCE and VC for all model layers. The
degradation rates of TCE, cis-1,2-DCE, VC, and ethene assigned to the bioactive
(biobarrier) zones were based on the results of the treatment microcosms presented in
GeoSyntec (2006), and are 0.32 day™ (2 day half-life), 0.09 day™ (8 day half-life), and
0.07 day™ (10 day half-life), respectively (see Table A.2).

A.4. NUMERICAL MODEL CALIBRATION

A.4.1 Calibration Targets and Goals

Model calibration is “the process of refining the model representation of the
hydrogeologic framework, hydraulic properties, and boundary conditions to achieve a
desired degree of correspondence between the model simulation and observations of the
ground-water flow system” (ASTM 5718). The calibration preformed for the current IR
Site 70 model was conducted in a two step process. First, flow model (MODFLOW)
predictions of the groundwater flow field were compared to the average (summer and
winter) hydraulic gradient (both magnitude and direction) for each of the Upper Fines
Unit, First Sand Unit and Second Sand Unit. Secondly, the transport model (MT3D99)
prediction of the evolving area of TCE impacted groundwater was compared to
isoconcentration contour maps generated using groundwater analytical data. In addition
to the matching of hydraulic gradients and isoconcentration contours, the model water
budget must also predict reasonable groundwater flow rates through the boundaries
constraining the model.

A.4.2 Qualitative Analysis

For the flow field calibration, the constant head boundaries surrounding the model
domain were adjusted to achieve a match between model simulations and observed
average (summer and winter) gradients and water elevations. Table A.3 shows the
observed (identifying the calibration objectives) and simulated gradients and water
elevations for the Upper Fines, First Sand, and Second Sand Units. Figure A.4 shows the
simulated groundwater elevation equipotentials for each of these units, respectively,
following model calibration. As seen in the table, the selected constant head boundary
conditions simulated a flow field across the model domain that closely matched the
observed average (summer and winter) water elevations and gradients. In addition, the
model water budget indicated that the predicted flow rates are reasonable for the
gradients and hydrogeologic units simulated, confirming that the model is representative
of the groundwater flow field.

For the transport model calibration, a series of initial and constant concentration
sources, of appropriate magnitude and reasonable spatial extent, were input as the
‘source’ of TCE contamination in the model domain. The resulting TCE plume
following 40 years of simulation time was compared to concentration contour maps
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generated using analytical data collected at Site monitoring wells. The simulation time of
40 years was selected for comparison, as the activities leading to TCE contamination at
the Site are suspected to have taken place approximately 40 years ago. Figure A.4
overlays the model simulated concentration contours with colored plots of measured
concentrations. There is reasonable agreement between the model simulated distribution
of contaminants and the currently observed extent of contamination for each of the Upper
Fines, First Sand, Shell Horizon (Fine-grained Sands) and Second Sand Units with
respect to the magnitude and spatial distribution of TCE.

In total, a series of 15 calibration simulations were conducted, involving slight
modifications to the constant head boundary conditions and the physical properties of the
simulated hydrogeologic units. Table A.3 and Figure A.4 illustrate that the final
calibration was reasonably successful in matching the calibration objectives with respect
to hydraulic gradient and contaminant transport, respectively.

A.5. MODEL SIMULATIONS

The following subsections present a summary of the Pilot Study simulations
preformed using the calibrated groundwater flow and transport model. Section A.5.1
presents the initial conditions of the simulations, Section A.5.2 presents a discussion of
the ‘Base Case’ and ‘Alternative’ layout of the biobarrier remediation system (with
respect to number of barriers, dimensions, remedial effectiveness and operational
longevity). Section A.5.3 presents the results of a sensitivity analysis and Section A.5.4
presents the results of the long-term natural attenuation simulations.

A.5.1 Initial Conditions

For each of the optimization simulations, the starting water level elevations and
boundary groundwater flow conditions were taken from the final calibration simulation.
The initial TCE concentrations input to the model, however, were based on the measured
concentration data, which were interpolated using three-dimensional (3-D) kriging with
EVS. The concentration profiles within each hydrogeological unit were extracted from
the interpolated 3-D concentrations, and were used as the initial conditions for the model.
Each contour interval was used to delineate areas of initial TCE concentration from 5
ug/L at the periphery of the plume, in log multiples of 10, to 50,000 pg/L around the
periphery of the Upper Fines Unit source area. The initial concentrations of the Upper
Fines unit excluded the highest values of TCE associated with the source area, as the
optimization simulations assumed the complete and immediate removal of TCE from this
area due to the proposed source treatment. Therefore, the initial TCE concentrations in
the source treatment zone were assumed to be equal to zero at the start of the simulations.
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A.5.2 Biobarrier Design

The objective of the biobarrier design optimization was to select the number,
dimensions, and location of each biobarrier, and determine the operational longevity of
each biobarrier required to actively remediate the TCE plume to concentrations below
200 pg/L. Approximately 25 configurations were evaluated; the two most promising
barrier configurations are presented in this section.

The first design option is the ‘Base Case’ biobarrier design, and the second option
will be referred to as the ‘Alternative’ biobarrier design. Figure A.5 shows the location
and dimensions of the biobarriers utilized in each of these remedial options. Table A.4
summarizes the dimensions of the barriers as well as the operational lifespan of each of
the biobarriers to be installed for the two options.

In the Base Case design, a total of six biobarriers would be installed perpendicular
to the direction of groundwater flow at each location. Three biobarriers would be
required in the First Sand Unit [Source Containment Barrier, Biobarrier First Sand 1 (FS-
1), and Biobarrier First Sand 2 (FS-2) in order of increasing distance from the source
area], two in the Shell Horizon (Fine-grained Sand) Unit: [Biobarrier Shell Horizon 1
(SH-1) and Biobarrier Shell Horizon 2 (SH-2)], and a single biobarrier in the Second
Sand Unit [Biobarrier Second Sand 1 (SS-1)]. Each of these biobarriers would target the
core of the TCE plume, as determined from the interpolated 250 ug/L TCE contour, and
would be fully screened vertically across the named hydrogeologic unit.

Based on the results of the EVO Injection Pilot Test (GeoSyntec, 2006), the
estimated radius of injection of the EVO within the biobarriers is approximately 10-12
feet, resulting in a 20-24 foot travel distance in the direction of groundwater flow. Given
the seepage velocities observed on Site, this distance represents travel times that are more
than adequate to reduce the dissolved phase TCE concentrations entering the biobarriers
(>250 pg/L) to below the 200 pg/L target concentration within the biobarrier itself.
Therefore, the majority of mass predicted to remain on Site following biobarrier
operation was associated with areas not targeted by the design (e.g., the areas outside the
250 pg/L contour, or downgradient of the biobarrier cut-off point). However, as these
areas contain relatively low dissolved phase TCE concentrations (< 250 pg/L) at the
outset of biobarrier operation, natural attenuation at the Site (estimated TCE half-life on
the order of 5 years) should be capable of remediating these areas to less than 200 pg/L
well within the operational lifespan of the biobarrier treatment system. Thus, following
biobarrier termination, it was predicted by the model that TCE concentrations above the
200 pg/L remedial goal are unlikely to exist at the Site. Figure A.5 presents the area of
remaining TCE contamination (between 5 pg/L and 200 pg/L), outlining the area of
impacted groundwater following termination of active treatment on Site.
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Biobarrier operation times for the Base Case design vary as a function of
hydrogeologic unit, location relative to the nearest upgradient barrier, and upgradient
concentration. Thus, not all biobarriers will be operational for the same period of time.
Table A.4 presents the predicted operational times for each of the six Base Case
biobarriers. The operational times vary from six years for the Source Containment
Biobarrier in the First Sand Unit, to 16 years for Biobarrier FS-2. Therefore, active
treatment system shut-down is predicted to occur within 16 years of system start-up. The
modeling results for this design (as well as for the Alternative design discussed below)
assumed that source zone treatment was complete and 100% effective prior to biobarrier
system operation. While the majority of the biobarriers will not be affected by the
efficacy of the source zone treatment, the Source Containment Biobarrier will only
remediate dissolved phase groundwater to concentrations less than 200 ug/L within the
predicted time frame of 6 years if the source area is first fully remediated, as assumed in
the model. The operational longevity of the source barrier will be extended
proportionally should the source remedy be unsuccessful in immediately mitigating all
downgradient mass flux.

In the Alternative design, a total of eight biobarriers would be installed
perpendicular to the direction of groundwater flow. Four biobarriers would be installed
in the First Sand Unit (Source Containment Biobarrier, Biobarrier FS-1, Biobarrier FS-2,
and Biobarrier FS-3 in order of increasing distance from the source area), three in the
Shell Horizon (Fine-grained Sand) Unit (Biobarrier SH-1, Biobarrier SH-2, and
Biobarrier SH-3), and a single biobarrier in the Second Sand Unit (Biobarrier SS-1). The
goal of the Alternative design was to increase the number of biobarriers, and thus
decrease the time for remediation to the clean-up goal and the costs associated with re-
application of EVO. Therefore, Biobarrier FS-1 of the Base Case design was replaced
with two biobarriers in the First Sand Unit, and an additional barrier was inserted in the
Shell Horizon (Fine-grained Sands) Unit. Each biobarrier targeted the core of the TCE
plume, as determined from the interpolated 250 pg/L TCE contour, and would be fully
screened across the thickness of the named hydrogeologic unit.

Table A.4 also presents the predicted operational times for each of the eight
Alternative barriers. The operational times vary from six years for the Source
Containment Biobarrier to 11 years for Biobarrier SS-1. Again, the operation time for the
Source Containment Biobarrier is contingent on the immediate and complete treatment of
the source area. As in the Base Case design, the model predicted that TCE
concentrations were unlikely to exceed the 200 pg/L remedial goal following biobarrier
termination at the Site. Figure A.5 also presents the area of TCE contamination (between
5 pg/L and 200 pg/L), outlining the area of impacted groundwater, following total
biobarrier termination for the Alternative design.
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A.5.3 Sensitivity Analysis

Two sensitivity analyses were performed. They were conducted to evaluate: i)
the effect of hydrogeologic unit seepage velocity uncertainty (related to seasonal
variations in hydraulic gradient and/or inaccuracies in the estimates of hydraulic
conductivities); and ii) the influence of possibly reduced hydraulic conductivity in the
biobarrier zone as a result of EVO emplacement.

The effect of seepage velocity uncertainty was examined by considering a case
where Site hydraulic conductivity values (as presented in Table A.2) were underestimated
by a factor of two across the entire model domain. This will have the effect of increasing
the rate of contaminant flushing toward the barriers, and test the performance of the
system by reducing the residence time of contaminants within the bioactive zone.

The second sensitivity analysis, the influence of reduced hydraulic conductivity
within the biobarrier zone as a result of EVO emplacement, was examined by simulating
the Base Case scenario with hydraulic conductivity values reduced by a factor of two
within the bioactive zones. This acts to increase the residence time of contaminants
within the bioactive zone, but reduce flushing times and force some of the contaminants
to flow around the edges of the barrier. This second test was performed due to recent
evidence suggesting that EVO emplacement can significantly reduce the permeability of
aquifers into which it is injected (Coulibaly and Borden, 2004).

The data on Table A.4 also present the biobarrier performance results for the two
sensitivity analysis simulations.  The biobarrier operational longevity predictions
decrease significantly if the seepage velocity is increased from the Base Case by a factor
of two. The operational times for this simulation range from four years at the Source
Containment Biobarrier (versus six years for the base case simulation), to 10 years at
Biobarrier FS-2 (versus 16 years for the base case simulation). As mentioned above, the
rate of contaminant flushing to the biobarriers was increased as a result of the simulated
seepage velocity increase, and the biobarrier operational times were reduced as a result.
TCE concentrations predicted to remain on Site following complete termination of the
biobarrier operation were less than the 200 pg/L target (as in the Base Case); therefore,
the increased seepage velocity had no negative effect on the performance of the barriers.
The TCE degradation rates within the bioactive zone (see Table A.4) were adequate to
suggest that concentration reductions to below the 200 pg/L target were reached on the
downgradient side of the barriers regardless of the decreased contaminant residence times
resulting from the seepage velocity increase. In summary, the sensitivity analysis
suggests the contaminant flushing time is the dominant factor governing the operational
longevity of the barriers.
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The data on Table A.4 suggests that there is no observable effect on the
operational longevity of the Base Case biobarrier system if bioactive zone hydraulic
conductivity reduction results from the emplacement of EVO. The operational longevity
times for the various biobarriers of the Base Case design option are identical to the
simulated times of this sensitivity run (Table A.4). While some of the impacted
groundwater traveled around the biobarriers as opposed to through the treatment zone due
to the hydraulic conductivity reduction resulting from the presence of EVO, the
concentrations and quantity of dissolved phase TCE circumventing the biobarriers was
relatively small. The natural attenuation rate was sufficient to decrease the TCE
concentrations of this volume of impacted groundwater to below the 200 pg/L target
level within the operational life-span of the biobarriers.

A.5.4 Post Biobarrier Operation: Natural Attenuation for the Base Case Design

Simulation of natural attenuation following termination of biotreatment was
conducted for the Base Case scenario to examine the temporal evolution of the TCE
plume.  Following biobarrier termination, the maximum dissolved phase TCE
concentration remaining on Site was projected to be less than 200 pg/L. While natural
attenuation processes (e.g. dispersion, biodegradation) will further reduce TCE
concentrations over time, the length of time TCE concentrations remain above the target
cleanup goals of California State Maximum Contaminant Limits (MCLs; 5 pg/L) and the
extent to which the impacted groundwater will migrate, is unknown.

Figure A.6 shows the interpolated maximum extent of TCE (as indicated by the
area of TCE impacted groundwater between 5 pg/L and 200 pg/L) for each of the Upper
Fines, First Sand, Shell Horizon (Fine-grained Sands), and Second Sand Units at three
different times: 20, 35 and 50 years following biobarrier system start-up. The extent of
TCE contamination decreases with time as a result of natural attenuation processes. By
50 years, no TCE above MCLs (5 pg/L) was simulated to be within either the Shell
Horizon (Fine-grained Sands) or the Second Sand Unit. A ‘halo’ of concentrations above
MCLs surrounding the source area treatment zone may still exist within the Upper Fines
Unit. Due to the low seepage velocities of the Upper Fines unit, dispersion is not likely
to be a significant attenuation process. As a result of the relatively high concentrations
remaining in the Upper Fines Unit following source treatment, natural biodegradation
processes alone was not sufficient to remediate this area of the plume within 50 years
time; however, the impact to the remaining plume was negligible as the contamination
essentially remains confined within the Upper Fines unit. A small area of impacted
groundwater was simulated to exist in the First Sand Unit 50 years following the start of
biobarrier operation. The area of contamination was approximately 400 by 40 feet, but
had traveled no further than approximately 300 feet from the current extent of TCE
contamination in this unit. TCE was not generally anticipated to migrate at
concentrations above MCLs further southeast than MW-70-15 in the Second Sand Unit,
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further south than MW-70-36 in either the First Sand or Shell Horizon (Fine-grained
Sand) Unit, or beyond the current extents of the plume in the Upper Fines Unit.

The natural attenuation of cis-1,2-DCE and VC was not evaluated due to a lack of
both suitable Site and microcosm study data (GeoSyntec, 2006). The extent of cis-1,2-
DCE and VC on Site is currently within the bounds of TCE impacted groundwater. It is
anticipated that the conclusions drawn above with respect to the time scales and spatial
extent of TCE above MCLs following biobarrier termination is expected to hold for cis-
1,2-DCE and VC as well.

A.6. LIMITATIONS

The model simulations conducted in Section A.5 included assumptions that
current site conditions will not change over the course of active biobarrier operation or
during the period of MNA following biobarrier termination. The following summarizes
these assumptions:

e Complete and immediate source area remediation prior to plume biobarrier start-up;

e Continued operation of currently active pumping wells in the vicinity of IR Site 70;

e Continued operation of the Alamitos Injection Barrier to the Northwest of IR Site
70;

e No expansion of the currently operating Alamitos Injection Barrier;

e No addition installation and operation of pumping wells in the vicinity of IR Site 70;
and,

¢ No significant change to the precipitation/recharge rate in the vicinity of IR Site 70.
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Table A.1
Flow Model Layer Properties
IR Site 70
Naval Weapons Station Seal Beach, California
Typical Elevation (ft, MSL) Hydraulic Conductivity, K"
Model Typical Layer Horizontal, K Vertical, K, Horizontal, K, Vertical, K, Vertical Anistropy Total Effective Specific Specific
Layer No. Top to Bottom Thickness (feet) Stratigraphic Unit® (cm/s) (cm/s) (ft/day) (ft/day) KK (cm/s) Porosity,” n Porosity,” n, Yield,® S, Storage,’ S; (ft™)

1 Ground Surface to -50 60 Upper Fines 4.24x10" 1.06 x 10°® 1.2 0.003 1/400 0.40 0.33 0.08 0.08

2 -50 to -95 45 First Sand 1.40 x 10° 8.64 x 10™ 40 2.5 1/16 0.34 0.28 0.17 1.0x 107

3 -95t0-125 30 Shell Horizon (Fine-grained Sands) 1.10x 107 8.82x 10* 31 2.5 1/12 0.28 0.23 0.14 1.0x 107

4 -95 to -125 30 Shell Horizon (Interbedded Clays) 1.00 x 10° 2.00 x 10°® 0.0028 5.7x10° 1/50 0.40 0.33 0.02 1.0x 10°

5 -125 to -160 35 Second Sand 2.40 x 10” 1.48x10° 68 4.2 1/16 0.34 0.28 0.18 1.0x 10°

6 -160 to -180 20 Deep Clay 1.00x 10° 2.00x10° 0.0028 5.7 x 10” 1/50 0.40 0.33 0.02 1.0x 10°

7 -180 and deeper - Deep Sand 2.50 x 107 152 x 10° 70 4.3 1/16 0.34 0.28 0.18 1.0x 107
Notes

& Based on modified Site conceptual model developed from RDO activities (Geosyntec, 2006): i) combines the shallow zone of surficial soils and recent clayey sediment, an intermediate zone of interbedded silts, clays, and sandy silts and clays, and a lower zone of interbedded silts, clays, and fine
to coarse-grained, silty to clayey sands into a single Upper Fines Unit; ii) includes the Deep Sand Unit; and iii) laterally subdivides the Shell Horizon into the Shell Horizon (Fine-grained Sands) and the Shell Horizon (Interbedded Clays) Units.
® Horizontal hydraulic conductivities are based upon the following:

Upper Fines: weighted average of the Upper Fines pump test at EW-70-01 hydraulic conductivity value (BNI, 1999a) and the FS model (BNI, 2000) assumed value for the lower portion of the Interbedded Unit [based on the U.S. Bureau of Reclamation (1981) value for the silt and clay content
of this material];

First Sand: based on slug test results [BNI, 1999a or Table E2-4, BNI (2003)];

Shell Horizon (Fine-grained Sands): based on interpretation of the Bechtel Pump Test data (BNI, 2003);

Shell Horizon (Interbedded Clays): assumed value to reflect the predominance of clay (U.S. Bureau of Reclamation, 1981), as in FS model (BNI, 2000);

Second Sand: based on slug test results (BNI, 1999a);

Deep Clay: assumed value to reflect the predominance of clay (U.S. Bureau of Reclamation, 1981), as in FS model (BNI, 2000);

Deep Sand: assumed to be similar in character (but slightly more transmissive due to the slightly coarser sands) to the Second Sand Unit.

Vertical hydraulic conductivities are based on the following:

Upper Fines: determined from model calibration to average hydraulic gradient (direction and magnitude);

First Sand: based on the assumption that the ratio of K, to Kj, is the same for the FS and the SS Units;

Shell Horizon (Fine-grained Sands): based on interpretation of the Bechtel Pump Test data (BNI, 2003);

Shell Horizon (Interbedded Clays): assumed K,/Kj, ratio of 1/50 to reflect the predominance of clay (U.S. Bureau of Reclamation, 1981), as in FS model (BNI, 2000);
Second Sand: based on interpretation of the Bechtel Pump Test data (BNI, 2003);

Deep Clay: assumed K, /K, ratio of 1/50 to reflect the predominance of clay (U.S. Bureau of Reclamation, 1981), as in FS model (BNI, 2000);

Deep Sand: assumed to be similar in character (but slightly more transmissive due to the slightly coarser sands) to the Second Sand Unit.

¢ Total porosity is based on geotechnical analysis of soil samples collected from the RDO wells (GeoSyntec, 2006); values selected for the model layers are based on the similarity between the layer geology and the soil description of the Geotechnical samples.
d Effective porosity is assumed to be 83 percent of total porosity (n. = 0.83n), based on grain size evaluation (Technical Memorandum No. 5, Table I 2, BNI, 1999b).

¢ Specific yield is based on typical values from literature of 0.02 to 0.07 for clay and sandy clay, 0.08 for silt, 0.21 for fine sand, and 0.26 for medium sand (Johnson, 1967).

T Specific storage is based on an assumed value of 0.00001 ft* typical for confined layers, but model layer 1 is based upon the storage coefficient determined from the pilot test results (Technical Memorandum No. 5, BNI 1999b)

Acronyms/Abbreviations

cm/s — centimeters per second RDO - Remedial Design Optimization Ky — horizontal K n, — effective porosity
ft™* - per foot BNI - Bechtel National Inc. Ky — vertical K S, — specific yield
ft/day — feet per day K — hydraulic conductivity n — porosity S, — specific storage

ft, MSL — feet (in relation to) mean sea level, NGVD 1929
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Table A.2
Solute Transport Model Properties
IR Site 70
Naval Weapons Station Seal Beach, California
Soil Bulk Density” Porosity* Soil Organic Dispersivity* Diffusion Coefficient’ Distribution Coefficient®
Po P Total Porosity, Effective Porosity, Carbon Content,"l Longitudinal, o, Transverse/ Longitudinal, Vertical/ Longitudinal, D, D, Ky Ky Retardation Factor,h
Model Layer No. Stratigraphic Unit” (glem®)  (kg/ft) n n, f,c (percent) (feet) o,/ay, o,/ay, (cm?/s) (ft*/day) (mL/g) (ft'/kg) R
1 Upper Fines 1.58 44.6 0.40 0.33 0.35 30 0.5 0.01 830E-6 7.72E-+4 0.441 0.0154 3.1
2 First Sand 1.75 49.5 0.34 0.28 0.14 30 0.5 0.01 830E-6 7.72E-4 0.176 0.0061 2.1
3 Shell Horizon (Fine-grained Sands) 1.89 53.6 0.28 0.23 0.05 30 0.5 0.01 830E-6 7.72E-4 0.063 0.0022 1.5
4 Shell Horizon (Interbedded Clays) 1.58 44.6 0.40 0.33 0.35 30 0.5 0.01 830E-6 7.72E-4 0.441 0.0154 3.1
5 Second Sand 1.75 49.5 0.34 0.28 0.05 30 0.5 0.01 830E-6 7.72E-4 0.063 0.0022 1.4
6 Deep Clay 1.58 44.6 0.40 0.33 0.35 30 0.5 0.01 830E-6 7.72E-4 0.441 0.0154 3.1
7 Deep Sand 1.75 49.5 0.34 0.28 0.05 30 0.5 0.01 830E-6 7.72E-4 0.063 0.0022 1.4
Distribution Coefficient® Degradation Rate'
(1/day)
TCEK; cisDCEK; VCK,; EtheneK; Chloride Kq4 TCE cisDCE yC Ethene
Model Layer No. Stratigraphic Unit* (mL/g) (mL/g) (mL/g) (mL/g) (mL/g) Bioactive Zone Inter-Barrier Zone Bioactive Zone Inter-Barrier Zone Bioactive Zone Inter-Barrier Zone Bioactive Zone Inter-Barrier Zone

1 Upper Fines 0.44 0.44 1.11 1.06 0 0.32 0.00038 0.09 0.00038 0.07 0.00038 0 0

2 First Sand 0.18 0.18 0.44 0.42 0 0.32 0.00038 0.09 0.00038 0.07 0.00038 0 0

3 Shell Horizon (Fine-grained Sands) 0.06 0.06 0.16 0.15 0 0.32 0.00038 0.09 0.00038 0.07 0.00038 0 0

4 Shell Horizon (Interbedded Clays) 0.44 0.44 1.11 1.06 0 0.32 0.00038 0.09 0.00038 0.07 0.00038 0 0

5 Second Sand 0.06 0.06 0.16 0.15 0 0.32 0.00038 0.09 0.00038 0.07 0.00038 0 0

6 Deep Clay 0.44 0.44 1.11 1.06 0 0.32 0.00038 0.09 0.00038 0.07 0.00038 0 0

7 Deep Sand 0.06 0.06 0.16 0.15 0 0.32 0.00038 0.09 0.00038 0.07 0.00038 0 0

Notes

* Based on modified Site conceptual model developed from RDO activities (Geosyntec, 2006): combines the shallow zone of surficial soils and recent clayey sediment,; an intermediate zone of interbedded silts, clays, and sandy silts and clays, and a lower zone of interbedded silts, clays, and fine to
coarse-grained, silty to clayey sands into a single Upper Fines Unit; includes the Deep Sand Unit; and laterally subdivides the Shell Horizon into the Shell Horizon (Fine-grained Sands) and the Shell Horizon (Interbedded Clays) Units

® Soil bulk density is based on Geotechnical analysis of soil samples collected from the RDO wells (GeoSyntec 2006); values selected for the model layers are based on the similarity between the layer geology and the soil description of the Geotechnical samples.

¢ Total and effective porosity from Table A.1.

¢ Soil Organic Carbon content for the UF Unit calculated as the average of f,; values as determined from laboratory data (Table E2-7, BNI, 2000) for: 1) the shallow zone of surficial soils and recent clayey sediment, 2) the intermediate zone of interbedded silts, clays, and sandy silts and clays, and,
3) the lower zone of interbedded silts, clays, and fine to coarse-grained, silty to clayey sands (the top three layers in the FS model (BNI, 2000); soil organic carbon content for the First Sand as determined from laboratory data (Table E2-7, BNI, 2000); soil organic carbon content for the Shell
Horizon (Fine-grained Sand), SS and Deep Aquifer Unit are assumed values, as in FS model (BNI, 2000); f,. for the Deep Clay Unit and the Shell Horizon (Interbedded Clays) assumed to be equal to the value given for the UF Unit.

¢ Longitudinal dispersivity as calculated according to the method of Xu and Eckstein (1995); transverse and vertical dispersivity ratios are based on the calibrated transport model for the plume as depicted in Figure A.4.

T Diffusion coefficient based on literature value as in FS model (BNI, 2000).

€ Distribution coefficients used correspond to mean K, values quoted in Aziz et al. (2000), where K4 was calculated from Ky = f,, x K. (Ko (PCE) =398 L/kg, K, (TCE) = 126 L/kg), K, (cis-1,2-DCE) = 126 L/kg, K. (VC) = 316 L/kg, K, (ethene) = 302 L/kg, and chloride assumed to be
conservative (K., = 0).

%’ Retardation factor, R = 1 + (Py/n.) K4 (Freeze and Cherry 1979).

! Reaction rate half-lives within bioactive zones as determined from the microcosm study presented in GeoSyntec (2006). Reaction rates outside the bioactive zones as determined through Biochlor analysis of Site data (see Section A.3.4).

Acronyms/Abbreviations

cm’/ g - cubic centimeters per gram ft2/day - square feet per day TCE — trichloroethene Py — bulk density f,. — fraction organic carbon ay — vertical dispersivity
cm?/s - square centimeters per second ft3/kg - cubic feet per kilogram cis-1,2-DCE - cis-1,2-dichloroethene n — porosity oy — longitudinal dispersivity D, — diffusion coefficient
cm/sec - centimeters per second mL/g - milliliters per gram VC - vinyl chloride n, — effective porosity ar — transverse dispersivity Ky — distribution coefficient
R —retardation factor BNI — Bechtel National Inc.
HY0888.06 Draft for Discussion Purposes Only
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Table A.3
Flow Model Calibration Summary
IR Site 70
Naval Weapons Station Seal Beach, California
. Average Direction of Groundwater Elevation at
Average Hydraulic MW-70-42
Model | Stratigraphic Gradient Groundwater Flow
Layer Unit (degrees from North) (ft. NGVD)
Observed® | Simulated | Observed® Simulated Observed® Simulated
1 Upper Fines 0.00055 0.00060 147 145 -9.0 -9.3
First Sand /
273 | ShellHorizon |6 55026 | 000183 169 170 123 122
(Fine-grained
Sand)
5 Second Sand 0.00085 0.00086 120 120 -13.0 -13.1
Notes

® taken as the average of summer and winter data (see Table 5.1, GeoSyntec, 2006)
® taken as the average of summer and winter water level elevation data as determined from data presented in GeoSyntec (2006)

ft — feet

HY0888.06 Draft for Discussion Purposes Only
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Table A4
Biobarrier Design Option Performance and Sensitivity Analysis Results

IR Site 70

Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

Operational Longevity (years)?

Unit Biobarrier i:;;'ter: ThiL(J:E::ess Design Options Base Case Sensitivity _
(ft) (ft) Base Case Alternative Increased §eipage Decreased !Bf-irrcler
Velocity Conductivity
Source Containment 325 43 6 6 4 6
FS-1 (Alternative) 625 50 - 8 -
First Sand FS-1 (Base case) 820 43 14 14
FS-2 (Alternative) 675 43 - 8 - -
FS-2 (Base case) 685 34 16 10 10 16
Shell Horizon SH-1 725 26 8 8 6 8
(Fine-grained SH-2 (Alternative) 690 27 - 8 - -
Sands) SH-2 (Base) / SH-3 (Alternative) 630 27 13 8 8 13
Second Sand SS-1 525 42 11 11 8 11
Total Number of Biobarriers 6 8 6 6
Notes

‘-* indicates barrier not utilized in the design option.

& Operational time of the Source Containment barrier is contingent on the complete removal of all DNAPL in the source area.
® An increased seepage velocity (2x greater than observed in the field) was simulated by increasing the hydraulic conductivity of each unit by a factor of 2.
¢ The hydraulic conductivity within each Biobarrier was decreased by a factor of 2 to simulate the possible influence of EVO presence on aquifer permeability.

ft - feet

HY0888.06

Design Report\Appendix A\Table A.4.doc
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Figure A.1

This detailed station map has been deleted from the
Internet-accessible version of this document as per
Department of the Navy Internet security regulations.
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Figure A.2
Vertical Cross-Section of the Model Domain along
the Center Line of the Plume
IR Site 70
Naval Weapons Station Seal Beach, California
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TableB.1

Design Parametersand Scoping Calculationsfor Full Scale Design
IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

Sour ce Plume Base Case Scenario Plume Design Alternative 1
Parameter Units S?:Jer;fmGa?td Bi?)(t))uarr(r:?er Biobarrier FS-1| Biobarrier FS-2 | Biobarrier SH-1|Biobarrier SH-2( Biobarrier SS-1 | Biobarrier FS-1 | Biobarrier FS-2 | Biobarrier FS-3 [ Biobarrier SH-1|Biobarrier SH-2| Biobarrier SH-3| Biobarrier SS-1
Plume Parameters”
Plume Width ft -- -- -- -- -- -- -- -- -- -- -- -- -- --
Plume Length ft 170 325 820 685 725 630 525 625 675 685 725 690 630 525
Plume Thickness ft 30 45 45 35 25 25 40 45 45 35 25 25 25 40
Electron Acceptor Concentrations ®
Tetrachloroethene mg/L 0.03 0.05 0.02 0.04 0.01 0.01 0.01 0.02 0.02 0.04 0.01 0.01 0.01 0.01
Trichloroethene mg/L 35.27 9.10 1.97 2.80 3.30 3.30 1.15 1.97 1.97 2.80 3.30 3.30 3.30 115
cis-1,2-Dichloroethene mg/L 7.75 0.20 0.08 0.19 0.14 0.14 0.07 0.08 0.08 0.19 0.14 0.14 0.14 0.07
Vinyl Chloride mg/L 0.22 0.05 0.02 0.04 0.004 0.00 0.01 0.02 0.02 0.04 0.004 0.00 0.00 0.01
Oxygen mg/L 6.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nitrate mg/L 0.16 0.00 0.20 0.20 0.00 0.00 0.20 0.20 0.20 0.20 0.00 0.00 0.00 0.20
Sulfate mg/L 663 330 330 370 210 210 210 330 330 370 210 210 210 210
Total Electron Acceptor Concentration mg/L 712 339 332 373 213 213 211 332 332 373 213 213 213 211
Hydrogeological Parameters
Average Bulk Horizontal Hydraulic Conductivity ft/day 1.2 40 40 40 31 31 68 40 40 40 31 31 31 68
Horizontal Hydraulic Gradient - 0.0006 0.002 0.002 0.002 0.002 0.002 0.0007 0.002 0.002 0.002 0.002 0.002 0.002 0.0007
Soil Effective Porosity - 0.33 0.28 0.28 0.28 0.23 0.23 0.28 0.28 0.28 0.28 0.23 0.23 0.23 0.28
Seepage Velocity’ ft/day 0.002 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.2
Groundwater Discharge Through Biobarrier® ftS/day 3.7 1,161 2,929 1,903 1,130 982 1,000 2,233 2,411 1,903 1,130 1,076 982 1,000
Design Parameters d
Volume of EVO Injected gal 13,338 6,664 16,660 10,730 7,178 6,208 9,306 12,852 13,804 10,730 7,178 6,790 6,208 9,306
Volume of EVO Injected m? 50.5 25.2 63.1 40.6 272 235 35.2 48.7 52.3 40.6 272 25.7 235 35.2
Percentage of Oil in Newman's Zone Emulsified Oil Solution % (v/v) 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9% 47.9%
Volume of Soybean Oil Injected per Biobarrier m? 24.2 12.1 30.2 19.5 13.0 11.3 16.9 23.3 25.0 19.5 13.0 12.3 11.3 16.9
Density of Soybean Oil kg/m® 920 920 920 920 920 920 920 920 920 920 920 920 920 920
Mass of Soybean Oil per Biobarrer kg 22,266 11,125 27,812 17,912 11,983 10,363 15,535 21,455 23,044 17,912 11,983 11,335 10,363 15,535
Expected Longevity of EVO per Injection Event ©
Electron Acceptor Mass Dischargeh kalyr U 4,072 10,060 7,342 2,494 2,167 2,186 7,668 8,281 7,342 2,494 2,373 2,167 2,186
Electron Donor Consumption Ratio (ED:EA)° - 0.45 0.45 0.46 0.45 0.45 0.45 0.46 0.46 0.46 0.45 0.45 0.45 0.45 0.46
Electron Donor Demand kalyr U 1,836 4,579 3,339 1,130 982 995 3,490 3,769 3,339 1,130 1,075 982 995
Expected Longevity of EVO per Injection Event yr U 6 6 5 11 11 16 6 6 5 11 11 11 16

HY0888
Full-Scale Design\Design Report\Appendix B\App B - Electron Acceptor Scoping.xIs

Acronyms/Abbreviations:
ft - foot
mg - milligrams

% (vIv) - percent by volume
kg/m®- kilograms per cubic meter

L - liters kg - kilogram
mg/L - milligrams per liter ka/yr - kilograms per year
ft/day - feet per day yr - year

ft*/day - cubic foot per day
ft® - cubic foot

gal - U.S. gallon

m? - cubic meter

-- - not applicable

U - unknown

EA - electron acceptor
ED - electron donor

Notes:

# Electron acceptor concentrations were based on data from select sampling locations within the targeted

units having [TCE] > 250 pg/L at select dates, using sampling data from 2005. Non-detect data was assumed
to be equal to the detection limit. A concentration of 0 mg/L has been used for oxygen and nitrate when data
in the vicinity was not available, as both only have minor impacts on the demand. When sulfate was not
available, the next most appropriate data was substituted, as sulfate concentrations have a significant

impact on the demand. The source biobarrier sulfate concentration is the average from the Base Case
scenario Biobarrier FS-1. All Shell Horizon Biobarrier sulfate data is from RDO-6B.

® Plume dimensions correspond to the volume containing >250 pg/L TCE.

¢ Longevity of EVO in source area is dependent upon the mass of TCE DNAPL present (unknown) and
the rate of TCE degradation.

9 See Table 4.2 for details on design parameters.
¢ From Table B.3.
f Seepage Velocity = (hydraulic conductivity * horizontal hydraulic gradient) / soil effective porosity.

9 Groundwater Discharge = seepage velocity * plume length * plume thickness * soil effective porosity.
" Electron Acceptor Mass Discharge = [electron acceptor] * groundwater discharge.
: Expected Longevity = mass of EVO injected / donor demand.

Page 1 of 1
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TableB.2
Stoichiometric Calculationsfor Determining Molar Consumption Ratiosfor EVO
IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

Compound Chemical Stoichiometry® Linoleic Acid Oleic Acid Palmitic Acid
P Formula olchiometr Balanced Redox Reaction” Molar Ratio® Balanced Redox Reaction” Molar Ratio Balanced Redox Reaction” Molar Ratio
Chorinated Ethenes
Tetrachloroethene c,Cly C,Cl, + 8¢ + 4H" = C,H, + 4CI 2C1H3,0, + 25C,Cl, + 86H,0 = 25C,H, + 18CO, + 18HCO; + 118H" + 100CI 2125 4C1gH3,0, + 51C,Cl, + 172H,0 = 51C,H, + 36CO, + 36HCO; + 240H" + 204CI 4/51 2C16H3,0; + 23C,Cl, + 76H,0 = 23C,H, + 16CO, + 16HCO; + 108H" + 92CI 1/23
Trichloroethene C,HCl, C,HCl; + 66"+ 3H" = C,H, + 3CI 3C13H5,0, + 50C,HCI; + 129H,0 = 50C,H, + 27CO, + 27HCO, + 177H" + 150CI° 3/50 CigH3,0, + 17C,HCl; + 43H,0 = 17C,H, + 9CO, + 9HCO; + 60H" + 51CI 117 3C16H5,0, + 46C,HCl; + 114H,0 = 46C,H, + 24CO, + 24HCO, + 162H" + 138CI° 3/46
cis-1,2-Dichloroethene C,H,Cl, C,H,Cl, + 4" + 2H" = C,H, + 2CI CigH3,0; + 25C,H,Cl, + 43H,0 = 25C,H, + 9CO, + 9HCO; + 59H" + 50CI 1/25 2C15H340; + 51C,H,Cl, + 86H,0 = 51C,H, + 18CO, + 18HCO; + 120H" + 102CI" 2/51 C15H3,0; + 23C,H,Cl, + 38H,0 = 23C,H, + 8CO, + 8HCO4 + 54H" + 46CI° 1/23
Vinyl Chloride C,H,Cl C,H,Cl+ 26 + H = C,H, + CI CigH3,0, + 50C,H5Cl + 43H,0 = 50C,H, + 9CO, + 9HCO; + 59H" + 50CI 1/50 CigH340, + 51C,H5Cl + 43H,0 = 51C,H, + 9CO, + 9HCO; + 60H" + 51CI 1/51 CigH3,0, + 46C,H4Cl + 38H,0 = 46C,H, + 8CO, + 8HCO; + 54H" + 46CI 1/46
Miscellaneous Inorganic Species
Oxygen 0, 0, +4H" + 4¢ = 2H,0 CigH3,0, + 250, = 9CO, + 9HCO; + 7H,0 + 9H* 1/25 2C1gH3,0, + 510, = 18C0O, + 18HCO; + 16H,0 + 18H" 2/51 CisH3,0, + 230, = 8CO, + 8HCO; + 8H,0 + 8H* 1/23
Nitrate NOy 2NOy + 12H" + 10¢” = N, + 6H,0 C1sH3,0; + 20NO; + 11H" = 10N, + 9CO, + 9HCO; + 17H,0 1/20 5C1gH3,0, + 102NO;” + 57H" = 51N, + 45C0, + 45HCO; + 91H,0 3/61 5C15H3,0, + 92NO; + 52H" = 46N, + 40CO, + 40HCO; + 86H,0 5/92
Sulfate® S0,% S0,% + 10H" + 8¢ = H,S + 4H,0 2C1gH3,0, + 2580,7 + 32H" = 25H,S + 18CO, + 18HCO; + 14H,0 2/25 4C;gH3,0, + 51S0,% + 66H" = 51H,S + 36CO, + 36HCO; + 32H,0 4/51 2C16H3,0, + 23S0,7 + 30H" = 23H,S + 16CO, + 16HCO; + 16H,0 2123
Compound Chemical Stoichiometry® Stearic Acid Gamma-Linoleic
P Formula orehiometr Balanced Redox Reaction’ Molar Ratio Balanced Redox Reaction’ Molar Ratio
Chlorinated Ethenes
Tetrachloroethene c,Cly C,Cl, + 8¢ + 4H" = C,H, + 4CI CigH3s0; + 13C,Cly + 43H,0 =13C,H, + 9CO, + 9HCO4 + 61H" + 52CI" 113 4C1gH300, + 49C,Cl, + 172H,0 =49C,H, + 36CO, + 36HCO; + 232H" + 196CI" 4/49
Trichloroethene C,HCl, C,HCl; + 66"+ 3H" = C,H, + 3CI 3C1H30; + 52C,HCl; + 129H,0 = 52C,H, + 27CO, + 27HCO, + 183H" + 156CI° 3/52 3C15H50; + 49C,HCl; + 129H,0 = 49C,H, + 27CO, + 27HCO, + 174H" + 147CI° 3/49
cis-1,2-Dichloroethene C,H,Cl, C,H,Cl, + 4" + 2H" = C,H, + 2CI CigH350; + 26C,H,Cl, + 43H,0 = 26C,H, + 9CO, + 9HCO; + 61H" + 52CI 1/26 2C15H300; + 49C,H,Cl, + 86H,0 = 49C,H, + 18CO, + 18HCO; + 116H" + 98CI" 2/49
Vinyl Chloride C,H,Cl C,H,Cl+ 26 + H = C,H, + CI CigH360; + 52C,H5Cl + 43H,0 = 52C,H, + 9CO, + 9HCO; + 61H" + 52CI 1/52 CigH300; + 49C,H,Cl + 43H,0 = 49C,H, + 9CO, + 9HCO; + 58H" + 49CI 1/49
Miscellaneous Organics
Oxygen 0, 0, +4H" + 4¢ = 2H,0 CigH360; + 260, = 9CO, + 9HCO; + 9H,0 + 9H* 1/26 2C1gH300, + 490, = 18CO, + 18HCO; + 12H,0 + 18H" 2/49
Nitrate NOy 2NOy + 12H" + 10¢” = N, + 6H,0 5C;5H360; + 104NO; + 59H" = 52N, + 45CO, + 45HCO; + 97H,0 4/83 5CgH300; + 98NO; + 53H" = 49N, + 45C0O, + 45HCO; + 79H,0 5/98
Sulfate’ S0,% S0,% + 10H" + 8¢ = H,S + 4H,0 CigH360; + 13S0,7 + 17H" = 13H,S + 9CO, + 9HCO; + 9H,0 113 4C;H300, + 4950, + 62H" = 49H,S + 36CO, + 36HCO; + 24H,0 4/49
Notes:

“Complete mineralization to the appropriate end products was assumed.

"Balanced redox reactions for the components of EVO were developed assuming that the main components are linoleic acid (§H3,0, - 53.3%), palmitic acid (C;gH3,0, - 10.8%), stearic acid (C;gHzs0; - 4%), oleic acid (CigHz,0; -

23.8%), and gamma-linolenic acid (C18H3002 - 7.1%).

“Molar ratio is the number of moles of electron donor consumed per mole of constituent.

ISulfate (SO,,Z') reduction to H,S favored for pH=6. For higher pH (i.e., pH=8), sulfate reduction occurs as SQ¥ + 8¢ + 9H' = HS + 4H,0 (Weidermeier et al., 1998). Molar consumption ratio will not change for either case.

Acronyms/Abbreviations:
EVO - emulsified vegetable oil
g/mol - grams per mole
H,S - hydrogen sulfide
SH’ - hydrogen sulfide ion

Electron Donor Molecular Weights (g/mol)

Linoleic acid
Oleic acid
Palmitic acid
Stearic acid
Gamma-linolenic

HY0888

280
282
256
284
278

Full-Scale Design\Design Report\Appendix B\App B - Electron Acceptor Scoping.xls

Page 1 of 1

DRAFT FOR DISCUSSION PURPOSES ONLY

3/17/2006



TableB.3
EVO Demand Calculations
IR Site 70, Naval Weapons Station Seal Beach, California

GeoSyntec Consultants

EVO Demand (mg/L)?
Constituent Molar Electron Source Area Plume Base Case Scenario Plume Design Alternative 1
- Donor Consumption . ) . . . . . ) . . . . . . . . . . . . . . . . .
Molecular Weight L Source Area |SourceBarrier| Biobarrier FS-1 | Biobarrier FS-2 | Biobarrier SH-1 | Biobarrier SH-2 | Biobarrier SS-1 | Biobarrier FS-1 | Biobarrier FS-2 | Biobarrier FS-3 | Biobarrier SH-1 | Biobarrier SH-2 | Biobarrier SH-3 | Biobarrier SS-1
Electron Acceptor (g/mol) Ratios

Chlorinated Ethenes

Tetrachloroethene 166 3/40 0.004 0.006 0.003 0.004 0.001 0.001 0.001 0.003 0.003 0.004 0.001 0.001 0.001 0.001

Trichloroethene 131 4/67 4.4 11 0.25 0.35 041 0.41 0.14 0.25 0.25 0.35 041 0.41 0.41 0.14

cis-1,2-Dichloroethene 96.9 1/25 0.88 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01

Vinyl Chloride 62.5 1/50 0.019 0.004 0.002 0.003 0.0004 0.0004 0.001 0.002 0.002 0.003 0.0004 0.0004 0.0004 0.001
Miscellaneous Organic Species

Oxygen 320 1/25 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Nitrate 62.0 1/20 0.04 0.00 0.04 0.04 0.0 0.0 0.04 0.04 0.04 0.04 0.0 0.0 0.0 0.04

Sulfate 96.1 7/88 151 75 75 84 48 48 48 75 75 84 48 48 48 48
Total Electron Donor Demand (mg/L) 159 76 76 85 48 48 48 76 76 85 48 48 48 48
Safety Factor * Stoichiometric Amount (mg/L)® 317 153 151 170 97 97 96 151 151 170 97 97 97 96
Total Electron Donor Consumption Ratio (by mass) 41/92 32/71 5/11 5/11 29/64 29/64 5/11 5/11 5/11 5/11 29/64 29/64 29/64 5/11

Notes:

®Electron donor demand is based on averages of constituent concentrations measured in the specified area. (see Table B.1 for details)

PSee Table B.2 for details on consumption ratio calculations. Consumption ratios are reported as the moles of electron donor consumed to the moles of electron acceptor
consumed.

°A safety factor of 2 is used to increase the calculated electron donor demand above the stoichiometric amount to include any mass consumption pathways not accounted for here.

Acronyms/Abbreviations:
EVO - emulsified vegetable oil
mag/L - milligrams per liter

g/mol -

HY0888

grams per mole
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APPENDIX C: STANDARD OPERATING PROCEDURES

Cl1 DRILLING

Injection and monitoring well boreholes will be drilled by using hollow-stem
auger and/or sonic drilling methods for source area treatment and First Sand biobarrier
wells. Deeper biobarrier injection wells will be drilled by using sonic, mud rotary, or
other appropriate drilling methods. Information specific to each drilling method is
provided below.

C.1.1  Hollow-Stem Auger Drilling

A California-licensed driller will be contracted to perform drilling and soil
sampling operations with a hollow-stem auger as needed. This type of auger consists of
a hollow steel stem or shaft with a continuous, spiraled steel flight welded onto the
exterior stem. A hollow auger bit, generally with carbide teeth, disturbs soil material
when rotated, whereupon the spiral flights transport the cuttings to the surface. This
method is best suited in soils that have a tendency to collapse when disturbed.
A monitoring or injection well can be installed inside of hollow-stem augers with little
or no concern for the caving potential of the soils and/or water table. If caving sands
exist during monitoring well installations, a drilling rig must be used that has enough
power to extract the augers from the borehole without having to rotate them. A bottom
plug, trap door, or pilot bit assembly can be fastened onto the bottom of the augers to
keep out most of the soils and/or water that have a tendency to clog the bottom of the
augers during drilling. Water-tight center plugs are not acceptable because they create
suction when extracted from the augers. Augering without a center plug or pilot bit
assembly is permitted, provided that the soil plug, formed in the bottom of the augers, is
removed before sampling or installing well casings. Removing the soil plug from the
augers can be accomplished by washing out the plug by using a side discharge rotary
bit, or augering out the plug with a solid-stem auger bit sized to fit inside the hollow-
stem auger. The type of bottom plug, trap door, or pilot bit assembly proposed for the
drilling activity should be approved by a senior field geologist prior to drilling
operations. Soil cuttings will be temporarily stored on Site in roll-off bins while drilling
and well installation/development activities are being conducted.

C.1.2  Mud Rotary Drilling

Mud rotary borings will be advanced by rapid rotation of the drilling bit,
which cuts, chips, and grinds the material at the bottom of the hole into small particles.
The cuttings are removed by drilling fluid (potable water and bentonite drilling mud)
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from an aboveground, leak-resistant container down through the drill rods and bit, and
up the annulus between the borehole wall and the drill rods. This fluid flows first into
an aboveground trough and ultimately back to the main container for recirculation.
Quality Assurance/Quality Control (QA/QC) samples of drilling mud and potable water
will be sampled at a point of discharge from the circulation system prior to their
disposal or from the drilling mud container.

C.1.3  Sonic drilling

Sonic drilling combines rotation with high frequency vibration to advance a
core barrel to a desired depth. Sonic borings will be drilled by using an 8.5-inch outside
diameter (0.d) casing and a 3.5-inch (i.d) diameter core barrel to collect soil samples.

C.2 SOIL SAMPLING AND CHARACTERIZATION

Continuous cores will be obtained from one out of every six boreholes in the
injection well field. Soil samples will be obtained from continuous cores for purposes
of lithologic logging, chemical and geotechnical (grain size distribution, porosity,
permeability, etc.) analyses. Drill cuttings will be sampled at locations corresponding
to lithologic changes from all other wells for purposes of lithologic logging only.
Sections C.2.1, C2.2, and C2.3 below describe the soil sampling methodology, chemical
and geotechnical analyses, and the lithologic logging procedures respectively.

C.2.1  Soil Sampling Methodology

The methodologies to be followed for obtaining soil samples by using hollow-
stem auger, mud-rotary and sonic drilling techniques are outlined in more detail below.

C.2.1.1 Hollow Stem Auger Soil Sampling

Where continuous cores are desired, a drive sample will be collected every
five feet over the continuous core interval. Soil samples will be collected with a
Christensen 94-millimeter (mm) Wireline Core Barrel System (or equivalent). The
sampler will be fitted with a string of 2-inch diameter, 6-inch long stainless steel (or
brass) sample sleeves laid end to end within the sample barrel. This method can collect
up to 5 feet of core if the lithology allows. Sample lengths can be reduced if recovery is
compromised by coarse-grained material.

In boreholes where drill cuttings are to be logged and sampled, formation
samples will be collected at approximately 5-foot intervals from cuttings at the top of
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the auger flight. Samples will be obtained from a point as near to the borehole as
possible. The samples will be contained within a sample box and labeled for the
representative depth. The cuttings will be examined and logged. Auger flight time will
be accounted for in the logging.

C.2.1.2 Mud Rotary Soil Sampling

Where continuous cores are desired, a drive sample will be collected every
five feet over the continuous core interval. Soil samples will be collected with a
Christensen 94-mm Wireline Core Barrel System (or equivalent). The sampler will be
fitted with a string of 2-inch diameter, 6-inch long stainless steel (or brass) sample
sleeves (laid end to end), which can collect up to 5 feet of core if the lithology allows.
Sample lengths can be reduced if recovery is compromised by coarse-grained material.

In boreholes where drill cuttings are to be logged and sampled, formation
samples will be collected at approximately 5-foot intervals from cuttings within the
drilling fluid. Samples will be obtained from a point as near to the borehole as possible,
but prior to entering the mechanical separation equipment. Samples of the drilling
fluid, including the entrained formation cuttings, will be collected by using an
appropriate container and or strainer. The fluid/cutting mixture will be allowed to stand
for approximately 1 minute, the drilling fluid will be decanted away, and the remaining
cuttings examined and logged. Drilling fluid circulation time will be accounted for in
the logging.

C.2.1.3 Sonic Core Recovery

The core barrel will be advanced ahead of the casing for core collection.
Continuous core will be collected from the ground surface to the total targeted depth of
the borehole. Soil samples will be vibrated out of the core barrel and into a plastic
sleeve, knotted at both ends. These will be examined, photographed, and logged while
the samples are fresh from the borehole.

C.2.2  Chemical and Geotechnical Analyses of Soil Samples

Soil samples collected from the continuous cores recovered from every sixth
boring will be field-screened for total ionizable volatile organic compounds (VOCs) by
a hand-held photoionization detector (PID). Approximately one half pint of soil from
each sample interval will be sealed in a Ziploc® bag, stored for ten minutes, and then
screened for total ionizable VOCs in the headspace of the Ziploc® bag. For each
borehole where soil samples are collected within the shallow source area, the sample
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with the highest recorded total VOC concentration will be submitted to a commercial
laboratory for (VOC) analysis. Chemical analyses will be conducted within the shallow
source grid treatment area only, to provide more detailed delineation of areas potentially
containing DNAPL. This information will help to better delineate the zone that may
require extended treatment and/or closer monitoring.

For each borehole from which continuous cores were collected, one or two
samples collected from an area selected as representative of the targeted aquifer will be
submitted to a commercial laboratory for geotechnical (porosity, permeability, grain
size distribution, etc.) or sieve analysis. For all other boreholes, a field sieve analysis or
visual screening will be performed on a sample from the screened interval to determine
the aquifer grain size.

C.2.3  Lithologic Logging

Detailed soil lithology logs will be developed for one out of every five
boreholes within the injection well field by a geologist under supervision of a State of
California Professional Geologist. At these boreholes, continuous cores will be
obtained and logged from ground surface through the screened interval. At all other
wells, lithology logs identifying lithologic changes with depth will be developed from
visual screening of drill cuttings.

C.24  Record Keeping

Maintaining an organized and complete set of records is an integral part of
drilling and well installation and development procedures and is a regulatory
requirement. This includes completing field data sheets and maintaining daily field
report sheets. Record keeping during drilling and soil sampling procedures will include
completing boring logs and maintaining daily field report sheets. During drilling
activities, the field boring log will be completed for each location. The boring log sheet
shall contain, at minimum, the following information:

e  Project (facility) name, boring name, date started and finished,
geologist’s and driller’s names, boring location, rig type, auger size,
sampling equipment used, and classification scheme used for soils;

e Lithology-Soils shall be described by using the Unified Soil
Classification System (USCS). This will include soil/unconsolidated
material/rock type, texture, plasticity, density, and gross petrology;
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e  Description of stratigraphic and/or lithologic structural features
encountered.  This will include a description of planar features
(e.g. bedding planes, graded bedding), lineations, voids, cementation,
nodules, bioturbated zones, organic matter, shell deposits, root holes and
other features related to vegetation, and discontinuities. The orientation
of these features will be measured when possible. This data will only be
available from the drive samples, sonic borings, and continuous core
pulled from the borehole.

e  Qualitative moisture content (wet, moist, dry), degree of weathering,
color (referenced to Munsell color charts), stain (e.g., presence of
mottles, iron oxide [Fe,Os]), odor and depth to water bearing unit(s), and
vertical extent of each water-bearing unit, where possible;

e  Observations made during drilling. This includes advance rate, water
loss, depth to water table or saturation, drilling difficulties; changes in
drilling method or equipment, amounts and types of any drilling fluids
used, presence of running sands, cave/hole stability, and depth of
borehole and reason for termination of borehole;

e  General observations made during sampling (e.g., depth of borehole,
blow counts, sample recovery, sample depth/number/type, percent
sample recovery);

e PID readings collected from soil samples and in the vicinity of the
borehole at the surface. The PID will be used to monitor vapor
emissions during drilling. Vapor emissions from the soil samples and
from the open borehole casing will be monitored and recorded on the
boring log; and

e  Other remarks, including deviations from drilling plan, weather
conditions, drilling observations, and possible contamination of soil or
groundwater.

Daily field sheets will also be maintained during drilling. The daily field
sheet will contain other pertinent information that is not on the boring logs, such as
observed arrival times and departure times of visitors and subcontractors on the site,
drilling problems, and break times, etc.

C-5 8/24/2006
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C.3 WELL INSTALLATION

Following the drilling of each borehole, a monitoring or injection well will be
installed. For the EVO injection wells, the screened intervals should target the entire
lithologic unit of interest. Monitoring wells will have 10-foot screens across depths that
approximately correspond to the center of the injection well screen. Where two
monitoring wells are to be constructed at two depths in one location, the screened
intervals of the two wells should be selected to correspond to the screened interval of
the corresponding injection wells (i.e., distances above, below and between the screened
intervals of the monitoring wells in relation to the injection well are equal). Adjustment
to the proposed screened intervals may be required to meet these objectives upon
approval from the field program manager.

During well construction, the field geologist will keep a complete record of
the design and construction of each well and of all materials installed in the borehole
(i.e., depth of screen, length of screen and casing, volume of sand and bentonite pellets,
bags of cement, etc.). Construction methods will also be verified and recorded in the
field by the field geologist. Installation details specific to both EVO injection and
monitoring well installation are included in Section C.3.1 and C.3.2 respectively.

C.3.1  Injection Well Installation

PVC centralizers will be installed above and below the screened interval and
at 40-foot intervals along the blank casing. The annulus of each well will be filled with
filter sand, which will extend from approximately 3 feet above the top of the screen to
the bottom of the borehole. The filter sand, a number 2/12 sand or equivalent, will be
carefully installed through the annulus between the well screen and the borehole. The
sand will be poured slowly and its level will be measured by using a weighted tape
measure at approximately one-half bag intervals. A surge block will be applied to the
well following placement of the filter pack to induce settlement of the filter pack.
Additional filter pack material will be added following surging of the well until the
filter pack extends approximately 2 feet above the top of the screen interval.
Approximately 1 foot of transition sand (finer grained number 30 or 1C sand or
equivalent) will be placed above the filter pack sand to prevent intrusion of annular
sealants into the filter pack. The top of the filter pack will be verified by using a
weighted tape measure. An approximately 2-foot thick hydrated bentonite pellet/chip
seal will be tremied down the annular space of the borehole to ensure a competent seal
above the transition sand and hydrated as necessary. The top of the bentonite seal will
be verified by using a weighted tape measure. The remaining well annulus will be
completed with cement/bentonite grout to provide a surface seal. The cement/bentonite
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grout will be installed under pressure by using a tremie pipe, leaving approximately 1
foot of exposed polyvinyl chloride (PVC).

Injection wells will be constructed of 4-inch diameter schedule 80 PVC. All
injection wells will have 0.020-inch screens. The injection well blank casing will be
tightly threaded and sealed to prevent leakage during the injection phase. Sealing can
be with a Teflon seal, o-ring, or other method to maintain a seal to a maximum pressure
of 50 pounds per square inch (psi). Special care will be taken to seal any connections
within the top 10 ft of the well completion. Each well will be completed at surface with
either a minimum 17-inch diameter traffic-rated well vault and cover, or an
aboveground surface completion with protective posts. Wells constructed in low lying
areas will have a minimum of 2 feet of stick up to avoid flooding the well head.
A flange fitting (9-inch outside diameter) will be solvent welded to the top of the well
casing for attachment of the EVO injection well head fitting and a nominal 4-inch
J-plug will seal the annulus of the flange fitting while the injection well is not in
operation. The fitting and J-plug will terminate just below the top of the well vault.

C.3.2  Monitoring Well Installation

All monitoring wells shall be installed in general accordance with the Cal-
EPA guidance Monitoring Well Design, and Construction for Hydrogeologic
Characterization (July, 1995). PVC centralizers will be installed above and below the
screened interval and at 40-foot intervals along the blank casing. The annulus of each
well will be filled with filter sand, which will extend from approximately 3 feet above
the top of the screen to the bottom of the borehole. The filter sand, a number 2/12 sand
or equivalent, will be carefully installed through the annulus between the well screen
and the borehole. The sand will be poured slowly and its level will be measured by
using a weighted tape measure at approximately one-half bag intervals. A surge block
will be applied to the well following placement of the filter pack to induce settlement of
the filter pack. Additional filter pack material will be added following surging of the
well until the filter pack extends approximately 2 feet above the top of the screen
interval. Approximately 1 foot of transition sand (finer grained, a number 30 or 1C
sand or equivalent) will be placed above the filter pack sand to prevent intrusion of
annular sealants into the filter pack. The top of the filter pack will be verified by using
a weighted tape measure. An approximately 2-foot thick hydrated bentonite pellet/chip
seal will be tremied down the annular space of the borehole to ensure a competent seal
above the transition sand and hydrated as necessary. The top of the bentonite seal will
be verified by using a weighted tape measure. The remaining well annulus will be
completed with cement/bentonite grout to provide a surface seal. The cement/bentonite
grout will be installed under pressure using a tremie pipe, leaving approximately 1 foot
of exposed polyvinyl chloride (PVC).

C-7 8/24/2006
-SOP-Rev1 .doc



D R AF T - For Discussion Purposes Only GeoSyntec Consultants

Monitoring wells will be constructed of 4-inch diameter PVC. Monitoring
wells with a total depth less than 100 ft shall be constructed of schedule 40 PVC and
monitoring wells with a total depth of greater than 100 ft shall be constructed of
schedule 80 PVC. All monitoring wells will have 0.020-inch screens. Each monitoring
well will be completed with a locking cap and either a traffic-rated cover or an
aboveground surface completion with protective posts.

C.3.3  Record Keeping

During well installation, a well construction record and a well diagram will be
completed containing the following information:

e  Project (facility) name, well name, date and time of well construction,
geologist’s and driller’s names;

e  Well depth (0.1 ft), casing length and materials, screened interval,
material and slot size/design;

e  Filter pack material, size, and volume (calculated and actual);

e  Annular sealant composition, placement method, and volume (calculated
and actual);

e  Surface sealant composition, placement method, and volume (calculated
and actual); and

e  Type and construction of protective casing (well box), well cap and lock.

C4 WELL DEVELOPMENT

The wells will be allowed to set and recover for at least 48 hours after
installation prior to development. This will allow curing of the grout so that
development activities do not damage the grout seal. Development of each well will be
performed with a Smeal 5T rig, or equivalent, equipped with a steam cleaner, vented
surge block, air lift and submersible pumps, bailers capable of removing sediments from
the well, and a generator. Prior to development, the rig and development equipment
will be steam cleaned to reduce the potential for cross-contamination between wells.
Water quality measurement instruments will be calibrated each day, or more often if
measurements are suspicious. Calibration will be performed with standards supplied by
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the instrument manufacturers. Field data collected during the well development
procedure will be recorded on a well development log sheet. Initial procedures for well
development include:

Document well identification number, well construction details, bottom
of well, screen interval, casing size, and well depth;

Recording static water depth and total well depth with an electric water
level indicator;

Initially alternate surging and bailing with a surge block and a stainless
steel or PVVC bailer;

When sands and silts have diminished in the water coming out of the
bailer, pumping should begin in the development process and the
following procedures will be implemented.

Re-record static water depth and total well depth;

Set the pump at approximately two feet off the bottom of the well;

Begin pumping;

Periodically record flow rate, drawdown (water level), and volume of
water removed.

Periodically monitor water quality parameters (pH, temperature, specific
conductivity, and turbidity) with a Horiba U-10 meter (or equivalent).

Well development will be considered complete when at least three casing
volumes of water have been removed and field readings have stabilized as follows:

-SOP-Rev1 .doc

pH, +0.1;
temperature, +10%;
specific conductivity, +3%);

dissolved oxygen, +0.3 milligrams per liter; and
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turbidity, +10% (where turbidity is greater than 10 NTU), a turbidity
reading of less than 5 National Turbidity Units (NTUs) will be targeted.

During well development, field data sheets will be completed for each well

location.

The field data sheet will include, at a minimum, a well development log

containing the following information:

Project (facility) name, well name, date and time of development,
geologist’s and developer’s names;

Depth to static water level, total depth of well, boring and well casing
inside diameter (i.d.) and OD, and calculation of well volume; and

Time, depth to water, volume removed, flow rate, pH, temperature,
turbidity, and specific conductance.

C5 GROUNDWATER SAMPLING

C.5.1 Field Preparation

Prior to the start of each sampling event, the following activities shall be
performed to prepare for the sampling event:

-SOP-Rev1 .doc

The site-specific Health and Safety Plan (HASP) shall be reviewed and
signed by all sampling personnel.

The sampling personnel shall gather the appropriate containers and
forms to have the samples analyzed for the required constituents.
Appropriate forms include the chain of custody, labels, and a purge and
sampling record.

The sampling team will collect the Quality Assurance (QA) samples for
each day’s sampling listed with appropriate QA sample containers,
checklist, analyses, and quantity.

Ensure a water level meter will be present during sampling.

Obtain a Horiba U-10 meter (or equivalent) to measure pH, specific
conductivity, temperature, dissolved oxygen, and turbidity.
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Calibrate Horiba U-10 (or equivalent) at the beginning of every day in
accordance with manufacturer’s instructions by using provided
calibration solution. The Horiba instrument shall also be recalibrated
any time during sampling activities if inconsistent readings are
suspected.

Ensure that calibrated containers or drums are available to measure
discharge rates, total discharge, and contain purge water.

Ensure that new tubing will be available for every sample taken.

C.5.2  Groundwater Sampling

C.5.2.1 Pre-Sampling Activities

Groundwater sampling will be conducted no sooner than one week after the
completion of development of the sampled wells. Before purging, purging and
sampling equipment will be thoroughly cleaned and decontaminated to prevent cross-
contamination. Additionally, water levels will be measured by using an electric water
level indicator by using the following procedure:

-SOP-Rev1 .doc

Measure the depth to water to the nearest £0.01 feet (ft) (0.003 meter
[m]) by using a water level meter consisting of a graduated cable and
probe. Calibration of the water level meter will be checked with a
measuring tape before use. Decontaminate the water level meter prior to
introduction into the well.

Lower the water level meter probe into the well slowly. The water level
indicator will create a sound or turn on a light when the probe comes into
contact with water.

Confirm that the water encountered by the water level indicator probe is
the groundwater level by raising and lowering the indicator into and out
of the water several times. False indications of water level may be
provided by condensation along the well casing or high humidity within
the well.

Document the reading (in feet) indicated by the graduated cable at the
reference point (water level depths will be measured from a surveyed
elevation, typically, the north edge of the top of casing, or the top of the
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flange (north side) for the injection wells). Subtract this value from the
surveyed reference point elevation (in feet above mean sea level) to
calculate the water level elevation (in feet above mean sea level).

e  While extracting the water level indicator cable and probe from the well
casing, remove water and particles from the cable by passing the cable
through a clean paper towel.

C.5.2.2 Purging Activities

Prior to collection of groundwater samples from each well, at least three
casing volumes of groundwater will be purged by using electric submersible pumps or
air lift pumps, as necessary. Purging of the groundwater will be performed at relatively
low flow rates, to ensure minimal drawdown of the surrounding water table. Water
purged from the wells will be monitored for temperature, pH, conductivity, dissolved
oxygen, oxidation/reduction potential, and turbidity to document changes in water
quality. Water quality field parameters will be recorded every three minutes or each
time the internal volume of the flow cell is replaced with water during purging.
Additionally, color, appearance, and any noticeable odors will be documented.

After the groundwater has reached stabilization and purging is complete,
sampling should be conducted immediately. For bulk sampling, laboratory-provided
sample containers (with appropriate type and volume of preservative) will be filled
directly from the sample pump discharge hose while maintaining the flow rate
established during purging to minimize any potential agitation of the groundwater.

C.5.2.3 Sampling Activities

Samples will be collected in accordance with the following guidelines:

e  Gloves worn during purging shall be discarded and replaced with clean
gloves for sampling;

e  Sample containers shall not be opened until immediately prior to filling;

e The insides of sample containers shall not be touched, including with
clean gloves;

e  Sampling containers shall be filled slowly and with minimal aeration
through the hose from the pump (do not touch the tubing to the inside of
the sample container);
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e  Sampling containers shall be filled completely, but not overfilled, as this
will result in the loss of preservative;

e QA samples will be collected as specified on the sample collection log,
will be properly labeled, and entered on the chain-of-custody.

e  Sampling containers shall be filled as expeditiously as possible to
minimize the time between filling the first sample container and the last;
and

e Filled sample containers shall be labeled, prepared for transport, and
stored in an ice chest or cooler as described below.

Immediately following sample collection, each sampling container will be
sealed, labeled, and preserved with ice in an ice chest (at a temperature of 4+2°C).
Breakable or otherwise fragile sample containers will be stored in travel cases or
wrapped in plastic bubble-wrap to reduce potential damage during delivery to the
laboratory. Typically, samples will be delivered within 24 hours of sample collection to
provide time for sample preparation and testing within EPA holding times.

C.5.2.4 Sample Labeling and Chain of Custody Protocol

Each sample container shall be labeled with a distinct and clearly written
label. The field sampling personnel shall complete the information on the sample label
at the time of sampling by using indelible ink. The coding to be used to identify each
sample shall be standardized.

A note in the field activity report sheet shall be made to correlate the sample
identificat