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1. INTRODUCTION

This document presents design and implementation procedures for groundwater remedial actions
(RAs) at Installation Restoration Program (IRP) Site 1 (former Explosive Ordnance Disposal [EOD]
Training Range) and IRP Site 2 (Magazine Road Landfill) at former Marine Corps Air Station
(MCAS) El Toro, located in Orange County, California. The principal components of this document
include the following:

e Work Plan (WP) Main Text: The main body of this document presents engineering design
and construction/implementation procedures, personnel responsibilities, and project
schedule. The main text also includes an interim long-term monitoring (LTM) Plan for
groundwater monitoring conducted as part of the RAs.

o Sampling and Analysis Plan (SAP) (Attachment A): The SAP delineates technical objectives,
data acquisition and assessment procedures, and QA and QC requirements for sampling and
analyses conducted as a part of the RAs.

e Land Use Control (LUC) Remedial Design (RD) (Attachment B): The LUC RD presents
description, implementation, maintenance, and enforcement procedures for institutional
controls (ICs) that are components of groundwater RAs for both IRP Sites 1 and 2.

e Construction Quality Assurance (CQA)/ Construction Quality Control (CQC) Plan
(Attachment C): The CQA/CQC Plan presents the quality control (QC) and quality assurance
(QA) procedures to be followed during the RAs.

The RAs for groundwater associated with IRP Sites 1 and 2 are consistent with the final remedies for
both sites documented in the Groundwater Record of Decision (ROD) (DON 2012). These RAs will
be conducted pursuant to the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) and the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).

This document was prepared for the Base Realignment and Closure (BRAC), Program Management
Office West and the Naval Facilities Engineering Command Southwest (NAVFAC SW) under Task
Order (TO) 0002 of the Performance Based Environmental Multiple Award Contracts, contract
number N62473-11-D-2231.

1.1 ORGANIZATION OF THE WORK PLAN

This WP has been organized into the following sections:

e Section 1: Introduction — Presents the general purpose and outline of the WP.

e Section 2: Site Background — Presents history and summary of previous environmental
investigations for IRP Sites 1 and 2.

e Section 3: Conceptual Site Model — Presents a summary of geology/hydrogeology,
groundwater geochemistry, nature and extent of chemicals of concern (COCs), current and
proposed future land/resource uses, and a summary of human-health risks for IRP Sites 1
and 2.

e Section 4: Summary of Treatability Studies — Presents a summary of previous treatability
studies conducted at IRP Sites 1 and 2.

e Section 5: Regulatory Framework and Remedial Action Objectives — Presents a summary of
applicable or relevant and appropriate requirements (ARARs) and remedial action objectives
(RAOs) Groundwater ROD for IRP Sites 1 and 2.

1-1
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Section 6: Selected Remedy Design — IRP Site 1 — Presents detailed design of the selected
groundwater remedy for IRP Site 1.

Section 7: Selected Remedy Design — IRP Site 2 — Presents detailed design of the selected
groundwater remedy for IRP Site 2.

Section 8: Remedial Action Implementation — Presents detailed project organization and key
personnel responsibilities and detailed construction/implementation procedures.

Section 9: References — Provides a listing of reference materials used in this Work Plan.

Appendices

Appendix A: Input Parameters and Output Sheets — ESTCP Substrate Estimating Tool
Appendix B: Standard Operating Procedures

Appendix C: CERCLA Documentation Process and RCRA Facility Closure Comparison
Appendix D: Material Safety Data Sheets

Attachments

Attachment A: Sampling and Analysis Plan
Attachment B: Land Use Control Remedial Design

Attachment C: Construction Quality Assurance / Construction Quality Control Plan
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2. SITE BACKGROUND

2.1 SITE LOCATION

Former MCAS El Toro is situated in south central Orange County, California, approximately 8 miles
southeast of Santa Ana and 12 miles northeast of Laguna Beach (Figure 2-1) and comprises
approximately 4,740 acres. Former MCAS EI Toro provided materials and support for Marine Corps
aviation activities until the Station was closed in July 1999 under the BRAC Act.

IRP Site 1 (the former EOD Training Range) is located in the northeast portion of former MCAS El
Toro in the foothills of the Santa Ana Mountains (Figure 2-1). IRP Site 2 (Magazine Road Landfill)
is located on the eastern portion of former MCAS EIl Toro, south of IRP Site 1 (Figure 2-1).

2.2 FORMER MCAS EL TORO DESCRIPTION

MCAS El Toro was closed in July 1999, as a part of the BRAC Act. Most of the Station property has
been transferred or leased by the Department of the Navy (DON) to a private owner. The DON
currently owns 74 acres of the former Base that are associated with IRP Site 1 (Figure 2-2). IRP Site
2 is on property that has been transferred to the Department of Justice, Federal Bureau of
Investigation (FBI).

Historically, land use around former MCAS EIl Toro has been largely agricultural. However, land to
the south, southeast, and southwest has been developed over the past 10 years to 15 years for
commercial, light-industrial, and residential uses. Currently, expanding commercial areas adjoin the
Station and additional residential areas are located to the northwest and west. Adjacent land to the
northeast and northwest is used for agriculture.

2.3 SITE DESCRIPTION

2.3.1 IRP Site 1

IRP Site 1 is situated within a tributary canyon of Borrego Canyon Wash at elevations ranging from
approximately 610 feet to 760 feet above mean sea level (msl) (Figure 2-3). IRP Site 1 includes the
Northern EOD Training Range (16.9 acres), the Southern EOD Training Range (16.6 acres), and a
Buffer Zone (37 acres), among other features, for a total of approximately 74 acres (BNI 1995).

EOD training was conducted at IRP Site 1 from 1952 until closure of former MCAS EI Toro on 2
July 1999. The majority of recent military EOD training took place at the Northern EOD Training
Range. The Southern EOD Training Range was used for EOD training by the Orange County
Sheriff’s Department and various Federal agencies (BNI 1995). Several demolition pits, and a range
building, are present at IRP Site 1. Military ordnance used at the Site included hand grenades, land
mines, cluster bombs, smoke bombs, and rocket propelled munitions. Civilian commercial-grade
explosives, such as dynamite, and plastic and gelatinous explosives have also been used at IRP
Site 1. Trenches and pits were periodically excavated and munitions were detonated. The trenches
and pits were then filled with soil and then subsequently reexcavated to conduct additional munitions
detonation activities.

Limited historical information suggests that rocket motors or Jet-Assisted Take-Off units were
handled at IRP Site 1. In 1982, approximately 2,000 gallons of sulfur trioxide chlorosulfonic acid
(FS smoke) were reportedly burned in trenches located in the northern portion of the Site. An
estimated 300,000 gallons of petroleum fuels were burned from 1952 through 1993. In addition,
there are unconfirmed reports that low-level radioactive material was handled at the site (NEESA
1986). The potential presence of radionuclides at the Site was investigated and based on the
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investigation findings, the site received unrestricted release from the California Department of Public
Health in September 2007. The FBI used IRP Site 1 for training purposes (FBI 2000). The FBI’s
activities at IRP Site 1 included bomb technician training, post-blast investigation training, and
emergency response operations. These activities involved the use of explosive devices and products.

2.3.2 IRP Site 2

IRP Site 2 was used as a landfill, shown as Areas A and B on Figure 2-4, from the late 1950s until
about 1980, although some unauthorized disposal may have occurred on an intermittent basis at
Areas C1, C2, and D2. During the 1970s, all solid waste from MCAS EI Toro and some waste from
MCAS Tustin were disposed in this landfill. Previous reports estimate 800,000 cubic yards to
1,000,000 cubic yards of waste were placed in the landfill during its operation (Strata 1991). The
suspected types of waste include construction debris, municipal waste, batteries, waste oils,
hydraulic fluids, paint residues, transformers, and waste solvents (BNI 1996). A soil layer of varying
thickness was placed over the landfill waste.

The RA for soil at IRP Site 2 was completed in February 2008. This RA included consolidation of
wastes from Areas C1/C2, and D2, and construction of an evapotranspiration cap (AECOM 2009).
The operation and maintenance (O&M) of this evapotranspiration cap is currently in progress.

2.4 PREVIOUS INVESTIGATIONS

Various environmental investigations have been conducted at IRP Sites 1 and 2 as a part of the
CERCLA process to characterize the physical attributes including the geology and hydrogeology, the
nature and extent of contamination, potential risks to human-health and the environment, and the
feasibility of potential remedial technologies. The environmental media investigated at IRP Sites 1
and 2 included soil, surface water, groundwater, and/or air. The following subsections present a
summary of the investigations performed for groundwater at IRP Sites 1 and 2. The Federal
Facilities Agreement (FFA) signatories reviewed and concurred with the primary documents
associated with these Sites.

2.4.1 IRP Site 1

Table 2-1 presents brief summaries of key groundwater investigations conducted at IRP Site 1. Since
treatability studies directly influence the RD for IRP Site 1 groundwater remedy, a more detailed
summary of these studies is presented in Section 4.

2.4.2 IRP Site 2

Table 2-2 presents brief summaries of key groundwater investigations conducted at IRP Site 2. Since
treatability studies directly influence the RD for IRP Site 2 groundwater remedy, a more detailed
summary of these studies is presented in Section 4.
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3. CONCEPTUAL SITE MODEL

The conceptual site model (CSM) is an engineering management tool that summarizes physical
characteristics of the site, the nature and distribution of chemicals of concern (COCs), fate and
transport of COCs, potential receptors/exposure pathways, and potential risks to human health. The
CSMs for IRP Sites 1 and 2 are discussed in the following subsections.

3.1 GEOLOGY AND HYDROGEOLOGY

The selected remedy for IRP Site 1 groundwater will include in situ bioremediation (ISB) within the
IRP Site 1 boundary, in the area between IRP Sites 1 and 2, and near the former MCAS EI Toro
Boundary (i.e., at IRP Site 2) (see Section 6 for the selected remedy summary). For IRP Site 2, the
selected remedy will include implementation of monitored natural attenuation (MNA). Based on
this, the summary of geology/hydrogeology is focused toward the following target remediation areas:

1. Area within the IRP Site 1 boundary
2. Area between IRP Sites 1 and 2 (hereinafter also referred to as Intermediate Area)
3. IRP Site 2 Area

The summaries presented below are primarily based on the following reports: Final Phase Il
Remedial Investigation (RI) Report (IRP Site 1) (Earth Tech 2006a); Final Groundwater Feasibility
Study Report (IRP Sites 1 and 2) (AECOM 2011); Aquifer Characterization and Bench-Scale
Treatability Testing Report (IRP Site 1) (ECS 2006); and Aquifer Test Technical Memorandum (IRP
Site 2) (Earth Tech 2006b).

3.1.1 Area Within IRP Site 1 Boundary
3.1.1.1 GEOLOGY AND GROUNDWATER LEVELS

The geology in the vicinity of IRP Site 1 is predominantly poorly consolidated massive marine
sandstone (bedrock) of the Oso Member of the Capistrano Formation beneath alluvial sediments
(Earth Tech 2006a). The overlying alluvium consists of fine- to medium-grained sand, silty sand,
and clayey sand derived from the bedrock, and varies in thickness from O feet (bedrock exposed at
the surface) to 40 feet. The upper layer of bedrock is weathered and is generally more porous and
permeable than the underlying competent (moderately indurated sandstone) bedrock.

Figure 3-1 presents the site layout and historical perchlorate assessment locations, including
monitoring wells and hydropunch locations at and downgradient of IRP Site 1. Within the IRP Site 1
boundary and in an area north of hydropunch location 01-HPAS8, under seasonally low rainfall/dry
conditions, groundwater is primarily present in the bedrock. Groundwater levels rise into overlying
alluvium in the central portion of the site in response to rainfall events. Figure 3-2 presents a
groundwater equipotential map at and downgradient of IRP Site 1 for a comprehensive gauging
event conducted in January 2013 (representative of low rainfall conditions). Water level
measurements at and downgradient of IRP Site 1 indicate that groundwater levels rise in response to
rainfall events. Based on the comprehensive round of water level measurements conducted in March
2005, groundwater levels rose approximately 10 feet on average in response to the second highest
rainfall amounts recorded in the Los Angeles history.

The most recent groundwater gauging events at IRP Site 1 representative of wet and dry conditions
were conducted in March 2011(Trevet 2011) and January 2013, respectively. The groundwater
equipotential map based on these gauging events is presented on Figure 3-3. Based on this map,
water levels within the central portion of IRP Site 1 (also referred to as the perchlorate Source Area)
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reflect a south-southwest flow direction with a gradient averaging 0.05 foot per foot near the central
portion of IRP Site 1.

3.1.1.2 HyYDRAULIC CONDUCTIVITY AND PUMPING RATES

Based on the pump tests conducted in 2005 and 2006 (ECS 2006), two primary hydraulic
conductivity zones (Zone 1 and Zone 2) were identified near the central portion of IRP Site 1 (see
Figure 3-3). The hydraulic conductivities for Zones 1 and 2 were estimated at 3x10™ centimeters per
second (cm/s) and 1x10” cm/s, respectively. Secondary porosity within Zone 1 was estimated to be
0.4 percent based on the pump tests. Secondary porosity and higher hydraulic conductivities in Zone
1 are likely the result of chemical weathering caused by fluctuating groundwater levels near the
central portion of IRP Site 1 in response to variations in precipitation and groundwater recharge
(ECS 2006).

Based on the aquifer tests, the long-term yields for wells completed in bedrock are expected to range
from up to 1 gallon per minute (gpm) near the center of Zone 1 to 0.2-gpm or less near the northwest
and southwest perimeters of Zone 1. The bedrock in Zone 2 does not yield sufficient quantities of
water to operate an extraction well (ECS 2006).

For Zone 1, using the hydraulic conductivity of 3x10™ cm/s, effective porosity of 0.27 (literature-
based value for sandstone), and groundwater gradient of 0.05-foot per foot, the groundwater seepage
velocity is estimated to be 57.5 feet per year. For Zone 2, using the hydraulic conductivity of 1x107
cm/s, effective porosity of 0.27 (literature-based value for sandstone), and groundwater gradient of
0.06-foot per foot, the groundwater seepage velocity is estimated to be approximately 2.3 feet per
year.

3.1.1.3 BURIED CHANNEL AND GROUNDWATER FLOW

A review of borehole logs from monitoring wells indicates that the cross-section profile of the
alluvium and the saturated weathered bedrock within the IRP Site 1 boundary approximates a “V”,
indicating a buried channel. This buried channel is relatively narrow within the boundary of IRP
Site1 (see Figure 3-5). However, the size and extent of the channel increases south of or
downgradient of IRP Site 1 (i.e., in the area between IRP Sites 1 and 2 [see Section 3.1.1.2]). The
buried channel appears to strongly influence the flow of groundwater and perchlorate transport from
the central portion of IRP Site 1. It is suspected that during times of high groundwater recharge, the
groundwater and perchlorate plume spread laterally upgradient of the narrow buried channel. As
groundwater recharge diminishes, the water table declines and the plume contracts as perchlorate-
laden groundwater predominantly discharges through the buried channel (ECS 2006).

3.1.2 Area Between IRP Sites 1 and 2

Downgradient of IRP Site 1, saturated alluvium overlies the feldspathic sandstone bedrock. The
Phase Il RI involved the drilling of 29 continuously cored borings (shown as Hydropunch® locations
on Figure 3-1) south of IRP Site 1 boundary. These borings showed that a classic V-cut buried
channel also exists south of IRP Site 1 (see cross-section D-D’ on Figure 3-5). The saturated alluvial
thickness along the axis of the buried channel south of IRP Site 1 is about 40 feet to 50 feet. During
the Hydropunch® investigations (Earth Tech 2006a), coarse, heaving, unconsolidated sands were
commonly encountered while trying to core the alluvium in the buried channel depths. This suggests
clean saturated sands and gravels with relatively high groundwater flow velocities are present at this
depth.

Figure 3-2 presents a groundwater equipotential map in the area between IRP Sites 1 and 2 based on
the data collected during January 2013 (representative of low rainfall conditions). The groundwater
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levels reflect a south-southwest flow direction in the saturated alluvium and bedrock in the direction
of IRP Site 2 with a gradient averaging 0.01-foot per foot. A summary of recent water level data
collected between IRP Sites 1 and 2 in November 2010, March 2011, and January 2013 is presented
in Table 3-1.

3.1.3 IRP Site 2 Area

The geology in the vicinity of IRP Site 2 consists of alluvial deposits overlying sandstone from the
Topanga and Vaqueros Formations. The alluvial deposits consist primarily of fine- to medium-
grained sands with silt, and silty sands. Sandstone from both formations exhibits various degrees of
calcium cementation and weathering by depth and location. The upper portion of the bedrock is
weathered, thus complicating the identification/location of the bedrock-alluvium contact.

Figure 3-7 presents the IRP Site 2 plan, and locations of monitoring wells and hydropunch locations
at and downgradient of IRP Site 2. Based on the water level gauging conducted in March 2011
(seasonally high rainfall conditions) and January 2013 (seasonally low rainfall conditions),
groundwater levels generally reflect a southern trending flow gradient averaging 0.05 feet per foot
(Figure 3-7). A review of historical reports for former MCAS EI Toro suggests that the groundwater
gradient direction changes toward the northwest downgradient of the former MCAS EIl Toro
Boundary. DTSC has expressed concerns in the past regarding uncertainties in groundwater gradient
direction, and fate and transport of COCs south of former MCAS EIl Toro Boundary. As part of
preparation of this Work Plan, the influence of the postulated fault south of former MCAS EI Toro
Boundary and depositional environment on the groundwater gradient was reviewed, and a conclusion
was reached that the hydraulic gradient has the greatest influence on the flow direction. With the
installation of four Alton Parkway replacement wells (02_NEWO02A, and 02_NEWO7A,
02_NEW26A, and 02_NEW27A), a review of groundwater elevations documented in the Well
Installation Report (Trevet 2012) was performed. This review noted that the well screen intervals
intercepted alluvial deposits and the general direction of groundwater gradient based on the April
2012 and January 2013 water level measurements is towards the west-northwest (see Figure 3-7).

The hydrogeologic cross-sections for IRP Site 2 area are presented on Figures 3-8 and 3-9.
Groundwater occurs in the porous alluvial sediments and in bedrock sandstones and siltstones, and
ranges from being unconfined to confined. Due to the interlayered heterogeneous nature of the
bedrock, water bearing units within the bedrock range from being laterally and vertically isolated to
partially isolated. The hydraulic properties of alluvium and bedrock water bearing zones were
estimated during the pump tests conducted in 2002 and 2003 (Earth Tech 2006b). The results of
these pump tests indicate that the alluvial water bearing zone (near former location of wells
02NEWO02) is unconfined with relatively high transmissivity (4,400 square feet per day). The
bedrock water bearing zones range from confined to unconfined with relatively low transmissivity (3
square feet per day to 240 square feet per day). The long-term pumping rates from the area near the
former MCAS EI Toro Boundary in the vicinity of wells 02DGMW&60, 02PZ06A/B, and 02NEW13
ranged from 0.24-gpm to 0.4-gpm.

Based on the bedrock hydraulic conductivity 8.5x10° cm/s (estimated based on pump tests),
effective porosity of 0.12 (literature-based value for siltstone), and groundwater gradient of 0.05-foot
per foot, the groundwater seepage velocity is estimated to be approximately 36.6 feet per year.

Depths to groundwater vary seasonally and generally range from 40 feet to 70 feet below ground
surface (bgs). Previous investigations using the wells south and southwest of IRP Site 2 have shown
that, as the groundwater flows from IRP Site 2, the flow direction changes abruptly toward the
northwest as the depth to groundwater increases to approximately 130 feet bgs.
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Surface water infiltration testing has not been conducted at IRP Sites 1 and 2. Based on poorly
graded and silty sands overlying the bedrock at IRP Sites 1 and 2, the infiltration rates are expected
to be on the order of 0.1 to 0.8 inches per hour (USDA 2008).

3.2 GROUNDWATER GEOCHEMISTRY

Groundwater samples have been collected and analyzed for various geochemical parameters
including dissolved oxygen (DO), oxidation-reduction potential (ORP), nitrate, sulfate, negative log
of the hydrogen ion concentration (pH), and alkalinity as part of routine groundwater monitoring at
former MCAS EI Toro (Trevet 2011). Table 3-2 summarizes these data for April 2010, November
2010, and March 2011 monitoring rounds for the wells outside the zone of influence of 2009-2010
ISB Pilot Study (see Section 4 for details). A summary of geochemical data presented in Table 3-2
is shown in Table 3-3 for three target remediation areas: area within the IRP Site 1 Boundary,
Intermediate Area, and the IRP Site 2 area.

Although the DO data shows relatively high variability (see Table 3-2), the average DO values
indicate anoxic to aerobic conditions in groundwater within the three target remediation areas.
Within the IRP Site 1 boundary and Intermediate Area, the DO values for several wells are higher
for the March 2011 sampling round compared to April and November 2010 sampling rounds,
potentially reflecting influence of recharge due to rain events. The maximum, minimum, and average
nitrate and sulfate concentrations for the three target remediation areas are presented in Table 3-3.
The sulfate concentrations in the IRP Site 2 area are much higher than the area within the IRP Site 1
Boundary, and the Intermediate Area.

3.3 NATURE AND EXTENT OF CHEMICALS OF CONCERN

3.3.1 IRP Site 1

The COC for IRP Site 1 groundwater is perchlorate. Figure 3-1 shows the estimated extent of
perchlorate in groundwater at and downgradient of IRP Site 1. For each well/sampling location, the
latest available perchlorate concentration data reported in the following reports and datasets are used
(sampling dates ranging from 2004 to January 2013):

e Final Spring 2011 Data Summary Report, Installation Restoration Program Sites 1 and 2,
Former Marine Corps Air Station El Toro Irvine, California (Trevet 2011)

o Final Technical Memorandum, In Situ Bioremediation Pilot Study, Installation Restoration
Program Site 1, Explosive Ordnance Disposal Training Range Former Marine Corps Air
Station El Toro, California (AECOM and ECS 2011) (Note: Pre-pilot study data is reported
on Figure 3-1 for wells that were influenced by injected substrate during the pilot study)

e Pre-design sampling in support of the RD/RA.

Perchlorate has been reported in groundwater in the central portion of IRP Site 1 in the Northern
EOD Training Range at concentrations exceeding the drinking water equivalent level (DWEL, a
USEPA health advisory) of 24.5 micrograms per liter (pg/L) (USEPA 2006) and the California
Maximum Contaminant Level (MCL) of 6 pg/L by more than one order of magnitude (see Figure
3-1). An analysis of historical operations and soil sampling results indicates that this area
(hereinafter interchangeably referred to as the perchlorate Source Area or central Source Area) is
likely the source of perchlorate for areas located south of IRP Site 1, including the Intermediate
Area. At IRP Site 2, perchlorate in groundwater at concentrations exceeding the California MCL of
6 pg/L extends south to approximately the former Station Boundary. Perchlorate was reported in
three off-Station wells below its California MCL of 6 pg/L. Based on the data collected during IRP
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Site 2 investigations and during the IRP Site 1 RI, it was concluded that perchlorate in groundwater
at IRP Site 2 was related to the release of perchlorate at IRP Site 1.

3.3.2 IRP Site 2

The COCs for IRP Site 2 groundwater include: trichloroethene (TCE); tetrachloroethene (PCE); cis-
1,2-dichloroethene (cis-1,2-DCE); 1,1,2-trichloroethane (1,1,2-TCA); and 1,2-dichloroethane
(1,2-DCA). The estimated extents of these COCs are presented on Figures 3-10 and 3-11. TCE
exceeded its Federal MCL for drinking water of 5 pg/L in several monitoring wells at IRP Site 2 and
is the most widely distributed COC. Based on the spatial distribution of TCE, the source of TCE
appears to have originated from point sources in the unauthorized disposal Area C2, downgradient of
the former operational landfill areas. Perchlorate originating from IRP Site 1 is present at IRP Site 2
at concentrations exceeding the California MCL.

3.4 CURRENT AND PROPOSED FUTURE LAND AND RESOURCE USES

3.41 Land Use

Former MCAS EI Toro was closed on 2 July 1999. From 1994 to 2002, the County of Orange, the
designated Local Reuse Authority (LRA), proposed a commercial aviation reuse for former MCAS
El Toro. This proposal was submitted as a BRAC Reuse Plan. In March 2002, County voters
overturned those planning efforts with the passage of Measure W, a referendum that changed the
Orange County General Plan for former MCAS El Toro to a non-aviation use and recreational
theme, with limited development intensities. After the March 2002 vote, the LRA decided that it
would not prepare another BRAC Reuse Plan for the property. Consequently, the Navy decided not
to dispose of the property with any particular reuse or redevelopment plan and that reuse would
ultimately be determined by local zoning applicable at the time of sale.

In November 2003, the city of Irvine annexed the former Station property. The city of Irvine has not
prepared a BRAC Reuse Plan. However, a conceptual Reuse Plan entitled “Orange County Great
Park” was prepared and approved by the City of Irvine; calling for mixed uses of residential,
commercial, and recreational open space.

In July 2005, the Navy completed the process of conveying the former Station through public sale to
a private developer. Although the sale resulted in a majority of the property being transferred by
deed, areas that required further environmental investigation and/or response actions were retained
by the Navy. These areas, known as carve-outs (COs), were leased to the developer in accordance
with the Finding of Suitability to Lease (FOSL) under a Lease in Furtherance of Conveyance
(LIFOC). Upon meeting the environmentally suitable for transfer requirements, the COs are deeded
to the buyer.

Prior to the public sale, approximately 975 acres were excluded from being determined as surplus
property and were instead retained by the government. As such, an approximately 900-acre area
south of IRP Site 1, including IRP Site 2, was conveyed to another Federal agency, the Federal
Aviation Administration (FAA), which has since conveyed the property to another Federal agency,
the FBI (Figure 2-2). The remaining acreage, which encompasses IRP Site 1, has been retained by
the Navy. The Navy intends to transfer IRP Site 1 with the anticipated future use as "like-use" or an
EOD Training Range.

3.4.2 Groundwater Use

Former MCAS El Toro is located within the Irvine Management Zone (formally known as the Irvine
Groundwater Forebay), which has been designated by the California Regional Water Quality Control
Board (RWQCB) as a public water supply source. The aquifer located directly beneath former
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MCAS EI Toro is not currently used for municipal water supply; however, groundwater near the
former Station is used for agricultural purposes.

3.5 SUMMARY OF SITE RISKS

Human-health risk assessments for both sites were performed as part of RIs (Earth Tech 2006a and
BNI 1996) to evaluate potential impacts to human-health from the chemicals of potential concern
(COPCs) in groundwater at IRP Sites 1 and 2. Detailed risk assessment methodologies and results
are presented in the RI Reports for IRP Sites 1 and 2. Brief summaries of these risk assessments are
presented in the following sections.

351 IRP Site 1 Groundwater

Potential cancer risk from exposure (ingestion, skin contact, and inhalation while showering) to
impacted groundwater associated with IRP Site 1 was estimated to be 1x107°, which exceeds the
action level (10™) typically associated with remediation requirements. The two chemicals
contributing a majority of the cancer risk were TCE and arsenic. Although TCE was reported in
some IRP Site 1 monitoring wells during January 2002, it has not been reported in any monitoring
well at the site since January 2002. The estimated cancer risk attributable to TCE is therefore not
considered to represent actual site conditions. In addition, the maximum reported concentration of
arsenic in groundwater did not exceed its MCL of 10 mg/L and was within the range of background
concentrations observed at former MCAS EI Toro. Therefore, no response action is required for
metals.

The Hazard Index (HI) associated with potential exposure to groundwater (ingestion, skin contact,
and inhalation while showering) was estimated to be 10. Perchlorate was identified as a primary risk
contributor to the noncancer risk and was selected as the COC for groundwater.

The cancer risk due to potential vapor intrusion into indoor air as a result of volatilization of volatile
organic compounds (VOCs) from IRP Site 1 groundwater was also evaluated and estimated to be
within the risk management range of 10 to 10°. The noncancer HI due to potential vapor intrusion
into indoor air as a result of volatilization of VOCs from IRP Site 1 groundwater was estimated to be
less than 1. Based on these risk estimates and site-specific considerations, it was concluded that
VOCs in IRP Site 1 groundwater do not pose unacceptable risks to human-health via an indoor air
inhalation exposure pathway.

3.5.2 IRP Site 2

The potential cancer risk to a resident downgradient of IRP Site 2 due to exposure (ingestion, skin
contact, and inhalation while showering) to impacted groundwater was estimated to be 3x10™. The
majority of this risk (99 percent) was attributable to arsenic in groundwater. The Hls for children and
adults due to potential exposure to groundwater downgradient of IRP Site 2 were estimated to be 6.6
and 2.8, respectively. The primary contributors to the HIs were arsenic, fluoride, manganese, and
nickel.

The metal concentrations such as arsenic, manganese, and nickel are consistent with ambient levels
and are not attributable to past Navy activities. Therefore, no response action is required for metals
in groundwater. Potential cancer risk and noncancer HI due to potential vapor intrusion into indoor
air as a result of volatilization of VOCs in groundwater was estimated to be within the risk
management range of 10 to 10° and less than 1, respectively. Based on these risk estimates and
site-specific considerations, it was concluded that VOCs in IRP Site 2 groundwater do not pose
unacceptable risks to human-health via an indoor air inhalation exposure pathway. However,
groundwater monitoring data indicate that concentrations of several VOCs exceeded their respective
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regulatory thresholds (Federal and/or State MCLs) relatively consistently, and therefore were
selected as COCs for IRP Site 2 groundwater.

3-7
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4. SUMMARY OF TREATABILITY STUDIES

4.1 PERCHLORATE MICROCOSM STUDY — IRP SITE 1

Microcosm treatability studies were performed using perchlorate-impacted soil and groundwater
from IRP Site 1 to determine if perchlorate could serve as an electron acceptor for naturally
occurring anaerobic bacteria in groundwater beneath IRP Site 1. The details of the microcosm
studies are presented in the aquifer characterization and treatability studies (ECS 2006) performed
subsequent to the Phase 11 RI.

The results of the microcosm treatability studies indicated that:

e Perchlorate degradation appears to be rapid and complete, suggesting favorable conditions
for perchlorate degradation provided that ORP could be successfully reduced below ambient
levels and sufficient anaerobic bacteria are available.

e The addition of high concentrations of electron donor carbon sources was not required to
achieve complete utilization of the perchlorate in two weeks as both the simulated MNA and
the negative control microcosms achieved the same extent of perchlorate degradation
utilizing low concentrations of organics present in the soil and groundwater.

o Populations of anaerobic heterotrophic bacteria varied over a range of three orders of
magnitude, with lactate and molasses proving to be the most effective carbon source for
boosting bacterial densities.

o Pilot testing is essential to determine the effectiveness of the laboratory results in the field.

4.2 VOC MICROCOSM STUDY — IRP SITE 2

IRP Site 2 groundwater conditions and contaminant distribution were evaluated and bench-scale
microcosm laboratory experiments were performed to measure the rate and extent of biodegradation
of VOCs and perchlorate in groundwater under anaerobic conditions. The details of the evaluation
and microcosm study are presented in the Contaminant Distribution in Groundwater & Microcosm
Study Findings (ECS 2005).

Field parameter readings, such as dissolved oxygen (DO), ORP, electrical conductivity (EC) and pH,
were collected to evaluate groundwater conditions. Groundwater samples were analyzed for VOCs,
ferrous iron, perchlorate, nitrate/nitrite, total alkalinity and major ions, total Kjeldahl nitrogen, total
dissolved solids, total suspended solids, pH, chemical oxygen demand and methane, ethane and
ethene. A conceptual hydrogeologic model was developed based on all data collected from previous
investigations.

Two microcosm studies were performed:

e Study One: Assessed potential biodegradation for four separate groundwater samples
collected from wells 02PZ04, 02PZ12, 02NEW16, and 02NEW17/18 by adding equal
amounts of a low molecular weight carbon food source composed of sodium lactate,
molasses, or CytoSol.

e Study Two: Assessed potential biodegradation of a composite sample prepared by
combining groundwater samples from wells 02PZ04, 02PZ12, 02NEW16 and 02NEW17/18
in one composite sample and adding separate low-molecular weight carbon food source
composed of sodium lactate, molasses, or CytoSol.

4-1
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Based on the experiment results, limited anaerobic biodegradation of PCE (45 percent to 60 percent)
and TCE (15 percent to 25 percent) could potentially occur in groundwater beneath IRP Site 2
provided that ORP levels were artificially reduced below ambient levels. Generation or further decay
of PCE-TCE daughter products such as 1,1-DCE, cis-DCE, trans-DCE and vinyl chloride could not
be assessed from microcosm experimental data because the reported concentrations of these
compounds were masked by interference effects from acetone, which was probably derived from
methanol added as a carrier for spiking of PCE and TCE. Although limited degradation of TCE was
observed during the microcosm studies, subsequent pilot study results indicated that TCE
dechlorinating bacteria can be stimulated to reduce TCE concentrations in groundwater to less than
its MCL of 5 pg/L (AECOM and ECS 2011) (see Section 4.3 for details).

Perchlorate degradation appeared to be rapid and complete in Studies One and Two, suggesting that
conditions would be very favorable for perchlorate degradation provided that ORP potentials could
be successfully reduced below ambient levels.

Conclusions with regard to natural attenuation of VOCs were:
¢ Reductive dechlorination is not an active process at IRP Site 2;
o Dilution, advection, and dispersion are the primary reduction mechanism; and

e Limited degradation of PCE and TCE will occur provided that the reducing conditions are
artificially induced.

4.3 IN SITU BIOREMEDIATION PILOT STUDY — IRP SITES 1 AND 2
Overview of Methodology

A Pilot Study (AECOM and ECS 2011) was conducted to evaluate the effectiveness of ISB of
perchlorate-impacted groundwater within the following two areas:

o Perchlorate Source Area in the central portion of IRP Site 1 in saturated sandstone
bedrock (Figure 3-3), and

o Downgradient of IRP Site 1 near the former Station Boundary in the alluvium, and
saturated sandstone/siltstone bedrock, where perchlorate commingles with TCE
from IRP Site 2 (Figure 3-10).

The Pilot Study evaluated the injection of Emulsified Oil Substrate (EOS®) through injection wells
to stimulate biodegradation of perchlorate and TCE in groundwater. EOS primarily consists of food-
grade soybean oil emulsion with additives such as lactate and vitamin B12. Approximately 1,600
gallons of 5 percent EOS solution was injected into one injection well across the screen length of 5
feet at the Source Area. Near the Station Boundary, approximately 1,600 gallons of 5 percent EOS
solution was injected into one injection well across the screen length of 15 feet.

The Pilot Study also evaluated injection of a Redox Compound (EHC®) by hydraulic fracturing to
stimulate biodegradation of perchlorate and TCE in groundwater near the Station Boundary. EHC
consists of a combination of controlled-release carbon and zero valent iron (ZVI). Approximately,
10,000 pounds of EHC was injected at two fracture locations oriented perpendicular to groundwater
flow.
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Some of the important results of the Pilot Study most relevant to the full-scale ISB design are
presented below.

General Results

e EOSand EHC were effective in creating reducing conditions in the saturated
alluvium/bedrock to stimulate biodegradation of perchlorate and TCE.

e Perchlorate-degrading bacteria can be readily stimulated in the subsurface to reduce
concentrations of perchlorate to less than its MCL of 6 pg/L.

e TCE dechlorinating bacteria can be stimulated to reduce TCE concentrations to less than
its MCL of 5 pg/L. The data also suggested that complete reductive dechlorination of
TCE to ethene/ethane is possible at IRP Site 2.

e The pH values in the Source Area injection well decreased from 8.06 to 5.56 following
EOS injection. For the injection well near the Station Boundary area, the pH values
decreased from 6.26 to 4.93, following EOS injection. These decreases in pH values did
not seem to adversely impact the biological treatment efficiencies for perchlorate or
TCE. The pH values near the injection wells started to show an increasing trend (tending
toward near neutral pre-injection conditions) toward the end of the Pilot Study.

Substrate Injection Parameters

o IRP Site 1 Area: Substrate injection can be effectively performed using regular
pressurized injection at low pressures (approximately O pounds per square inch [psi]
[well-head pressure] i.e., gravity feed) and moderate flow rates (3 gpm to 5 gpm) into
the weathered bedrock.

o |IRP Site 2 Area: Substrate injection can be effectively performed at low pressures (8 psi
to 10 psi [well-head pressure]) and moderate flow rates (3 gpm to 5 gpm) into the
alluvium/weathered bedrock near the Station Boundary using regular pressurized
injection.

Injection Radius of Influence — IRP Site 1 Source Area

e The radius of influence (ROI) of EOS injected into the weathered bedrock at the
perchlorate Source Area was estimated to be 12 feet in the direction of groundwater
flow, and 5 feet transverse to the direction of groundwater flow.

Injection Radius of Influence — IRP Site 2 Area
e The ROI of EOS injected into the alluvium/weathered bedrock near the Station

Boundary was estimated to be 24 feet in the direction of groundwater flow and 5 feet
transverse to the direction of groundwater flow.
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5. REGULATORY FRAMEWORK AND REMEDIAL ACTION OBJECTIVES

This section presents a summary of ARARs and RAOs documented in the Final Groundwater ROD
for IRP Sites 1 and 2.

5.1 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

5.1.1 IRP Site 1

Section 121(d) of the CERCLA of 1980 (42 United States code [U.S.C.] Section [§] 9621[d]), as
amended, states that RAs 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. The Selected
Remedy will meet all Federal or State standards, requirements, criteria, or limitations that have been
determined to be ARARs for the RA for IRP Site 1 perchlorate-impacted groundwater in the Final
Groundwater ROD. These ARARs are presented in Tables 5-1 through 5-5 and documentation of
Navy and regulatory agency positions on the ARAR status of a few significant regulations is
provided below.

Navy and the California Department of Toxic Substances Control (DTSC’s) Position Regarding
Resource Conservation and Recovery Act (RCRA) Permit and Closure Requirements at IRP Site 1:
The State of California (DTSC) maintains that the Navy operated an open burn/open detonation
(OB/OD) facility within the IRP Site 1 investigation area. DTSC stated in the letter to the Navy
(dated 19 March 2001) that the OB/OD facility received interim status authorization between 8 June
1988 and 31 December 1991. It further stated that the OB/OD facility operated without any
authorization from DTSC between 1 January 1992 to July 1999, in violation of State law; therefore,
RCRA closure and post-closure requirements specified in Chapter 6.5 of the California Health and
Safety Code and California Code of Regulations (Cal. Code Regs.), tit. 22, § 66265.112 apply to the
OB/OD unit.

The Navy used munitions at the EOD Training Range for their intended purpose, including the
training of military personnel, and explosives and emergency response specialists, and such training
is neither waste treatment nor disposal. Therefore, the Navy maintains that activities conducted at
the former EOD Training Range were not regulated under the RCRA.

Both the Navy’s and DTSC’s positions have been documented in the Phase 11 RI WP and Phase Il RI
for IRP Site 1. To facilitate resolution of the differing positions, the Navy indicated that it would
incorporate the substantive provisions of the State’s RCRA closure and post-closure requirements
into the CERCLA related documentation for IRP Site 1. This position was acknowledged by the
DTSC in a letter dated 19 March 2001. In accordance with this resolution, the Groundwater FS
evaluated RCRA closure and post-closure requirements identified by the State in letters dated 19
March 2001 and 21 June 2006 as potential “relevant and appropriate” ARARs. The final ARARs for
the IRP Site 1 groundwater RA are presented in Tables 5-1 through 5-5. In addition, Appendix C
presents a comparison of CERCLA documentation process and requirements for RCRA facility
closure.

Navy’s Position Regarding State Water Resources Control Board (SWRCB) Resolutions (Res.) 92-49
and 68-16: The Navy recognizes that the key substantive requirements of Cal. Code Regs. tit. 22, §
66264.94 (and the identical requirements of Cal. Code Regs tit. 23, § 2550.4 and Section I11.G of
SWRCB Res. 92-49) require cleanup to background levels of constituents unless such restoration
proves to be technologically or economically infeasible and an alternative cleanup level of
constituents will not pose a substantial present or potential hazard to human-health or the
environment. In addition, the Navy recognizes that these provisions are more stringent than
corresponding provisions of Title 40 of the Code of Federal Regulations (C.F.R.) 8 264.94 and,




January 2014 Final Remedial Design/Remedial Action Work Plan Regulatory Framework &
DCN: AEJV-2231-0002-0005 for Groundwater at IRP Sites 1 and 2 Remedial Action Objectives

although they are Federally enforceable via the RCRA program authorization, they are also
independently based on State law to the extent that they are more stringent than the Federal
regulations.

The Navy has also determined that SWRCB Res. 68-16 is not a chemical-specific ARAR for
determining response action goals. However, SWRCB Res. 68-16 is a potential action-specific
ARAR for regulating new discharges, such as treated groundwater, into the aquifer. The Navy has
determined that further migration of already-contaminated groundwater is not a discharge governed
by the language in Res. 68-16. More specifically, the language of SWRCB Res. 68-16 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 are already degraded.

The Navy’s position is that SWRCB Res. 92-49 and 68-16 and Cal. Code Regs. tit. 23, § 2550.4 do
not constitute chemical-specific ARARs for RA because they are State requirements and are not
more stringent than Federal ARAR provisions of Cal. Code Regs. tit. 22, § 66264.94. The NCP set
forth in 40 C.F.R. § 300.400(g)(4) provides that only State standards more stringent than federal
standards may be ARARs (see also CERCLA Section 121(d)(2)(A)(ii)) [42 U.S.C. 8
9621(d)(2)(A)(iD)]).

The substantive technical standard in the equivalent State requirements (i.e., Cal. Code Regs. tit. 23,
division (div.) 3, chapter (ch). 15 and SWRCB Res. 92-49 and 68-16) is identical to the substantive
technical standard in Cal. Code Regs. tit. 22, § 66264.94. This section of Cal. Code Regs. tit. 22 will
likely be applied in a manner consistent with equivalent provisions of other regulations, including
SWRCB Res. 92-49 and 68-16.

State of California’s Position Regarding SWRCB Res. 92-49 and 68-16: The State does not agree
with the Navy’s determination that SWRCB Res. 92-49 and 68-16 and certain provisions at Cal.
Code Regs. tit. 23, div. 3, ch. 15 are not ARARs for this response action. SWRCB has interpreted
the term “discharges” in the California Water Code to include the movement of waste from soils to
groundwater and from contaminated to uncontaminated water (SWRCB 1994). However, the State
agrees that the proposed action would comply with SWRCB Res. 92-49 and 68-16, and compliance
with the Cal. Code Regs. tit. 22 provisions should result in compliance with the Cal. Code Regs. tit.
23 provisions. The State does not intend to dispute the ROD, but reserves its rights if
implementation of the Cal. Code Regs. tit. 22 provisions is not as stringent as State implementation
of Cal. Code Regs. tit. 23 provisions. Because Cal. Code Regs. tit. 22 regulation is part of the State’s
authorized hazardous waste control program, it is also the State’s position that Cal. Code Regs. tit.
22, § 66264.94 is a State ARAR and not a Federal ARAR (United States v. State of Colorado, 990
F.2d 1565 [1993]).

Whereas the Navy and the State of California have not agreed on whether SWRCB Res. 92-49 and
68-16 and Cal. Code Regs. tit. 23, 8§ 2550.4 are ARARs for this response action, this RD/RA Work
Plan documents each party’s position on the resolutions but does not attempt to resolve the issue.

5.1.2 IRP Site 2

The Selected Remedy will meet all Federal or State standards, requirements, criteria, or limitations
that have been determined to be ARARs for the RA for IRP Site 2 VOC-impacted groundwater.
These ARARs are presented in Tables 5-1 through 5-5. The documentation of Navy’s and the State
of California’s position regarding the ARAR status of SWRCB Res. 92-49 and 68-16 is provided in
Section 5.1.1.
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5.2 REMEDIAL ACTION OBJECTIVES

RAOs are medium-specific goals for protecting human-health and the environment. The RAOs for
the remediation of IRP Site 1 perchlorate-impacted groundwater and IRP Site 2 VOC-impacted
groundwater were developed during the IRP Sites 1 and 2 Groundwater FS, which screened remedial
technologies, and developed and evaluated remedial alternatives. These RAOs were memorialized
in the Groundwater ROD (DON 2012) and included the following:

e Minimize the potential for domestic use of groundwater with concentrations of COCs
exceeding the established respective remediation goals (RGS).

e Minimize migration of groundwater with concentrations of COCs exceeding the established
respective RGs beyond the former MCAS EI Toro Boundary.

These RAOs are consistent with the provisions of 40 C.F.R. § 300.430 (e)(2)(i), since they identify
COCs, media of concern (groundwater), potential exposure pathways (domestic use), and RGs. The
NCP further specifies that RGs shall establish acceptable exposure levels that are protective of
human-health and the environment, and shall be developed by considering several factors including
ARARs, cancer risk/noncancer hazards, factors related to technical limitations such as
detection/quantification limits, factors related to uncertainty, and other pertinent information (40
C.F.R. 8 300.430 [e][2][i]). The RGs for the COCs in groundwater at IRP Sites 1 and 2 were
therefore established at the concentrations that comply with chemical-specific ARARs, and are
protective of human-health and the environment. COCs identified for groundwater at IRP Sites 1
and 2 and their respective RGs are presented in Table 5-6.

The chemical-specific ARARs for groundwater RA at IRP Sites 1 and 2 include Federal MCLs,
Federal non-zero maximum contaminant level goals (MCLGs), and State MCLs (see Table 5-1). In
order to comply with ARARs and protect human-health, the RGs for COCs for remediation of
perchlorate-impacted groundwater associated with IRP Site 1 and VOC-impacted groundwater
associated with IRP Site 2, were set at the values that represent the most stringent of the Federal
MCL, Federal non-zero MCLGs, and State of California MCL (see Table 5-6).
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6. SELECTED REMEDY DESIGN - IRP SITE 1

6.1 SELECTED REMEDY FOR PERCHLORATE

The selected remedy to address perchlorate associated with IRP Site 1 documented in the
Groundwater ROD (DON 2012) includes the following components:

o |ISB at the perchlorate Source Area;
o ISB downgradient of the perchlorate Source Area between IRP Sites 1 and 2;
o ISB near the former Station Boundary; and

e  Groundwater monitoring and ICs.

Implementing ISB will include injection of an electron donor or substrate into the subsurface. I1SB
stimulates indigenous microorganisms to grow and multiply by using injected substrate as a carbon
and energy source, thereby degrading perchlorate into innocuous end products such as chloride ions
and oxygen (see schematic below for the degradation pathway for perchlorate by sequential removal
of chloride atoms from the anion). The Groundwater ROD also stipulates that the design
configurations for the implementation of ISB at the Source Area may include a permeable reactive
barrier (PRB), direct injection (in a grid pattern), or groundwater recirculation. The design
configurations for the implementation of ISB between IRP Sites 1 and 2, and near the former Station
Boundary may include a PRB (with or without groundwater recirculation).

Cloy, ——>» ClIOy —>» CIO;, —>» CI'+ 0,
Perchlorate Chlorate Chlorite Chloride + Oxygen

Schematic: Perchlorate Degradation Pathway

Groundwater monitoring will be conducted to evaluate the effectiveness of ISB in treating
perchlorate. ICs, including groundwater use restrictions, will also be implemented to limit potential
human exposure to perchlorate-impacted groundwater until the RG established for perchlorate is
achieved. Once the RG (the State of California drinking water MCL) is achieved, the ICs will be
terminated.

6.2 DESIGN BASIS

This section presents the basis of design for ISB of perchlorate-impacted groundwater at the three
target remediation areas: perchlorate Source Area, Intermediate Area, and the area near the former
Station Boundary. The design of an ISB system includes various components including but not
limited to the following:

1. ISB design configuration (e.g., PRB or direct injection in a grid pattern).

2. Design of injection wells/locations for subsurface emplacement of substrate/electron donor. This
includes spacing between injection wells/locations, and selection of the thickness and depth of
injection interval/well screens.

3. Type and quantity of substrate (including injection volumes and dilution ratios) proposed for
injection (i.e., substrate loading)

6-1
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The following elements of the CSM developed during the RI/FS phase (Earth Tech 2006a and
AECOM 2011) and the data obtained from the 2009-2010 ISB Pilot Study (AECOM and ECS 2011)
serve as major inputs to the ISB design:

o Distribution of perchlorate in groundwater
o Site geology/hydrogeology

e Site geochemistry

e Treatability study results including estimated ROI

6.2.1 Distribution of Perchlorate in Groundwater

The lateral extent of perchlorate in groundwater at and downgradient of IRP Site 1 is shown on
Figure 3-1 and discussed in Section 3.1.3.1. The vertical extents of perchlorate in the three target
remediation areas (Source Area, Intermediate Area, and area near the former Station Boundary) are
provided on the cross-sections shown on Figures 3-5 and 3-6. These lateral and vertical extents form
the basis for spatial placement of substrate injection locations and injection depth interval.

6.2.2 Site Geology and Hydrogeology

A summary of geology/hydrogeology including geological cross-sections of each target remediation
area is presented in Section 3.1.1. A summary of major geological/hydrogeological parameters used
in the ISB design for each target remediation area is presented in Table 6-1.

6.2.3 Site Geochemistry

The geochemical parameters for each target remediation area are summarized in Section 3.1.2. The
average geochemical parameters based on the data collected during April 2010, November 2010, and
March 2011 monitoring rounds, summarized in Table 3-3, were used for ISB design including
substrate loading.

6.2.4 Treatability Study Results

An ISB Pilot Study was conducted to evaluate the effectiveness of ISB within IRP Site 1 Source
Area and near the former Station Boundary (IRP Site 2 Area where perchlorate is commingled with
TCE). A summary of the results of the ISB Pilot Study most relevant to the full-scale ISB design are
presented in Section 4.1.1.2.

6.3 1SB DESIGN PARAMETERS

The recommended ISB design configurations and parameters (e.g., type/quantity of substrate,
injection geometry, locations, and treatment thickness) for the three target remediation areas for IRP
Site 1 perchlorate impacted groundwater are presented below.

6.3.1 Overall ISB Approach/Design Configurations
The overall ISB approach for the Source Area will include the following:

o Installation of an injected PRB immediately downgradient of the Source Area
e Active ISB within the Source Area using direct injection.

As discussed in Sections 3.1.1.1, perchlorate migrates downgradient of the Source Area through a
narrow buried V-channel composed of alluvium/weathered bedrock in the vicinity of wells 01-
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PZ21A/B. Therefore, an injected PRB will be installed in the vicinity of Wells 01-PZ21A/B to
control further downgradient migration of perchlorate and cut-off the Source Area (see Figure 6-1).
The detailed design and implementation strategy for this injected PRB is presented in Section 6.4.

Groundwater modeling conducted in support of the FS (AECOM 2011) indicated that the overall
timeframe required to achieve the RG for perchlorate within the Source Area is estimated to be
approximately 90 years if a PRB immediately downgradient of the Source Area is used without any
active ISB within the Source Area. Therefore, to reduce the perchlorate mass within the Source
Area, overall remediation time-frame, and life-cycle costs for the remedy, active ISB will be
conducted within the Source Area. ISB within the Source Area will include injecting and distributing
the substrate within the Source Area to the extent practicable to stimulate naturally-occurring
bacteria to degrade perchlorate into innocuous end products such as chloride ions and oxygen. The
detailed design and implementation strategy for ISB within the Source Area are presented in
Section 6.4.

The ISB in the Intermediate Area and near the former Station Boundary will be implemented using
injected PRBs (see Figure 6-1). The detailed designs and implementation strategies for the
Intermediate Area and Station Boundary PRBs are presented in Sections 6.5 and 6.6, respectively.

6.3.2 ISB Design Parameters
6.3.2.1 GENERAL SUBSTRATE INJECTION STRATEGY

The following subsections present general strategies for substrate injection using wells and direct
push points. The detailed standard operating procedures for substrate injection are presented in
Appendix B. In addition, the specific injection quantities for substrates are discussed in the detailed
ISB design for each target remediation area in Sections 6.4, 6.5, and 6.6.

Injection Wells

The substrate will be gravity fed or injected into wells using pumps operated at relatively low
pressures (less than 20 psi) to avoid fracturing of the formation. The injection and distribution of
substrate within the subsurface will be hydraulically controlled by extracting groundwater from
nearby wells during injection to enhance distribution of substrate away from the injection well (see
Figure 6-2 for conceptual process flow schematic). The number of injection and extraction wells to
be brought on-line simultaneously will depend on the specific ISB location and practical
considerations such as ability to effectively control flow rates and pressures at individual
injection/extraction locations.

Groundwater will be extracted from wells located adjacent to or near the injection wells using
submersible pumps. The extracted groundwater will be used as dilution water for substrate at a
central dosing unit. Since, based on the pilot studies, the injection rates are expected to be higher
than groundwater extraction rates, a portion of dilution/chase water will be obtained from a nearby
fire hydrant. Diluted substrate will be injected into wells through a multi-channel manifold with
simultaneous groundwater extraction from nearby wells. Following injection of substrate, chase
water may be injected, if required, to enhance substrate distribution and flush the wells to limit
biological growth and/or plugging of injection wells screens.

Direct Push
Direct push technology (when used) will inject substrate using a “top-down” approach at each

proposed injection point. This approach will include advancement of injection tooling to the first
(most shallow) treatment interval (approximately 10 feet in thickness) and injection of the desired
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volume of dilute substrate into the formation. The substrate injection may be followed by chase
water, if required, to enhance substrate distribution. Upon completion, the injection tooling will be
advanced to the next 10-foot treatment interval and dilute substrate/chase water will be injected.
More than one direct push injection point may be manifolded and injected into simultaneously, to
maximize efficiency.

6.3.2.2 RADIUS OF INFLUENCE AND WELL SPACING

Source Area and Former Station Boundary Area

Asymmetric substrate ROIs were observed during the pilot studies conducted at the Source Area and
near the former Station Boundary (see Section 4.1.1.2 for details). The observed ROIs were longer in
the direction of groundwater flow compared to the cross-gradient direction. Therefore, as described
in Section 6.3.2.1, a hydraulically-enhanced substrate injection strategy will be used to enhance
distribution of substrate away from the injection wells particularly in the cross-gradient direction.
Table 6-2 presents the design target ROIs and injection point spacings estimated based on the 1SB
Pilot Study results, and considering that hydraulically-enhanced substrate injection strategy will be
used for the injected PRBs at the Source Area and near the former Station Boundary.

The objective of active ISB within the Source Area is to distribute substrate to the extent practicable
to reduce perchlorate mass in groundwater. During the aquifer tests conducted within the IRP Site 1
Source Area, the extraction of groundwater at a well within Zone 1 (see Figure 3-3) had an influence
on a monitoring well located in excess of 75 feet in the direction transverse to the groundwater flow.
Therefore, substrate distribution within Zone 1 of the Source Area will be conducted using
consecutive injection and extraction wells placed 40 feet to 50 feet apart transverse to groundwater
flow direction. The localized areas of perchlorate impact upgradient of Zone 1 and within Zone 2
will receive injection of substrate without hydraulic enhancement into existing wells.

Intermediate Area

The ISB Pilot Study was not conducted in the Intermediate Area; therefore, no ROI data are
available for this area. The design target ROI for the Intermediate Area reported in Table 6-2 is an
estimated value based on the local geology in the area and ROIs observed during the 2009-2010 ISB
Pilot Study at the Source Area and near the Station Boundary. The soil types constituting the target
treatment interval near the proposed location of the Intermediate Area PRB consist of sands, silty
sands, and sandy silts. In general, these soil types are expected to be more permeable compared to
sandstone and siltstone bedrocks encountered within the Source Area and near the former Station
Boundary. Therefore, the design ROI for the Intermediate Area was conservatively estimated to be
equal to the ROI observed in the Source Area during the ISB Pilot Study.

Since the soil types within the target treatment zone of the Intermediate Area PRB consist of sands,
silty sands, and sandy silts, direct push technology will be used to inject substrate for this PRB as
explained in Section 6.3.2.1. Direct push (where feasible) is a cost-effective injection strategy and
allows more flexibility in terms of substrate emplacement compared to injection wells. The ISB
performance monitoring proposed for the Intermediate Area will be used to evaluate if the desired
zone of influence for injected substrate is attained to create an effective PRB (see Section 6.7.3 of
this Work Plan and Section 11.1 of Attachment A).

6.3.2.3 SUBSTRATE SELECTION

Emulsified vegetable oil (EVO) was selected as the substrate for establishing injected PRBs at the
Source Area, Intermediate Area, and the former Station Boundary because of its longevity in the
subsurface. The reasons for the selection of EVO are presented below:
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e Once EVO is injected, replenishment is not required for 1.5 years to 3 years (ITRC 2011);
therefore, the use of EVO is expected to be cost-effective since it would eliminate the need
for continuous or more frequent injection of substrate into the subsurface.

e EVO has been shown to effectively stimulate biodegradation of perchlorate and TCE during
the 2009-2010 Pilot Study (AECOM and ECS 2011).

o EVO offers flexibility in terms of subsurface injection into wells or direct push. In addition,
EVO is amenable to hydraulically-enhanced substrate injection.

There are various formulations of EVO commercially-available in the market for groundwater
remediation. Most of these EVOs (including the EVO used during the 2009-2010 Pilot Study and
the EVVO proposed for remedial action in this Work Plan) are vegetable oil-based products and are
expected to have similar long-term performance for perchlorate bioremediation. The specific
formulation of EVO proposed for this project is Electron Donor Solution - Extended Release (EDS-
ER™) available from Tersus Environmental. EDS-ER is a water-soluble oil formulated with at least
92 percent natural seed oils (see Appendix B for details). EDS-ER provides food-grade carbon and is
made from renewable crop-based oils. EDS-ER is provided by the vendor as water-mixable oil,
therefore, it will be emulsified in the field. This will reduce the cost and environmental footprint
associated with substrate transport to the site. Appendix D presents the material safety data sheets
(MSDSs) for substrate and tracer dyes to be injected.

For ISB within the Source Area, high-fructose corn syrup (HFCS) was selected. HFCS is a food-
grade, low-cost, soluble substrate that moves with groundwater and lasts a few months in the
subsurface. Microcosm studies conducted using soil and groundwater samples collected from IRP
Site 1 evaluated the effectiveness of soluble substrates similar to HFCS, including lactate and
molasses for perchlorate biodegradation (see Section 4.1). These studies along with data from site-
specific pilot studies and published literature, show that perchlorate biodegradation is rapid and
complete using a variety of soluble substrates. Therefore, HFCS will be cost-effective to reduce the
mass of perchlorate within the Source Area.

6.3.3 Substrate Loading

The quantity of substrate required for injection was calculated based on the stoichiometric demand
using Environmental Security Technology Certification Program’s (ESTCP) spreadsheet-based
Substrate Estimating Tool (ESTCP 2010). The geochemical and hydrogeological parameters for
estimating substrate demand for the ISB areas are presented in Tables 3-3 and 6-1, respectively. To
account for uncertainties and as recommended in the ESTCP guidance (ESTCP 2010), the calculated
guantity of substrate based on the stoichiometric demand was multiplied by the design safety factor
of 3 for EVO and 2 for HFCS to estimate the design substrate loading recommended in this Work
Plan.

For EVO, retention of oil droplets occurs as the emulsion migrates through the pore spaces in the
subsurface. The amount of oil retention depends on the type of subsurface matrix (e.g., weathered
rock vs. clays). The amount of oil retained by the aquifer material was estimated as part of this
design using published values (Solutions-IES 2006) of effective retention (i.e., pounds of EVO per
pound of treated sediment) for soil types observed at the proposed ISB locations. These estimates
were less than the estimated quantities of EVO based on the stoichiometric demand.

Implementation of the remedial action is not anticipated to adversely impact water quality locally or
down-gradient of the site in the long-term. The electron donors injected as part of ISB create
reducing conditions in the subsurface. Over the short term, this change may cause formerly
insoluble forms of metals to dissolve and become mobile over short distances within the aquifer
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matrix. Any mobilized metals are expected to be adsorbed, precipitated, and/or immobilized
immediately down-gradient of the reactive zone when oxidizing conditions are restored. Therefore,
these temporary water quality impacts due to ISB are expected to be localized and for a relatively
short-duration.

6.4 SOURCE AREA ISB DESIGN
As discussed in Section 6.3.1, ISB at the Source Area will include the following:

o Installation of an injected PRB immediately downgradient of the Source Area

e Active ISB within the Source Area by direct injection of substrate.

6.4.1 Source Area PRB
6.4.1.1 PRB LOCATION

The proposed PRB location immediately downgradient of the Source Area is shown on Figures 6-1
and 6-3. The rationale for the selection of this location is presented below:

e The estimated extent of perchlorate is expected to be limited horizontally (less than 30 feet
transverse to the direction of groundwater flow) and vertically (less than 50 feet bgs).
Therefore, a PRB can be cost-effectively installed at the selected location to control
downgradient migration of perchlorate through the paleochannel.

e The ISB design parameters such as ROI and substrate injection rates were well defined by
the 2009-2010 ISB Pilot Study. In addition, the existing injection well (01-IW01) and
monitoring wells (01-MW-225A/B, 01-MW226) installed during the pilot study can be used
as substrate injection and/or performance monitoring wells for the proposed PRB.

6.4.1.2 PRBTYPE

The Source Area PRB will include a line of injection wells transverse to the direction of groundwater
flow as shown on Figure 6-3. EVVO will be injected into these injection wells to create a biologically
reactive zone that covers the lateral and vertical extents of perchlorate-impacted groundwater
(exceeding its RG) migrating downgradient from the Source Area. The rationale for selection of
EVO for ISB is presented in Section 6.3.2.3.

6.4.1.3 WELL PLACEMENT AND DESIGN

Two injection wells (01-1W03 and 01-IW04) will be installed in the vicinity of existing Injection
Well 01-IWO01, for subsurface injection of EVO (see Figure 6-3). The injection well spacing of 15
feet is based on the rationale presented in Section 6.3.2.2. The proposed placement of injection wells
is intended to cover the estimated lateral extent of perchlorate exceeding its RG transverse to the
direction of groundwater flow. This extent is defined to the northwest by existing Well 01-MW205
but is uncertain to the southeast of existing Injection Well 01-IWO01. Therefore, an implementation
strategy that affords flexibility with respect to placement of injection wells southeast of Well 01-
IWO01 has been developed and is presented in Section 8.2.1.

Table 6-3 presents the screen intervals and depths of existing and proposed injection/monitoring
wells for the Source Area PRB. These screen intervals and depths are based on the estimated
vertical extent of perchlorate at the proposed location of the Source Area PRB (see Figure 3-5). The
well screen placements and lengths may be modified during field implementation activities based on
field observations including depth of alluvium/bedrock contact and groundwater.
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6.4.1.4 SUBSTRATE LOADING AND INJECTION

The mass of EVO required for establishment of the Source Area PRB was calculated based on the
stoichiometric demand exerted by the native (e.g., DO, nitrate, and sulfate) and anthropogenic
(perchlorate) electron acceptors. These calculations were performed using the ESTCP spreadsheet-
based Substrate Estimating Tool (ESTCP 2010). The input parameters and output sheets for the
Substrate Estimating Tool are presented in Appendix B.

The specific formulation of EVO proposed for establishing Source Area PRB is EDS-ER. EDS-ER
provides food-grade carbon and is made from renewable crop-based oils. Based on the
stoichiometric demand, the total estimated weight of EDS-ER proposed for injection is 688 pounds
(see Table 6-4). As discussed in Section 6.3.2.1, the EDS-ER will be injected into the subsurface
using a hydraulically-enhanced injection strategy as summarized in Table 6-5 and described below:

1. Phase I: The concentrated solution of EDS-ER will be diluted by mixing 1 part of EDS-ER with
5 parts of water. During mixing, sodium bromide (at target concentration of 500 mg/L) and
fluorescein dye will be added to the solution. Sodium bromide and visual observation of the
fluorescein dye will be used to evaluate distribution of injected EDS-ER during performance
monitoring (see Section 6.7 for details). The diluted EDS-ER solution will be injected into Wells
01-1W01 and 01-MW225B followed by 10 parts of chase water per 1 part of dilute EDS-ER.
During the entire duration of injection, groundwater extraction will be conducted from Wells 01-
IWO03 and 01-1W04, to enhance distribution of substrate cross-gradient. The extracted
groundwater supplemented with hydrant water will be used as dilution water for substrate
injection, and hydrant water (not amended with extracted groundwater) will be used as chase
water. The specific injection volumes for EDS-ER and chase water for Phase I injection are
presented in Table 6-5.

2. Phase I1: The concentrated solution of EDS-ER will be diluted by mixing 1 part of EDS-ER with
5 parts of water. During mixing, sodium bromide (at a target concentration of 500 mg/L) and
fluorescein dye will be added to the solution. The diluted EDS-ER solution will be injected into
Wells 01-1W03 and 01-1W04 followed by 10 parts of chase water per 1 part of dilute EDS-ER.
Groundwater extraction will be initiated from Wells 01-IW01 and 01-MW225B concurrent with
the initiation of substrate injection. If significant milkiness (visual evidence of injected EDS-ER
during Phase 1) is observed in the extracted groundwater from either of the two extraction wells,
substrate injection and groundwater extraction will be suspended for 1 to 3 days to avoid
extraction of EDS-ER injected during Phase I and two allow more time for adsorption of EDS-ER
to subsurface material. Substrate injection into Wells 01-1W03 and 01-1W04 and groundwater
extraction from Wells 01-1W01 and 01-MW225B will be resumed after the suspension period. If
the extracted groundwater is not observed to be milky, substrate injection and groundwater
extraction will continue until the entire volume of EDS-ER presented in Table 6-5 is injected.
Else EDS-ER will be injected into Wells 01-IW03 and 01-1W04 without concurrent groundwater
extraction. The specific injection volumes for EDS-ER and chase water are presented in Table
6-5.

Following completion of substrate injection, performance monitoring will be conducted as
summarized in Section 6.7. This performance monitoring will be used to evaluate the depletion of
substrate over time. If the data evaluation based on the decision rules presented in Worksheet 11 of
the SAP (Attachment A) indicates that substrate is no longer present in sufficient quantity to sustain
biodegradation, additional rounds of substrate injection will be evaluated.
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6.4.2 Source Area Direct Injection
6.4.2.1 WELL PLACEMENT AND DESIGN

Active ISB within the Source Area will include injection of HFCS to enhance the biodegradation of
perchlorate in groundwater. As discussed in Section 6.3.2.1, within Zone 1 (shown on Figure 3-3),
the HFCS will be injected into the subsurface using a hydraulically-enhanced injection strategy.
Upgradient of Zone 1 and within Zone 2, HFCS will be injected without hydraulic enhancement into
existing wells.

The proposed wells for substrate emplacement within Zones 1 and 2, and upgradient of Zone 1 are
listed in Table 6-6 and shown on Figure 6-4. Table 6-6 also shows the screen intervals and depths of
existing and proposed wells based on the estimated vertical extent of perchlorate (see Figure 3-5).
The well screen placements and lengths may be modified during field implementation activities
based on field observations including depth of alluvium/bedrock contact and groundwater.

6.4.2.2 SUBSTRATE LOADING AND INJECTION

The mass of HFCS required for ISB within the Source Area was calculated separately for the
following areas:

1. Zone 1 area where HFCS will be injected using a hydraulically-enhanced injection strategy

2. Localized areas upgradient of Zone 1 and within Zone 2, where HFCS will be injected without
hydraulic enhancement into existing wells.

The substrate estimates are based on the stoichiometric demand exerted by the native (e.g., DO,
nitrate, and sulfate) and anthropogenic (perchlorate) electron acceptors. These calculations were
performed using the ESTCP spreadsheet-based Substrate Estimating Tool (ESTCP 2010). The input
parameters and output sheets for the Substrate Estimating Tool are presented in Appendix B. The
following subsections present details of the substrate injection strategies for the Source Area.

Zone 1

The commercially-available food-grade HFCS will be diluted by mixing 1 part of HFCS with 10
parts of water. During mixing, sodium bromide (at a target concentration of 500 mg/L) and
fluorescein dye will be added to the solution to evaluate the distribution of substrate during
performance monitoring (see Section 6.7 for details).

During Phase | of substrate injection, approximately, 1,147 gallons of dilute HFCS solution (in
water) will be injected into each of the twelve Zone 1 injection wells listed in Table 6-7. During the
entire duration of injection, groundwater extraction will be conducted from Zone 1 extraction wells
listed in Table 6-7, to enhance distribution of substrate cross-gradient. The extracted groundwater
supplemented with hydrant water will be used as dilution water for substrate. The specific injection
volumes of HFCS for Phase I injection are presented in Table 6-7.

Following completion of Phase I, Phase Il injection will be initiated, which will include injection of
approximately 1,147 gallons of dilute HFCS solution into each of the nine wells which were used as
extraction wells during Phase | injection (see Table 6-7).

Localized Areas Upgradient of Zone 1 and within Zone 2

The HFCS will be diluted by mixing 1 part of HFCS with 10 parts of water. Approximately 108
gallons of dilute HFCS solution will be injected into each of the six wells listed in Table 6-7 for
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areas upgradient of Zone 1 and within Zone 2. The dilution water will be obtained from a nearby fire
hydrant.

6.5 INTERMEDIATE AREA PRB DESIGN

6.5.1 PRB Location

The proposed PRB location in the Intermediate Area is shown on Figures 6-1 and 6-5. The rationale
for the selection of this location is presented below:

e The groundwater treatment interval is expected to be primarily within the alluvium (see
Figure 3-6). Therefore, substrate injection is likely not required in the bedrock and can be
performed more cost-effectively.

e The location captures relatively high perchlorate concentrations (exceeding 100 pug/L), is
easily accessible, and does not encroach on the Metropolitan Water District of Southern
California water line.

6.5.2 PRB Type

The Intermediate Area PRB will include a line of injection locations/points transverse to the
direction of groundwater flow as shown on Figure 6-5. EVO will be injected into each injection
point using direct push technology to create a biologically reactive zone that covers the lateral and
vertical extents of perchlorate-impacted groundwater (exceeding its RG) migrating downgradient.
The rationale for selection of EVO for the Intermediate Area PRB is presented in Section 6.3.2.3.

6.5.3 Injection Locations Placement and Design

Ten direct push locations (01-DPTO1 through 01-DPT10) and one well (01-MW231) will be used to
inject EVO transverse to the direction of groundwater flow to establish the Intermediate Area PRB
(see Figure 6-5). The spacing of 15 feet between injection locations is selected based on the rationale
presented in Section 6.3.2.2. The proposed placement of injection points is intended to cover the
estimated lateral extent of perchlorate exceeding its RG transverse to the direction of groundwater
flow. This extent needs to be refined to the northwest of Well 01-PZ15 and to the southeast of Well
01-MW?214. Therefore, an implementation strategy that affords flexibility with respect to placement
of injection wells northwest of Well 01-PZ15 and to the southeast of well 01-MW214 has been
developed and is presented in Section 8.2.1.

Table 6-8 presents the injection intervals for direct push points and screen intervals for monitoring
wells for the Intermediate Area PRB. These injection/screen intervals are based on the estimated
vertical extent of perchlorate at the proposed location of the Intermediate Area PRB (see Figure 3-6).
The injection/well screen intervals and lengths may be modified during field implementation
activities based on field observations including depth of alluvium/bedrock contact and groundwater.

6.5.3.1 SUBSTRATE LOADING AND INJECTION

The mass of EVO required for the establishment of the Intermediate Area PRB was calculated based
on the stoichiometric demand exerted by the native (e.g., DO, nitrate, and sulfate) and anthropogenic
(perchlorate) electron acceptors. These calculations were performed using the ESTCP spreadsheet-
based Substrate Estimating Tool (ESTCP 2010). The input parameters and output sheets for the
Substrate Estimating Tool are presented in Appendix B.

The specific formulation of EVO proposed for the Intermediate Area PRB establishment is EDS-ER.
Based on the stoichiometric demand, the total estimated weight of EDS-ER proposed for injection is
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4,080 pounds (see Table 6-4). The concentrated solution of EDS-ER will be diluted by mixing 1 part
of EDS-ER with 5 parts of water. During mixing, sodium bromide (at a target concentration of 500
mg/L) and fluorescein dye will be added to the solution to evaluate distribution of substrate during
performance monitoring (see Section 6.7 for details). The diluted EDS-ER solution will be injected
into injection points 01-DPTO1 through 01-DPT10, and Well 01-MW?231.

The injection of EDS-ER into injection points 01-DPTO1 through 01-DPT10 will be conducted using
direct push technology. At each direct push point, injection tooling will be advanced to the first
(most shallow) treatment interval (approximately 10 feet in thickness) and approximately 123
gallons of dilute substrate will be injected into the formation. This will be followed by injection of
approximately 1,230 gallons of hydrant chase water. Upon completion, the injection tooling will be
advanced to the next 10-foot treatment interval, and the same volumes of dilute substrate and hydrant
chase water will be injected. More than one direct push injection point may be manifolded and
injected into simultaneously to maximize efficiency.

The dilute EDS-ER will be gravity fed or injected into Well 01-MW231 using a pump operated at
relatively low pressure. Table 6-9 presents a summary of volumes for EDS-ER and chase water for
Intermediate Area PRB establishment.

Following completion of substrate injection, performance monitoring will be conducted as
summarized in Section 6.7. This performance monitoring will be used to evaluate the depletion of
substrate over time. If the data evaluation based on the decision rules presented in Worksheet 11 of
the SAP (Attachment A) indicates that substrate is no longer present in sufficient quantity to sustain
biodegradation, additional rounds of substrate injection will be evaluated.

6.6 FORMER STATION BOUNDARY PRB

6.6.1 PRB Location

The proposed PRB location near the former Station Boundary is shown on Figures 6-1 and 6-6. The
rationale for the selection of this location is presented below:

e The proposed location captures the estimated extent of perchlorate exceeding its RG based
on the routine groundwater monitoring results (Trevet 2011) from the last three years (April
2008 to March 2011).

e The location allows the use of the existing fracture network created in two boreholes (02-
IWO02 and 02-1W03, see Figure 6-6) during the 2009-2010 ISB Pilot Study for distribution of
substrate for PRB establishment.

e The ISB design parameters such as substrate injection rates are well defined by the 2009-
2010 ISB Pilot Study.

6.6.2 PRB Type

The Station Boundary PRB will include a line of injection wells transverse to the direction of
groundwater flow as shown on Figure 6-6. EVO will be injected into these injection wells to create a
biologically reactive zone that covers the lateral and vertical extents of perchlorate-impacted
groundwater (exceeding its RG) migrating downgradient. The rationale for selection of EVO for ISB
is presented in Section 6.3.2.3.
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6.6.3 Well Placement and Design

Two injection wells (02-IW02 and 02-1W03) will be completed at the locations of two boreholes
where hydraulic fracturing and injection of Redox Compound (EHC®) was conducted during the
2009-2010 ISB Pilot Study. The 2009-2010 Pilot Study confirmed through the following lines of
evidence that an extensive network of fractures was created for substrate distribution in the vicinity
of 02-1W02 and 02-IW03 over a length of at least 50 feet transverse to the direction of groundwater
flow and throughout the vertical treatment interval:

1. The ROI of EHC was estimated to be 20 feet to 25 feet based on the total organic carbon (TOC)
and geochemical data (e.g., DO, nitrate, and sulfate) collected from a network of monitoring
wells in the vicinity of the fracture boreholes.

2. The TOC and volatile fatty acid (fermentation products of EHC) data collected from nested
monitoring wells (02-NEW34A, B, C, D, E, &F and 02-NEW35A, B, C, D, E, &F [destroyed
during the storm events in 2010]) (see Figure 2-4) indicated that hydraulic fracturing was
effective in distributing substrate across the entire vertical treatment interval.

3. Mapping of subsurface fractures using tiltmeter geophysics indicated that the effective fracture
radius ranged from approximately 20 feet to 30 feet.

Therefore, the injection of substrate using completed wells at 02-1W02 and 02-1W03 will allow cost-
effective distribution of substrate using the existing fracture network to create an effective PRB
upgradient of Wells 02NEW30 and 02PZ04.

The PRB to the east and northeast of Well 02PZ04 will be established using Injection Wells 02-
IWO04 through 02-1WO08 (see Figure 6-6). The injection well spacing of 30 feet was selected based
on the rationale presented in Section 6.3.2.2. The proposed placement of injection wells is intended
to cover the estimated lateral extent of perchlorate exceeding its RG transverse to the direction of
groundwater flow. This extent is defined to the west/northwest by existing Well 02NEW30 but is
uncertain to the east/southeast of existing well 02PZ12. Therefore, an implementation strategy that
affords flexibility with respect to placement of injection wells northeast of Well 02PZ12 and
proposed Well 02-1W08 has been developed and is presented in Section 8.2.3.

Table 6-10 presents the screen intervals and depths of existing and proposed injection/monitoring
wells for the Station Boundary PRB. These screen intervals and depths are based on the estimated
vertical extent of perchlorate at the proposed location of the Station Boundary PRB (see Figure 3-9).
The well screen placements and lengths may be modified during field implementation activities
based on field observations including depth of alluvium/bedrock contact and groundwater.

6.6.4 Substrate Loading and Injection

The mass of EVO required for the establishment of the Station Boundary PRB was calculated based
on the stoichiometric demand exerted by the native (e.g., DO, nitrate, and sulfate) and anthropogenic
(perchlorate) electron acceptors. These calculations were performed using the ESTCP spreadsheet-
based Substrate Estimating Tool (ESTCP 2010). The input parameters and output sheets for the
Substrate Estimating Tool are presented in Appendix B.

The specific formulation of EVO proposed for the Station Boundary PRB establishment is EDS-ER.
Based on the stoichiometric demand, the total estimated weight of EDS-ER proposed for injection is
6,292 pounds (see Table 6-4). As discussed in Section 6.3.2.1, the EDS-ER will be injected into the
subsurface using hydraulically-enhanced injection strategy as summarized in Table 6-11 and
described below:
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1. Phase I: The concentrated solution of EDS-ER will be diluted by mixing 1 part of EDS-ER with
5 parts of water. During mixing, sodium bromide (at a target concentration of 500 mg/L) and
fluorescein dye will be added to the solution to evaluate distribution of substrate during
performance monitoring (see Section 6.7 for details). The diluted EDS-ER will be injected into
Wells 02-1W02, 02-1W04, 02-1W06, and 02-1WO08 followed by 10 parts of chase water per 1 part
of dilute EDS-ER. During the entire duration of injection, groundwater extraction will be
conducted from Wells 02-1W03, 02-IW05, and 02-1WO07, to enhance distribution of substrate
cross-gradient. The extracted groundwater supplemented with hydrant water will be used as
dilution water for substrate injection, and hydrant water (not amended with extracted
groundwater) will be used as chase water. The specific injection volumes for EDS-ER and chase
water are presented in Table 6-11.

2. Phase I1: The concentrated solution of EDS-ER will be diluted by mixing 1 part of EDS-ER with
5 parts of water. During mixing, sodium bromide (at a target concentration of 500 mg/L) and
fluorescein dye will be added to the solution to evaluate distribution of substrate during
performance monitoring (see Section 6.7 for details). The diluted EDS-ER will be injected into
Wells 02-1W03, 02-1W05, and 02-IWO07 followed by 10 parts of chase water per 1 part of dilute
EDS-ER. Groundwater extraction will be initiated from Wells 02-1W02, 02-1W04, 02-IW06, and
02-1W08 concurrent with the initiation of substrate injection. If significant milkiness (visual
evidence of injected EDS-ER during Phase 1) is observed in extracted groundwater from one or
more extraction wells, substrate injection and groundwater extraction will be suspended for 1 to 3
days to avoid extraction of EDS-ER injected during Phase I and two allow more time for
adsorption of EDS-ER to subsurface material. Substrate injection (Wells 02-1W03, 02-IW05, and
02-1WQ7) with concurrent groundwater extraction (Wells 02-1W02, 02-1W04, 02-1W06, and 02-
IWO08) will be resumed after the suspension period. If significant milkiness is not observed in
extracted groundwater, substrate injection and groundwater extraction will continue until the
entire volume of EDS-ER presented in Table 6-11 is injected. Else EDS-ER will be injected into
Wells 02-1IW03, 02-1W05, and 02-IWQ07 without concurrent groundwater extraction. The specific
injection volumes for EDS-ER and chase water are presented in Table 6-11.

Following completion of substrate injection, performance monitoring will be conducted as
summarized in Section 6.7. This performance monitoring will be used to evaluate the depletion of
substrate over time. If the data evaluation based on the decision rules presented in Worksheet 11 of
the SAP (Attachment A) indicates that substrate is no longer present in sufficient quantity to sustain
biodegradation, additional rounds of substrate injection will be evaluated.

6.7 INTERIM GROUNDWATER MONITORING PLAN

Pursuant to the ROD (DON 2012), groundwater monitoring will be conducted as a component of the
remedial action for IRP Site 1 to evaluate the effectiveness of ISB in treating perchlorate. The
detailed DQOs for the design and field implementation procedures for the groundwater monitoring
program are presented in Attachment A. This section presents a brief summary of the monitoring
objectives, monitoring well network, and sampling and analysis schedule.

6.7.1 Monitoring Objectives

The monitoring objectives for the IRP Site 1 groundwater remedy may be divided into the following
two categories: short-term and long-term. Short-term objectives are geared toward demonstrating
that the groundwater remedy is operating properly and successfully (OPS). The long-term objectives
are formulated to evaluate if RAOs and RGs are attained. Both short-term and long-term objectives
are presented below:
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Short-Term Objective

e Evaluate if ISB is performing as designed and operating properly to protect human-health
and the environment.

Long-Term Objectives

e Evaluate the perchlorate distribution in groundwater to confirm that the remedy is continuing
to be protective of human-health and the environment.

e Evaluate if concentrations of perchlorate are reduced to less than its RG across the estimated
extent of VOC-impacted groundwater.

The following types of groundwater monitoring will be conducted to achieve the above objectives:

1. Baseline groundwater sampling to characterize baseline concentrations of perchlorate and
geochemical parameters prior to the start of ISB (Baseline Monitoring).

2. Groundwater sampling in the vicinity of ISB implementation areas to evaluate the performance of
ISB to treat perchlorate (ISB Performance Monitoring).

3. Groundwater sampling over the entire extent of perchlorate-impacted groundwater including
areas between active ISB areas to track the distribution of perchlorate following the start of ISB
(Overall Perchlorate Extent Monitoring).

6.7.2 Baseline Monitoring

The baseline groundwater sampling will be a single-event to characterize the baseline perchlorate
concentrations, and geochemical conditions prior to emplacement of bioremediation substrate. Since
perchlorate-impacted groundwater is commingled with IRP Site 2 VOC-impacted groundwater near
the former Station Boundary, baseline monitoring for the IRP Site 1 remedy will also include
groundwater sampling and analysis for VOCs to the extent necessary to evaluate future performance
of the Station Boundary PRB. The baseline groundwater sampling results will be compared with
monitoring results following substrate emplacement to assess the performance of ISB. In addition,
baseline data will be used to cross-check the input values for substrate demand calculations
performed in this RD/RA Work Plan. The baseline sampling plan is summarized in Table 6-12.

6.7.3 ISB Performance Monitoring

When a bioremediation substrate including EVO or HFCS is injected into the subsurface, the
naturally-occurring bacteria are stimulated and degrade the injected organic substrate.
Biodegradation of substrate depletes the DO and other terminal electron acceptors (e.g., nitrate or
sulfate), and lowers the ORP of groundwater, thereby creating conditions conducive to the anaerobic
COC degradation processes. The ISB performance monitoring will be conducted to evaluate
distribution of substrate, and to assess changes in geochemical conditions and perchlorate
concentrations due to biodegradation reactions.

The ISB performance monitoring plans for the Source Area PRB, Source Area Treatment,
Intermediate Area PRB, and Station Boundary PRB are presented in Tables 6-13, 6-14, 6-15, and
6-16, respectively. The information obtained from each proposed analyte is presented in Table 6-17.

Tables 6-13, 6-15, and 6-16 present proposed monitoring locations for each PRB along with the

rationale for the selection of each monitoring location. In general, for each PRB, groundwater
sampling is proposed from the following locations:

6-13
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e Upgradient wells to monitor influent COC concentrations in groundwater flowing into the
PRBs.

e Injection/monitoring wells within the PRBs to assess the injection zone of influence and
performance data within the PRB. These wells (in conjunction with downgradient
monitoring wells) will be used to provide indication of EVO consumption and the need for
replenishment of substrate.

e Downgradient monitoring wells to monitor effluent COC concentrations and effectiveness of
the PRB. The data from these wells will be used in conjunction with wells within the PRB
to evaluate if the injection zone of influence is adequate to achieve biodegradation of
perchlorate.

As discussed in detail in Section 3.1.3.2, perchlorate is commingled with VOCs (primarily TCE)
near the Station Boundary. Therefore, the monitoring plan for the Station Boundary PRB will also
include sampling and analysis for COCs and their biodegradation products including VVC, ethene, and
ethane (see Table 6-16).

The ISB monitoring plan for treatment within the Source Area is presented in Table 6-14.
Monitoring locations include representative injection and extraction wells within Zone 1, and all
injection wells within Zone 2 and upgradient of Zone 1 to evaluate decreases in perchlorate
concentrations and changes in geochemistry.

6.7.4 Overall Perchlorate Extent Monitoring

Groundwater monitoring will be conducted over the entire extent of perchlorate-impacted
groundwater including areas between active ISB areas to track the distribution of perchlorate
following the start of ISB. Table 6-18 presents the plan for overall perchlorate extent monitoring.
This plan is optimized based on the following:

1. Monitoring wells that satisfy all of the following criteria will be sampled once during Year 1: (1)
wells have been routinely sampled at least once a year from July 2004 to March 2011, and
perchlorate concentrations have been reported to be less than its RG during all monitoring rounds
(2) located upgradient of the perchlorate Source Area, and (3) based on the available data on
perchlorate concentrations and direction of groundwater gradient, there is no potential for
perchlorate to migrate from upgradient sources at concentrations exceeding it RG. These
analytical results obtained from these wells will be evaluated as follows:

o The well for which the perchlorate concentration is less than its RG will not be sampled
further during the RA.

o The well for which the perchlorate concentration exceeds its RG will be added to the list of
wells monitored semi-annually for Years 1 through 3.

2. Monitoring wells for which perchlorate concentrations have exceeded its RG at least once during
the past but the latest available data (as of January 2013) show perchlorate concentrations less
than its RG, will be sampled semi-annually during Year 1 and the results will be evaluated as
follows:

o The well for which perchlorate concentrations are less than its RG during both monitoring
rounds and for which there is no potential for perchlorate to migrate from upgradient sources
at concentrations exceeding its RG (based on the available data on perchlorate
concentrations and direction of groundwater gradient) will not be sampled further during the
remedial action.

6-14
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e The well for which perchlorate concentrations exceed its RG at least once will be sampled
semi-annually for Years 2 and 3.

3. Monitoring wells for which the latest available data (as of January 2013) show perchlorate
concentrations exceeding its RG will be sampled semi-annually from Years 1 through 3 and the
results will be evaluated as follows:

e The well for which perchlorate concentrations are less than its RG during all monitoring
rounds and for which there is no potential for perchlorate to migrate from upgradient sources
at concentrations exceeding its RG (based on the available data on perchlorate
concentrations and direction of groundwater gradient) will not be sampled further during the
RA.

o The well for which perchlorate concentrations exceed its RG at least once will be added to
the list of wells monitored annually after Year 3. The current monitoring plan presented in
Table 6-18 shows that all monitoring wells proposed for semi-annual sampling during Years
1 through 3 will be sampled annually after Year 3. However, the monitoring program after
Year 3 will be revised/optimized appropriately based on the results of the first three years of
monitoring (see Section 6.7.5).

4. The need for continued groundwater sampling and analysis from newly-installed monitoring
wells 02_NEWO7A, 02_NEW26A, 02_NEW?27A, and 02-NEW42 will be evaluated following
comprehensive review of PRB performance data and perchlorate distribution data near the Station
Boundary.

6.7.5 Optimization of Monitoring Network/Schedule

The groundwater monitoring will be conducted for IRP Site 1 remedy in accordance with the
monitoring plan summarized in Sections 6.7.2 through 6.7.4. After each monitoring round, data
review will be conducted to evaluate progress toward attainment of short- and long-term objectives
presented in Section 6.7.1, and RAOs. The data review will also be performed to optimize the
locations of monitoring points and proposed analyses. The optimization plan for the overall
perchlorate extent monitoring is presented in Section 6.7.4. The monitoring program in support of
ISB at the Source Area, Intermediate Area, and former Station Boundary will also be optimized
periodically to attain the DQOs presented in Attachment A. The recommendations for optimization
will be documented in the annual reports and/or in a field change request (FCR). This annual
report/FCR will present the proposed optimization/change to the monitoring program along with the
rationale for the change. Some of the examples of the scenarios where optimization of monitoring
network/schedule may be required for ISB systems are presented below:

e The monitoring program may be revised/optimized to troubleshoot certain conditions such as
decreases in pH due to substrate biodegradation reactions to the extent that it is shown to be
detrimental to perchlorate-degrading microorganisms. A buffer may need to be injected in
this case to revive perchlorate-degrading bacteria and the monitoring program may need to
be modified with respect to well locations and analytes such as pH and alkalinity.

e Monitoring for anions (nitrate and sulfate) and methane may be discontinued for the Source
Area and Intermediate Area PRBs if data collected for at least three monitoring rounds
indicate little or no change to these parameters and if other parameters such as perchlorate,
TOC, DO, and ORP are deemed to be sufficient to attain the monitoring objectives and
evaluate geochemical conditions.
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6.8 INSTITUTIONAL CONTROLS

ICs will be implemented as part of selected remedy to limit exposure of future landowner(s) and/or
user(s) to perchlorate-impacted groundwater and to maintain the integrity of the RA components
such as monitoring wells. In accordance with Section 2.9.2.1 of the ROD (DON 2012), the land-use
restrictions will achieve the following objectives:

e Prevent activities that present unacceptable risk to human-health due to impacted
groundwater; and

e Protect site security and RA components, such as monitoring wells, fences, and signs.

The areas requiring institutional controls (ARICs) for IRP Site 1 perchlorate-impacted groundwater
are shown on Figure 6-7 and consist of the following:

e A T74-acre area constituting IRP Site 1 currently owned by the Navy (also referred to as IRP
Site 1 Property)

o Property downgradient of IRP Site 1 currently owned by the FBI
e Leased property consisting of portions of COs 11-V-2 and/or 1I-F-2
o  Off-Station property

A LUC RD has been prepared that presents detailed use restrictions, and legal mechanisms for
implementation and inspections/monitoring plans for ICs for IRP Site 1 perchlorate-impacted
groundwater. This LUC RD is presented in Attachment A of this document.

6.9 “OPERATING PROPERLY AND SUCCESSFULLY” DEMONSTRATION

An “OPS” determination will be made for the IRP Site 1 groundwater remedy signifying that the
remedy is functioning properly and operating as designed. This determination will be made in
accordance with the following guidance documents:

1. Guidance for Evaluation of Federal Agency Demonstration that Remedial Actions are Operating
Properly and Successfully Under Comprehensive Environmental Response, Compensation,
Liability Act (CERCLA) Section 120 (h)(3) (USEPA 1996)

2. Close Out Procedures for National Priorities List Sites (USEPA 2011)

USEPA interprets the term OPS to mean that the RA is functioning in such a manner that it is
expected to adequately protect human-health and the environment when completed (USEPA 1996).
The USEPA’s 2011 Guidance states that the specific criteria for determining that the remedy is
operational and functional (similar to OPS) will vary for each remedy and site. The following factors
are listed in USEPA’s 1996 guidance to be considered during making decisions on OPS
determination:

1. Risk to Public Health and Environment: There should not be any current exposure to
contamination that results in an unacceptable risk to public health or the environment. If the
integrity of the RA depends on ICs (e.g., deed restrictions, well drilling prohibitions) these
controls should be clearly identified and agreed upon.

2. Enforceability: This factor pertains to the USEPA’s ability to ensure that the Federal agency
continues operation of the remedy, or makes changes (e.g., constructs new extraction wells) to the
remedy. If there are provisions in an enforceable document which require that necessary
refinements to the remedial system be made in an expeditious manner after property is
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transferred, the USEPA Region may not need as much assurance on remedy performance as may
be necessary without such an enforcement vehicle.

3. Technology Reliability: This factor pertains to whether the remedial technology has been shown
to successfully mitigate the COCs.

4. Site Characterization: This factor pertains to the quality of the site characterization, particularly
for complex sites.

The OPS determination will be made for the IRP Site 1 groundwater remedy after the following:

1. Physical construction of the remedy and monitoring systems including injection and
monitoring wells is completed in accordance with the approved design.

2. The shakedown period where minor modifications are made to ensure that the remedy is
operating as designed, is complete. The remedy will be deemed operating as designed if
monitoring data indicate that biodegradation of injected substrate has started and reducing
conditions are developing in the subsurface for perchlorate biodegradation.

The OPS determination will be documented in a report that demonstrates that both of the above
conditions have been met. This report will be submitted to the USEPA for concurrence/approval.

6.10 PLAN FOR VERIFYING ATTAINMENT OF RAOS/ EXIT STRATEGY

Verification monitoring will be initiated once it is demonstrated to the satisfaction of the regulatory
agencies that perchlorate concentrations are reduced to levels at or below its RG. The verification
monitoring will include two sampling events over a period of 1 year. The purpose of verification
monitoring will be to show that perchlorate concentrations remain at or below its RG pursuant to
requirements of Cal. Code Regs. tit. 22, Section 66264.100(g)(1) determined to be relevant and
appropriate for the IRP Site 1 groundwater response action. If verification monitoring data show that
perchlorate concentrations remain at or below its RG, then performance monitoring will be
terminated and recommendation for no further action will be made for groundwater at the site.
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7. SELECTED REMEDY DESIGN — IRP SITE 2

7.1 SELECTED REMEDY DOCUMENTED IN THE GROUNDWATER ROD

The selected remedy for IRP Site 2 documented in the Groundwater ROD (DON 2012) includes the
following components:

e MNA
e |Cs

MNA will rely on natural attenuation processes such as dispersion, dilution, sorption, and
volatilization; and monitoring for remediation of IRP Site 2 VOC-impacted groundwater.
Groundwater monitoring will be conducted as a component of the remedy to evaluate the
effectiveness of natural attenuation processes to reduce the concentrations of COCs and evaluate
their potential migration. ICs, including groundwater use restrictions, will also be implemented to
limit potential human exposure to VOC-impacted groundwater until the remediation goals (RGs)
established for VOCs are achieved. Once the RGs are achieved (see Table 5-6), the ICs will be
terminated.

The USEPA guidance on MNA recommends identifying a contingency remedy, which is a cleanup
technology or approach that functions as a backup remedy if MNA fails to perform as anticipated.
The protectiveness of the Selected Remedy will be evaluated as part of the 5-year review. If this
evaluation indicates that the Selected Remedy is not protective (e.g., a documented unacceptable risk
to human-health and/or the environment), the need for implementing a contingency remedy will be
evaluated.

The contingency remedy documented in the ROD (DON 2012) for groundwater at IRP Site 2 is ISB
which would be implemented near the Station Boundary. Results from the Pilot Study indicate that
ISB implemented for treating perchlorate near the Station Boundary also creates conditions in
groundwater that enhance the biodegradation of VOCs, and as a result, would complement and
enhance the MNA remedy implemented for IRP Site 2. No triggers are necessary to be established
for the contingency remedy at IRP Site 2, since ISB will be implemented concurrently near the
Station Boundary as a component of the IRP Site 1 remedy.

7.2 DESIGN BASIS

This section presents the basis of design for the implementation of MNA for VOC-impacted
groundwater at IRP Site 2, which includes installation of additional groundwater monitoring wells,
and collection and analyses of groundwater samples for COCs to evaluate MNA performance.

The following elements of the CSM developed during the Phase | and Phase Il RIs, and
supplemental investigations following the RIs, including short- and long-term aquifer tests; an ISB
pilot study; and a groundwater monitoring program for Anomaly Area 3, and IRP Sites 1 and 2 serve
as major inputs to the MNA design:

o Distribution of VOCs in groundwater

e Site geology/hydrogeology

o Treatability study results
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7.2.1 Distribution of VOCs in Groundwater

The estimated extents of the COCs (TCE; PCE; cis-1,2-DCE; 1,1,2-TCA; and 1,2-DCA) in
groundwater at IRP Site 2 are presented on Figures 3-8 through 3-11, and discussed in Section
3.1.3.2. The extents presented on these figures were used to propose additional monitoring wells.

7.2.2 Site Geology and Hydrogeology

A summary of the site geology and hydrogeology for IRP Site 2 is presented in Section 6.2.2 under
“Former Station Boundary Area”.

7.2.3 Treatability Study Results

IRP Site 2 groundwater conditions and contaminant distribution were evaluated and bench-scale
microcosm laboratory experiments were performed to measure the rate and extent of biodegradation
of VOCs and perchlorate in groundwater under anaerobic conditions. The details of the evaluation
and microcosm study are presented in Section 4.1.2.1. Some of the important conclusions with
regard to natural attenuation are presented below:

o Reductive dechlorination is not an active process and does not significantly contribute to the
reduction in VOC concentrations at IRP Site 2;

o Dilution, advection, and dispersion are the primary reduction mechanisms; and

e Limited degradation of PCE and TCE will occur provided that the reducing conditions are
artificially induced.

7.3 MNA DESIGN

The individual elements of MNA design for COCs in IRP Site 2 groundwater per the US EPA
guidance document entitled Performance Monitoring of MNA Remedies for VOCs in Ground Water
(USEPA 2004) are presented below.

7.3.1 Objectives and Decision Points

The Selected Remedy for IRP Site 2 VOC-impacted groundwater will be designed and implemented
to meet the RAOs presented in Section 5.2. The COCs and the established RG for each COC are
presented in Table 5-6.

The groundwater monitoring conducted as part of IRP Site 2 selected remedy will be designed to
satisfy the following objectives formulated based on the RAOs:

o Evaluate the distribution of COCs in groundwater to confirm that the remedy is continuing
to be protective of human-health and the environment.

o Evaluate if concentrations of COCs are reduced to less than their respective RGs across the
estimated extent of VOC-impacted groundwater.

The implementation of MNA will include installation of additional groundwater monitoring wells,
and collection and analyses of groundwater samples for COCs to evaluate MNA performance.
Section 7.3.2 presents detailed MNA design and Figure 7-1 shows locations of the wells proposed
for groundwater monitoring. The results of groundwater monitoring will be evaluated based on the
below-mentioned decision rules.

7-2



January 2014 Final Remedial Design/Remedial Action Work Plan Selected Remedy Design
DCN: AEJV-2231-0002-0005 for Groundwater at IRP Sites 1 and 2 IRP Site 2

e Decision Rule 1: If data evaluation indicates that COC concentrations in groundwater show
a stable or decreasing trend, and sampling data shows COC concentrations less than their
respective RGs in downgradient Wells 02_NEW27A and 02_NEWOQ7A, then groundwater
monitoring will continue as planned until the RGs are attained.

e Decision Rule 2: If data evaluation indicates that COC concentrations in one or more
monitoring wells located within the plume show a significant increasing trend (inconsistent
with the CSM and not originally anticipated during remedy selection), then the
protectiveness of the remedy will be evaluated.

e Decision Rule 3: If data evaluation indicates that COC concentrations in one or more
monitoring wells located within or at the leading edge of the plume show a significant
increasing trend (inconsistent with the CSM and not originally anticipated during remedy
selection), then the protectiveness of the remedy will be evaluated.

o Decision Rule 4: If it is demonstrated to the satisfaction of the regulatory agencies that COC
concentrations are reduced to levels at or below their respective RGs, verification monitoring
will be initiated.

o Decision Rule 5: If verification monitoring data show that COC concentrations remain at or
below their respective RGs, then performance monitoring will be terminated and
recommendation for no further action will be made for groundwater at the site.

7.3.2 Monitoring Network and Schedule
7.3.2.1 ADDITIONAL MONITORING WELL INSTALLATION

The currently existing monitoring well network at IRP Site 2 will be supplemented with additional
wells to satisfy the groundwater monitoring objectives presented in Section 7.3.1. The currently
estimated extents of COCs shown on Figures 3-10 and 3-11 were used to propose additional
monitoring wells. The most widespread COC in IRP Site 2 groundwater is TCE. The remaining
COCs have been reported at concentrations exceeding their respective RGs at isolated locations
within the boundaries of the estimated lateral extent of TCE exceeding its RG. Therefore, TCE
extent forms the primary basis for proposed well locations.

Three new wells (02-NEW28A, and 02-NEW41, and 02-NEW42) are proposed to be installed for
groundwater monitoring at IRP Site 2. The locations of existing and proposed monitoring wells are
presented on Figure 7-1, and their screen intervals and depths are presented in Table 7-1. Well 02-
NEW28A is proposed in the vicinity of the former location of Well 02NEW?28 destroyed during the
Winter 2010 storm events. TCE was reported at concentrations exceeding its MCL relatively
consistently in samples collected from well 02-NEW28 from May 2005 to November 2010. Well
02-NEW41 is proposed to refine TCE extent exceeding its RG upgradient of Well 02NEW29. Well
02-NEW42 is proposed to refine TCE concentrations and extent to the west/northwest of the plume.

The screen intervals of all proposed wells presented in Table 7-1 have been selected to intercept the
VOC-impacted groundwater near the water table based on the geology and VOC extents depicted on
Figures 3-8 and 3-9.

7.3.2.2 GROUNDWATER MONITORING SCHEDULE

MNA will include groundwater monitoring to evaluate potential migration and decreases in
concentrations of COCs due to natural attenuation processes such as dilution, dispersion, sorption,
and volatilization. The detailed DQOs for the design and field implementation procedures for the
groundwater monitoring program are presented in Attachment A. This section presents a brief
summary of the monitoring well network, and sampling and analysis schedule.
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Table 7-2 presents the proposed groundwater monitoring plan for IRP Site 2 MNA. The analytical
parameters include VOCs, and field parameters (DO, ORP, and pH). TCE has been reported at
higher concentrations compared to other COCs and also the most widespread in groundwater.
Therefore, monitoring wells have been selected based primarily on the extent of TCE in
groundwater. The rationale for selection of each monitoring well is presented in Table 7-2. The
wells near the TCE plume boundary will be used to define the plume boundaries and will be sampled
annually. The wells within the TCE plume will be sampled semi-annually for the first three years to
evaluate decrease in COC concentrations due to natural attenuation mechanisms.

In addition, well 02NEWOS8A has been added to the groundwater sampling program for IRP Site 2
MNA. PCE was reported at concentrations exceeding its RG of 5 pg/L in samples collected from
well 02NEWO8A during routine groundwater monitoring conducted from December 1995 to
September 2001 and then from March 2005 through November 2006 (Trevet 2011). However, PCE
has been reported at concentrations less than its RG in samples collected from well 02NEWO08A as
part of routine groundwater monitoring from December 2007 through March 2011 (Trevet 2011).
The reported concentration of PCE in a sample collected from well 02NEWOB8A during March 2011
sampling round was 4.9 ng/L (see Figure 3-10). Therefore, annual monitoring is proposed for well
01-NEWOBA to verify that PCE concentrations remain less than its RG.

It should be noted that the current monitoring plan presented in Table 7-2 shows that all monitoring
wells proposed for annual or semi-annual sampling during Years 1 through 3 will be sampled
annually after Year 3. However, the monitoring program after Year 3 will be revised/optimized
appropriately based on the results of the first three years of monitoring (see Section 7.3.3).

7.3.3 Optimization of Monitoring Network/Schedule

The groundwater monitoring will be conducted for IRP Site 2 remedy in accordance with the
monitoring plan summarized in Section 7.3.2. After each monitoring round, data review will be
conducted to evaluate progress toward attainment of objectives presented in Section 7.3.1, and
RAOs. The data review will also be performed to optimize the locations of monitoring points and
proposed analyses. The recommendations for optimization will be documented in the annual reports
and/or in a FCR. This annual report/FCR will present the proposed optimization/change to the
monitoring program along with the rationale for the change. Some of the examples of the scenarios
where optimization of monitoring network/schedule may be required are presented below:

e One or more wells included in the monitoring program to define the extent of TCE plume
may be deleted from routine groundwater monitoring program if the following conditions
are satisfied: (1) at least three years of performance monitoring data show COC
concentrations below their respective RGs (2) data evaluation indicates that plume is stable
and there is no potential for COCs to migrate to the subject wells at concentrations
exceeding their respective RGs in future.

e One or more wells included in the monitoring program within the current extent of TCE
plume may be de deleted from routine groundwater monitoring program if the following
conditions are satisfied: (1) at least three years of performance monitoring data show COC
concentrations below their respective RGs, (2) there is no potential for COCs to migrate to
the subject wells at concentrations exceeding their respective RGs in future.

7.3.4 Evaluation of Remedy Performance

The data collected based on the proposed monitoring schedule presented in Section 7.3.2 will be
used to periodically evaluate the performance of natural attenuation mechanisms to achieve
RAOs/RGs. The evaluations will include:
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1. Evaluation of spatial and temporal trends in concentrations of COCs (see Section 7.3.3.1 for
details).

2. Comparison of COC concentrations in downgradient Wells 02_NEWO07A and 02_NEW27A
outside the currently-defined TCE plume boundary with established RGs (see Section 7.3.3.1 for
details).

3. Groundwater modeling to evaluate plume migration and progress toward attainment of
RAOs/RGs.

The proposed methods along with frequencies for the above evaluations are presented in the
subsections below (see Section 7.3.3.1 for details).

7.3.4.1 PROPOSED DATA ANALYSIS METHODS

The groundwater monitoring data collected as part of MNA implementation will be analyzed to
evaluate if overall monitoring objectives based on the decision rules presented in Section 7.3.1 are
achieved. The data evaluation methods and frequencies are presented in Table 7-3. The proposed
data analysis methods will take into account potential influence of the injected PRB near the Station
Boundary on COC concentrations (see Section 6-6).

7.3.4.2 GROUNDWATER MODELING

A groundwater flow and transport model was developed to evaluate the groundwater remedial
alternatives for the IRP Site 2 VOC-impacted groundwater during the FS stage (AECOM 2011). The
United States Geological Survey’s Modular Three-dimensional Finite-difference Groundwater Flow
Model (MODFLOW), a finite-difference computer code was used in the groundwater flow
simulations. A mass transport model (Zhang 1990) was used for all transport simulations for TCE.
The groundwater flow model was calibrated based on water levels observed between 1994 and 2004
at the site; and the transport processes were calibrated to the 2005 TCE plume configuration.

The existing groundwater model for IRP Site 2 will be used to evaluate the progress of the remedy to
attain RG for TCE (primary COC) in conjunction with data analysis methods presented in Section
7.3.3.1. Prior to evaluation, the existing model will be updated with additional data (groundwater
elevation data and TCE concentrations) collected after 2004 and as part of the first four years to five
years of remedy implementation. In addition, the following hydraulic, transport, and chemical
parameters will be adjusted in the model to reflect the current TCE plume configuration: hydraulic
conductivity, storage, porosity, dispersion, and biodegradation rate. Model simulations will be
performed prior to the first 5-year review to evaluate remedy performance.

7.4 INSTITUTIONAL CONTROLS

ICs will be implemented as part of selected remedy to limit exposure of future landowner(s) and/or
user(s) to VOC-impacted groundwater and to maintain the integrity of the RA components such as
monitoring wells. In accordance with Section 2.9.2.1 of the ROD (DON 2012), the land-use
restrictions will achieve the following objectives:

e Prevent activities that present unacceptable risk to human-health due to impacted
groundwater; and

e Protect site security and RA components, such as monitoring wells, fences, and signs.

The ARICs for IRP Site 2 VOC-impacted groundwater are shown on Figure 6-7 and consist of the
following:
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e Property currently owned by FBI
e Leased property consisting of COs 11-V-2 and 11-F-2
o  Off-Station property

A LUC RD has been prepared that presents detailed use restrictions, and legal mechanisms for
implementation and inspections/monitoring plans for ICs for IRP Site 2 VOC-impacted groundwater.
This LUC RD is presented in Attachment A of this document.

7.5 “OPERATING PROPERLY AND SUCCESSFULLY” DEMONSTRATION

An OPS determination will be made for IRP Site 2 groundwater remedy signifying that the remedy is
functioning properly and operating as designed. The guidance documents and factors to be
considered in making OPS determinations are listed in Section 6.9.

The OPS determination will be made for IRP Site 2 groundwater remedy after the monitoring system
including monitoring wells have been installed and at least one round of groundwater monitoring has
been conducted pursuant to the approved RD document. The OPS determination will be documented
in a report, which will be submitted to the USEPA for concurrence/approval.

7.6 PLAN FOR VERIFYING ATTAINMENT OF RAOS/ EXIT STRATEGY

Verification monitoring will be initiated once it is demonstrated to the satisfaction of the regulatory
agencies that COC concentrations are reduced to levels at or below their respective RGs. The
verification monitoring will include two monitoring events over a period of 1 year. The purpose of
verification monitoring will be to show that the COC concentrations remain at or below their
respective RGs pursuant to requirements of Cal. Code Regs. tit. 22, Section 66264.100(g)(1)
determined to be relevant and appropriate for the IRP Site 2 groundwater response action. If
verification monitoring data show that COC concentrations remain at or below their respective RGs
in all monitoring wells, then performance monitoring will be terminated and recommendation for no
further action will be made for groundwater at the site.
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8. REMEDIAL ACTION IMPLEMENTATION

8.1 PROJECT ORGANIZATION AND KEY PERSONNEL RESPONSIBILITIES

The project organization for remedial action implementation at IRP Sites 1 and 2 groundwater
includes representatives from the DON, BRAC Cleanup Team (BCT), and AECOM-Envirocon Joint
Venture (AEJV). The responsibilities of key AEJV personnel are discussed below. The overall
organization and relationships of personnel along with lines of communication with DON are
illustrated on Figure 8-1.

AEJV is contracted by NAVFAC SW for preparation of the RD/RA WP and to implement RA. The
position and responsibilities of key RA contractor team members are as follows:

e Program Manager. The program manager is responsible for all aspects of the RA program.

e Project Manager. The project manager (PM) has overall responsibility for the RA and all
construction work performed during implementation of the RA. Responsibilities include
project planning, scheduling, staffing, execution of tasks and subcontracts, and managing
deliverables.

e Program Health and Safety Manager. The health and safety manager is responsible for
developing and implementing the program health and safety plan and project-specific
modifications and amendments.

o Site Safety and Health Officer (SSHO). The project health and safety officer (SSHO) is
responsible for establishing and maintaining communications with all site personnel
concerning the site-specific health and safety plan (SSHSP), verifying adherence to site
safety requirements, organizing and conducting safety meetings (tailgate meetings), and
recording and documenting safety incidents on-site.

e Project QC Manager. The project QC Manager is responsible for ensuring that AEJV,
subcontractors, and vendors comply with project requirements and contractual obligations,
and that all field activities are performed as required by the project design.

e Project Engineer. The Project Engineer assists the site superintendent and the program
manager by reviewing engineering design documents and interfacing with engineering
design personnel and field operations personnel to communicate job requirements.

o Field Manager. The Field Manager is responsible for the day-to-day supervision of staff
and coordination of tasks for project completion. This includes review of the RD documents,
planning and oversight of field activities, QC, and compliance with the Clean Water Act
(CWA).

e Project Chemist. The project chemist is responsible for ensuring that the field sampling and
laboratory analyses are performed in accordance with laboratory and field sampling
procedures identified in the Field Sampling Plan and Quality Assurance Project Plan
(QAPP).

o Field, Technical, and Health and Safety Staff. The Technical Staff will perform QC
activities, including subcontractor observation, sampling, testing, and documentation during
remedial action implementation. Health and safety personnel will develop and implement the
SSHSP. Subcontractor field personnel will perform activities at the site.

e Senior Technical Advisors. The Senior Technical Advisors will provide technical advice
and review of project documentation during all phases of the project.
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8.2 OVERALL IMPLEMENTATION SEQUENCE

The subsections below discuss overall implementation sequence for the ISB systems proposed in the
areas where there are uncertainties with respect to the perchlorate extent in groundwater including
Source Area PRB, Intermediate PRB, and Station Boundary PRB.

8.2.1 Source Area PRB

As discussed in Section 6.4.1.3, the injection wells for Source Area PRB are intended to stimulate a
biologically-reactive zone across the estimated lateral extent of perchlorate exceeding its RG
transverse to the direction of groundwater flow (see Figure 6-3). This extent is defined to the
northwest by existing well 01-MW205 but is uncertain to the southeast of existing Injection Well 01-
IWO01 (see Figure 3-1 and 6-3). To manage this uncertainty and to increase the level of confidence
that design decisions are made correctly and cost-effectively, the field implementation sequence for
Source Area PRB will be based on USEPA’s Triad approach. The Triad approach includes three
elements: systematic project planning, dynamic work strategies, and real-time measurements. The
proposed implementation sequence presented below includes these elements:

1. Complete drilling and installation of Injection Well 01-1WO03 (Figure 6-3).

2. Collect baseline a groundwater sample from Well 01-1W03 and analyze it for perchlorate in an
off-site laboratory on rapid turn-around time.

3. Analyze perchlorate results based on the following:

o If perchlorate concentrations are less than or equal to its RG in the groundwater sample, no
changes to the PRB design will be required.

o If perchlorate concentrations exceed its MCL, the following steps will be taken:
a. Reevaluate perchlorate distribution and modify design as required.

b. Present revised design to regulatory agencies in a brief field change justification,
discuss during the conference call and obtain consensus

c. Implement revised design and continue to use Triad approach to manage
uncertainties.

8.2.2 Intermediate Area PRB

As discussed in Section 6.5.3, the direct push points for Intermediate PRB are intended to stimulate a
biologically-reactive zone across the estimated lateral extent of perchlorate exceeding its RG
transverse to the direction of groundwater flow (see Figure 6-4). This extent needs to be refined to
the northwest of Well 01-PZ15 and to the southeast of Well 01-MW214. Therefore, consistent with
Source Area PRB, the following implementation sequence, based on the USEPA’s Triad Approach is
proposed for the Intermediate PRB:

1. Collect grab groundwater samples using direct-push technology at direct-push locations 01-
DPTO1, 01-DPTO02, 01-DPT14, and 01-DPT15 and analyze for perchlorate in an off-site
laboratory on rapid turn-around time.

2. Analyze perchlorate results based on the following:

o If perchlorate concentrations are less than or equal to its RG in the groundwater sample, no
changes to the PRB design will be required.

e If perchlorate concentrations exceed its MCL in one or more samples, the following steps
will be taken:
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a. Reevaluate perchlorate distribution and modify design as required. The revised
design may include installation of addition direct-push points northwest of location
01-DPTO01 and/or southwest of location 01-DPT10.

b. Present revised design to regulatory agencies in a brief field change justification;
discuss during the conference call and obtain consensus.

c. Implement revised design and continue to use Triad approach to manage
uncertainties.

8.2.3 Station Boundary PRB

As discussed in Section 6.6.3, the injection wells for the Station Boundary PRB are intended to
stimulate a biologically-reactive zone across the estimated lateral extent of perchlorate exceeding its
RG transverse to the direction of groundwater flow (see Figure 6-6). This extent is defined to the
west/northwest by existing well 02NEW30 but is uncertain to the east/northeast of existing well
02PZ12. Therefore, consistent with the Source Area and Intermediate PRBs, the following
implementation sequence, based on the USEPA’s Triad Approach, is proposed for the Station
Boundary PRB:

1. Complete drilling and installation of injection Well 02-1W08 (Figure 6-6).

2. Collect a baseline groundwater sample from Well 02-1W08 and analyze it for perchlorate in an
off-site laboratory on rapid turn-around time.

3. Analyze perchlorate results based on the following:

o If perchlorate concentrations are less than or equal to its RG in the groundwater sample, no
changes to the PRB design will be required.

o If perchlorate concentrations exceed its MCL, the following steps will be taken:

a. Reevaluate perchlorate distribution and modify design as required. The revised
design may include installation of an additional well east of Well 02-1W08.

b. Present revised design to regulatory agencies in a brief field change justification;
discuss during the conference call and obtain consensus.

c. Implement revised design and continue to use the Triad approach to manage
uncertainties.

8.3 REMEDIAL ACTION IMPLEMENTATION PROCEDURES

This section discusses the methods and procedures pertaining to construction activities to be
implemented as part of the RA at IRP Sites 1 and 2. The field procedures for sampling and analyses
proposed in support of the RA are discussed in the Sampling and Analysis Plan (Attachment A). The
RA schedule is presented in Figure 8-2.

8.3.1 Utility Clearance

Utility clearance will be obtained prior to drilling by coordinating with the Navy, FBI, and with City
of Irvine/Great Park Corporation (for drilling activities within Carve-Out 11-V-2).. Underground
utilities in the RA areas will be located by evaluating records including available site plans, utility
layouts, and the results of any previous subsurface investigations. A Utility Clearance Request form,
along with a map of proposed drilling locations and nearby utilities, will be submitted for approval.
Dig Alert will also be notified prior to the start of drilling activities.
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8.3.2 Geophysical Surveys and Anomaly Avoidance

Once approval has been obtained from the CSO, a nonintrusive geophysical survey will be
conducted at each proposed drilling location at IRP Site 2 and at the Intermediate Area. There are no
known subsurface utilities present within IRP Site 1. All geophysical activities will be supervised by
a registered geophysicist certified by the State of California.

All proposed well locations will be marked with paint. Electromagnetic induction, ground
penetrating radar, and magnetic geophysical techniques will then be used to search for existing
underground utilities at the proposed well locations. These complementary techniques are used
because underground utilities are made of many different materials (e.g. steel, aluminum, PVC,
fiberglass, and cement).

A small grid (about 10 feet by 10 feet) will be constructed at each proposed well location. The grid
will consist of one set of parallel profiles oriented approximately north-south and a second set of
profiles oriented approximately east-west. Profile lines will be spaced 2 feet to 3 feet apart.
Geophysical survey data will be continuously collected along all profiles. Anomalous data zones
will be interpreted in real time by the geophysical operators. Locations of anomalies interpreted as
representing buried objects will be marked on the ground and posted on the site base map.

Although there are no subsurface utilities present within IRP Site 1, there is a potential for
encountering material potentially presenting an explosive hazard (MPPEH). Therefore, anomaly
avoidance techniques will be employed to reduce the potential for encountering MPPEH. During
anomaly avoidance, an unexploded ordnance (UXO) Technician will use a magnetometer to assist
with avoiding MPPEH and other geophysical anomalies. The UXO Technician will first inspect the
ground surface of the operational area to ensure that the surface is free of any metallic anomalies
before intrusive operations can proceed. This surface inspection will include areas of ingress and
egress. At the proposed drilling location, the UXO Technician will first check the location for
subsurface anomalies prior to commencing any hand augering or drilling.

After confirming that the location is clear of metallic anomalies, drilling will commence. The first 5
feet of drilling will be conducted using a hand auger. Hand-augering will proceed in 1-foot lifts, and
the excavated material will be piled no higher than 1-foot to allow evaluation for metallic anomalies.
As hand augering continues, the location will be checked by the UXO Technician at 1-foot intervals
until a depth of 5 feet bgs is reached, at which point anomaly avoidance will no longer be required,
and the drill rig will be used to advance the remainder of the borehole. During the subsurface
anomaly checks, all metallic equipment will be moved far enough away from the excavation location
so it does not interfere or mask any metallic subsurface anomalies. If a subsurface anomaly is
detected in the borehole, the location will be abandoned and flagged for possible further follow-up.
The immediate vicinity will be avoided. The proposed groundwater well will be moved to a nearby
point that is clear of all metallic anomalies and hand augering will commence at the new location.
No intrusive work will commence until the UXO Technician is satisfied that it is safe to do so. All
activities will follow all requirements for anomaly avoidance set forth in the Explosives Safety
Submission (ESS) for the site to be developed in the future.

8.3.3 Natural Resources Coordination

The Draft RA WP was submitted to the United States Fish and Wildlife Service (USFWS) in June
2012. This Draft WP included environmental impact minimization measures presented below for
review and comment by the USFWS.
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Coastal sage scrub (CSS) has been observed at IRP Sites 1 and 2. Figures 8-3 and 8-4 present the
results of previous CSS mapping conducted in 2000 for IRP Sites 1 (Lincer & Associates 2001) and
2 (Earth Tech and Lincer 2001), respectively. As shown on Figure 8-3 (IRP Site 1), some CSS may
be near paths of ingress/egress for several existing wells that will receive injections; however, there
are no proposed new wells near CSS locations. At IRP Site 2, Figure 8-4 shows that CSS and mule
fat scrub is adjacent to some drilling locations, and ingress/egress concerns ma%/ necessitate the
trimming of some CSS to allow passage of drilling equipment. Less than 1/10" of an acre will
require trimming to facilitate the installation of the four injection wells. Additionally, the proposed
well drilling and substrate injection operations may have the potential to affect the coastal California
gnatcatcher (CAGN), birds protected by the Migratory Bird Treaty Act (MBTA) (if present) and
other sensitive species or their habitat. However, it is anticipated that the RA activities will have a
negligible effect on CSS, the CAGN, and other sensitive species or their habitat because the
following environmental impact minimization measures will be implemented during the field
activities:

e A qqualified biological monitor, familiar with the ecology of the CAGN and possessing a
Federal 10(a)(1)(A) permit for the CAGN, will be responsible for overseeing any activities
that could disturb the CAGN within the project area.

o If the CAGN or any birds protected by the MBTA are found to be nesting, said nests will be
marked by the biological monitor for avoidance during field activities, if work occurs during
the breeding season.

e The qualified biological monitor will have the authority to suspend any activities within the
project site that have the potential to adversely affect nesting CAGN. All such activities will
be postponed if they are found to occur within 200 feet of an active nest and will not resume
until young have fledged and are sufficiently mobile to readily follow their parents, and
evade disturbances.

o Efforts will be made to minimize impacts to habitat by trimming vegetation to the extent
possible, rather than excavation and grading.

e After completion of the RA, a report of monitoring activities and results will be prepared and
submitted to the USFWS.

8.3.4 Compliance with Nationwide Permit 38

The definition of the discharge of fill material per 40 C.F.R. Section 232.2 includes the building of
any structure or infrastructure requiring sand, dirt or other material for its construction. The
implementation of the remedial actions for IRP Site 1 perchlorate-impacted groundwater and IRP
Site 2 VOC-impacted groundwater may lead to discharge of fill material (as defined at 40 C.F.R. §
232.2) into waters of the United States. The discharge of fill material will comply with substantive
provisions of the Nationwide Permit (NWP) 38 issued by the United States Army Corps of Engineers
(USACE) (Federal Register 2012). The CERCLA response actions are not required to obtain permits
as provided in 42 U.S.C. § 9621(e). Below is the text of NWP No. 38:

Nationwide Permit No. 38. Cleanup of Hazardous and Toxic Waste.
Specific activities required to effect the containment, stabilization, or
removal of hazardous or toxic waste materials that are preformed, ordered,
or sponsored by a government agency with established legal or regulatory
authority. Court ordered remedial action plans or related settlements are
also authorized by this NWP. This NWP does not authorize the
establishment of new disposal sites or the expansion of existing sites used
for the disposal of hazardous or toxic waste.
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Note: Activities undertaken entirely on a Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) site by authority of
CERCLA as approved or required by EPA, are not required to obtain
permits under Section 404 of the Clean Water Act or Section 10 of the
Rivers and Harbors Act.

The remedial actions for groundwater at IRP Sites 1 and 2 will comply with substantive requirements
of the General Conditions of the 2012 NWPs. Table 8-1 lists the applicable General Conditions and
how the project will comply with the requirements.

Migratory birds, and endangered species and their habitats will be protected by complying with
substantive requirement of MBTA and Endangered Species Act as discussed in Section 8.3.3. Soil
erosion/sediment control will be implemented during construction activities. Soil cuttings generated
from borehole drilling will be placed in plastic-lined rolloff bins at the site (see Section 8.3.9.1 for
details). To the extent practicable, and in compliance with the NWP General Conditions, the
injection/monitoring wells will not change pre-construction course, condition, capacity, and location
of Borrego Canyon Wash and its tributaries. Any impacts on the condition of Borrego Canyon Wash
are anticipated to be negligible, as most impacts are temporary in nature and relate to equipment
access within the channel and adjacent floodplain areas.

8.3.5 Dirilling and Well Installation

All drilling and well installation activities will be supervised by a California-registered geologist.
Monitoring and injection well installation and development methods will follow AEJV SOP 3-12,
Well Installation and Destruction (AEJV 2012).

8.3.5.1 DIRECT-PUSH DRILLING

A total of 10 injection points will be advanced by direct-push techniques in support of the PRB at the
Intermediate Area. Direct-push drilling will be conducted in accordance with AEJV SOP 3-12, Well
Installation and Destruction (AEJV 2012).

8.3.5.2 HoOLLOW-STEM AUGER DRILLING

The following wells will be installed at IRP Site 1, the Intermediate Area, and IRP Site 2, using
hollow-stem auger (HSA) techniques:

IRP Site 1 Source Area PRB:

e 2 injection wells

e 2 monitoring wells
IRP Site 1 Source Area:

e 10 injection wells

e 5 extraction wells
Intermediate Area PRB:

e 4 monitoring wells
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Station Boundary PRB:

e 7 injection wells

e 5 monitoring wells
For MNA:
e 3 monitoring wells

The proposed well locations are presented on Figures 6-4, 6-5, and 6-6, and screen intervals are
presented in Tables 6-3, 6-6, 6-8, and 6-10. Eight-inch diameter augers will be used to drill all
boreholes. Drilling will be conducted in accordance with AEJV 3-12, Well Installation and
Destruction (AEJV 2012).

8.3.5.3 WELL INSTALLATION

All injection/extraction wells will be completed with 2-inch diameter Schedule 80 PVC well screen
and blank casing. All monitoring wells will be completed with 4-inch diameter Schedule 40 PVC
well screen and blank casing. Figure 8-5 presents typical construction details for monitoring and
injection/extraction wells.

Based on previous well installation at IRP Sites 1 and 2, all wells will be completed using 0.02-inch
slot well screen and Lone Star #3 sand filter pack material. All well casings will be sealed at the
bottom with a flush threaded end cap of the same material as the well screen. Screen and blank riser
sections will be steam cleaned and wrapped in plastic for transportation to the well locations. The
casing will remain wrapped in plastic until it is assembled and lowered down the borehole.

The well casing will be plumb and centered with centralizers placed every 20 feet, if necessary.
Once the casing is installed, the filter pack, consisting of acid-resistant, washed and graded silica
sand, will be placed by tremie pipe down the annulus between the well casing and the borehole wall.
The sand will be furnished in sacks and will be certified clean and free of oil, acids, and organic and
other deleterious materials. The filter pack will be placed from the bottom of the borehole to 2 feet
above the top of the well screen or between the bentonite seals for the multi-screen wells. The filter
pack depth will be periodically sounded to monitor the depth and to locate any points of bridging
between the well casing and the borehole wall. Potable water may be poured down the annulus to
break bridges if they are encountered. The amount of water introduced into the well will be kept to a
minimum and the quantities will be recorded in the field logbook.

The volume of filter pack material used will be recorded in the field logbook during filter pack
construction. The volume of sand used will be compared to the volume of annulus filled every 5 feet
to 10 feet. If a significant discrepancy arises between the sand volume used versus the filled volume
measured, the source of this error will be identified and corrected.

Wells will be predeveloped by bailing and surging to aid in settling the filter pack before placing the
bentonite seal. After the filter pack has been placed, a 2-foot to 5-foot sodium bentonite seal (either
granular for unsaturated conditions or coated pellet form for saturated conditions) will be introduced
into the well above the filter pack. The bentonite will be saturated with potable water and allowed to
hydrate for at least 1 hour. After the bentonite seal has hydrated, the remaining annulus will be
grouted using a Type | Portland or American Petroleum Institute (API) Class A cement/bentonite
slurry.

8-7
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8.3.5.4 WELL DEVELOPMENT

Each newly-installed well will be developed no sooner than 24 hours following well completion in
accordance with AEJV SOP 3-12, Well Installation and Destruction (AEJV 2012).

8.3.5.5 ARMORING OF WELLS INSTALLED IN BORREGO CANYON WASH

Due to the extremely high water flow conditions that occasionally occur within Borrego Canyon
Wash near the proposed Station Boundary PRB, additional armoring is proposed to prevent damages.
A 24-inch diameter steel casing is proposed to be advanced using air-knife techniques to a depth of 4
feet bgs. The casing will stick up to the height of the monitoring well monument. Within that outer
casing, a 10-inch steel casing will be advanced to a depth of 18 feet bgs. The injection or monitoring
well will then be installed within the 12-inch steel casing. A diagram of the proposed design is
shown on Figure 8-6.

8.3.6 Amendment Procurement and Storage

The substrate will be delivered to the site in 1,000-liter totes. Because it is a more secure location,
the staging area for the totes will be within IRP Site 1. When needed for injection activities, the totes
will be moved on pallets using a backhoe.

8.3.7 Substrate Injection Process and Equipment

The substrate will be amended to the subsurface by introducing a volume of water containing the
desired concentration to a well or set of wells. A minimal amount of that water will come from
extraction at wells near the injection wells. The remainder will be provided by a hydrant located
between IRP Sites 1 and 2. A water truck will transport the hydrant water to on-site tanks.

8.3.8 Location Survey

Each newly-installed well and direct-push injection point will be referenced to standard horizontal
control and vertical control by a California-licensed land surveyor. For wells, the measuring point
will be clearly and permanently marked on the northern side of the inside well casing for future
water level measurements. Vertical elevations of the casings and elevations of the ground surface
will be measured to the nearest 0.01-foot, referenced to msl. The horizontal location will be
measured to the nearest 0.1-foot, referenced to msl. All points will be surveyed to North American
Datum 83 California State Plane Coordinate System Zone 6 for horizontal control, and National
American Vertical Datum 88 for vertical datum, including translation into latitude and longitude
coordinates (horizontal datum).

8.3.9 Remediation-Derived Waste Management

All remediation-derived waste will be managed appropriately. Remediation-derived waste includes
the following:

e Cuttings from injection and monitoring well boreholes

e Groundwater generated from development of new wells

e Groundwater generated from purging of wells prior to sampling
e Decontamination fluids

o Disposable protective clothing and supplies.

Procedures for handling these wastes are discussed in the following sections.

8-8
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8.3.9.1 SoiL

Soil cuttings generated during borehole drilling will be placed in plastic-lined rolloff bins at the site.
All rolloff bins will be labeled with borehole or well number, depth interval, date generated, and
contents. To obtain representative samples, a composite sample from each rolloff bin will be
analyzed for contaminants historically reported in soil at the site. If VOC analysis is required, two
discrete samples will be collected from each rolloff bin. The composite sample will be collected as
follows: approximately equal amounts of soil will be removed from four areas within the rolloff bin
using a stainless steel trowel and placed in a stainless steel bowl; the soil will be mixed in the bowl,
the mixed soil will then be placed in an 8-ounce glass jar and prepared for shipment to the
laboratory.

Analytical results will be compared with regulatory criteria and standards to assess if the sampled
material can be returned to the site or must be disposed at an approved waste facility as either
nonhazardous or hazardous waste.

8.3.9.2 WELL DEVELOPMENT/PURGE WATER AND DECONTAMINATION FLUIDS

Water purged from wells during well development or during decontamination of drilling equipment
will be placed in 55-gallon drums. Composite samples will be collected from not more than four
drums each, and analyzed for contaminants historically reported in groundwater at the site.
Analytical results will be compared with regulatory criteria and standards to assess if the sampled
water will be disposed off-site at an approved waste facility as either nonhazardous or hazardous
waste.

8.3.9.3 DisPOSABLE PROTECTIVE CLOTHING

All disposable protective clothing and supplies will be presumed non-hazardous and will be disposed
as nonhazardous waste at an appropriate waste facility.

8-9
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o~ 02_NEWD7A( 04/12 1,2-DCA ND & & / o e Tooos cis-12-DCE__| 3.3 TR 0.60] i
= cis-1,2-DCE | ND NEWOTA / /2 = 1,1.2.TCA 2.9 CIS'1 ,2'DCE, 1 ,2'TCA, and 1 ,2'DCA
112.TCA ND 02NEW26 [11/10 b cis-12-DCE_ | 2.8 1,2-DCA 0.68J .
1.2.DCA ND Cis1,2.DCE_| 0.35J 11270A 121 KNQ NORTH in Groundwater
. 1,2-DCA 0.59] .
e L1270A 1035) : IRP Sites 1 & 2
02NEWO07 |11/10 ” 1.2:DCA 0 100 200 FEET i
cis-1,2-DCE_ | ND |7 - 0z-Iwol 109709 02-NEW32 | 09/09 ﬁ Date: 12-13 Former MCAS EI Toro .
112TCA__|ND 7 Aoz NEWzEA] — cis-12-DCE_[24 . Figure
2 0oA G - 02 NEW27A| 04/12 02_NEW27A: 2 04/12 cis-1,2-DCE_| 2 Tr2TcA |18 SCALE: 1" = 200 Project No. h
: P os12.0CE | ND cis-1.2.DCE_| ND T12TCA |17 o T \’
/ 1,1,2-TCA ND 1,1,2-TCA ND 1,2-DCA 0.42) - 60225245 AECOM- 3'1 1
Sl v~ i zocr I L o oo
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~, <3 {08/03) \’l_. ﬂh‘ i\ 1.9 {0703
IROSREY /i =
N 02NEW28 'b N
<2(1110)
02HPO2
73 (0B13)
ONENE?
HE8L(1/06 0PZ12
02_ NEWO2AS
N 124 (0311
2NEW30

L7

\
.
o 7
| \ % /7 —
| ONEWM2, - /N

= e
| Q
I O2NEWO03 pres \
I
‘ 02HA06A | 02PZ06B
Ham a7 )/4(07/03) FRET
4 ‘
\ 02 DGHMIE0 02NEWD1 6.8 (08/08
\_ JREND 4507 <3 (07103) 0ZNEW23 i
iy S O 02PZ05 D22
20 050809 ||\ <3 (0703} <3 (07/13)
NN 02NEW25
3N, < O73)

gy \ A L
(0803) 2‘ > 2

X Z
e )
~=

N < SN

52, NFW
U2 NEW27)

QONEWAS TZMENTT <> S

TNER
5 02HP03
0 "3 115 Q7/03)

<2(113) §or704
36 (12/09)

I

—

MCAS EL TORO
BOUNDARY
PRB

U2PZ07

10.3 (07/03)
NEW22

7.2{07/03)

13.16(A

LEGEND:
01-HPE4 @ HYDROPUNCH SAMPLING LOCATION
HYDROPUNCH PERCHLORATE CONCENTRATION IN
ug/L, RED INDICATES GREATER THAN 6 pg/L
16J(A) ~ (A'INDICATES ALLUVIUM SAMPLE,

- S INDICATES WEATHERED BEDROCK SAMPLE,
- JINDICATES ESTIMATED VALUE)

01-MW201 + EXISTING 4-INCH GROUNDWATER MONITORING WELL
(OR 2-INCH PIEZOMETER), PERCHLORATE
CONCENTRATION IN pg/L, RED INDICATES
GREATER THAN 6 pg/L

02-NEWO1 4. ABANDONED/DESTROYED 4-INCH GROUNDWATER
MONITORING WELL (OR 2-INCH PIEZOMETER),
PERCHLORATE CONCENTRATION IN pg/L, RED INDICATES
GREATER THAN 6 g/l

— e o e MCAS EL TORO BOUNDARY
— ¢t ==+t e=—.+s—..— EOD RANGE BOUNDARY

P IRP SITE BOUNDARY (1,2, AND 17)

— EPHEMERAL STREAM OR WASH
(INTERPOLATED FROM TOPOGRAPHIC DATA)

6-FOOT CHAIN-LINK FENCE

e Qe e 10-FOOT SECURITY FENCE

L1

11-V-2

0N
OIHPELQ ,<3(0805)

356

393(8)

01-HPE3
®17328

EW11 ‘

02_LUGMW25
402

<3{08/05)

01-HPD3
1.7 (A)

.81

5. oMy o

.W"“"‘ <3 (A
4 (0V17)
20T <3

N
DON OWNED
FBI OWNED
TRANSFERRED AREA

CARVE-OUT NUMBER

Jw' '.'.'\
! - 01Pzo6 N —
o B s ||
| _01-HPC5 3 01-MW210 ]
16 I : o 168024 200 (206) N
<3 (1104 01-EW03 =~
\ i 172 (0311)
01-PZ20
\ A ) 194 (01113)
o 50 01-MV/2258
‘ \ 75 (0143)
= Ly ™ M(WZZO) ,
= ]
NS SOURCE AREA ) 1-PZ12  <3(00/04) ]
i PRB e Jptai
ey 01-PZ17A
. 01-MW209 01-EWo1 1.3 (06/08)
o, f 01-PZ11 127 (0317) 24 (0619}
S | RONZ 231 (0811) 01-FZ18 01-PZ17B
= mes L ) N~ " ~-, 26 (08109} 4.1 (06/08)
H . N\ ~N e
- 5 -
/ \, \ e
N g |
/ NN
- ? .'\ N - Palindit
4 N \ _ .
/ N\ ¢ \ !
/ N I - \ ¢ N
y N\ l N \ N \'*7'\\ o
/ \\\ — \\. r_‘ ~ .\~, ".\
/ N ] 7 PN
/ > )
N \ 5 = <
T — \ 9 = X ,
S = L
Q_— .
NOTES.:
1. FOR EACH WELL/SAMPLING LOCATION, THE LATEST AVAILABLE PERCHLORATE
CONCENTRATION DATA IS REPORTED BASED ON THE FOLLOWING REPORTS:
SPRING 2011 SUMMARY REPORT, IRP SITES 1 AND 2 (TREVET 2011); TECHNICAL %
MEMORANDUM, IN-SITU BIOREMEDIATION PILOT STUDY, IRP SITE 1 (AECOM o)
AND ECS 2011); AND FINAL GROUNDWATER FEASIBILITY STUDY, IRP SITES 1 N
AND 2 (AECOM2011); AND SUPPLEMENTAL GROUNDWATER MONITORING, 5
JANUARY 2013.
< LESS THAN 0 350 700 FEET
pg/L  MICROGRAMS PER LITER
DON DEPARTMENT OF THE NAVY SCALE: 1" = 700
EOD EXPLOSIVE ORDNANCE DISPOSAL
FBI  FEDERAL BUREAU OF INVESTIGATION
Groundwater RD/RA Work Plan Final
IRP  INSTALLATION RESTORATION PROGRAM
MCAS. MARINE CORPS AR STATION IRP Site 1 Perchlorate — Impacted
NS  NOT SAMPLED ;
Groundwater ISB Locations
RI REMEDIAL INVESTIGATION
ROW RIGHT-OF-WAY IRP Sites 1& 2
Date: 12-13 Former MCAS EI Toro
Figure
Project No. Q
AECOM- 6-1
60225245 ENVIROCON
JOINT VENTURE

N\

INTERMEDIATE

ot g
01-P2198 01-EW04
Qpzice 24.4(0113)
O1-EWD2A
01-PZ19A NS r
bt ol

4.4(06/09)

01-MW201
57.9 (03/11)

N 01-MW222 /
T 11 e AL L)

O1EW0E  01-MW204
168 {01/13)

SOURCE AREA

01-PZ04
6.03(0113)

01-MW203
414 (03/11)

01-PZ03
8.09{0113)

01-PZ05
37 (0113)

ACTIVE ISB WITHIN

ﬁe:

P: \bU225245 — PERMAC Nl EI Toro SRes 1 and 2 GWN7.0 Deliverablesn/.2 CADDWRD.RA Work PIanWFinal\FIGURE 6—TA.dwg

ﬂme:

Dec 05, 2013 — 9:10am



File: P:\60225245 - PERMAC Il El Toro Sites 1 and 2 GW\7.0 Deliverables\7.2 CADD\RD.RA Work Plan\Final\FIGURE 6-2.dwg Layout: Layout1 User: carrilloj1 Plotted: Dec 05, 2013 - 9:12am

EXTRACTION
WELLS WITH
DOWNHOLE
SUBMERSIBLE
PUMPS
(SEE NOTE 1)

LEGEND

& FLOW CONTROL VALVE
=] FLow METER
O— PRESSURE GAUGE

CONCENTRATED
ELECTRON DONOR
(EVO OR
HYDRANT CORNSYRUP)
WATER SOLUTION

MIXING TANK
(SOURCE OF
DILUTE SUBSTRATE
OR CHASE WATER)

NOTES

1.

APPROPRIATE NUMBER OF EXTRACTION AND INJECTION
WELLS TO BE BROUGHT ON-LINE SIMULTANEOUSLY WILL
VARY WITH ISB LOCATION AND PRACTICAL
CONSIDERATIONS SUCH AS ABILITY TO EFFECTIVELY
CONTROL PRESSURES AND FLOW RATES.

TRANSFER PUMP

INJECTION WELLS
(SEE NOTE 1)

ENVIROCOI:I

JOINT VENTURE

Groundwater RD/RA Work Plan Final
Conceptual Process Flow Diagram for
Substrate Injection Into Wells
IRP Sites 1 & 2
Date: 12-13 Former MCAS El Toro Figure

Project No. ?\‘%
60225245 AECOM 6-2




/ Summary of Substrate Injection Strategy — Perchlorate Source Area PRB ?
Number of
Dilution Ratio | Parts of Chase voé?lrtee ul Total Volume
Injection Extraction | of Substrate | Water Injected EDS-ER+ of Chase
Wells Wells with Water Per 1 Part of Water Water
(by volume) Dilute (gallons) (gallons)
Substrate
Phase |
01-W01 01-IW03 5:1 10 153 (76.5) | 1,533 (766.5)
01-MW2258 |  01-W04
Phase Il
01-IW03 01-W01 5:1 10 306 (153) | 3,066 (1,533)
01-w04 | 01-Mw2258
Notes:
a. See main text of the Remedial Design/Remedial Action Work Plan for detailed injection
approach.
b. Total volume in all injection wells during subject injection phase (Volume in each injection //\\
well during subject injection phase.) / N\
EDS-ER Electron Donor Substrate-Extended Release \\
PRB Permeable Reactive Barrier \\
AN
7
) \
d N
7 Ol-IWOZI\
< -EE—
N
5.0‘(&6\/09) 20 (09/09)
AN
\Q1_MW226 ¥ 1-MW225B
140 (09/09 5.3 (09/09)
L — — N 140 (09/09) 755 (0U/13)
N 301 — w03, 7
N 180 (09/09) N
AN
N <4 (01/13) N
AN N
\ N\
N ® 01-MW229
AN AN
N AN
®01-MW230 N - N
01-IW03~
O1PZZ1A$() \77218 EE N
\
119 (03/11) N
7. 94 01/13)\ S/
\ //
N /
N\ 7/
N\ /
N /
N /
\
N\ /
N /7
\N 7
NORTH
0 5 10 FEET
AN SCALE: 1" = 10
NORTH
200 400 FEET
SCALE: 1" = 400' NOTES:
1. FOR THE WELLS FOR WHICH ONE CONCENTRATION VALUE IS REPORTED, THE REPORTED VALUE IS
LEGEND THE LATEST AVAILABLE BASED ON THE FOLLOWING REPORTS/ SAMPLING EVENTS: SPRING 2011
=Ny SUMMARY REPORT, IRP SITES 1 AND 2 (TREVET 2011); TECHNICAL MEMORANDUM, IN-SITU
i r--—-1 R BIOREMEDIATION PILOT STUDY, IRP SITE 1 (AECOM AND ECS 2011); FINAL GROUNDWATER FEASIBILITY -
01 'WO3‘$' PROPOSED INJECTION WELL L ] gﬁRggsT,g“NséTol{.g(Eg&T,'\‘%'\-‘ré%\‘E BASED STUDY, IRP SITES 1 AND 2 (AECOM 2011); AND SUPPLEMENTAL GRGUNDWATER MONITORING, Groundwater RD/RA Work Plan Final
- JANUARY 2013.
01-MW229 @  PROPOSED MONITORING WELL . .
DON OWNED 2. FOR THE WELLS FOR WHICH TWO CONCENTRATION VALUES ARE REPORTED, THE FIRST AND SECOND Source Area PRB Design — IRP Site 1
_ REPORTED VALUES ARE BASED ON THE GROUNDWATER MONITORING EVENTS CONDUCTED PRIOR
O1-MW204-¢-  EXISTING WELL OR PIEZOMETER (PERCHLORATE TO AND AFTER THE COMPLETION OF THE IN-SITU BIOREMEDIATION PILOT STUDY, RESPECTIVELY. Perchlorate — Impacted Groundwater
CONCENTRATION IS SHOWN IN pg/L) (SEE NOTES 1 AND 2) FBI GWNED
3. DOWNGRADIENT EXTENT OF THE REACTION ZONE IS LIKELY TO EXCEED THE EXTENT SHOWN ON THE IRP Sites 1 & 2
01 —|W01-EE— EXISTING INJECTION WELL FIGURE DUE TO ADVECTION.
Date: 12-13 Former MCAS EIl Toro
pg/l  MICROGRAMS PER LITER ]
—~ffe  GENERAL GROUNDWATER FLOW DIRECTION BEN  DEPARTMENT OF THE NAVY Figure
FBI FEDERAL BUREAU OF INVESTIGATION Project No ’\
IRP SITE BOUNDARY IRP INSTALLATION RESTORATION PROGRAM : \J
MCAS  MARINE CORPS AR STATION AECOM 6-3
— PRB  PERMEABLE REACTIVE BARRIER 60225245 ¥
— @m=  FORMER MCAS EL TORO BOUNDARY RO RADILUS OF NELUENGE ENVIROCON
File: P:\60225245 — PERMAC Il EI Toro Sites 1 and 2 GW\7.0 Deliverables\7.2 CADD\RD.RA Work Plan\Final\FIGURE 6—3A.dwg Time: Dec 05, 2013 — 9:14am



/_,/- Yo + 01-PZ02
. & - =t N T — — 2.95(08/05
N rTO(oe/oo J T?EOEWO) - T \("\)~ 01-PZ01 %
/./ @(01/1\1) / &5(1 _3()J '-\ " TN 4.95(03/11)
. : 1-Pz07 L o - :
-7 / 938 (03/11) [[ == _ . .- \
o 01-EW02A ) f(F MW218 : N
. ~ o —
L 01-MW208 01-PZ19B, 01-Ewoe! '
" <2 (08/05) T80 - K o s) 01-PZ04 :
e . 01-PZ10A / ~OTMW201  01-MW204 5 34 (18105 |+ 01-Mw221
= 5.0 (06/09) pREAG) S STIOXY 1wty 808 (01/13) o talonh)
g 1.6 (06/09 e "
01-MW218 \x S O1-EWA1 (06/09) (01-MW202)e \
5.98 (03/11) , W13 @(@/11} \
'-\ '- 01-MW101 ,
01-MW217 ) 1.95 J (08/05
116 J (08105) \ 1-EII¥-V12 -
+ f(ﬁ-ona/ X
161.5.(03/11) -_\ 01.EW8?331 " $91-IW10 e o0g
'lW 9, V >
0%-IWO R\ A7 031) ) : g
IRP SITE 1 otz 0227 Y /
. ) i o =
| (01-PZ03 / Z
: 01-IWO7£, | (\ER-01-IW08 16.7 (08/05) Vi L
/ .09 om__] e - Z
-, 01-IW0 e == /
27(s) =20 on5 =
01-PZ21A /._;../8“0 = '
L= (0143
’ Summary of Substrate Injection Strategy — Perchlorate Source Area Treatment #
Dilution Rati Vol f
1,3(06/09) - _ of Substrate. | Dilute HFCS+
£ Injection Wells Extraction Wells with Water Water
. Z r— —_— 01 'PZ1 7B (by volume) (gallons)
(01/13) 01-PZ11 471 (06/09) 1-P
123.1(03/11) 01-PZ06 Zone 1 Phase
—01 MW209 01-EW01 . — <2 (03/11) 01-EW06, 01-IW05, 01-EW02B, 01-EW04, 101 13,764 (1,147)
A 24-(06/09) s 01-IW06, 01-IW07, 01-EW05, 01-EW07,
127 (03/11)01 PZ18 & 01-IW08, 01-IW09, 01-EW08, 01-EW09,
= 01-IW10, 01-IW11, 01-EW10, 01-EW11,
2.6 (06/09) o = — 01-IW12, 01-IW13, 01-MW219
Sm e — 3 = N 01-PZ09,01-PZ11
"SRook, L= ha 01-EW03
B e \ rg_1 P_% @ L194 01 /1_J 172 (03/11) I—
= _ 5 (03/11 01-EW02B, 01-EW04, Not Applicable 10:1 10,323 (1,147)
i L 2\1, (’3@/’?}%20 G (_ _)J 01-EW05, 01-EW07,
. . 01-EW08, 01-EW09,
m m 01-EW10, 01-EW11,
1. FOR THE WELLS FOR WHICH ONE CONCENTRATION VALUE IS REPORTED, THE :
- PRoPOSED NECTION WELL RECORTED VALLE S THE (ATEST AVAIELE BASEp ON THE FOLLONG Tz Ui 7o
one £ an radient or Zone
J( ProPosED EXTRACTON WEL AL (0L LA, O T B on =
-] -] i . b
01-HPAS @ HYDROPUNCH SAMPLING LOCATION g%%sdﬁ%gvx ?Egl'\)/l\(() '\Illl?TPOS;II'I,'\‘EGS j /_(-}\INUDA 'ﬁ \((AE(%%)M )2011) AND SUPPLEMENTAL 01?,\1,.\,32(2)(3): 81_:;%,3252. ot Applicable 101 L
HYDROPUNCH PERCHLORATE CONCENTRATION ' : 01-PZ03, 01-IW14
27(S) ——— S INDICATES WEATHERED BEDROCK SAMPLE, 2. FOR THE WELLS FOR WHICH TWO CONCENTRATION VALUES ARE REPORTED,
THE FIRST AND SECOND REPORTED VALUES ARE BASED ON THE
01-MW206 ¢~ EXISTING WELL OR PIEZOMETER GROUNDWATER MONITORING EVENTS CONDUCTED PRIOR TO AND AFTER THE
(PERCHLORATE CONCENTRATION IS SHOWN COMPLETION OF THE IN-SITU BIOREMEDIATION PILOT STUDY, RESPECTIVELY. Notes: A A . - o
IN pg/L) (SEE NOTES 1 AND 2) 3. THE DILUTION WATER FOR SUBSTRATE WILL BE AMENDED WITH HYDRANT a. js;cr;a::l;text of the Remedial Design/Remedial Action Work Plan for detailed injection
o— e = e MCAS EL TORO BOUNDARY WATER b. Total volume in all listed injection wells (Volume in each injection well).
< LESS THAN HFCS High Fructose Corn Syrup
—_——— e — e — — EOD RANGE BOUNDARY
__________ _ pgll  MICROGRAMS PER LITER :
IRP SITE 1 BOUNDARY DON  DEPARTMENT OF THE NAVY Groundwater RD/RA Work Plan Final
Ei:z:::g CVEENL(E WITHIN ZONE 1 TO BE USED FOR FoD, EXPOSIVE ORPRATICE PisosA Source Area Treatment — IRP Site 1
! HYDRAULICALLY ENHANCED SUBSTRATE INJECTION FBI  FEDERAL BUREAU OF INVESTIGATION Perchlorate — Impacted Groundwater
et DURING PHASE | AND PHASE Il (SEE TABLE) IRP  INSTALLATION RESTORATION PROGRAM 7’0
———— WITHOUT HYDRAULIC ENHANCEMENT NS NOT SAMPLED . v o Date: 12-13 Former MCAS El Toro Figure
DON OWNED Project No. i\ \5
" \ AECOM- 6-4
FBI OWNED SCALE: 1" = 150 60225245 A GO
JOINT VENTURE

File:
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<+ 01-MW212
<3 (11/04)

e

) 6.3 (01113)- -

®
oS 01-MW214
\ Q o\ 124 (11/04)
\\ ® \@@’ 46.4 (01/13)
\ Q\\

INTERMEDIATE AREA PRB DESIGN

25
SCALE: 1" = 50'

01-MW216 4
1.6J (11/04)

LEGEND:
01-HPE4 © HYDROPUNCH SAMPLING LOCATION
(PERCHLORATE CONCENTRATION IS SHOWN IN pg/L)
01-MW233 @) PROPOSED INJECTION/ MONITORING WELL
01-DPTI5 @ PROPOSED DIRECT PUSH LOCATION
01-MW206 - EXISTING WELL OR PIEZOMETER
(PERCHLORATE CONCENTRATION IS SHOWN
IN pg/L) (SEE NOTES 1 AND 2)
i —  EPHEMERAL STREAM OR WASH
(INTERPOLATED FROM TOPOGRAPHIC DATA)
e GENERAL GROUNDWATER FLOW DIRECTION
s = e e ICAS EL TORO BOUNDARY
805 r——-1 TARGET IN-SITU REACTION ZONE BASED ON DESIGN
o NORTH L —J ROI'S
e 0 250 500
DON OWNED
—‘ﬁ’\\ SCALE: 1" = 500"
= A FBI OWNED

1.

pg/L
DON
EOD
FBI
IRP
MCAS
NS
PRB
ROI

NOTES:

FOR THE WELLS FOR WHICH ONE CONCENTRATION
VALUE IS REPORTED, THE REPORTED VALUE IS THE
LATEST AVAILABLE BASED ON THE FOLLOWING REPORTS/
SAMPLING EVENTS: SPRING 2011 SUMMARY REPORT, IRP
SITES 1 AND 2 (TREVET 2011); TECHNICAL MEMORANDUM,
IN-SITU BIOREMEDIATION PILOT STUDY, IRP SITE 1
AECOM AND ECS 2011); FINAL GROUNDWATER
EASIBILITY STUDY, IRP SITES 1 AND 2 (AECOM 2011); AND
g(l)J%PLEMENTAL GROUNDWATER MONITORING, JANUARY

FOR THE WELLS FOR WHICH TWO CONCENTRATION
VALUES ARE REPORTED, THE FIRST AND SECOND
REPORTED VALUES ARE BASED ON THE GROUNDWATER
MONITORING EVENTS CONDUCTED PRIOR TO AND AFTER
THE COMPLETION OF THE IN-SITU BIOREMEDIATION PILOT
STUDY, RESPECTIVELY.

DOWNGRADIENT EXTENT OF THE REACTION ZONE IS
LIKELY TO EXCEED THE EXTENT SHOWN ON THE FIGURE
DUE TO ADVECTION

LESS THAN

MICROGRAMS PER LITER

DEPARTMENT OF THE NAVY

EXPLOSIVE ORDNANCE DISPOSAL

FEDERAL BUREAU OF INVESTIGATION

INSTALLATION RESTORATION PROGRAM

MARINE CORPS AIR STATION

NOT SAMPLED

PERMEABLE REACTIVE BARRIER

RADIUS OF INFLUENCE

Summary of Substrate Injection Strategy — Intermediate Area PRB?
oo . Volume of
Ds":;':;::wztzf Num:er o:ﬂl;’ar’(s of Dilute Total Volume
Injection Wells . Chase Water EDS-ER+ | of Chase Water
Water (by Injected Per 1 Part Water (gallons)
volume) of Dilute Substrate (gallons)
01-DPTO1, 01-DPTO02, 5:1 10 2,706 (246)> | 2,7059 (2,459)0
01-DPT03, 01-DPTO04,
01-DPTO05, 01-DPTO06,
01-DPTO07, 01-DPTO8,
01-DPTO09, 01-DPT10,
01-MW231
Notes:
a. See main text of the Remedial Design/Remedial Action Work Plan for detailed injection
approach.

b.  Total volume in all listed injection points (Volume in each injection pointl).
EDS-ER Electron Donor Substrate — Extended Release
PRB Permeable Reactive Barrier

Groundwater RD/RA Work Plan Final
Intermediate PRB Design — IRP Site 1
Perchlorate - Impacted Groundwater

IRP Sites 1 & 2

Date: 12-13 Former MCAS El Toro .

igure

Project No. @\5
AECOM- 6-5

cozzoze i
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NORTH
250

SCALE: 1" = 500'

LEGEND:

O]
01-MW206 -

&

r—————"7— 1
L. Jd

1I-V-2

PROPOSED INJECTION WELL

PROPOSED MONITORING WELL

EXISTING WELL OR PIEZOMETER (PERCHLORATE

CONCETRATION IS SHOWN IN ug/L)

ABANDONED/DESTROYED WELL OR PIEZOMETER
(PERCHLORATE CONCENTRATION IS SHOWN IN pg/L) (SEE

NOTES 1 AND 2)
MCAS EL TORO BOUNDARY

EOD RANGE BOUNDARY
10-FOOT SECURITY FENCE

IRP SITE BOUNDARY (1, 2, AND 17)

EPHEMERAL STREAM OR WASH
(INTERPOLATED FROM TOPOGRAPHIC DATA)

TARGET IN-SITU REACTION ZONE BASED ON
DESIGN ROI'S (SEE NOTE 3)

GENERAL GROUNDWATER FLOW DIRECTION

TRANSFERRED AREA

DON OWNED

FBI OWNED

CARVE-OUT NUMBER

<3 (08/03)

Summary of Substrate Injection Strategy — Station Boundary PRB #
Number of
Dilution Ratio | Parts of Chase Vo[l’tillr:tee i Total Volume
Injection Extraction | of Substrate | Water Injected EDS-ER+ of Chase
Wells Wells with Water Per 1 Part of Water Water
(by volume) Dilute (gallons) (gallons)
Substrate
Phase |
02-IW02 02-Iw03 5:1 10 2,164 (541)0 | 21,656 (5,414)°
02-Iw04 02-IW05
02-IW06 02-Iwo7
02-1W08
Phase Il
02-Iw03 02-Iw02 5:1 10 1,623 (541)> | 16,242 (5,414)>
02-IW05 02-IW04
02-IW07 02-1IW06
02-1W08
Notes:
a. See main text of the Remedial Design/Remedial Action Work Plan for detailed injection
approach.
b. Total volume in all injection wells during subject injection phase (Volume in each injection
well during subject injection phase.)
EDS-ER Electron Donor Substrate-Extended Release
PRB Permeable Reactive Barrier

£07/03) / <3 (07/03) I l = I:_2

NOTES:

1. FOR THE WELLS FOR WHICH ONE CONCENTRATION VALUE IS REPORTED THE
REPORTED VALUE IS THE LATEST AVAILABLE BASED ON THE FOLLO
REPORTS/ SAMPLING EVENTS: SPRING 2011 SUMMARY REPORT, IRP SITES 1
AND 2 (TREVET 2011); TECHNICAL MEMORANDUM, IN-SITU BIOREMEDIATION
PILOT STUDY, IRP SITE 1 (AECOM AND ECS 2011); FINAL GROUNDWATER
FEASIBILITY STUDY, IRP SITES 1 AND 2 (AECOM 2011); AND SUPPLEMENTAL
GROUNDWATER MONITORING, JANUARY 2013.

2. FOR THE WELLS FOR WHICH TEO CONCENTRATION VALUES ARE REPORTED,
THE FIRST AND SECOND REPORTED VALUES ARE BASED ON T
GROUNDWATER MONITORING EVENTS CONDUCTED PRIOR TO AND AFTER THE
COMPLETION OF THE IN-SITU BIOREMEDIATION PILOT STUDY, RESPECTIVELY.

3. DOWNGRADIENT EXTENT OF THE REACTION ZONE IS LIKELY TO EXCEED THE
EXTENT SHOWN ON THE FIGURE DUE TO ADVECTION.

< LESS THAN

ug/ll  MICROGRAMS PER LITER
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BRAC Cleanup Team
—  BEC (James Sullivan)
— USEPA RPM
— DTSCRPM
— RWQCB RPM

Project QC Manager
Gaurav Dhody (AEJV)

(714) 689-7266

Navy Lead Remedial

Project Manager
Content Arnold

(619) 532-0790

Navy Remedial Project Manager

Morgan Rogers

(619) 532-0930

Project Manager
Crispin Wanyoike, P.E. (AEJV)

Southwest Division Field Safety Navy
Technical Representative

Scott Kehe

(562) 572-5876

(808) 300-8066

(714) 689-7286

Project Engineer
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Project Chemist
Leta Maclean (AEJV)

(858) 268-8080

Field Manager
Phil Granger (AEJV)
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Technical Staff
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Figure 8-1: Organization Chart

Program Health and Safety Manager
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Figure 8-2: Project Schedule
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ID |Task Name Duration Start Finish 2013 2014 | 2015 2016 | |
2089 Final ROD 0 days Wed 2/15/12 Wed 2/15/12
2090 Remedial Design/ Action Work Plan (RD/RA- WP) 558 days Fri 1/13/12 Tue 3/4/14 9
2093 Draft (RD/RA- WP) - Preliminary Remedial Design 25 days Wed 5/2/12 Tue 6/5/12
2095 Regulatory Agency Review 58 days Wed 6/6/12 Fri 8/24/12
2103 Draft Final (RD/RA- WP) 10 days Mon 1/20/14 Fri 1/31/14 8
2105 Regulatory Agency Concur/Dispute 22 days Mon 2/3/14 Tue 3/4/14 2]
2106 Final (RD/RA- WP) 0 days Tue 3/4/14 Tue 3/4/14 ¢ 34
2108 Remedial Action (RA) Fact Sheet 372 days Mon 10/8/12 Tue 3/11/14 Q
2111 Draft RA Fact Sheet 7 days Thu 5/2/13 Fri 5/10/13
2113 Regulatory Agency Review 22 days Mon 5/13/13 Tue 6/11/13
2116 Draft Final RA Fact Sheet 5 days Wed 7/10/13 Tue 7/16/13
2118 Regulatory Agency Concur/Dispute 9 days Fri 12/6/13 Wed 12/18/13
2119 Final RA Fact Sheet 5 days Wed 3/5/14 Tue 3/11/14 8
2121 Remedial Action Construction 110 days Wed 3/12/14 Tue 8/12/14 —
2122 Mobilization 15 days Wed 3/12/14 Tue 4/1/14
2123 Implementation 80 days Wed 4/2/14 Tue 7/22/14
2124 Site Restoration 15 days Wed 7/23/14 Tue 8/12/14
2125 Remedial Action Operations/Long Term Monitoring 285 days Wed 7/23/14 Tue 8/25/15
2126 Year 1 (2013-2014) 285 days Wed 7/23/14 Tue 8/25/15
2127 Routine Monitoring/Sampling/Reporting 262 days Wed 7/23/14 Thu 7/23/15
2128 Annual Report (2013-2014) 93 days Fri 4/17/15 Tue 8/25/15
2131 Draft Annual Report 16 days Tue 6/9/15 Tue 6/30/15
2132 Regulatory Agency Review 23 days Wed 7/1/15 Fri 7/31/15
2133 Final Annual Report 17 days Mon 8/3/15 Tue 8/25/15
2134 Interim Remedial Action Completion Report (I-RACR) 229 days Wed 7/23/14 Mon 6/8/15 P ——
2137 Draft I-RACR 22 days Fri 10/10/14 Mon 11/10/14
2139 Regulatory Agency Review (Appendix A : 10/30/13) 44 days Tue 11/11/14 Fri 1/9/15 S
2142 Draft Final -RACR 22 days Thu 3/5/15 Fri 4/3/15 2]
2143 Regulatory Agency Concur/Dispute 24 days Mon 4/6/15 Thu 5/7/15
2144 Final I-RACR 22 days Fri 5/8/15 Mon 6/8/15
2146 Long Term Monitoring (LTM) Plan 149 days Wed 4/1/15 Mon 10/26/15
2149 Draft LTM Plan 22 days Thu 6/4/15 Fri 7/3/15
2151 Regulatory Agency Review (Appendix A : 6/24/14) 22 days Mon 7/6/15 Tue 8/4/15
2152 Response to Comments 22 days Wed 8/5/15 Thu 9/3/15
2154 Final LTM Plan 15 days Tue 10/6/15 Mon 10/26/15
2156 Operating Properly and Successfully (OPS) Demonstration Report 217 days Fri 7/24/15 Mon 5/23/16 T
2159 Draft OPS Demonstration Report 22 days Thu 10/15/15 Fri 11/13/15 )
2161 Regulatory Agency Review (Appendix A : 11/4/14) 44 days Mon 11/16/15 Thu 1/14/16
2164 Draft Final OPS Demonstration Report 15 days Tue 3/8/16 Mon 3/28/16 ]
2165 Regulatory Agency Concur/Dispute 24 days Tue 3/29/16 Fri 4/29/16
2166 Final OPS Demonstration Report 16 days Mon 5/2/16 Mon 5/23/16
Project: Former MCAS EI Toro Task Summary P9 Progress e

Date:Thu 1/2/14

Milestone * Project Summary ey
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Table 2-1: Previous Groundwater Investigations at IRP Site 1

Study/Investigation

Year(s)
Conducted

Investigation Activities

Phase | Remedial Investigation (RI)

1993

Limited soil and groundwater sampling was conducted. No
further investigation was recommended at Installation
Restoration Program (IRP) Site 1 until Station closure. Results
indicated that human-health or ecological risk thresholds were
not exceeded.

Stationwide Perchlorate Investigation

1999

Existing groundwater monitoring wells at IRP Site 1 were
sampled. Results indicated the presence of perchlorate
exceeding the State Provisional Action Level (PAL) (in effect in
1999) in one well (01-MW201) at IRP Site 1. Further
evaluation of IRP Site 1 was recommended.

Verification of Perchlorate at IRP Site 1

1999-2000

Six groundwater monitoring wells were installed and shallow
and deep soil samples were collected and analyzed. Soil and
groundwater samples were collected from new and existing
wells were analyzed for perchlorate. Results confirmed the
presence of perchlorate exceeding the State and Federal PAL
(in effect in 1999) in one well (01-MW201). All reported
concentrations of perchlorate in the soil were below residential
preliminary remediation goals (PRGs).

Phase Il Stationwide Evaluation of
Radionuclides

2001

Investigation was conducted to confirm whether radionuclides
in groundwater at former Marine Corps Air Station (MCAS) El
Toro were due to anthropogenic or naturally occurring sources.
In addition to selected wells at former landfill sites, three wells
within IRP Site 1 were sampled. Investigation concluded that
that the origin of radionuclides reported in groundwater is
natural.

Phase Il RI

2002-2005

More than 30 groundwater monitoring wells/piezometers were
installed and extensive Hydropunch sampling was conducted.
Multiple groundwater monitoring rounds were conducted. A
conceptual site model was developed that included site
physical characteristics, nature and extent of perchlorate in
groundwater, and risks to human-health and the environment.

Aquifer Characterization and Bench-Scale
Treatability Testing

2005

15 extraction wells/piezometers were installed in the central
portion of IRP Site 1. Short- and long-term pumping tests
were conducted to characterize the hydrogeology. In addition,
laboratory scale microcosm studies were conducted to
evaluate the biodegradation of perchlorate. These studies
indicated that rapid and complete degradation of perchlorate
occurred when the oxidation-reduction potential was reduced
by adding a carbon source to the subsurface.

Stationwide Semi-Annual Groundwater
Monitoring

1992 to
Present

Monitoring is conducted to periodically evaluate perchlorate
and volatile organic compound (VOC) concentration trends in
groundwater.

In Situ Bioremediation ISB Pilot Study

2009-2010

Investigation included field-scale evaluation of ISB of
perchlorate in groundwater at and downgradient of IRP Site 1.
Groundwater injection/monitoring wells were installed and
bioremediation substrate was injected. Substrate injections
were performed following hydraulic fracturing, which increased
the permeability of the subsurface. A primary conclusion of
the pilot study was that naturally occurring perchlorate-
degrading bacteria can be readily stimulated using
commercially available bioremediation amendments to reduce
concentrations of perchlorate to less than its Maximum
Contaminant Level (MCL) of 6 micrograms per liter (ug/L).

Groundwater Feasibility Study (FS)

2011

This study developed and evaluated remedial alternatives for
perchlorate-impacted groundwater at IRP Site 1.

Note:

support the remedy selection at IRP Site 1.

The documents listed are available at the Administrative Record File; they provide detailed information used to



Table 2-2: Previous Groundwater Investigations at IRP Site 2

Study/Investigation

Year(s)
Conducted

Investigation Activities

Phase | Remedial Investigation (RI)

1993

Investigations included installing and sampling groundwater
monitoring wells upgradient and downgradient of the
Installation Restoration Program (IRP) Site 2 landfill. VOCs,
including trichloroethene (TCE) and tetrachloroethene (PCE)
were reported in groundwater at concentrations exceeding
their respective MCLs.

Phase Il RI

1996

Investigations included soil, groundwater, surface water, and
air sampling and analyses. A conceptual site model was
developed that included site physical characteristics, nature
and extent of VOCs in groundwater, and risks to human-health
and the environment. VOCs, including TCE and PCE, were
reported in groundwater at concentrations exceeding their
respective MCLs.

Phase Il Feasibility Study (FS)

1997

This study developed and evaluated remedial alternatives for
the landfill and associated impacted groundwater.

Final Interim Record of Decision (ROD)

2000

Presented the selected remedy for the vadose zone of IRP
Site 2. The selected remedy included construction of a landfill
cap and land-use restrictions. The selection of groundwater
remedy for IRP Site 2 was postponed to a later date.

Phase Il Stationwide Evaluation of
Radionuclides

2001

Conducted to confirm whether radionuclides in groundwater at
former Marine Corps Air Station (MCAS) El Toro were due to
anthropogenic or naturally occurring sources. In addition to
selected wells at former landfill sites, three wells within IRP
Site 1 were sampled. Investigation concluded that origin of
radionuclides reported in groundwater is natural.

Microcosm Study

2005

Measured the rate and extent of biodegradation of VOCs and
perchlorate in groundwater under anaerobic conditions. The
study concluded that limited degradation of PCE and TCE
would occur provided the oxidation-reduction potentials were
artificially reduced below ambient levels.

Long-term Aquifer Test

2006

Multiple groundwater monitoring wells/piezometers were
installed and sampled. Long-term aquifer test was conducted
to characterize the hydrogeology.

Draft Final FS Addendum

2005

This Addendum incorporated supplemental results from the
long-term aquifer test and developed and evaluated remedial
alternatives for VOC-impacted groundwater.

Stationwide Annual Groundwater
Monitoring

1992 to
Present

Monitoring is conducted to periodically monitor VOC and
perchlorate concentration trends in groundwater.

In Situ Bioremediation (ISB) Pilot Study

2009-2010

Included field-scale evaluation of ISB of TCE in groundwater.
Groundwater injection/monitoring wells were installed and
bioremediation substrates were injected. Substrate injections
were performed using hydraulic fracturing to increase the
permeability of the subsurface. A primary conclusion of the
pilot study was that naturally occurring TCE-degrading bacteria
can be stimulated using commercially available bioremediation
amendments to reduce TCE concentrations to less than its
MCL of 5 micrograms per liter (ug/L).

Groundwater FS

2011

This study developed and evaluated remedial alternatives for
VOC-impacted groundwater at IRP Site 2.

Note: The documents listed are available at the Administrative Record File; they provide detailed information used to

support remedy selection at IRP Site 2.



Table 3-1: Water Level Data Summary for Intermediate Area

Well ID Depth to Water (feet below top of casing) Groundwater Elevation (feet amsl)
November 2010 March 2011 January 2013 November 2010 March 2011 January 2013
01-MW211 45.80 39.19 44.6 501.77 508.38 502.97
01-MW215 35.72 33.77 33.84 559.64 561.59 561.52
Notes:
amsl above mean sea level

ID identification






Table 3-2: Geochemical Data (April 2010-March 2011) - IRP Sites 1 and 2 Groundwater

Screen Sample Sulfate Nitrate Alkalinity Dissolved
Well Identification Interval Date (mg/L) (mg/L) (as CaCO,) Oxygen ORP (mV) pH
(feet bgs) (mgi/L) (mg/L)
Within IRP Site 1 Boundary ?

01-MW202 10-35 Apr-10 182 7.58 170 6.0° -28.0 6.86
Nov-10 179 10.6 223 2.81 255.6 7.64
Mar-11 342 10.5 222 6.59 207.8 7.25
01-MwW203 33-58 Apr-10 40.9 18.8 214 8.0° 191.9 6.51
Nov-10 51.6 16.2 206 3.45 143.1 7.99
Mar-11 46.8 17.1 212 6.55 176.8 7.40
01-PZ06 55-80 Apr-10 13.2 9.97 177 3.64 -29.3 7.55
Nov-10 13.8 7.3 191 0.4 80.8 7.30
Mar-11 13.8 8.54 202 4.51 182.6 7.44

Mar-11 13.2 8.5 200 -- -- --
01-MW201 27-57 Apr-10 39.6 22 198 2.83 6.4 7.83
Nov-10 44.6 21.9 193 0.86 109.7 7.45

Nov-10 45.1 22.2 192 -- -- --
Mar-11 43.2 23.8 209 5.51 163.0 7.36
01-MwW204 24-54 Apr-10 9.17 5.5 148 0.35 -221.2 6.98

Apr-10 9.22 5.53 149 - - --
Nov-10 9.4 5.59 148 3.71 199.7 7.11
Mar-11 39.4 3.35 101 7.51 206.4 6.76
01-MW209 25-45 Apr-10 23.5 10.5 193 3.0° -159.2 6.93
Nov-10 23.5 9.85 190 2.1 487.1 6.79
Mar-11 30.3 9.58 205 5.39 159.1 7.32
01-MwW218 45-60 Apr-10 26 7.02 169 0.45 35.2 7.51

Apr-10 26.5 7.01 169 - - -

Nov-10 30.5 6.52 170 -- -- --
Nov-10 28.7 6.58 171 1.09 90.9 7.43
Mar-11 32.9 6.46 189 4.20 150.6 7.41
01-MW219 40-55 Apr-10 71.3 30.4 175 0.21 250.3 6.80
Nov-10 71 31.2 174 0.82 420.1 7.06
Mar-11 76.7 27 176 0.63 132.3 7.41
01-PZ07 30-55 Apr-10 90.6 221 175 8.0° -131.4 7.03
Nov-10 95.7 21.7 176 1.54 85.9 7.21
Mar-11 65.9 16.2 200 6.64 169.8 7.29
01-PZ08 55-80 Apr-10 48.4 7.69 137 3.28 -23.1 7.51
Nov-10 53.6 7.45 137 1.25 97.5 7.55
Mar-11 49.7 7.17 143 6.84 75.7 7.69
01-PZ09 30-55 Apr-10 85.4 26 156 0.35 0.9 7.20
Nov-10 88.8 21.5 163 0.75 90.1 6.91
Mar-11 721 19.7 155 4.71 117.2 7.02
01-PZ11 35-60 Apr-10 35.8 16 183 0.61 14.8 7.38
Nov-10 39.8 17.2 175 1.67 93.0 7.25
Mar-11 52.9 44.4 187 7.36 132.9 7.36
01-PZ12 70-95 Apr-10 8.88 4.69 136 3.39 -24.4 7.66
Nov-10 9 4.92 137 0.83 73.4 7.44
Mar-11 11.9 7.05 150 6.17 147.6 7.55
01-EWO03 40-70 Apr-10 35.7 10.9 147 3.28 8.7 7.61
Nov-10 46.7 10.8 145 1.14 79.5 7.57
Mar-11 63.7 10.5 142 6.07 106.5 7.56




Screen Sample Sulfate Nitrate Alkalinity Dissolved
Well Identification Interval Date (mg/L) (mg/L) (as CaCO,) Oxygen ORP (mV) pH
(feet bgs) (mg/L) (mg/L)
Area Between IRP Sites 1 and 2
01-MW211 50-60 Apr-10 175 4.98 274 0.56 7.5 7.27
Nov-10 185 4.69 274 1.58 87.2 7.07
Mar-11 170 4.11 385 4.2 167.5 7.23
Mar-11 174 4.12 302 - - -
01-MW215 35-50 Apr-10 136 10.2 259 0.39 106.2 7.44
Nov-10 122 9.64 255 1.45 90.3 7.22
Mar-11 102 9.13 255 6.46 102.2 7.41
01-MwW223 35-70 Apr-10 92.7 5.07 225 0.27 31.0 7.31
Nov-10 98.2 5.16 226 1.12 88.7 7.07
Mar-11 92 4.91 231 2.54 108.8 7.18
IRP Site 2 Area
02_NEWO02 75-95 Apr-10 247 4.56 280 0.41 46.6 6.97
Nov-10 259 4.35 278 0.48 85.2 7.15
Mar-11  |No sample collected, well properly destroyed, February 2011.
02_NEWO08A 84-104 Apr-10 244 15.3 324 4.36 9.2 6.98
Nov-10 214 17.7 360 0.46 59.6 6.42
Mar-11 298 13.3 278 3.28 168.6 7.01
02_NEW16 25-65 Apr-10 241 8.02 349 4.01 16.7 6.91
Nov-10 245 8.18 344 0.42 52.5 6.52
Mar-11 242 8.12 352 4.74 129.4 7.00
02_NEW19 86-113 Apr-10 137 0.0905 J 256 0.43 169.7 7.53
Nov-10 143 0.1U 267 0.1 15.0 7.44
Mar-11 157 0.1U 312 0.49 39.4 7.29
02_NEW26 70-95 Apr-10 138 4.45 445 0.59 -16.1 6.68
Nov-10 161 5.82 422 0.67 87.0 6.89
Nov-10 159 5.82 423
Mar-11  |No sample collected, well properly destroyed, February 2011.
02_NEW29 47-67 Apr-10 226 18.7 419 4.92 22.2 6.83
Nov-10 233 22.3 450 0.36 83.3 6.29
Mar-11 237 19.1 446 5.17 152.2 6.87
02PZ12 60-80 Apr-10 217 7.35 302 -- -3.4 7.18
Apr-10 217 7.35 301 - - -
Nov-10 231 7.53 301 0.73 84.9 7.16
Mar-11 235 7.23 266 3.49 93.7 7.07
Notes:

Results compiled from Final Spring 2011 Data Summary Report, Installation Restoration Program Sites 1 and 2,

Former Marine Corps Air Station El Toro, Irvine, California (Trevet 2011)

Italicized results are of field duplicates.

Data qualifiers:

J = The reported concentration is an estimated value.
U = Analyte was not reported at concentration exceeding the indicated value.

@ Within and in the immediate vicinity of Northern and Southern EOD Training Ranges.

® Dissolved oxygen reading by field test kit due to equipment malfunction.

- = not analyzed

bgs = below ground surface

CaCQa3 = calcium carbonate

EOD = explosive ordnance disposal

IRP = Installation Restoration Program
mg/L = milligrams per liter

mV = millivolt

ORP = oxygen-reduction potential

pH = negative log of the hydrogen ion concentration




Table 3-3: Summary of Geochemical Data® - IRP Sites 1 and 2 Groundwater

Average Maximum
Parameter Concentration Value Minimum Value
Within IRP Site 1 Boundary b
Sulfate (mg/L) 54.7 342 8.9
Nitrate (mg/L) 14.0 44 4 3.4
Alkalinity
(as CaCO3) (mglL) 173 223 101
Dissolved Oxygen (mg/L) 3.4 8.0 0.2
ORP (mV) 103 487 -221
pH 7.31 7.99 6.51
Area Between IRP Sites 1 and 2
Sulfate (mg/L) 134.7 185 92
Nitrate (mg/L) 6.2 10.2 4.1
Alkalinity
(as CaCO3) (mg/L) 269 385 225
Dissolved Oxygen (mg/L) 2.1 6.5 0.3
ORP (mV) 88 168 8
pH 7.24 7.44 7.07
IRP Site 2 Are
Sulfate (mg/L) 217 298 137
Nitrate (mg/L) 8.6 22.3 0.1
Alkalinity
(as CaCO3) (mg/L) 337 450 256
Dissolved Oxygen (mg/L) 1.8 5.2 0.1
ORP (mV) 68 170 -16
pH 6.96 7.53 6.29
Notes:

aSummary of results presented in Table 3-2.
® Within and in the immediate vicinity of Northern and Southern EOD Training Ranges.







Table 5-1: Federal Chemical-Specific®* ARARs by Medium

Requirement Prerequisite Citation® ARAR . Comments
Determination
GROUNDWATER

Safe Drinking Water Act (42 U.S.C., ch. 6A, § 300[f]-300[j]-26)°

National primary drinking water | Public water |40 C.F.R. 141.61(a) Relevant and MCLs for VOCs reported in groundwater are
standards are health-based system. Appropriate (for IRP | considered to be relevant and appropriate
standards for public water Site 2 groundwater requirements for IRP Site 2 groundwater that is a
systems (MCLs). response action only) | potential source of drinking water.
Federal MCLs were used to develop remediation
goals for COCs in IRP Site 2 groundwater (see
Table 5-6).
MCLGs pertain to known or Public water |40 C.F.R. § 141.50 (b) Relevant and MCLGs for VOCs reported in groundwater set at
anticipated adverse health system. Appropriate (for IRP | levels above zero are considered to be relevant and

effects (also known as
recommended MCLSs).

Site 2 groundwater
response action only)

appropriate requirements for IRP Site 2
groundwater that is a potential source of drinking
water (40 C.F.R. § 300.430[e][2][1][B]-[D]).

Federal MCLGs were used to develop remediation
goals for COCs in IRP Site 2 groundwater (see
Table 5-6).

Resource Conservation and Recovery Act (42 U.S.C., ch. 82, §8§ 6901-6991[i])°

Defines RCRA hazardous
waste. A solid waste is
characterized as toxic, based on
the TCLP, if the waste exceeds
the TCLP maximum
concentrations.

Waste.

Cal. Code Regs. tit. 22, §

66261.21,
66261.22(a)(1),
66261.23,
66261.24(a)(1), and
66261.100

Applicable

Applicable for determining whether waste is
hazardous. The wastes generated during the
remedial actions such as well development or purge
water will be evaluated to assess if they meet the
definition of RCRA hazardous waste in accordance
with these regulations.




Table 5- 1 (continued)

Requirement

Prerequisite

Citation®

ARAR
Determination

Comments

Groundwater protection standards:

A regulated unit that receives or

Cal. Code Regs.

Relevant and

Relevant and appropriate for

Owners/operators of RCRA treatment, storage, | has received hazardous waste tit. 22, § 66264.94, Appropriate groundwater monitoring at IRP
or disposal facilities must comply with before 26 July 1982 or regulated |except Sites 1 and 2. The groundwater
conditions in this section that are designed to units that ceased receiving 66264.94(a)(2) and will be cleaned up to lesser of the
ensure that hazardous constituents entering the | hazardous waste prior to 26 July |66264.94(b) federal MCL, federal non-zero
groundwater from a regulated unit do not 1982 where constituents in or MCLGs, and California MCL.
exceed the concentration limits for derived from the waste may pose The remediation goals for the
contaminants of concern set forth under Cal. a threat to human health or the groundwater remedial actions are
Code Regs. tit. 22, 8 66264.94 in the uppermost | environment. presented in Table 5-6.
aquifer underlying the waste management area
of concern at the POC.

SOIL
Resource Conservation and Recovery Act (42 U.S.C., ch. 82, §8§ 6901-6991[i])°
Defines RCRA hazardous waste. A solid waste | Waste. Cal. Code Regs. tit. | Applicable Applicable for determining

is characterized as toxic, based on the TCLP, if
the waste exceeds the TCLP maximum
concentrations.

22,8 66261.21,
66261.22(a)(1),
66261.23,
66261.24(a)(1), and
66261.100

whether the soil cuttings
generated as a result of well
installation at IRP Sites 1 and 2
are hazardous.

Notes:
a

b

[

many action-specific ARARs contain chemical-specific limitations and are addressed in the action-specific ARAR tables
only the substantive provisions of the requirements cited in this table are ARARs
statutes and policies, and their citations, are provided as headings to identify general categories of ARARs for the convenience of the

reader; listing the statutes and policies does not indicate that the DON accepts the entire statutes or policies as ARARs; specific ARARs
are addressed in the table below each general heading; only pertinent substantive requirements of the specific citations are considered

ARARs
Acronyms/Abbreviations:

ARAR - applicable or relevant and appropriate requirement
Cal. Code Regs. — California Code of Regulations

C.F.R. — Code of Federal Regulations
ch. — chapter
MCL — maximum contaminant level

MCLG — maximum contaminant level goal

POC - point of compliance

tit. — title

U.S.C. — United States Code

§ — section

RCRA — Resource Conservation and Recovery Act

TCLP — toxicity characteristic leaching procedure



Table 5-2: Federal Location-Specific ARARs

ARAR
Location Requirement Prerequisite Citation® Determination Comments
Wetland Avoid, to the extent possible, | Wetland meeting 40 C.F.R. Relevant and Potential disturbed wetland habitat
the adverse impacts definition of Section 7(c) 8 6.302(a) and 40 | Appropriate occurs at the bottom of the Ephemeral
associated with the of the Exec. Order No. C.F.R.pt. 6,app. | (only for IRP pond at IRP Site 1. It consists of a
destruction or loss of 11990. A, §86()(1), (3), | Sitel) sparse cover of a variety of weedy and

wetlands and avoid support
of new construction in
wetlands if practicable
alternatives exist.

and (5) (at the
end of § 6.1007)

wetland species including mulefat,
black willow, mustard, tocalote, and
soft chess. There is approximately 0.29-
acre of disturbed wetland on IRP Site 1.
Therefore, substantive provisions of 40
C.F.R. §6.302 (a) and 40 C.F.R. pt. 6,
app. A, §6(a)(1), (3), and (5) (at the end
of § 6.1007) are ARARs for response
actions at IRP Site 1. The disturbed
wetland habitat is not expected to be
adversely impacted by the groundwater
remedial action at IRP Site 1. The
remedial action activities will not be
performed within wetland habitat at the
bottom of the Ephemeral pond.




Table 5-2 (continued)

ARAR
Location Requirement Prerequisite Citation® Determination Comments
Exec. Order No. 11988, Floodplain Management”
Within floodplain Evaluate potential effects of | Action that will occurina | 40 C.F.R. Relevant and Areas overlying the IRP Site 1
actions in a floodplain to floodplain (i.e., lowlands) | § 6.302(b) and Appropriate perchlorate-impacted groundwater in
avoid, to the extent possible, | and relatively flat areas 40 C.F.R. pt. 6, the vicinity of IRP Site 2 landfill and

adverse effects associated
with direct and indirect

development of a floodplain.

adjoining inland and
coastal waters and other
flood-prone areas.

app. A, 8 6(a)(1),
(3), and (5) (at
the end of §
6.1007)

the VOC-impacted groundwater at IRP
Site 2 are located within the 100-year
floodplain. Therefore, substantive
requirements of 40 C.F.R. § 6.302(b)
and 40 C.F.R. pt. 6 Appendix A, §
6(a)(1), (3), and (5) (at the end of §
6.1007), are ARARs for IRP Sites 1 and
2 groundwater remedial action.

The injection/monitoring wells
proposed as part of groundwater
remedies for IRP Sites 1 and 2 are not
expected to adversely effect the ability
of Borrego Canyon Wash, its
tributaries, and associated Alton
Parkway channel improvements to
convey floodwaters.

Clean Water Act of 1

977, as Amended, Section 404

(33U.S.C. § 1344)"

Waters of the United
States

Action to prohibit discharge
of dredged or fill material
into waters of the United
States without permit.

Discharge into Waters of
the United States.

33U.S5.C. 81344

Applicable

Discharge of dredged or fill material to
waters of the United States is possible
as part of the response actions at IRP
Sites 1 and 2. Therefore, the substantive
requirements of 33 U.S.C. § 1344 are
ARARs for the remedial actions at IRP
Sites 1 and 2. The evaluation of
pertinent action-specific provisions of
40 C.F.R §8 230.10 (a), (c), and (d); and
33 C.F.R 88 323.3(a) and (b); and
330.1(b) and (c) are presented in Table
5-3.




Table 5- 2 (continued)

Location

Requirement

Prerequisite

Citation®

ARAR
Determination

Comments

Resource Conservation and Recovery Act (42 U.S.C. §§ 6901-6991]i])°

Within 100-year
floodplain

Facility must be designed,
constructed, operated, and
maintained to avoid washout.

RCRA hazardous waste;
treatment, storage, or
disposal of hazardous
waste.

Cal. Code Regs.
tit. 22,
§ 66264.18(b)

Relevant and
Appropriate
(only for IRP
Site 1
groundwater
response action
if groundwater
recirculation
system is
implemented as
part of in-situ
bioremediation)

Areas overlying the IRP Site 1
perchlorate-impacted groundwater in
the vicinity of IRP Site 2 landfill and
IRP Site 2 VOC-impacted groundwater
are located within the 100- year
floodplain. The requirements of Cal.
Code Regs. tit. 22, § 66264.18(b) were
evaluated to determine if they constitute
ARARs for groundwater remedial
action. This evaluation indicated that
flood plain protection requirements of
Cal. Code Regs. tit. 22, §66264.18(b)
are ARARs for only IRP Site 1
groundwater response action if
groundwater recirculation system is
implemented as part of in-situ
bioremediation.

No long-term recirculation system or
permanent treatment facility are
proposed as part of IRP Site 1 ISB
design in this RD/RA Work Plan.
Therefore, this ARAR does not apply to
the remedial activities
proposed/conducted at this time.




Table 5-2 (continued)

ARAR
Location Requirement Prerequisite Citation® Determination Comments

Endangered Species Act of 1973 (16 U.S.C. §§ 1531-1543)°

Habitat upon which | Federal agencies may not Determination of effect 16 U.S.C. Applicable IRP Site 1 is located in an area that

endangered species or | jeopardize the continued upon endangered or 8 1536(a), supports special status species

threatened species existence of any listed threatened species or its (h)(1)(B); 16 (including the Riverside fairy shrimp

depend species or cause the habitat. Critical habitat US.C.§ and the California gnatcatcher) or
destruction or adverse upon which endangered 1538(a)(1)(B)an habitat. IRP Site 2 is located in an area
modification of critical species or threatened d (G); and 16 that supports special status species or
habitat. The Endangered species depend. US.C.§ habitat and supports one breeding pair
Species Committee may 1538(a)(2)(B) of California gnatcatchers. Therefore,
grant an exemption for and (E) the substantive provisions of the

agency action if reasonable
mitigation and enhancement
measures such as
propagation, transplantation,
and habitat acquisition and
improvement are
implemented.

Endangered Species Act are ARARs.
However, the proposed response
actions at IRP Sites 1 and 2 are not
anticipated to adversely affect the
endangered species, threatened
species, or designated critical habitat.
Further discussion of compliance with
Endangered Species Act and measures
proposed to minimize impact to
sensitive species and their habitat are
presented in Section 8.2.4. In addition,
as part of the CERCLA process, the
Navy will provide United States Fish
and Wildlife Service and/or National
Marine Fisheries Service with the
opportunity to participate in the
routine review of CERCLA
documents.




Table 5-2 (continued)

ARAR
Location Requirement Prerequisite Citation® Determination Comments
Migratory Bird Treaty Act of 1972 (16 U.S.C. 88 703-712)
Migratory bird area Protects almost all species Presence of migratory 16 U.S.C. § 703 | Relevant and Migratory birds have been observed at

of native migratory birds in
the U.S. from unregulated
“take,” which can include
poisoning at hazardous
waste sites.

birds.

Appropriate

IRP Sites 1 and 2; therefore, this is a
relevant and appropriate ARAR. A
discussion of measures proposed to
minimize impacts to birds protected by
Migratory Bird Treaty Act are
presented in Section 8.2.4.

Notes:

@ only the substantive provisions of the requirements cited in this table are ARARs

® statutes and policies, and their citations, are provided as headings to identify general categories of ARARs for the convenience of the
reader; listing the statutes and policies does not indicate that the DON accepts the entire statutes or policies as ARARs; specific ARARs

are addressed in the table below each general heading; only substantive requirements of the specific citations are considered ARARs
Acronyms/Abbreviations:

app. — appendix

ARAR - applicable or relevant and appropriate requirement
Cal. Code Regs. — California Code of Regulations

C.F.R. — Code of Federal Regulations
DON - Department of the Navy

Exec. Order No. — executive order number
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Table 5-3: Federal Action-Specific ARARs

Selected Remedy for Perchlorate-lmpacted Groundwater at IRP Site 1: Alternative G1-5: In-Situ Bioremediation at the Source Area, Downgradient
of the Source Area and Near the Station Boundary, Monitoring, and I1Cs

Selected Remedy for VOC-Impacted Groundwater at IRP Site 2: Alternative G2-2: MNA and ICs

Action

Requirement

Prerequisite

Citation

ARAR
Determination

Comments

Resource Conservation and Recovery Act (42 U.S.C. 8§ 6901-6991][i])*

On-site waste | Person who generates waste shall | Generator of waste. Cal. Code Regs. | Applicable Applicable for any operation where
generation determine if that waste is a tit. 22, hazardous waste is generated. The
hazardous waste. 8§ 66262.10(a), determination of whether groundwater
66262.11 and/or wastes generated during remedial
activities, such as soil cutting from well
installation and treatment residues, are
hazardous will be made at the time the
wastes are generated.
On-site waste | Requirements for analyzing waste | Generator of waste. Cal. Code Regs. | Applicable Applicable when analyzing waste
generation for determining whether waste is tit. 22, generated during the groundwater
hazardous. 8 66264.13(a) remedial actions at IRP Sites 1 and 2.
and (b)
Hazardous On-site hazardous waste Accumulate hazardous Cal. Code Regs. | Applicable Applicable for any operation where
waste accumulation is allowed for up to | waste ~ tit. 22, § hazardous waste is generated and
accumulation | 90 days as long as the waste is 66262.34 transported. The determination of whether
stored in containers in accordance wastes generated during response action
with § 66262.171-178 or in activities, such as soil cuttings from well
tanks, on drip pads, inside installation and treatment residues, are
buildings, is labeled and dated, hazardous will be made at the time the
etc. wastes are generated.
Container Containers of RCRA hazardous | Storage of RCRA Cal. Code Regs. | Applicable Substantive requirements are applicable
storage waste must be: hazardous waste not tit. 22, for accumulation of waste for less than
o maintained in good condition, meeting sma}ll-quantity § 66264.171, 90 days if Fhe waste is RCRA hazardous
generator criteria before | .172,.173 waste and is stored on site in accordance

e compatible with hazardous
waste to be stored, and

o closed during storage except to
add or remove waste.

treatment, disposal, or
storage elsewhere, in a
container.

with § 66262.34.




Table 5-3 (continued)

Action

Requirement

Prerequisite

Citation

ARAR
Determination

Comments

Container storage Inspect container storage Cal. Code Regs. tit. 22, Applicable Substantive
(continued) areas weekly for § 66264.174 requirements are

deterioration. applicable if hazardous
wastes are generated and
stored on site for less
than 90 days in
accordance with 8
66262.34.

Place containers on a Storage in a container | Cal. Code Regs. tit. 22, Applicable Applicable if hazardous

sloped, crack-free base, | of RCRA hazardous | § 66264.175(a) and (b) wastes are generated and

and protect from contact | waste not meeting stored on site for less

with accumulated liquid. | small-quantity than 90 days in

Provide containment generator criteria accordance with §

system with a capacity of | before treatment, 66262.34.

10 percent of the volume | disposal, or storage

of containers of free elsewhere.

liquids. Remove spilled

or leaked waste in a

timely manner to prevent

overflow of the

containment system.

Keep incompatible Cal. Code Regs. tit. 22, Applicable Applicable for

materials separate. 8§ 66264.177 temporary storage of

Separate incompatible incompatible materials

materials stored near each in accordance with §

other by a dike or other 66262.34.

barrier.

At closure, remove all Cal. Code Regs. tit. 22, Applicable Applicable if RCRA

hazardous waste and
residues from the
containment system, and
decontaminate or remove
all containers and liners.

§ 66264.178

hazardous wastes are
generated and stored on
site for less than 90 days
in accordance with §
66262.34.




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination
Use of tank Requirements for the design and Tank systems for | Cal. Code Regs. | Applicable The substantive requirements of the cited
systems or installation of new tank systems transferring, tit. 22, (for IRP Site 1 | regulations are ARARs for IRP Site 1
piping including strength, tightness testing, | storing, or treating | §66264.192(a), response action | "ésponse action only if the groundwater

damage control, support, corrosion
control, etc.

Requirements for secondary
containment of tank systems.

Requirements for secondary
containment of ancillary equipment.
Requirements for operation of tank
systems including spill prevention
and prohibitions of material that
could

cause failure.

Requirements for inspection of tank
systems including inspection of
overflow protection, corrosion,
release, detection equipment, and
cathodic protection.

Requirements for response to leaks
and spills from tank systems
including removal of system from
use if appropriate, containment,

cleanup, emergency procedures, etc.

Requirements for closure and
postclosure care of tank systems
decontamination, clean closure and
leaving waste in place at closure.

hazardous waste.

(b).(c). e).(f), and
(9)

Cal. Code Regs.
tit. 22,
§66264.193(b),
(¢). (d), and (e)
Cal. Code Regs.
tit. 22,

§ 66264.193(f)

Cal. Code Regs.
tit. 22,

8§ 66264.194(a)
and (b)

Cal. Code Regs.
tit. 22,
866264.195(a),
(b), and (c)

Cal. Code Regs.
tit. 22,

§ 66264.196(b)
except (b)(5) and
(b)(7)

Cal. Code Regs.
tit. 22,

§ 66264.197(a)
and (b)

only if
groundwater
recirculation
system is
implemented as
part of in-situ
bioremediation)

recirculation system implemented as part of
in-situ bioremediation handles hazardous
waste.

No long-term recirculation system or
permanent treatment facility are proposed as
part of IRP Site 1 ISB design in this RD/RA
Work Plan. Therefore, this ARAR does not
apply to the remedial activities
proposed/conducted at this time.




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination
Monitoring Owners/operators of RCRA surface Surface Cal. Code Regs. Relevant and Relevant and appropriate for groundwater

impoundment, waste pile, land impoundment, | tit. 22, § appropriate monitoring. The design of performance/long-
treatment unit, or landfill shall conduct | waste pile, 66264.91(a)(4)and term monitoring for groundwater as part of
a monitoring and response program for | land treatment | (c), except as it IRP Sites 1 and 2 groundwater remedies will
each regulated unit. unit, or cross-references comply with the substantive provisions of

landfill for permit these requirements.

which requirements

constituents in

or derived

from waste in

the unit may

pose a threat

to human

health or the
environment.

Requirements for monitoring
groundwater, surface water, and the
vadose zone.

Hazardous
waste
treatment,
storage, or
disposal
facility.

Cal. Code Regs.
tit. 22, § 66264.97
(b)(D)(A),
(b)()(D)(1) and
(2), (b) (4-7),
(€)(6). (12)(A) and
(B), (13), and (15)

Relevant and
appropriate

Relevant and appropriate for groundwater
monitoring. The design of
performance/long-term monitoring for
groundwater as part of IRP Sites 1 and 2
groundwater remedies will comply with the
substantive provisions of these requirements.




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination
Requirements for a detection Hazardous Cal. Code Regs. Relevant and The requirements of detection monitoring
monitoring program. waste tit. 22, § appropriate program are only relevant and appropriate
treatment, 66264.98(e) (1-5), following completion of corrective action
storage, or M, (), (k)(1-3), monitoring.
disposal (4)(A) and (D),(5), Following achievement of remediation goals
facility. (7)(C) and for groundwater and compliance with
(D).(M(1).(2) (B), substantive requirements of the corrective
and (C) action monitoring program (accepted as
ARARs below), the need for detection
monitoring program will be evaluated. If no
further groundwater monitoring is required to
protect human health or the environment, no
further detection monitoring will be
conducted. However, if additional
groundwater monitoring is required to protect
human health or the environment, these
requirements will be ARARs for the
groundwater monitoring program.
Corrective An owner or operator required pursuant | Hazardous Cal. Code Regs. Relevant and Relevant and appropriate for groundwater
action to section 66264.91 to establish a waste tit. 22, § appropriate monitoring. The design of performance/long-
corrective action program for a treatment, 66264.100(a) term monitoring for groundwater as part of
regulated unit shall, at a minimum, storage, or IRP Sites 1 and 2 groundwater remedies will
comply with the requirements of this disposal comply with the substantive provisions of
section for that unit. facility. these requirements.




Table 5-3 (continued)

ARAR

Action Requirement Prerequisite Citation AR Comments
Determination
Corrective | The owner or operator required to take | Hazardous Cal. Code Regs. Relevant and In accordance with the settlement between the
action corrective action under Cal. Code waste tit. 22, appropriate DON and DTSC and the fact that wastes at
Regs. tit. 22, § 66264.91 shall take treatment, § 66264.100(b) IRP Site 1 are similar to RCRA hazardous
corrective action to remediate releases | storage, or wastes, substantive provisions of cited
from the regulated unit and to ensure disposal regulations are “relevant and appropriate”
that the regulated unit achieves facility. federal ARARSs for groundwater remedial
compliance with the water quality action at IRP Site 1.
protection standard. IRP Site 2 is not a RCRA regulated unit,
therefore, the requirements are not applicable.
However, the requirements are relevant and
appropriate for the groundwater remedial
action at IRP Site 2.
The owner or operator shall implement | Hazardous Cal. Code Regs. Relevant and In accordance with the resolution between the
corrective action measures that ensure | waste tit. 22, appropriate DON and DTSC and the fact that wastes at
that constituents of concern achieve treatment, 8§ 66264.100(c) IRP Site 1 are similar to RCRA hazardous
their respective concentration limits at | storage, or wastes, substantive provisions of cited
all monitoring points and throughout disposal regulations are “relevant and appropriate”
the zone affected by the release, facility. federal ARARs for groundwater remedial

including any portions of the affected
zone that extend beyond the facility
boundary, by removing the waste
constituents or treating them in place.
The owner or operator shall take other
action to prevent noncompliance due to
a continued or subsequent release
including, but not limited to, source
control.

action at IRP Site 1.

IRP Site 2 is not a RCRA regulated unit,
therefore, the requirements are not applicable.
However, the requirements are relevant and
appropriate for the groundwater remedial
action at IRP Site 2.




Table 5-3 (continued)

Action Requirement Prerequisite Citation AR’_A‘R ] Comments
Determination
Corrective The owner or operator shall establish Hazardous Cal. Code Regs. | Relevant and Relevant and appropriate for groundwater
action and implement, in conjunction with the | waste tit. 22, appropriate monitoring. The design of performance/long-
(continued) corrective action measures, a water treatment, § 66264.100(d) term monitoring for groundwater as part of
quality monitoring program that will storage, or IRP Sites 1 and 2 groundwater remedies will
demonstrate the effectiveness of the disposal comply with the substantive provisions of
corrective action program and be facility. these requirements.
effective in determining compliance
with the water quality protection
standard and in determining the success
of the corrective action measures under
subsection (c) of this section.
The corrective action program is Hazardous Cal. Code Regs. | Relevant and Relevant and appropriate for groundwater
complete when compliance with the waste tit. 22, appropriate monitoring. The design of performance/long-
water quality standard is demonstrated | treatment, § 66264.100(g) term monitoring for groundwater as part of
based on the results of sampling and storage, or Q) IRP Sites 1 and 2 groundwater remedies will
analysis for all constituents of concern | disposal comply with the substantive provisions of
for a period of 1 year. facility. these requirements.
Completion of | Corrective action measures taken Hazardous Cal. Code Regs. | Relevant and Relevant and appropriate for groundwater
response pursuant to this section may be waste tit. 22, appropriate monitoring. The design of performance/long-
action terminated when the owner or operator | treatment, § 66264.100(f) term monitoring for groundwater as part of
demonstrates to the satisfaction of the | storage, or IRP Sites 1 and 2 groundwater remedies will
Department that the concentrations of | disposal comply with the substantive provisions of
all constituents of concern are reduced | facility. these requirements.
to levels below their respective
concentration limits.
Solid Waste Media impacted by RCRA hazardous | Hazardous Cal. Code Regs. | Relevant and Relevant and appropriate for groundwater
Management | waste must be considered for corrective | waste transfer, | tit. 22, § appropriate monitoring. The design of performance/long-
Unit/Permitted | action regardless of the date of original | treatment, 66264.101(a) term monitoring for groundwater as part of
Hazardous impact. storage, or IRP Sites 1 and 2 groundwater remedies will
Waste disposal comply with the substantive provisions of
Management facility. these requirements.

Unit




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR . Comments
Determination
Discharge of | Guidelines for specification of disposal | Discharge of |40 C.F.R. Applicable Remedial actions for IRP Site 1 perchlorate-
dredged ffill sites for dredged material. The dredged § 230.10(a), (c), impacted groundwater and IRP Site 2 VOC-
material discharge must represent the least material to and (d) impacted groundwater may lead to discharge
damaging, practicable alternative. The |waters of the of fill material (as defined at 40 C.F.R. §
discharge of dredged material must not | United States. 232.2) into waters of the United States. The
result in significant degradation of the discharge of fill material will comply with
aquatic ecosystem. All practicable substantive provisions of the cited regulation
means must be utilized to minimize by complying with substantive provisions of
adverse environmental impacts. the Nationwide Permit 38 issued by the U.S.
Army Corps of Engineers (see Section 8.2.5
for additional discussion). The CERCLA
response actions are not required to obtain
permits as provided in 42 U.S.C. § 9621(e).
Where the proposed discharge and 40 C.F.R. Applicable Remedial actions for IRP Site 1 perchlorate-
extraction sites are adjacent and are § 230.60(c) impacted groundwater and IRP Site 2 VOC-

comprised of similar materials and
subject to the same sources of
contaminants, disposal may be
conducted without further testing
because discharge is not likely to result
in degradation of the discharge site, as
long as the potential spread of
contaminants to less contaminated
areas can be prevented.

impacted groundwater may lead to discharge
of fill material (as defined at 40 C.F.R. §
232.2) into waters of the United States. The
discharge of fill material will comply with
substantive provisions of the cited regulation
by complying with substantive provisions of
the Nationwide Permit 38 issued by the U.S.
Army Corps of Engineers (see Section 8.2.5
for additional discussion). The CERCLA
response actions are not required to obtain
permits as provided in 42 U.S.C. 8§ 9621(e).




Table 5-3 (continued)

Action

Requirement

Prerequisite

Citation

ARAR
Determination

Comments

Discharge of
dredged ffill
material
(continued)

The discharge of dredged material
may be conducted without further
testing if constraints are available to
reduce contamination to acceptable
levels within the discharge site and to
prevent contaminants from being
transported beyond the proposed
discharge site boundaries.

40 C.FR.
§ 230.60(d)

Applicable

Remedial actions for IRP Site 1 perchlorate-
impacted groundwater and IRP Site 2 VOC-
impacted groundwater may lead to discharge
of fill material (as defined at 40 C.F.R. §
232.2) into waters of the United States. The
discharge of fill material will comply with
substantive provisions of the cited regulation
by complying with substantive provisions of
the Nationwide Permit 38 issued by the U.S.
Army Corps of Engineers (see Section 8.2.5
for additional discussion). The CERCLA
response actions are not required to obtain
permits as provided in 42 U.S.C. § 9621(e).

U.S. Army Corps of Engineers
requirements for permitting
discharges

of dredged material to waters of the
United States.

Discharge of
dredged
material to
waters of the
United States.

33 C.F.R. 88
323.3(a) and (b);
and 330.1(b) and
(©

Applicable

Remedial actions for IRP Site 1 perchlorate-
impacted groundwater and IRP Site 2 VOC-
impacted groundwater may lead to discharge
of fill material (as defined at 40 C.F.R. §
232.2) into waters of the United States. The
discharge of fill material will comply with
substantive provisions of the cited regulation
by complying with substantive provisions of
the Nationwide Permit 38 issued by the U.S.
Army Corps of Engineers (see Section 8.2.5
for additional discussion). The CERCLA
response actions are not required to obtain
permits as provided in 42 U.S.C. 8 9621(e).




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination

Safe Drinking Water Act (42 U.S.C. § 300[f]-300[j]-26)*

Injection The UIC program prohibits injection An approved UIC 40 C.F.R. Relevant and Injection wells would be Class V
activities that allow movement of program is required in §144.12, appropriate wells under the UIC program. There
contaminants into underground sources | states listed under excluding the | (only for IRP | are currently no specific technical
of drinking water that may result in SDWA Section 1422. reporting Site 1) requirements for injection into Class

violations of MCLs or adversely affect

health.

Class | wells and Class
IV wells are the relevant
classifications for
CERCLA sites. Class |
wells are used to inject
hazardous waste beneath
the lowermost formation
that contains a USDW
within 0.25 mile of the
well.

requirements
in § 144.12(b)
and
144.12(c)(1)

V wells. Substantive provisions of
the UIC rules are relevant and
appropriate for injection of treatment
amendments into groundwater
proposed as part of the IRP Site 1
groundwater response action.

Substrate injection as part of in-situ
bioremediation of perchlorate will be
conducted within the approximate
footprint of the impacted
groundwater where perchlorate has
been already reported to exceed its
MCL. In addition, the overall intent
of substrate injection is to reduce
perchlorate concentrations below its
MCL,; therefore, substantive
requirements of 40 C.F.R. § 144.12
will be met.




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination
Injection Injection pressure may not exceed a 40 C.F.R. Relevant and Relevant and appropriate for
maximum level designed to ensure that 8§ 146.13(a), appropriate (for | groundwater reinjection. The
injection does not initiate new fractures (b), (d) IRP Site 1 substantive requirements of the cited
or propagate existing ones and cause the groundwater regulations are ARARs for IRP Site
movement of fluids into a USDW. response action | 1 groundwater response action only
Continuously monitor injection pressure, only if if groundwater recirculation system
flow rate, and volume, and annual groundwater is implemented as part of in-situ
pressure, if required. Demonstration of recirculation bioremediation.
mechanical integrity is required every system is No long-term recirculation system or
5 years. Groundwater monitoring may implemented as | permanent treatment facility are
also be required. partof in-situ | proposed as part of IRP Site 1 ISB
bioremediation) | design in this RD/RA Work Plan.
Therefore, this ARAR does not
apply to the remedial activities
proposed/conducted at this time.
Wastes that no longer exhibit a Characteristically 40C.F.R.§ Relevant and Relevant and appropriate for
hazardous characteristic are not hazardous wastewaters. | 148.1(d) appropriate (for | groundwater reinjection. The

prohibited if the wastes are disposed into
a nonhazardous or hazardous injection
well as defined under 40 C.F.R. 8§
146.6(a).

IRP Site 1
groundwater
response action
only if
groundwater
recirculation
system is
implemented as
part of in-situ
bioremediation)

substantive requirements of the cited
regulations are ARARs for IRP Site
1 groundwater response action only
if groundwater recirculation system
is implemented as part of in-situ
bioremediation.

No long-term recirculation system or
permanent treatment facility are
proposed as part of IRP Site 1 ISB
design in this RD/RA Work Plan.
Therefore, this ARAR does not
apply to the remedial activities
proposed/conducted at this time.




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination
Resource Conservation and Recovery Act
Hazardous Definitions. 40 C.F.R. | Applicable Applicable for the groundwater remedial
waste 8 260.10 action alternatives at IRP Sites 1 and 2.
management
system

Federal Hazardous Materials Transportation Law (49 U.S.C. 88 5101-5127)*

Transportation | No person shall represent | Interstate carriers transporting |49 C.F.R. | Relevant and Substantive requirements are relevant
of hazardous | that a container or package | hazardous waste and § 171.2(f) | appropriate and appropriate for transportation of
material is safe unless it meets the | substances by motor vehicle. hazardous materials (if any) on site.
requirements of 49 U.S.C. | Transportation of hazardous
§8 5101-5127. material under contract with
any department of the
executive branch of the federal
government.
No person shall unlawfully 49 C.F.R. |Relevant and Substantive requirements are relevant
alter or deface labels, § 171.2(g) | appropriate and appropriate for transportation of

placards or descriptions,
packages, containers, or
motor vehicles used for
transportation of hazardous
materials.

hazardous materials (if any) on site.




Table 5-3 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination
Hazardous Each person who offers Person who offers hazardous |49 C.F.R. |Relevant and Substantive requirements are relevant
materials hazardous material for material for transportation; § 172.300 | appropriate and appropriate for transportation of
marking, transportation or each carries hazardous material; or hazardous materials (if any) on site.
labeling, and | carrier that transports it packages, labels, or placards
placarding shall mark each package, | hazardous material.
container, and vehicle in
the manner required.
Each person offering 49 C.F.R. | Relevant and Substantive requirements are relevant
nonbulk hazardous §172.301 |appropriate and appropriate for transportation of
materials for transportation hazardous materials (if any) on site.
shall mark the proper
shipping name and
identification number
(technical name) and
consignee’s name and
address.
Hazardous materials for 49 C.F.R. |Relevant and Substantive requirements are relevant
transportation in bulk §172.302 |appropriate and appropriate for transportation of

packages must be labeled
with proper 1D number,
specified in 49 C.F.R.

§ 172.101 table, with
required size of print.
Packages must remain
marked until cleaned or
refilled with material
requiring other marking.

hazardous materials (if any) on site.




Table 5-3 (continued)

Action Requirement Prerequisite Citation |ARAR Comments
Determination
Hazardous No package marked with a 49 C.F.R. |Relevantand Substantive requirements are relevant
materials proper shipping name or §172.303 | appropriate and appropriate for transportation of
marking, ID number may be offered hazardous materials (if any) on site.
labeling, and | for transport or transported
placarding unless the package
(continued) contains the identified
hazardous material or its
residue.
The markings must be 49 C.F.R. |Relevantand Substantive requirements are relevant
durable, in English, in § 172.304 | appropriate and appropriate for transportation of
contrasting colors, hazardous materials (if any) on site.
unobscured, and away
from other markings.
Nonbulk combination 49 C.F.R. |Relevant and Substantive requirements are relevant
packages containing liquid §172.312 | appropriate and appropriate for transportation of
hazardous materials must hazardous materials (if any) on site.
be packed with closures
upward, and marked with
arrows pointing upward.
Labeling of hazardous 49 C.F.R. |Relevant and Substantive requirements are relevant
material packages shall be § 172.400 |appropriate and appropriate for transportation of
as specified in the list. hazardous materials (if any) on site.
Each bulk packaging or Each person who offers for 49 C.F.R. | Relevant and Substantive requirements are relevant
transport vehicle transport or transports any § 172.504 | appropriate and appropriate for transportation of

containing any quantity of
hazardous material must be
placarded on each side and
each end with the type of
placards listed in Tables 1
and 2 of 49 C.F.R.

§ 172.504.

hazardous materials shall
comply with these placarding
requirements.

hazardous materials (if any) on site.




Note:

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

Acronyms/Abbreviations:

ARAR - applicable or relevant and appropriate requirement
Cal. Code Regs. — California Code of Regulations
CERCLA - Comprehensive Environmental Response,
Compensation, and Liability Act

C.F.R. — Code of Federal Regulations

DON - Department of the Navy

IR — Installation Restoration (Program)

MCAS — Marine Corps Air Station

RCRA — Resource Conservation and Recovery Act

§ — section

SDWA — Safe Drinking Water Act

tit. — title

UIC — underground injection control

U.S. — United States

U.S.C. — United States Code

VOC - volatile organic compound
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Table 5-4: State Chemical-Specific® ARARs by Medium

Requirement

Prerequisite

Citation®

ARAR
Determination

Comments

GROUNDWATER

Cal/EPA Department of Toxic Substances Control

Definition of “non-RCRA hazardous
waste.”

Waste.

Cal. Code Regs.
tit. 22, 8
66261.3(a)(2)(C)
or
66261.3(a)(2)(F),
66261.22(a)(3) and
(4),
66261.24(a)(2)-
(a)(8),
66261.101(a)(1)
and (a)(2)

Applicable

Applicable for determining whether a waste
is a non-RCRA hazardous waste. The
wastes generated during the remedial
actions such as well development or purge
water will be evaluated to assess if they
meet the definition of RCRA hazardous
waste in accordance with these regulations.

State MCL list (Organics).

Source of drinking
water.

Cal. Code Regs.
tit. 22, 8 64444

Relevant and
Appropriate (for
IRP Site 2
groundwater
response action

only)

Like federal MCLs, these are tap water
standards and are relevant and appropriate
since aquifer underlying IRP Site 2 is a
Class Il aquifer.

State MCLs were used to develop
remediation goals for COCs in IRP Site 2
groundwater (see Table 5-6).

State MCL list (Inorganics).

Source of drinking
water.

Cal. Code Regs.
tit. 22, § 64431
(Perchlorate MCL
of 6 pg/L)

Relevant and
Appropriate (for
IRP Site 1
groundwater
response action

only)

Like federal MCLs, these are tap water
standards and are relevant and appropriate
since aquifer underlying IRP Site 1 is a
Class Il aquifer.

State MCLs were used to develop
remediation goals for perchlorate in IRP
Site 1 groundwater (see Table 5-6).




Table 5-4 (continued)

Requirement

Prerequisite

Citation®

ARAR
Determination

Comments

Describes the water basins in Santa Ana

Comprehensive

Relevant and

Substantive requirements pertaining to

Region, establishes beneficial uses of Water Quality Appropriate beneficial uses, WQOs, and certain statewide
groundwater and surface water, Control Plan for water quality control plans are state ARARs for
establishes WQOs, including narrative the Santa Ana the surface water and groundwater components
and numerical standards, establishes Region (Basin of this response action.

implementation plans to meet WQOs Plan) (Cal. Water

and protect beneficial uses, and Code § 13240)

incorporates statewide water quality

control plans and policies.

Authorizes the SWRCB and RWQCB to Cal. Water Code, Applicable The DON accepts the substantive provisions of
establish in water quality control plans div. 7, 88 13241, 88§ 13241, 13243, 13263(a), 13269, and 13360
beneficial uses and numerical and 13243, 13263(a), of the Porter-Cologne Act enabling legislation,
narrative standards to protect both 13269 (Identified as implemented through the beneficial uses,
surface water and groundwater quality. for IRP Sites 1 and WQOs, waste discharge requirements,
Authorizes regional water boards to 2), and 13360 promulgated policies of the Basin Plan for the
issue permits for discharges to land or (Identified for IRP Santa Ana Region, as ARARs.

surface or groundwater that could affect Site 2 only)

water quality, including NPDES (Porter-Cologne

permits, and to take enforcement action Act)

to protect water quality.

Incorporated into all regional board SWRCB Res. 88- | Applicable Substantive requirements are ARARS. The

basin plans. Designates all groundwater
and surface waters of the state as
drinking water except where the TDS is
greater than 3,000 ppm, the well yield is
less than 200 gpd from a single well, the
water is a geothermal resource or in a
water conveyance facility, or the water
cannot reasonably be treated for
domestic use using either best
management practices or best

63 (Sources of
Drinking Water
Policy) and
Regional Board
Resolution 89-42

aquifer underlying IRP Sites 1 and 2 does not
meet the exclusion criteria specified in the Res.
88-63, and therefore is a potential drinking
water source.




Table 5-4 (continued)

Requirement Prerequisite Citation® ARAR Comments
Determination

economically achievable treatment

practices.

Definitions of designated waste, Cal. Code Regs. Applicable Applicable for classifying waste and

nonhazardous waste, and inert waste. tit. 27, §§ 20210, determining ARAR status of other requirements.
20220, and 20230

Dischargers shall be responsible for Cal. Code Regs. Applicable (for Applicable for accurate characterization of

accurate characterization of wastes, tit. 27, IRP Site 1 wastes.

including determinations of whether 8§ 20200(c) groundwater

or not wastes will be compatible with response action

containment features and other wastes only)

at a Unit, and whether or not wastes
are required to be managed as
hazardous wastes under Chapter 11 of
Division 4.5 of Title 22 of this code.

Notes:
@ many action-specific ARARs contain chemical-specific limitations and are addressed in the action-specific ARAR tables

only the substantive provisions of the requirements cited in this table are ARARs

statutes and policies, and their citations, are provided as headings to identify general categories of ARARs for the convenience of the

reader; listing the statutes and policies does not indicate that the DON accepts the entire statutes or policies as ARARSs; specific ARARs

are addressed in the table below each general heading; only pertinent substantive requirements of specific citations are considered

b
c

ARARSs
Acronyms/Abbreviations:
ARAR - applicable or relevant and appropriate requirement § — section
Cal. Code Regs. — California Code of Regulations SWRCB - (California) State Water Resources Control Board
Cal/EPA - California Environmental Protection Agency TDS - total dissolved solids

Cal. Water Code — California Water Code

CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act
C.F.R. — Code of Federal Regulations

div. — division

DON - Department of the Navy

gpd — gallons per day

MCL — maximum contaminant level

NPDES — National Pollutant Discharge Elimination System
Porter-Cologne Act — Porter-Cologne Water Quality Control Act
ppm — parts per million

RCRA — Resource Conservation and Recovery Act
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Table 5-5: State Action-Specific ARARs

Selected Remedy for Perchlorate-Impacted Groundwater at IRP Site 1: Alternative G1-5: In-Situ Bioremediation at the Source Area,

Downgradient of the Source Area and Near the Station Boundary, Monitoring, and ICs

Selected Remedy for VOC-Impacted Groundwater at IRP Site 2: Alternative G2-2: MNA and ICs

Action

Requirement

Prerequisite

Citation

ARAR
Determination

Comments

State Water Resources Control Board and Regional Water Quali

ty Control Board*

Discharges
to high-
quality
waters

Incorporated into all Regional Board
Basin Plans. Requires that quality of
waters of the state that is better than
needed to protect all beneficial uses
be maintained unless certain findings
are made. Discharges to high quality
waters must be treated using best
practicable treatment or control
necessary to prevent pollution or
nuisance and to maintain the highest
quality water. Requires cleanup to
background water quality or to
lowest concentrations technically and
economically feasible to achieve.
Beneficial uses must, at least, be
protected.

SWRCB Res. 68-16
(Policy With Respect
to Maintaining High
Quality of Waters in
California) (Cal.
Water Code § 13140,
CWA regulations

40 C.F.R. §131.12)

Relevant and
appropriate (for
IRP Site 1
groundwater
response action
only if
groundwater
recirculation
system is
implemented as
part of in-situ
bioremediation)

SWRCB Res. 68-16 is an ARAR for
reinjection only. The DON has
determined that perchlorate migration
in groundwater at IRP Site 1 is not a
discharge governed by the language
in SWRCB Res. 68-16. The
groundwater remedial alternative will
comply by extracting and treating of
groundwater from the low COC
concentration portion of the aquifer
and injecting it into high
concentration portion of the aquifer
with similar total dissolved solids and
nitrate concentrations. The state does
not agree with the DON position
regarding the ARAR status. The
substantive requirements of the cited
regulations are ARARs for IRP Site 1
groundwater response action only if
groundwater recirculation system is
implemented as part of in-situ
bioremediation.

No long-term recirculation system or
permanent treatment facility are
proposed as part of IRP Site 1 ISB
design in this RD/RA Work Plan.
Therefore, this ARAR does not apply
to the remedial activities
proposed/conducted at this time.




Table 5-5 (continued)

Action

Requirement

Prerequisite

Citation

ARAR
Determination

Comments

Cal/EPA Department of Toxic Substances Control*

Land Use A land use covenant imposing Property Cal. Code Regs. tit. Relevant and These requirements are ARARsS in the
Covenants | appropriate limitations on land use transfer by 22,867391.1(a) and | appropriate event of the transfer of the IRP Sites 1
shall be executed and recorded when | federal @) and 2 property to a non-federal entity.
Facility closure, corrective action, government Cal. Code Regs. tit. 22, 8§ 67391.1
remedial or removal action, or other | to non- provides for a land-use covenant to be
response actions are undertaken and | federal executed and recorded when remedial
Hazardous materials, hazardous entity. actions are taken and hazardous
wastes or constituents, or hazardous substances will remain at the property
substances will remain at the property at concentrations that are unsuitable
at levels which are not suitable for for unrestricted use of the land. The
unrestricted use of the land. substantive provisions of this
regulation have been determined to be
“relevant and appropriate” state
ARARs by the DON.
California Civil Code*
Land-use Provides conditions under which Transfer Cal. Civ. Code § Relevant and These requirements are ARARsS in the
controls landuse restrictions will apply to property 1471 appropriate event of the transfer of the IRP Sites 1
successive owners of land. from the and 2 property to a non-federal entity.
DON to a Generally, Cal. Civ. Code § 1471
nonfederal allows an owner of land to make a
agency. covenant to restrict the use of land for

the benefit of a covenantee. The
covenant runs with the land to bind
successive owners, and the restrictions
must be reasonably necessary to
protect present or future human health
or safety or the environment as a result
of the presence on the land of
hazardous materials, as defined in Cal.
Health & Safety Code § 25260.




Table 5-5 (continued)

Action

Requirement

Prerequisite

Citation

ARAR
Determination

Comments

Substantive provisions are the
following general narrative standard:
“to do or refrain from doing some act
on his or her own (land . . . where

(c) Each such act relates to the use of
land and each such act is reasonably
necessary to protect present or future
human health or safety or the
environment as a result of the presence
of hazardous materials, as defined in
Section 25260 of the California Health
and Safety Code.” This narrative
standard would be implemented
through incorporation of restrictive
covenants in the deed and
Environmental Restriction and
Covenant Agreement at the time of
transfer.

Land-use
controls
(continued)

Allows DTSC to enter into an
agreement with the owner of a
hazardous waste facility to restrict
present and future land uses.

Transfer
property
from the
DONto a
nonfederal
agency.

Cal. Health & Safety
Code § 25202.5

Relevant and
Appropriate

These requirements are ARARsS in the
event of the transfer of IRP Sites 1
and 2 property to a non-federal entity.
The substantive provisions of Cal.
Health & Safety Code § 25202.5 are
the general narrative standards to
restrict “present and future uses of all
or part of the land on which the . ..
facility . . . is located . . .”




Table 5-5 (continued)

Action Requirement Prerequisite Citation ARAR Comments
Determination
Land-use Provides a streamlined process to be | Transfer Cal. Health & Relevant and These requirements are ARARS in the
controls used to enter into an agreement to property from | Safety Code §8 Appropriate event of the transfer of IRP Sites 1
(continued) | restrict specific use of property in the DONtoa | 25222.1and and 2 property to a non-federal entity.
order to implement the substantive nonfederal 25355.5(a)(1)(C) Generally, Cal. Health & Safety Code
use restrictions of Cal. Health & agency. 88 25222.1 and 25355.5(a)(1)(C)

Safety Code § 25232(b)(1)(A)~(E).

provide the authority for the DTSC to
enter into voluntary agreements with
land owners to restrict the use of
property. The agreements run with the
land restricting present and future uses
of the land. The substantive
requirements of the following Cal.
Health & Safety Code § 25222.1
provisions are “relevant and
appropriate”: (1) the general narrative
standard: *“restricting specified uses of
the property...” and (2) “...the
agreement is irrevocable, and shall be
recorded by the owner, ...as a
hazardous waste easement, covenant,
restriction or servitude, or any
combination thereof, as appropriate,
upon the present and future uses of the
land.” The substantive requirements of
the following Cal. Health & Safety
Code § 25355.5(a)(1)(C) provisions are
“relevant and appropriate”:
*“...execution and recording of a
written instrument that imposes an
easement, covenant, restriction, or
servitude, or combination thereof , as
appropriate, upon the present and
future uses of the land.”




Table 5-5 (continued)

Action Requirement

Prerequisite

Citation

ARAR
Determination

Comments

Land-use
controls
(continued)

Provides processes and criteria for
obtaining written variances from a
landuse restriction and for removal
of the land use restrictions.

Transfer
property from
the DON to a
nonfederal
agency.

Cal. Health &
Safety Code 8§
25233(c) and 25234

Relevant and
Appropriate

These requirements are ARARsS in the
event of the transfer of IRP Sites 1
and 2 property to a non-federal entity.
Cal. Health & Safety Code § 25233(c)
sets forth “relevant and appropriate”
substantive criteria for granting
variances based upon specified
environmental and health criteria. Cal.
Health & Safety Code § 25234 sets
forth the following “relevant and
appropriate” substantive criteria for
the removal of a land-use restriction
on the grounds that “...the waste no
longer creates a significant existing or
potential hazard to present or future
public health or safety.”

Air
Emission

T-BACT must be employed for new
stationary equipment when the
operation of that equipment results
in a higher than allowable maximum
individual cancer risk.

Stationary
source that
emits
carcinogenic
air
contaminants.

SCAQMD Rule
1401

Applicable (for IRP
Site 1 groundwater
response action
only if groundwater
recirculation
system is
implemented as a
remedy

Requires that applicant demonstrate
that the cumulative impact of
emissions from new or modified
source and all other permitted units
within 100 meters owned or operated
by the applicant are below a
maximum individual cancer risk of
10°°. T-BACT is required if maximum
individual cancer risk exceeds this
limit. VGAC will be designed to
achieve maximum individual cancer
risk of less than 10°® threshold.

No long-term recirculation system or
permanent treatment facility are
proposed as part of IRP Site 1 ISB
design in this RD/RA Work Plan.
Therefore, this ARAR does not apply
to the remedial activities
proposed/conducted at this time.




Notes:

* statutes and policies, and their citations, are provided as headings to identify general categories of ARARSs for the convenience of the reader; listing the
statutes and policies does not indicate that the DON accepts the entire statutes or policies as ARARSs; specific ARARs are addressed in the
table below each general heading; only substantive requirements of the specific actions are considered ARARs.

Acronyms/Abbreviations:

ARAR - applicable or relevant and appropriate requirement
Cal. Code Regs. — California Code of Regulations

Cal/EPA - California Environmental Protection Agency

Cal. Health & Safety Code — California Health and Safety Code
Cal. Water Code — California Water Code

CERCLA - Comprehensive Environmental Response,
Compensation, and Liability Act

C.F.R. — Code of Federal Regulations

CWA - Clean Water Act

DON — Department of the Navy

DTSC — (Cal/EPA) Department of Toxic Substances Control
NAWQC - National Ambient Water Quality Control

Res. — resolution

§ — section

SCAQMD - South Coast Air Quality Management District
SWRCB - (California) State Water Resources Control Board
T-BACT - best available control technology for toxics

tit. — title

VOC - volatile organic compound



Table 5-6 Remediation Goals — IRP Sites 1 and 2 Groundwater

coc Selected RG (pg/L)?
IRP Site 1
Perchlorate 6
IRP Site 2
TCE 5
PCE 5
cis-1,2-DCE 6
1,2-DCA 0.5
1,1,2-TCA 3
Note:
? The most stringent of the following values: Federal MCL, non-zero Federal MCLG, and the State of California MCL.
ng/L micrograms per liter
cocC chemical of concern

DCA dichloroethane
DCE dichloroethene

IRP Installation Restoration Program
PCE tetrachloroethene
RG remediation goal

TCA trichloroethane
TCE trichloroethene



Table 6-1: Summary of Major Geological/Hydrogeological Parameters used in the ISB Design

Former Station
Parameter Source Area Intermediate Area Boundary Area
Hydraulic Conductivity (feet/day) 0.85° (Zone 1) 2.84° 0.24°
0.028 # (Zone 2)
Total Porosity 0.34° (Zones 1 and 2) 0.42° 0.35°
Effective Porosity 0.27° (Zones 1 and 2) 0.25° 0.12°
Average Groundwater Flow 58 (Zone 1) 50 41
Velocity (feet/year)
4 (Zone 2)

Notes:
@ Site-specific values based on pump tests; see Section 3.1.1 for details
® |iterature-based value based on type of soil (McWorter and Sunada, 1977)..



Table 6-2: Design Target ROIs and Well Spacing for PRBs

PRB Design Target ROI Injection Point Spacing
Source Area PRB 7.5° 15
Intermediate Area PRB 7.5° 15
Station Boundary PRB 15° 30

Notes:

% Conservative estimate based on the 2009-2010 ISB pilot study results considering that hydraulically-enhanced substrate
injection strategy will be used. The value is an approximate average of the observed ROIs cross-gradient (5 feet) and
downgradient (12 feet) of the injection well for regular pressurized injection (without fracturing).

®No pilot study was conducted in the intermediate area. The target ROl is an estimated value based on local geology in the

area and ROlIs observed during 2009-2010 ISB pilot study.

° Conservative estimate based on the 2009-2010 ISB pilot study results considering that hydraulically-enhanced substrate
injection strategy will be used. The value is an approximate average of the observed ROIs cross-gradient (5 feet) and
downgradient (24 feet) of the injection well for regular pressurized injection (without fracturing).

PRB permeable reactive barrier
ROI radius of influence



Table 6-3: Screen Intervals of Injection/Monitoring Wells — Perchlorate Source Area PRB

Primary Purpose of Well
Screened
Existing / Substrate Performance Interval (feet
Well ID Proposed Injection Monitoring bgs)*
01-IW01 Existing v 41-44
01-IWw03 Proposed v 40 - 50
01-IW04 Proposed v 40 - 50
01-MW205 Existing v 23 -57
01-MW225A Existing v 25 - 45
01-MW225B Existing v 47 - 50
01-MW 226 Existing v 25 - 45
01-MW229 Proposed v 40 - 50
01-MW230 Proposed v 40 - 50
01-PZ21A Existing v 21 -46
01-PZ21B Existing v 55 - 65
Note:

Well screen placements and lengths may be modified during field implementation activities based on field observations
including depth of alluvium/bedrock contact and groundwater.

bgs below ground surface

ID identification

PRB permeable reactive barrier



Table 6-4: Substrate Loading Summary

Total Volume of
Total Weight of Substrate Concentrated Substrate
ISB Area Type of Substrate (pounds) (gallons)
Source Area PRB EDS-ER 688° 92
Source Area Direct Injection HFCS 27,977° 2,464°
Intermediate Area EDS-ER 4,080° 541
Former Station Boundary Area EDS-ER 5712° 758

Notes:
? Calculated based on the stoichiometric demand using the ESTCP spreadsheet-based Substrate Estimating Tool (ESTCP

2010) (see Appendix B) and assuming EDS-ER is 90 percent oil by weight.

® Includes 27,382 pounds (2,410 gallons) required for ISB within Zone 1, and 615 pounds (54 gallons) required for ISB at Zone
2 and upgradient of Zone 1.

EDS-ER Electron Donor Substrate-Extended Release

HFCS high-fructose corn syrup

ISB in situ bioremediation

PRB permeable reactive barrier



Table 6-5: Summary of Substrate Injection Strategy — Perchlorate Source Area PRB

Number of Parts

Dilution Ratio of Chase Water Volume of Total Volume
of Substrate Injected Per 1 Dilute EDS-ER of Chase
Injection Extraction with Water (by Part of Dilute + Water Water
Wells Wells volume) Substrate (gallons) (gallons)
Phase |
01-IW01 01-IW03 5:1 10 153 (76.5)° 1533 (766.5)°
01-MW225B 01-IW04
Phase Il
01-IW03 01-IW01 5:1 10 306 (153)° 3,066 (1,533)
01-IW04 01-MW225B
Notes:

? Total volume in all injection wells during subject injection phase (Volume in each injection well during subject injection
phase). The extracted groundwater supplemented with hydrant water will be used as dilution water for substrate injection.

The extracted groundwater will not be used as chase water; all chase water will be hydrant water.
EDS-ER Electron Donor Substrate-Extended Release

PRB

permeable reactive barrier



Table 6-6: Screen Intervals of Injection/Extraction Wells — Active Source Area Treatment

Existing/ Screened Interval
Well ID Proposed (feet bgs)*
Zonel
01-EW04 Existing 25 -60
01-EW05 Existing 20 - 60
01-EW06 Existing 35-70
01-EWO07 Proposed 50-70
01-EW08 Proposed 55-75
01-EW09 Proposed 50-70
01-EW10 Proposed 45 - 65
01-EW11 Proposed 40 - 60
01-IW05 Proposed 50-70
01-IW06 Proposed 50-70
01-Iw07 Proposed 40 - 60
01-IW08 Proposed 40 - 60
01-IW09 Proposed 45 - 65
01-IW10 Proposed 40 - 60
01-IW11 Proposed 40 - 60
01-IW12 Proposed 45 - 65
01-IW13 Proposed 45 - 65
01-MW 201 Existing 27 - 57
01-MW219 Existing 40 - 55
01-PZ09 Existing 30 -55
01-PZ11 Existing 35-60
Zone 2 and Upgradient of Zone 1
01-MW202 Existing 10-35
01-MW203 Existing 32-57
01-PZ03 Existing 30 -55
01-PZ08 Existing 55 - 80
01-PZ20 Existing 40-70
01-IW14 Proposed 45 - 65
Note:

* Well screen placements and lengths may be modified during field implementation activities based on field observations
including depth of alluvium/bedrock contact and groundwater.

bgs below ground surface

ID identification



Table 6-7: Summary of Substrate Injection Strategy — Active Source Area Treatment

Injection Wells

Extraction Wells

Dilution Ratio of
Substrate with
Water (by volume)

Volume of Dilute
HFCS + Water
(gallons)

Zone 1 - Phase |

01-EWO06, 01-IWO05, 01-EWO02B, 01-EW04, 10:1 13,764 (1,147)°
01-IW06, 01-IW07, 01-EW05, 01-EW07,
01-1IW08, 01-IW09, 01-EW08, 01-EW09,
01-IW10, 01-IW 11, 01-EW10, 01-EW 11,
01-IW12, 01-IW 13, 01-MW219
01-PZ09, 01-PZ11
Zone 1 - Phase |l
01-EWO02B, 01-EW 04, Not Applicable 10:1 10,323 (1,147)%
01-EW05, 01-EW07,
01-EW08, 01-EW09,
01-EW10, 01-EW 11,
01-MW219
Zone 2 and Upgradient of Zone 1
01-PZ20, 01-PZ08, Not Applicable 10:1 648 (108)°

01-MW203, 01-MW 202,
01-PZ03, 01-IW14

Notes:

? Total volume in all the listed injection wells (Volume in each injection well).
HFCS high-fructose corn syrup



Table 6-8: Injection/Screen Intervals of Injection/Monitoring Wells — Intermediate Area PRB

Primary Purpose of Well

Existing/ Substrate Performance Injection/Screened

Well ID Proposed Injection Monitoring Interval (feet bgs)
01-DPTO1 Proposed v 25 - 45
01-DPT02 Proposed v 25 - 45
01-DPTO03 Proposed v 25 - 45
01-DPT04 Proposed v 25 - 45
01-DPTO05 Proposed v 25 - 45
01-DPT06 Proposed v 25 - 45
01-DPTO7 Proposed v 25-45
01-DPTO08 Proposed v 35-55
01-DPT09 Proposed v 35-55
01-DPT10 Proposed v 35-55
01-MW214 Existing v 33-48
01-MW231 Proposed v v 35-55
01-MW232 Proposed v 25 - 45
01-MW233 Proposed v 35-55
01-MW234 Proposed v 35-55
01-PZ15 Existing v 15-40

Note:

* Well screen placements and lengths may be modified during field implementation activities based on field observations
including depth of alluvium/bedrock contact and groundwater.

bgs below ground surface

ID identification

PRB permeable reactive barrier



Table 6-9: Summary of Substrate Injection Strategy — Intermediate Area PRB

Number of Parts

Dilution Ratio of Chase Water Volume of
of Substrate Injected Per 1 Dilute EDS-ER Total Volume of
with Water (by Part of Dilute + Water Chase Water
Injection Points volume) Substrate (gallons) (gallons)
01-DPTO01, 01-DPT02, 5:1 10 2,706 (246)° 2,7059 (2,459)

01-DPTO03, 01-DPT04,
01-DPTO5, 01-DPTO06,
01-DPTO07, 01-DPTO08,
01-DPT09, 01-DPT10,
01-MW 231

Notes:

? Total volume in all injection points (Volume in each injection point). The extracted groundwater supplemented with hydrant
water will be used as dilution water for substrate injection. The extracted groundwater will not be used as chase water; all
chase water will be hydrant water.

EDS-ER Electron Donor Substrate — Extended Release

PRB permeable reactive barrier



Table 6-10: Screen Intervals of Injection/Monitoring Wells — Station Boundary PRB

Primary Purpose of Well Screened
Existing or Substrate Performance Interval (feet
Well ID Proposed? Injection Monitoring bgs)*
02-1IWw02 Proposed v 65 -95
02-1IW03 Proposed v 65 -95
02-1IW04 Proposed v 65 -95
02-1IW05 Proposed v 65 -95
02-1IW06 Proposed v 65 -95
02-1IW07 Proposed v 65 -95
02-1IWw08 Proposed v 65 -95
02NEW 30 Existing v 64 — 84
02-NEW 36 Proposed v 65 — 95
02-NEW 37 Proposed v 65 — 95
02-NEW 38 Proposed v 65 — 95
02-NEW 39 Proposed v 65 — 95
02-NEW40 Proposed v 65 — 95
02Pz12 Existing v 70-100

Notes:

* Well screen placements and lengths may be modified during field implementation activities based on field observations
including depth of alluvium/bedrock contact and groundwater.

bgs below ground surface

ID identification

PRB permeable reactive barrier



Table 6-11: Summary of Substrate Injection Strategy — Station Boundary PRB

Number of Parts

Dilution Ratio of Chase Water Volume of

of Substrate Injected Per 1 Dilute EDS-ER Total Volume of
Injection Extraction with Water (by Part of Dilute + Water Chase Water

Wells Wells volume) Substrate (gallons) (gallons)
Phase |
02-IW02 02-IW03 5:1 10 2,164 (541)° 21,656(5,414)°
02-IW04 02-IW05
02-IW06 02-IW07
02-IW08
Phase Il
02-IW03 02-IW02 5:1 10 1,623 (541)° 16,242 (5,414)°
02-IW05 02-IW04
02-IW07 02-IW06
02-IW08
Notes:

& Total volume in all injection wells during subject injection phase (Volume in each injection well during subject injection
phase). The extracted groundwater supplemented with hydrant water will be used as dilution water for substrate injection.

The extracted groundwater will not be used as chase water; all chase water will be hydrant water.
EDS-ER Electron Donor Substrate — Extended Release
PRB permeable reactive barrier



Table 6-12: Baseline Groundwater Monitoring Plan - IRP Site 1 Groundwater

Area Monitoring

Proposed Analyses

Locations

\VOCs?®
Alkalinity

Anions®

Methane

Ethene

Ethane

Bromide

TOC

Source Area 01-EW05

01-EW07

01-EW09

01-IW05

01-IW06

01-IW07

01-Iw09

01-IW10

01-Iw14

01-PZ21B

Source Area PRB 01-IW03

01-Iwo04

01-MW205

Between Source Area and 01-DGMW57

Intermediate PRBs 01-MW207

01-MwW217

01-PZ14

18BGMW24

Intermediate PRB 01-DPTO01°

01-DPTO02°

01-DPT09°

01-DPT10°

SN ENENEN BN BN IEN N BN RN RN RN RN RN BN RN RN RN RN RN RN RN RN ISt
ANENENEN RN RN RV RN RN RN EN RN EVEN RN RN AV EVEV RV EVEN RN e
SN RNV KN KN RN KN KN KN IV RN RN KN KN RN RN RN RN BN RN RV RV RN oLl
ANENENENEN RN RV EN RN ENENENEN EN RN ENEN RN BN RN RN RV RN 3

01-MW233

Between Intermediate and 02-NEW16
Station Boundary PRBs

Station Boundary PRB 02-IW05

02-IW08

sSSP S
AN Y I
AN Y I
sSSP S

02-NEW38

Notes:

#VOCs include TCE, PCE, cis-1,2-DCE, 1,2-DCA, 1,1,2-TCA, and VC.
® Anions include nitrate and sulfate.

¢ Hydropunch samples

v Indicates that sample will be collected and analyzed for the listed analyte.



Table 6-13: ISB Performance Monitoring Plan — Source Area PRB

Monitoring Primary Rationale for Proposed Analyses
Locations Well Selection
First Month (Single Event)® Year 1 (Quarterly) Years 2 and 3 (Semi-Annually) After Year 3 (Annually)
i) ) i) 0
© © © ©
@ 5] @ @
) = ) = o = ) =
[ > 3 [ > K I > 3 [ > 3
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01-IW01 Performance data
within the PRB v v|v v v v viv| iv]v]v]iv]v]|v v viviiv|v]v]|v]|v v viviv]v]v]|v]|v
01-MW225A Upgradient well for
monitoring influent
concentrations viv]v v|v vivi]v]v vivi]v]|v vivi]v]v
01-MW225B Upgradient well for
monitoring influent
concentrations viv]v v|v vivi]v]v vivi]v]|v vivi]v]v
01-MW229 Performance data
within the PRB;
assessment of
injection zone of
influence vivi]v vI|Iv viiviiviiviIiv|iv|iv]|v|VY viiviIiv]Iiv]IiviIivIv]|v viviv]|v vivi|v
01-MW230 Downgradient well to
monitor effluent
concentrations and
PRB effectiveness viivi|v vV viiviv]|v v viIivi]iv]|v viiviv]|v
01-PZ21A Downgradient well to
monitor effluent
concentrations and
PRB effectiveness v v|v v iv] v iv|v]|v]v v vivliv]v|v viv]v]v|v %
Notes:

@ To be conducted within 15 to 30 days of the completion of substrate injection.

® Anions include nitrate and sulfate.

v Indicates that sample will be collected and analyzed for the listed analyte.



Table 6-14: ISB Performance Monitoring Plan — Source Area Treatment

Monitoring Primary Rationale for Well Proposed Analyses
Locations Selection First Month (Single Event)a Year 1 (Quarterly) Years 2 and 3 (Semi-Annually) After Year 3 (Annually)
o ] g 2
© > © N © > < -
= 2| a o | o = ol o | o = 2| [} = o )
= El2(&|2 2 Efl2l&]2 = El2]& 2 El2]&
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el
01-EWO05 Performance data for extraction well
within Zone 1 viv]v v viiv]v v viiviiv]|v]v|iv]|v]|Iviv]v]v|v]Iv]|v]|vVv
01-EWO07 Performance data for extraction well
within Zone 1 viv|v v v|v vivi|iv]v v v viiv|v v
01-Iw10 Performance data for injection well
within Zone 1 viiv]v v viv viviiv]v viiv]v
01-MW209 Performance data near extraction
well 01-EW02B within Zone 1 viIv]v v vV vViIivi]v|v Vi v]v
01-MW219 Performance data for extraction well
within Zone 1 viv]v v v|v viiviiv]|v v v viiv]v v
01-PZ07 Performance data near extraction
well 01-EW04 within Zone 1 viivilv v v|v viiviiv|v v iv]v
01-PZ09 Performance data for injection well
within Zone 1 viiv]v v viv viiv]v]|v viv]v
01-PZ11 Performance data for injection well
within Zone 1 vViiv]v v Vv Vi iv]|v|vY Vi v ]V
Zo radient o
01-IW14 Performance data for injection well
within Zone 2 vViiv]v v vi|v Vi v]|v|vY Vi v ]V
Performance data for injection well
01-MW202 upgradient of Zone 1 VIVl v Vv vIiviv]Y viivlv
Performance data for injection well
01-MW203 upgradient of Zone 1 Vvl v ViV VIV v ViV
Performance data for injection well
01-PZ03 upgradient of Zone 1 VIV v V1Y VIivVIVLIY Y Y v VIV
Performance data for injection well
01-PZ08 within Zone 2 viIiv]vY v vi|v v ivi]v|v v iv]v
Performance data for injection well
01-PZ20 within Zone 2 v v]v v vv v v v]v]|v]|v]|v]|v v v v]v]v]v
Notes:

# To be conducted within 15 to 30 days of the completion of substrate injection.

® Anions include nitrate and sulfate.

v Indicates that sample will be collected and analyzed for the listed analyte.




Table 6-15: ISB Performance Monitoring Plan - Intermediate Area PRB

Monitoring Primary Rationale for Proposed Analyses
Locations Well Selection -
First Month (Single Event)® Year 1 (Quarterly) Years 2 and 3 (Semi-Annually) After Year 3 (Annually)
2] (2] o (2]
T ® < I
@ @ @ @
@ = Q = @ = o =
© > B o > 2 S > 3 o > 2
S 22|z B Elw]c]|2 z s %] g 2 |s a2 s
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Sl |c|5|=z|s[s{gl12] o ¥S|c|c|E[=[S|s]|s]|2| s je|alc|E|=|&|2|2| 5 2[a[5|E]|=|&|s|8| &
01-MW214 Upgradient well for
monitoring influent vliv|v v|v vlivliv]v vivliv]| v vlivliv]v
concentrations
01-MW231 Performance data within
the PRB; assessment of
injection zone of influence vl v|v v|v viivliv]v]v|v]v]v]|v vl ivi|iv]v]|v|v]v]|v viivi|iv]v]|v|v]v]|v
01-MW232 Downgradient well to
monitor effluent vliv|v v|v vlivliv]v vlivlv]v vlivliv]v
concentrations
01-MW233 Downgradient well to
monitor effluent vlv|v v |v vlivliv]v v vlivlv]v vlivliv]v
concentrations
01-MW234 Downgradient well to
monitor effluent vliv|v vivl|l v vl v v vlivlvlvl v vyl v
concentrations
01-PZ15 Upgradient well for
monitoring influent viv]v vlv viv]v]v viv]v]|v vivi]v]v
|_____concentrations
Notes:

? To be conducted within 15 to 30 days of the completion of substrate injection.

® Anions include nitrate and sulfate.

v Indicates that sample will be collected and analyzed for the listed analyte.



Table 6-16: ISB Performance Monitoring Plan — Station Boundary PRB

Monitoring Rationale for Well Proposed Analyses

Locations Selection First Month (Single Event)® Year 1 (Quarterly) Years 2 and 3 (Semi-Annually) After Year 3 (Annually)

Dissolved Metals
Dissolved Metals
Dissolved Metals

Perchlorate
vocs®
DO

ORP

pH
Alkalinity
Anions®
Methane
Ethene
Ethane
Bromide
TOC
Perchlorate
\VOCs?®
DO

ORP

pH
Alkalinity
Anions®
Methane
Ethene
Ethane
Bromide
TOC
Perchlorate
\VOCs?
DO

ORP

pH
Alkalinity
Anions®
Methane
Ethene
Ethane
TOC
Perchlorate
\VOCs?
DO

ORP

pH
Alkalinity
Anions®
Methane
Ethene

Dissolved Metals

Ethane
TOC

02-NEW16 Upgradient well for
monitoring influent
concentrations VIiv|Y vV

A
<
<
<
<
A
A
<
A
A
<
A
<
<
AN

02-NEW36 Upgradient well for

monitoring influent
concentrations v v|v v|v viviv]v]|v viiviiv]|v]|v v ivi|ivi|iv]v

02-NEW37 Performance data within
the PRB; assessment of
injection zone of
influence

02-NEW38 Downgradient well to
monitor effluent
concentrations viv]v vI|v viIiviiv|iv|v viIivIv]IviIv]|vY vViIv v ]|V ]|Y viIiviIivi|v]|Y ViIvI|Iv ]V ]|V viIiv]vY

02-NEW39 Downgradient well to
monitor effluent
concentrations ViVl Vi iviviv|v|vY|v|Y vl v v]|v]|v viviv]|v]|v|v

02-NEW40 Downgradient well to
monitor effluent
concentrations

Notes:

? To be conducted within 15 to 30 days of the completion of substrate injection.

bAnalytes include COCs for IRP Site 2 groundwater (TCE, cis-1,2-DCE, PCE, 1,2-DCA, 1,1,2-TCA) and VC (generated due to reductive dechlorination of TCE and cis-1,2-DCE).
¢ Anions include nitrate and sulfate.

v Indicates that sample will be collected and analyzed for the listed analyte.



Table 6-17: Summary of Information Obtained from Proposed Analytes

Analyte

Information Obtained from Analyses

COCs (Perchlorate and VOCs?)

Extent and rate of biodegradation of perchlorate and/or TCE.

DO, ORP, Anions®, Methane

Changes in geochemistry of groundwater due to substrate injection to evaluate if optimum conditions
are created to stimulate indigenous bacteria to degrade perchlorate and/or VOCs.

pH

Evalute if pH of groundwater is desirable for biological processes to occur.

Alkalinity

Indicator of biodegradation and the buffering capacity of the aquifer (neutralization of acids generated
during substrate fermentation).

Ethene®, Ethane®

Evaluate if TCE and cis-1,2-DCE are being completed dechlorinated to ethene and ethane.

Indicator of substrate injection zone of influence in conjunction with concentrations of TOC,

Bromide geochemical parameters, and COCs.
Indicator of substrate injection zone of influence in conjunction with concentrations of bromide,
TOC geochemical parameters, and COCs.

Dissolved Metals

Evaluate potential metals migration due to anaerobic conditions.

Notes
? For Station Boundary PRB only.

® Anions include nitrate and sulfate.



Table 6-18: Groundwater Monitoring Plan - Overall Perchlorate Extent Monitoring

Area Monitoring Proposed Analyses
Locations Year 1 (First Event)® Year 1 (Semi-annually)” Year 1 through 3 (Semi-annually)° After Year 3 (Annually)d
8 ] 8 8
© o © ©
° o ° o
S o S o S 2 s 2
g |1 8 | & | = | & |8 | & | % | & |8 |8& | % | & |8 |8& | %
Upgradient of 01-Mw101 v v v v
Source Area 01-MW102 v v v v
01-Mw221 v v v v
01-PZ01 v v v v
01-PZ02 v v v v
01-PZ04 v v v v
01-PZ05 v v v v
01-PZ06 v v v v
01-PZ12 v v v v
Source Area 01-MW204 v v v v
01-MW208 v v v v
01-MwW218 v v v v
01-MW220 v v v v
01-MwW222 v v v v
01-PZ21B v v v v v v v
Intermediate 01-DGMW57 v v v v
Area 01-DGMW58 v v v v
01-MW206 v v v v
01-MwW207 v v v v
01-Mw211 v v v v v v v
01-MwW212 v v v v
01-MwW213 v v v v
01-MW215 v v v v v v v
01-MW216 v v v v
01-MwW217 v v v v
01-MwW223 v v v v v v v
01-MwW224 v v v v
01-PZ14 v v v v
01-PZ16 v v v v
02-NEW11 v v v v
18BGMW24 v v v v




Table 6-18: Groundwater Monitoring Plan - Overall Perchlorate Extent Monitoring

Area Monitoring Proposed Analyses
Locations - 7 X 0] - 3 ol
Year 1 (First Event) Year 1 (Semi-annually) Year 1 through 3 (Semi-annually) After Year 3 (Annually)
[} [} [} [}
g g g g
° o ° o
= = < <
5 Q i 5 o & 5 o & 5 o &
& a o = & a o = & a o = & a o =
IRP Site 2 Area 02_NEWO02A v v v v
02_NEWO07A°® v v v v
02-NEWOSA v v v v
02-NEW15 v v v v
02-NEW16 v v v v v v v v
02-NEW19 v v v v
02_NEW?26A°® v v v v
02_NEW27A° v v v v
02-NEW28A v v v v v v v v
02-NEW29 v v v v
02-NEW30 v v v v
02-NEW42° v v v v
02-PZ10 v v v v
02-PZ12 v v v v v v v v

Notes:
@ Proposed for wells that have been routine monitored at least once a year and for which perchlorate concentrations are reported to be less than its MCL from July 2004 to March 2011.

® Proposed for monitoring wells where perchlorate concentration have exceeded its MCL at least once in the past but for which latest available data (as of January 2013) show perchlorate less than
its MCL.
° Proposed for monitoring wells where latest available data (as of January 2013) show perchlorate concentration exceeding its MCL.

9 Proposed for monitoring wells where latest available data (as of January 2013) show perchlorate concentration exceeding its MCL. Monitoring Plan after year 3 will be revised appropriately based
on the evaluation of results from Years 1 through 3.

¢ The need for continued groundwater sampling and analysis for perchlorate after Year 1 for wells 02NEW07A, 02NEW26A, 02NEW27A, and 02NEW42 will be evaluated following comprehensive
review of PRB performance data and perchlorate distribution data near the Station Boundary.

v Indicates that sample will be collected and analyzed for the listed analyte.



Table 7-1: Screen Intervals Monitoring Wells — IRP Site 2 MNA

Screened
Existing or Interval (feet
Well ID Proposed? bgs)*

02_NEWO02A Existing 66 — 91
02_NEWO07A Existing 122 — 147
02NEWO08A Existing 84 - 104
02NEW19 Existing 86— 113
02_NEW26A Existing 73-98
02_NEW27A Existing 92 - 117
02-NEW28A Proposed 60 - 80
02NEW29 Existing 47 - 67
02-NEW 41 Proposed 60 - 80
02-NEW42 Proposed 70-90
02PZ05 Existing 80 - 100

Notes:

* Well screen placements and lengths may be modified during field implementation activities based on field observations
including depth of alluvium/bedrock contact and groundwater.

bgs below ground surface

ID identification

MDA monitored natural attenuation



Table 7-2: Sampling and Analysis Schedule - IRP Site 2 MNA

Well ID Location Relative to TCE Plume/ Purpose Proposed Analyses
g;‘:r?;?:; for Year 1 through 3 (Annually) Year 1 through 3 (Semi-annually) After Year 3 (Annually)

Slolel=z]| 8| o |l & | =z |8]|alt]-=

> [a) (@] o > [a) O o > [a) o o
02_NEWO02A Define extent of TCE exceeding its RG to the southeast v v v v v v v v
02_NEWO7A Define downgradient extent of TCE plume v v v v v v v v
02-NEW19 TCE concentrations and extent to the northwest v v v v v v v v
02_NEW26A Define extent of TCE exceeding its RG to the southeast v v v v v v v v
02_NEW27A Define downgradient extent of TCE plume v v v v v v v v
02-NEW28A TCE concentrations near the former Station Boundary v v v v v v v v
02-NEW29 TCE concentrations in the central portion of the plume v v v v v v v v
02-NEW41 Define TCE concentrations exceeding its RG upgradient of well 02-

NEW29 v v v v v |l v | v | v

02-NEW42 Define TCE concentrations and extent to the west/northwest

v v v v v v v v
02-PZ05 Define extent of TCE exceeding its RG to the northwest v v v v v v v v
02-NEWO08A Verify that PCE concentrations are less than its RG v v v v v v v v
Notes:

& Analytes include COCs for IRP Site 2 groundwater (TCE, cis-1,2-DCE, PCE, 1,2-DCA, 1,1,2-TCA).



Table 7-3: Data Evaluation — IRP Site 2 MNA

Data Evaluation Objective

Proposed Methods

Proposed Frequency

Analysis of changes (if any) to
groundwater flow direction and
rates

Groundwater equipotential maps

These maps will be generated
after each performance monitoring
round.

Analysis of temporal trends in COC
concentrations

Concentration versus time graphs for
all monitoring wells

These graphs will be first
generated after collection of 2
years of data (four data points for
each COC and for each well) and
will be subsequently updated after
each performance monitoring
round.

Statistical hypothesis tests for
detecting trends such as Mann-
Kendall test

Statistical tests will be initiated
after collection of 3 years of
concentration data.

Analysis of spatial trends in COC
concentrations

Mapping of COC concentration data in
plan view and/or cross-section

The mapping of COC
concentration data will be
performed after each performance
monitoring round.

Analysis of COC concentrations in
downgradient wells to evaluate
plume migration

Comparison of COC concentrations in
downgradient wells with their
respective RGs

This comparison will be performed
after each performance monitoring
round.

Evaluate if RGs are attained.

Comparison of COC concentrations in
all monitoring wells with their
respective RGs

This comparison will be performed
after each performance monitoring
round.

Notes:
coC contaminant of concern
RG remediation goal

MDA

monitored natural attenuation



Table 8-1. Potentially Applicable Nationwide Permit General Conditions

Nationwide Permit

General Condition Topic Demonstration of Compliance L
Number #

2 Aquatic Life Movements. As Borrego Canyon Wash is not a perennial stream, and no
aquatic, endangered species were found within the project area,
no particular concerns with aquatic life movement are present.
Even so, project will be designed to maintain typical, low flows to
sustain the riparian habitat within and adjacent to Borrego Wash.

4 Migratory Bird Breeding Areas. Coordination with the USFWS (see Section 8.3.3 for details).

6 Suitable Material Only suitable material will be utilized within and adjacent to
Borrego Canyon Wash.

9 Management of Water Flows The injection/monitoring wells will not change the pre-
construction course, condition, capacity, and location of Borrego
Canyon Wash.

11 Equipment Measures such as use of steel plates will be used during
equipment operation to minimize soil disturbance. A selected
locations temporary gravel backfill may be used for equipment
access.

12 Soil Erosion and Sediment Soail erosion/sediment control will be implemented during

Controls construction activities. Best management practices (BMPs) will
be implemented)

13 Removal of Temporary Fills Gravel used at selected locations for access will be removed
after project completion

18 Endangered Species Coordination with the USFWS (see Section 8.3.3 for details) .

19 Migratory Birds and Bald and Coordination with the USFWS (see Section 8.3.3 for details) .

Golden Eagles
20 Historic Properties No historic properties have been documented.
21 Discovery of Previously Unknown No remains or artifacts have been documented.
Remains and Artifacts

23 Mitigation All impacts are anticipated to be temporary in nature, and will
likely consist of tree/shrub trimming.

25 Water Quality Soil erosion/sediment control will be implemented during
construction activities. BMPs will be implemented.

27 Regional and Case-by-Case No Regional Conditions specifically relate to Nationwide Permit

Conditions

(NWP) No. 38. Although the United States Army Corps of
Engineers (USACE) revoked most NWPs within the San Diego
Creek Watershed (Federal Register 2012), NWP No. 38 was not
revoked and may still be utilized.

Notes:
Notes:

? Source: Federal Register, Vol. 77, No. 34; Pages 10282 — 10290. Only 14 applicable General Conditions are included in this
table (out of a total of 31 General Conditions and an additional 10 Regional Conditions).

e Although a Section 404 Permit is not required for CERCLA authorized projects, proposed project work will proceed in
compliance with General Conditions of the 2012 NWPs.

BMP best management practices

NPDES National Pollutant Discharge Elimination System

NWP Nationwide Permit

SWPPP Storm Water Pollution Prevention Plan
USACE United States Army Corps of Engineers
USFWS United States Fish and Wildlife Service
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Substrate Estimating Tool (Version 1.2)

Table S.1

Input for Substrate Requirements in Hydrogen Equivalents

Site Name:|

IRP Site 1 Groundwater Source Area PRB

RETURN TO COVER PAGE

| [

NOTE: Unshaded boxes are user input.

1. Treatment Zone Physical Dimensions Values Range  Units User Notes
Width (Perpendicular to predominant groundwater flow direction) 40 1-10,000 feet Based on the injection well design presented in the Work Plan
Length (Parallel to predominant groundwater flow) 15 1-1,000 feet Based on the injection well design presented in the Work Plan
Saturated Thickness 15 1-100 feet Based on the injection well design presented in the Work Plan
Treatment Zone Cross Sectional Area 600 - ft?
Treatment Zone Volume 9,000 - 3
Treatment Zone Total Pore Volume (total volume x total porosity) 22,895 - gallons
Treatment Zone Effective Pore Volume (total volume x effective porosity) 18,181 - gallons
Design Period of Performance 3.0 5to5 year
Design Factor (times the electron acceptor hydrogen demand) 3.0 2t0 20 unitless
2. Treatment Zone Hydrogeologic Properties
Total Porosity 34% .05-50 percent Literature-based value for Sandstone.
Effective Porosity 27% .05-50 percent Literature-based value for Sandstone.
Average Aquifer Hydraulic Conductivity 0.85 .01-1000 ft/day Based on the pump tests conducted at Site 1
Average Hydraulic Gradient 0.05 0.0001-0.1  ft/ft Based on groundwater level data for Site 1
Average Groundwater Seepage Velocity through the Treatment Zone 0.16 - ft/day
Average Groundwater Seepage Velocity through the Treatment Zone 57.5 - ftlyr
Average Groundwater Discharge through the Treatment Zone 69,639 - gallons/year
Soil Bulk Density 1.45 1.4-2.0 gm/cm3
Soil Fraction Organic Carbon (foc) 0.05% 0.01-10 percent
3. Native Electron Acceptors
A. Aqueous-Phase Native Electron Acceptors
Oxygen 3.4 0.01t0 10  mg/L Average value for Site 1 area (see table in the Work Plan)
Nitrate 14.00 0.1 to- 20 mg/L Average value for Site 1 area (see table in the Work Plan)
Sulfate 55 10t0 5,000 mg/L Average value for Site 1 area (see table in the Work Plan)
Carbon Dioxide (estimated as the amount of Methane produced) 10.0 0.1to0 20 mg/L Average value for Site 1 area (see table in the Work Plan)
B. Solid-Phase Native Electron Acceptors
Manganese (IV) (estimated as the amount of Mn (I1) produced) 20 0.1to0 20 mg/L
Iron (11l) (estimated as the amount of Fe (Il) produced) 20 0.1to 20 mg/L
4. Contaminant Electron Acceptors
Tetrachloroethene (PCE) 0.000 - mg/L
Trichloroethene (TCE) 0.000 - mg/L
Dichloroethene (cis-DCE, trans-DCE, and 1,1-DCE) 0.000 - mg/L
Vinyl Chloride (VC) 0.000 - mg/L
Carbon Tetrachloride (CT) 0.000 - mg/L
Trichloromethane ( or chloroform) (CF) 0.000 - mg/L
Dichloromethane (or methylene chloride) (MC) 0.000 - mg/L
Chloromethane 0.000 - mg/L
Tetrachloroethane (1,1,1,2-PCA and 1,1,2,2-PCA) 0.000 - mg/L
Trichloroethane (1,1,1-TCA and 1,1,2-TCA) 0.000 - mg/L
Dichloroethane (1,1-DCA and 1,2-DCA) 0.000 - mg/L
Chloroethane 0.000 - mg/L
Perchlorate 0.119 - mg/L March 2011 perchlorate concentration at 01-PZ21A
5. Aquifer Geochemistry (Optional Screening Parameters)
A. Aqueous Geochemistry
Oxidation-Reduction Potential (ORP) 103 -400 to +500 mV Average
Temperature 5.0 to 30 °Cc
pH 7.3 40t010.0 su
Alkalinity 173 10to 1,000 mg/L
Total Dissolved Solids (TDS, or salinity) 10t0 1,000 mg/L
Specific Conductivity 100 to 10,000 ps/cm
Chloride 10to 10,000 mg/L
Sulfide - Pre injection 0.0 0.1t0 100  mg/L
Sulfide - Post injection 0.0 0.1t0 100 mg/L
B. Aquifer Matrix
Total Iron 200 to 20,000 mg/kg
Cation Exchange Capacity NA 1.0t0 10 meq/100 g
Neutralization Potential 1.0t0 100  Percent as CaCO;

NOTES:
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Substrate Estimating Tool (Version 1.2)

Table S.5 Output for Substrate Requirements in Hydrogen Equivalents

) E RETURN TO COVER PAGE ]
Site Name: IRP Site 1 Groundwater Source Area PRB

1. Treatment Zone Physical Dimensions

Values Units Values Units
Width (perpendicular to groundwater flow) 40 feet 12 meters
Length (parallel to groundwater flow) 15 feet 4.6 meters
Saturated Thickness 15 feet 4.6 meters
Design Period of Performance 3 years 3 years
2. Treatment Zone Hydrogeologic Properties
Values Units Values Units
Total Porosity 0.34 percent 0.34 percent
Effective Porosity 0.27 percent 0.27 percent
Average Aquifer Hydraulic Conductivity 0.85 ft/day 3.0E-04 cm/sec
Average Hydraulic Gradient 0.05 ft/ft 0.05 m/m
Average Groundwater Seepage Velocity 0.16 ft/day 4.8E+00 cm/day
Average Groundwater Seepage Velocity 57 ftiyr 17.5 m/yr
Effective Treatment Zone Pore Volume 18,181 gallons 68,822 liters
Groundwater Flux (per year) 69,639 gallons/year 263,604 liters/year
Total Groundwater Volume Treated 227,097 gallons total 859,633 liters total
(over entire design period)
3. Distribution of Electron Acceptor Demand Distribution of Electron Acceptors
Hydrogen
Percent of Total Demand (Ib) - —
Aerobic Respiration 3.4% 0.811 3.4% BAerobic Respiration
Nitrate Reduction 10.8% 2.554 5 10.8% BNitrate Reduction
Sulfate Reduction 36.9% 8.751 a 5 9% BManganese Reduction
Manganese Reduction 5.9% 1.391 8 '
Iron Reduction 2.9% 0.684 2 2.9% Olron Reduction
Methanogenesis 40.1% 9.523 c 36.9% @Sulfate Reduction
Dechlorination 0.0% 0.000 o
Perchlorate Reduction 0.1% 0.018 o 40.1% BMethanogenesis
Totals: 100.00% 23.73 uij 0.0% Ebechiorination
5 o 0.1% OPerchlorate Reduction
Hydrogen demand in pounds/gallon: 1.05E-04
Hydrogen demand in grams per liter: 1.25E-02
0% 20% 40% 60% 80% 100%
Percent
4. Substrate Equivalents: Design Factor =
Effective
Quantity Quantity Concentration  Effective concentration is for total
Product (Ib) (gallons) (mg/L) volume of groundwater treated.
1. Sodium Lactate Product 3,300 300 839 as lactic acid
2. Molasses Product 2,518 210 797 as sucrose
3. Fructose Product 1,989 178 840 as fructose
4. Ethanol Product 1,017 147 429 as ethanol
5. Sweet Dry Whey (lactose) 1,569 sold by pound 579 as lactose
6. HRC® 1,206 sold by pound 509 as 40% lactic acid/40% glycerol
7. Linoleic Acid (Soybean Oil) 619 79 327 as soybean oil
8. Emulsified Vegetable Oil 1,032 132 327 as soybean oil
Notes:
1. Quantity assumes product is 60% sodium lactate by weight.
2. Quantity assumes product is 60% sucrose by weight and weighs 12 pounds per gallon.
3. Quantity assumes product is 80% fructose by weight and weighs 11.2 pounds per gallon.
4. Quantity assumes product is 80% ethanol by weight and weighs 6.9 pounds per gallon.
5. Quantity assumes product is 70% lactose by weight.
6. Quantity assumes HRC® is 40% lactic acid and 40% glycerol by weight.
7. Quantity of neat soybean oil, corn oil, or canola oil.
8. Quantity assumes commercial product is 60% soybean oil by weight.

ESTCP Sheet_Source PRB.xls A-2 3/15/2012
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Substrate Estimating Tool (Version 1.2)

Table S.1

Input for Substrate Requirements in Hydrogen Equivalents

Site Name: | Site 1 Groundwater Source Area Direct Injection

RETURN TO COVER PAGE

|

NOTE: Unshaded boxes are user input.

1. Treatment Zone Physical Dimensions Values Range  Units User Notes
Width (Perpendicular to predominant groundwater flow direction) 338 1-10,000 feet Based on the injection well design presented in the Work Plan
Length (Parallel to predominant groundwater flow) 250 1-1,000 feet Based on the injection well design presented in the Work Plan
Saturated Thickness 25 1-100 feet Based on the injection well design presented in the Work Plan
Treatment Zone Cross Sectional Area 8450 - ft?
Treatment Zone Volume 2,112,500 - ft>
Treatment Zone Total Pore Volume (total volume x total porosity) 5,373,947 - gallons
Treatment Zone Effective Pore Volume (total volume x effective porosity) 4,267,546 - gallons
Design Period of Performance 0.5 5to5 year
Design Factor (times the electron acceptor hydrogen demand) 2.0 2t0 20 unitless
2. Treatment Zone Hydrogeologic Properties
Total Porosity 34% .05-50 percent Literature-based value for Sandstone.
Effective Porosity 27% .05-50 percent Literature-based value for Sandstone.
Average Aquifer Hydraulic Conductivity 0.85 .01-1000 ft/day Based on the pump tests conducted at Site 1
Average Hydraulic Gradient 0.05 0.0001-0.1  ft/ft Based on groundwater level data for Site 1
Average Groundwater Seepage Velocity through the Treatment Zone 0.16 - ft/day
Average Groundwater Seepage Velocity through the Treatment Zone 57.5 - ftlyr
Average Groundwater Discharge through the Treatment Zone 980,745 - gallons/year
Soil Bulk Density 1.45 1.4-2.0 gmicm®
Soil Fraction Organic Carbon (foc) 0.05% 0.01-10 percent
3. Native Electron Acceptors
A. Aqueous-Phase Native Electron Acceptors
Oxygen 34 0.01to 10  mg/L Average value for Site 1 area (see table in the Work Plan)
Nitrate 14.00 0.1 to- 20 mg/L Average value for Site 1 area (see table in the Work Plan)
Sulfate 55 10t0 5,000 mg/L Average value for Site 1 area (see table in the Work Plan)
Carbon Dioxide (estimated as the amount of Methane produced) 10.0 0.1to 20 mg/L Average value for Site 1 area (see table in the Work Plan)
B. Solid-Phase Native Electron Acceptors
Manganese (IV) (estimated as the amount of Mn (l1) produced) 20 | 0.1to0 20 mg/L
Iron (I1l) (estimated as the amount of Fe (Il) produced) 20 | 0.1to 20 mg/L
4. Contaminant Electron Acceptors
Tetrachloroethene (PCE) 0.000 - mg/L
Trichloroethene (TCE) 0.000 - mg/L
Dichloroethene (cis-DCE, trans-DCE, and 1,1-DCE) 0.000 - mg/L
Vinyl Chloride (VC) 0.000 - mg/L
Carbon Tetrachloride (CT) 0.000 - mg/L
Trichloromethane ( or chloroform) (CF) 0.000 - mg/L
Dichloromethane (or methylene chloride) (MC) 0.000 - mg/L
Chloromethane 0.000 - mg/L
Tetrachloroethane (1,1,1,2-PCA and 1,1,2,2-PCA) 0.000 - mg/L
Trichloroethane (1,1,1-TCA and 1,1,2-TCA) 0.000 - mg/L
Dichloroethane (1,1-DCA and 1,2-DCA) 0.000 - mg/L
Chloroethane 0.000 - mg/L
Perchlorate 0.213 - mg/L Average March 2011 perchlorate conc. in Source Area
5. Aquifer Geochemistry (Optional Screening Parameters)
A. Aqueous Geochemistry
Oxidation-Reduction Potential (ORP) 103 -400 to +500 mV Average
Temperature 5.0 to 30 °C
pH 7.3 4.0t010.0 su
Alkalinity 173 10t0 1,000 mg/L
Total Dissolved Solids (TDS, or salinity) 10to 1,000 mg/L
Specific Conductivity 100 to 10,000 ps/cm
Chloride 10to 10,000 mg/L
Sulfide - Pre injection 0.0 0.1t0 100  mg/L
Sulfide - Post injection 0.0 0.1t0 100 mg/L
B. Aquifer Matrix
Total Iron 200 to 20,000 mg/kg
Cation Exchange Capacity NA 1.0t0 10 meq/100 g
Neutralization Potential 1.0to 100  Percentas CaCOg

NOTES:
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Substrate Estimating Tool (Version 1.2)

Table S.5 Output for Substrate Requirements in Hydrogen Equivalents

RETURN TO COVER PAGE ]

Site Name: Site 1 Groundwater Source Area Direct Injection

1. Treatment Zone Physical Dimensions

Values Units Values Units
Width (perpendicular to groundwater flow) 338 feet 103 meters
Length (parallel to groundwater flow) 250 feet 76.2 meters
Saturated Thickness 25 feet 7.6 meters
Design Period of Performance 0.5 years 0.5 years
2. Treatment Zone Hydrogeologic Properties
Values Units Values Units
Total Porosity 0.34 percent 0.34 percent
Effective Porosity 0.27 percent 0.27 percent
Average Aquifer Hydraulic Conductivity 0.85 ft/day 3.0E-04 cm/sec
Average Hydraulic Gradient 0.05 ft/ft 0.05 m/m
Average Groundwater Seepage Velocity 0.16 ft/day 4.8E+00 cm/day
Average Groundwater Seepage Velocity 57 ftiyr 17.5 m/yr
Effective Treatment Zone Pore Volume 4,267,546 gallons 16,153,967 liters
Groundwater Flux (per year) 980,745 gallons/year 3,712,421 liters/year
Total Groundwater Volume Treated 4,757,918 gallons total 18,010,177 liters total
(over entire design period)
3. Distribution of Electron Acceptor Demand Distribution of Electron Acceptors
Hydrogen
Percent of Total Demand (Ib) - —
Aerobic Respiration 3.5% 17.001 3.5% BAerobic Respiration
Nitrate Reduction 9.4% 46.121 ’5 9.4% BNitrate Reduction
Sulfate Reduction 37.4% 183.346 a 5.9% BManganese Reduction
Manganese Reduction 5.9% 29.140 8 ’
Iron Reduction 2.9% 14.330 2 2.9% Olron Reduction
Methanogenesis 40.7% 199.511 c 37.4% @Sulfate Reduction
Dechlorination 0.0% 0.000 o
Perchlorate Reduction 0.1% 0.686 o 40.7% BMethanogenesis
Totals: 100.00% 490.13 uij 0.0% Ebechiorination
5 o 0.1% OPerchlorate Reduction
Hydrogen demand in pounds/gallon: 1.03E-04
Hydrogen demand in grams per liter: 1.23E-02
0% 20% 40% 60% 80% 100%
Percent
4. Substrate Equivalents: Design Factor =
Effective
Quantity Quantity Concentration  Effective concentration is for total
Product (Ib) (gallons) (mg/L) volume of groundwater treated.
1. Sodium Lactate Product 45,437 4,131 552 as lactic acid
2. Molasses Product 34,675 2,890 524 as sucrose
3. Fructose Product 27,382 2,445 552 as fructose
4. Ethanol Product 14,001 2,029 282 as ethanol
5. Sweet Dry Whey (lactose) 21,597 sold by pound 381 as lactose
6. HRC® 16,602 sold by pound 335 as 40% lactic acid/40% glycerol
7. Linoleic Acid (Soybean Oil) 8,524 1,093 215 as soybean oil
8. Emulsified Vegetable Oil 14,207 1,821 215 as soybean oil
Notes:
1. Quantity assumes product is 60% sodium lactate by weight.
2. Quantity assumes product is 60% sucrose by weight and weighs 12 pounds per gallon.
3. Quantity assumes product is 80% fructose by weight and weighs 11.2 pounds per gallon.
4. Quantity assumes product is 80% ethanol by weight and weighs 6.9 pounds per gallon.
5. Quantity assumes product is 70% lactose by weight.
6. Quantity assumes HRC® is 40% lactic acid and 40% glycerol by weight.
7. Quantity of neat soybean oil, corn oil, or canola oil.
8. Quantity assumes commercial product is 60% soybean oil by weight.
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Substrate Estimating Tool (Version 1.2)

Table S.1 Input for Substrate Requirements in Hydrogen Equivalents
Site Name: | Site 1 Groundwater Source Area Spot Treatment | [ RETURN TO COVER PAGE
NOTE: Unshaded boxes are user input.
1. Treatment Zone Physical Dimensions Values Range  Units User Notes
Width (Perpendicular to predominant groundwater flow direction) 20 1-10,000 feet Based on the injection well design presented in the Work Plan
Length (Parallel to predominant groundwater flow) 20 1-1,000 feet Based on the injection well design presented in the Work Plan
Saturated Thickness 25 1-100 feet Based on the injection well design presented in the Work Plan
Treatment Zone Cross Sectional Area 500 - ft?
Treatment Zone Volume 10,000 - 3
Treatment Zone Total Pore Volume (total volume x total porosity) 25,439 - gallons
Treatment Zone Effective Pore Volume (total volume x effective porosity) 20,201 - gallons
Design Period of Performance 0.5 5to5 year
Design Factor (times the electron acceptor hydrogen demand) 2.0 2t0 20 unitless
2. Treatment Zone Hydrogeologic Properties
Total Porosity 34% .05-50 percent Literature-based value for Sandstone.
Effective Porosity 27% .05-50 percent Literature-based value for Sandstone.
Average Aquifer Hydraulic Conductivity 0.028 .01-1000 ft/day Based on the pump tests conducted at Site 1
Average Hydraulic Gradient 0.06 0.0001-0.1  ft/ft Based on groundwater level data for Site 1
Average Groundwater Seepage Velocity through the Treatment Zone 0.01 - ft/day
Average Groundwater Seepage Velocity through the Treatment Zone 2.3 - ft/yr
Average Groundwater Discharge through the Treatment Zone 2,294 - gallons/year
Soil Bulk Density 1.45 1.4-2.0 gm/cm3
Soil Fraction Organic Carbon (foc) 0.05% 0.01-10 percent
3. Native Electron Acceptors
A. Aqueous-Phase Native Electron Acceptors
Oxygen 3.4 0.01t0 10  mg/L Average value for Site 1 area (see table in the Work Plan)
Nitrate 14.00 0.1 to- 20 mg/L Average value for Site 1 area (see table in the Work Plan)
Sulfate 55 10t0 5,000 mg/L Average value for Site 1 area (see table in the Work Plan)
Carbon Dioxide (estimated as the amount of Methane produced) 10.0 0.1to0 20 mg/L Average value for Site 1 area (see table in the Work Plan)
B. Solid-Phase Native Electron Acceptors
Manganese (IV) (estimated as the amount of Mn (I1) produced) 20 0.1to0 20 mg/L
Iron (11l) (estimated as the amount of Fe (Il) produced) 20 0.1to 20 mg/L
4. Contaminant Electron Acceptors
Tetrachloroethene (PCE) 0.000 - mg/L
Trichloroethene (TCE) 0.000 - mg/L
Dichloroethene (cis-DCE, trans-DCE, and 1,1-DCE) 0.000 - mg/L
Vinyl Chloride (VC) 0.000 - mg/L
Carbon Tetrachloride (CT) 0.000 - mg/L
Trichloromethane ( or chloroform) (CF) 0.000 - mg/L
Dichloromethane (or methylene chloride) (MC) 0.000 - mg/L
Chloromethane 0.000 - mg/L
Tetrachloroethane (1,1,1,2-PCA and 1,1,2,2-PCA) 0.000 - mg/L
Trichloroethane (1,1,1-TCA and 1,1,2-TCA) 0.000 - mg/L
Dichloroethane (1,1-DCA and 1,2-DCA) 0.000 - mg/L
Chloroethane 0.000 - mg/L
Perchlorate 0.213 - mg/L Average March 2011 perchlorate conc. in Source Area
5. Aquifer Geochemistry (Optional Screening Parameters)
A. Aqueous Geochemistry
Oxidation-Reduction Potential (ORP) 103 -400 to +500 mV Average
Temperature 5.0 to 30 °Cc
pH 7.3 40t010.0 su
Alkalinity 173 10to 1,000 mg/L
Total Dissolved Solids (TDS, or salinity) 10t0 1,000 mg/L
Specific Conductivity 100 to 10,000 ps/cm
Chloride 10to 10,000 mg/L
Sulfide - Pre injection 0.0 0.1t0 100  mg/L
Sulfide - Post injection 0.0 0.1t0 100 mg/L
B. Aquifer Matrix
Total Iron 200 to 20,000 mg/kg
Cation Exchange Capacity NA 1.0t0 10 meq/100 g
Neutralization Potential 1.0t0 100  Percent as CaCO;

NOTES:
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Substrate Estimating Tool (Version 1.2)

Table S.5 Output for Substrate Requirements in Hydrogen Equivalents

E RETURN TO COVER PAGE ]

Site Name: Site 1 Groundwater Source Area Spot Treatment

1. Treatment Zone Physical Dimensions

Values Units Values Units
Width (perpendicular to groundwater flow) 20 feet 6 meters
Length (parallel to groundwater flow) 20 feet 6.1 meters
Saturated Thickness 25 feet 7.6 meters
Design Period of Performance 0.5 years 0.5 years
2. Treatment Zone Hydrogeologic Properties
Values Units Values Units
Total Porosity 0.34 percent 0.34 percent
Effective Porosity 0.27 percent 0.27 percent
Average Aquifer Hydraulic Conductivity 0.028 ft/day 9.9E-06 cm/sec
Average Hydraulic Gradient 0.06 ft/ft 0.06 m/m
Average Groundwater Seepage Velocity 0.01 ft/day 1.9E-01 cm/day
Average Groundwater Seepage Velocity 2 ftiyr 0.7 m/yr
Effective Treatment Zone Pore Volume 20,201 gallons 76,468 liters
Groundwater Flux (per year) 2,294 gallons/year 8,683 liters/year
Total Groundwater Volume Treated 21,348 gallons total 80,810 liters total
(over entire design period)
3. Distribution of Electron Acceptor Demand Distribution of Electron Acceptors
Hydrogen
Percent of Total Demand (Ib) - —
Aerobic Respiration 3.5% 0.076 3.5% BAerobic Respiration
Nitrate Reduction 9.3% 0.205 ’5 9.3% BNitrate Reduction
Sulfate Reduction 37.4% 0.823 a 6.0% BManganese Reduction
Manganese Reduction 6.0% 0.131 8 '
Iron Reduction 2.9% 0.064 2 2.9% Olron Reduction
Methanogenesis 40.7% 0.895 c 37.4% @Sulfate Reduction
Dechlorination 0.0% 0.000 o
Perchlorate Reduction 0.1% 0.003 5 40.7% BMethanogenesis
Totals: 100.00% 2.20 u;'j 0.0% EDechiorination
5 o 0.1% OPerchlorate Reduction
Hydrogen demand in pounds/gallon: 1.03E-04
Hydrogen demand in grams per liter: 1.23E-02
0% 20% 40% 60% 80% 100%
Percent
4. Substrate Equivalents: Design Factor =
Effective
Quantity Quantity Concentration  Effective concentration is for total
Product (Ib) (gallons) (mg/L) volume of groundwater treated.
1. Sodium Lactate Product 204 19 551 as lactic acid
2. Molasses Product 155 13 524 as sucrose
3. Fructose Product 123 11 551 as fructose
4. Ethanol Product 63 9 282 as ethanol
5. Sweet Dry Whey (lactose) 97 sold by pound 380 as lactose
6. HRC® 74 sold by pound 334 as 40% lactic acid/40% glycerol
7. Linoleic Acid (Soybean Oil) 38 5 215 as soybean oil
8. Emulsified Vegetable Oil 64 8 215 as soybean oil
Notes:
1. Quantity assumes product is 60% sodium lactate by weight.
2. Quantity assumes product is 60% sucrose by weight and weighs 12 pounds per gallon.
3. Quantity assumes product is 80% fructose by weight and weighs 11.2 pounds per gallon.
4. Quantity assumes product is 80% ethanol by weight and weighs 6.9 pounds per gallon.
5. Quantity assumes product is 70% lactose by weight.
6. Quantity assumes HRC® is 40% lactic acid and 40% glycerol by weight.
7. Quantity of neat soybean oil, corn oil, or canola oil.
8. Quantity assumes commercial product is 60% soybean oil by weight.
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Substrate Estimating Tool (Version 1.2)

Table S.1

Input for Substrate Requirements in Hydrogen Equivalents

Site Name: |

Intermediate Area PRB

RETURN TO COVER PAGE

|

NOTE: Unshaded boxes are user input.

1. Treatment Zone Physical Dimensions Values Range  Units User Notes
Width (Perpendicular to predominant groundwater flow direction) 150 1-10,000 feet Based on the injection well design presented in the Work Plan
Length (Parallel to predominant groundwater flow) 15 1-1,000 feet Based on the injection well design presented in the Work Plan
Saturated Thickness 20 1-100 feet Based on the injection well design presented in the Work Plan
Treatment Zone Cross Sectional Area 3000 - ft?
Treatment Zone Volume 45,000 - ft>
Treatment Zone Total Pore Volume (total volume x total porosity) 141,410 - gallons
Treatment Zone Effective Pore Volume (total volume x effective porosity) 84,173 - gallons
Design Period of Performance 3.0 5to5 year
Design Factor (times the electron acceptor hydrogen demand) 3.0 2t0 20 unitless
2. Treatment Zone Hydrogeologic Properties
Total Porosity 42% .05-50 percent Literature-based value for fine sand
Effective Porosity 25% .05-50 percent Literature-based value for fine sand
Average Aquifer Hydraulic Conductivity 2.84 .01-1000 ft/day Literature-based value for fine sand
Average Hydraulic Gradient 0.012 0.0001-0.1  ft/ft Based on groundwater level data
Average Groundwater Seepage Velocity through the Treatment Zone 0.14 - ft/day
Average Groundwater Seepage Velocity through the Treatment Zone 49.8 - ftlyr
Average Groundwater Discharge through the Treatment Zone 279,210 - gallons/year
Soil Bulk Density 14 1.4-2.0 gmicm®
Soil Fraction Organic Carbon (foc) 0.05% 0.01-10 percent
3. Native Electron Acceptors
A. Aqueous-Phase Native Electron Acceptors
Oxygen 2.1 0.01to 10  mg/L Average value for Intermed area (see table in the Work Plan)
Nitrate 6.20 0.1 to- 20 mg/L Average value for Intermed area (see table in the Work Plan)
Sulfate 135 10t0 5,000 mg/L Average value for Intermed area (see table in the Work Plan)
Carbon Dioxide (estimated as the amount of Methane produced) 10.0 0.1to0 20 mg/L Average value for Intermed area (see table in the Work Plan)
B. Solid-Phase Native Electron Acceptors
Manganese (IV) (estimated as the amount of Mn (l1) produced) 20 | 0.1t0 20 mg/L
Iron (I1l) (estimated as the amount of Fe (Il) produced) 20 | 0.1to 20 mg/L
4. Contaminant Electron Acceptors
Tetrachloroethene (PCE) 0.000 - mg/L
Trichloroethene (TCE) 0.000 - mg/L
Dichloroethene (cis-DCE, trans-DCE, and 1,1-DCE) 0.000 - mg/L
Vinyl Chloride (VC) 0.000 - mg/L
Carbon Tetrachloride (CT) 0.000 - mg/L
Trichloromethane ( or chloroform) (CF) 0.000 - mg/L
Dichloromethane (or methylene chloride) (MC) 0.000 - mg/L
Chloromethane 0.000 - mg/L
Tetrachloroethane (1,1,1,2-PCA and 1,1,2,2-PCA) 0.000 - mg/L
Trichloroethane (1,1,1-TCA and 1,1,2-TCA) 0.000 - mg/L
Dichloroethane (1,1-DCA and 1,2-DCA) 0.000 - mg/L
Chloroethane 0.000 - mg/L
Perchlorate 0.124 - mg/L Perchlorate concentration in well 01-MW214
5. Aquifer Geochemistry (Optional Screening Parameters)
A. Aqueous Geochemistry
Oxidation-Reduction Potential (ORP) 88 -400 to +500 mV Average
Temperature 5.0 to 30 °C
pH 7.2 4.0t010.0 su Average
Alkalinity 269 10t0 1,000 mg/L Average
Total Dissolved Solids (TDS, or salinity) 10to 1,000 mg/L
Specific Conductivity 100 to 10,000 ps/cm
Chloride 10to 10,000 mg/L
Sulfide - Pre injection 0.0 0.1t0 100  mg/L
Sulfide - Post injection 0.0 0.1t0 100 mg/L
B. Aquifer Matrix
Total Iron 200 to 20,000 mg/kg
Cation Exchange Capacity NA 1.0t0 10 meq/100 g
Neutralization Potential 1.0to 100  Percentas CaCOg

NOTES:
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Substrate Estimating Tool (Version 1.2)

Table S.5 Output for Substrate Requirements in Hydrogen Equivalents

RETURN TO COVER PAGE ]

Site Name: Intermediate Area PRB

1. Treatment Zone Physical Dimensions

Values Units Values Units
Width (perpendicular to groundwater flow) 150 feet 46 meters
Length (parallel to groundwater flow) 15 feet 4.6 meters
Saturated Thickness 20 feet 6.1 meters
Design Period of Performance 3 years 3 years
2. Treatment Zone Hydrogeologic Properties
Values Units Values Units
Total Porosity 0.42 percent 0.42 percent
Effective Porosity 0.25 percent 0.25 percent
Average Aquifer Hydraulic Conductivity 2.84 ft/day 1.0E-03 cm/sec
Average Hydraulic Gradient 0.012 ft/ft 0.012 m/m
Average Groundwater Seepage Velocity 0.14 ft/day 4.2E+00 cm/day
Average Groundwater Seepage Velocity 50 ftiyr 15.2 m/yr
Effective Treatment Zone Pore Volume 84,173 gallons 318,619 liters
Groundwater Flux (per year) 279,210 gallons/year 1,056,896 liters/year
Total Groundwater Volume Treated 921,803 gallons total 3,489,308 liters total
(over entire design period)
3. Distribution of Electron Acceptor Demand Distribution of Electron Acceptors
Hydrogen
Percent of Total Demand (Ib) - —
Aerobic Respiration 1.4% 2.034 1.4% BAerobic Respiration
Nitrate Reduction 3.3% 4.582 ’5 3.3% BNitrate Reduction
Sulfate Reduction 61.8% 86.995 a 4.0% BManganese Reduction
Manganese Reduction 4.0% 5.646 8 )
Iron Reduction 2.0% 2.776 2 2.0% Olron Reduction
Methanogenesis 27.5% 38.653 c 61.8% @Sulfate Reduction
Dechlorination 0.0% 0.000 o
Perchlorate Reduction 0.1% 0.077 o 27.5% BMethanogenesis
Totals: 100.00% 140.76 uij 0.0% Ebechiorination
5 o 0.1% OPerchlorate Reduction
Hydrogen demand in pounds/gallon: 1.53E-04
Hydrogen demand in grams per liter: 1.83E-02
0% 20% 40% 60% 80% 100%
Percent
4. Substrate Equivalents: Design Factor =
Effective
Quantity Quantity Concentration  Effective concentration is for total
Product (Ib) (gallons) (mg/L) volume of groundwater treated.
1. Sodium Lactate Product 19,574 1,779 1,226 as lactic acid
2. Molasses Product 14,938 1,245 1,165 as sucrose
3. Fructose Product 11,796 1,053 1,227 as fructose
4. Ethanol Product 6,031 874 627 as ethanol
5. Sweet Dry Whey (lactose) 9,304 sold by pound 847 as lactose
6. HRC® 7,152 sold by pound 744 as 40% lactic acid/40% glycerol
7. Linoleic Acid (Soybean Oil) 3,672 471 477 as soybean oil
8. Emulsified Vegetable Oil 6,120 785 477 as soybean oil
Notes:
1. Quantity assumes product is 60% sodium lactate by weight.
2. Quantity assumes product is 60% sucrose by weight and weighs 12 pounds per gallon.
3. Quantity assumes product is 80% fructose by weight and weighs 11.2 pounds per gallon.
4. Quantity assumes product is 80% ethanol by weight and weighs 6.9 pounds per gallon.
5. Quantity assumes product is 70% lactose by weight.
6. Quantity assumes HRC® is 40% lactic acid and 40% glycerol by weight.
7. Quantity of neat soybean oil, corn oil, or canola oil.
8. Quantity assumes commercial product is 60% soybean oil by weight.
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Substrate Estimating Tool (Version 1.2)

Table S.1

Input for Substrate Requirements in Hydrogen Equivalents

Site Name: |

IRP Site 1 Groundwater Boundary PRB

RETURN TO COVER PAGE

|

NOTE: Unshaded boxes are user input.

1. Treatment Zone Physical Dimensions Values Range  Units User Notes
Width (Perpendicular to predominant groundwater flow direction) 200 1-10,000 feet Based on the injection well design presented in the Work Plan
Length (Parallel to predominant groundwater flow) 20 1-1,000 feet Based on the injection well design presented in the Work Plan
Saturated Thickness 40 1-100 feet Based on the injection well design presented in the Work Plan
Treatment Zone Cross Sectional Area 8000 - ft?
Treatment Zone Volume 160,000 - ft>
Treatment Zone Total Pore Volume (total volume x total porosity) 418,992 - gallons
Treatment Zone Effective Pore Volume (total volume x effective porosity) 143,654 - gallons
Design Period of Performance 3.0 5to5 year
Design Factor (times the electron acceptor hydrogen demand) 3.0 2t0 20 unitless
2. Treatment Zone Hydrogeologic Properties
Total Porosity 35% .05-50 percent Literature-based value for siltstone
Effective Porosity 12% .05-50 percent Literature-based value for siltstone
Average Aquifer Hydraulic Conductivity 0.24 .01-1000 ft/day Site-specific value based on aquifer tests
Average Hydraulic Gradient 0.05 0.0001-0.1  ft/ft Based on groundwater level data
Average Groundwater Seepage Velocity through the Treatment Zone 0.10 - ft/day
Average Groundwater Seepage Velocity through the Treatment Zone 36.5 - ftlyr
Average Groundwater Discharge through the Treatment Zone 262,169 - gallons/year
Soil Bulk Density 14 1.4-2.0 gmicm®
Soil Fraction Organic Carbon (foc) 0.05% 0.01-10 percent
3. Native Electron Acceptors
A. Aqueous-Phase Native Electron Acceptors
Oxygen 1.8 0.01to 10  mg/L Average value for Site 2 area (see table in the Work Plan)
Nitrate 8.60 0.1 to- 20 mg/L Average value for Site 2 area (see table in the Work Plan)
Sulfate 217 10t0 5,000 mg/L Average value for Site 2 area (see table in the Work Plan)
Carbon Dioxide (estimated as the amount of Methane produced) 10.0 0.1to0 20 mg/L Average value for Site 2 area (see table in the Work Plan)
B. Solid-Phase Native Electron Acceptors
Manganese (IV) (estimated as the amount of Mn (l1) produced) 20 | 0.1t0 20 mg/L
Iron (I1l) (estimated as the amount of Fe (Il) produced) 20 | 0.1to 20 mg/L
4. Contaminant Electron Acceptors
Tetrachloroethene (PCE) 0.005 - mg/L September 2009 data prior to pilot study.
Trichloroethene (TCE) 0.047 - mg/L September 2009 data prior to pilot study.
Dichloroethene (cis-DCE, trans-DCE, and 1,1-DCE) 0.000 - mg/L
Vinyl Chloride (VC) 0.000 - mg/L
Carbon Tetrachloride (CT) 0.000 - mg/L
Trichloromethane ( or chloroform) (CF) 0.000 - mg/L
Dichloromethane (or methylene chloride) (MC) 0.000 - mg/L
Chloromethane 0.000 - mg/L
Tetrachloroethane (1,1,1,2-PCA and 1,1,2,2-PCA) 0.000 - mg/L
Trichloroethane (1,1,1-TCA and 1,1,2-TCA) 0.000 - mg/L
Dichloroethane (1,1-DCA and 1,2-DCA) 0.000 - mg/L
Chloroethane 0.000 - mg/L
Perchlorate 0.012 - mg/L March 2011 perchlorate concentration at 01-PZ21A
5. Aquifer Geochemistry (Optional Screening Parameters)
A. Aqueous Geochemistry
Oxidation-Reduction Potential (ORP) 68 -400 to +500 mV Average
Temperature 5.0 to 30 °C
pH 7.0 4.0t010.0 su Average
Alkalinity 337 10t0 1,000 mg/L Average
Total Dissolved Solids (TDS, or salinity) 10to 1,000 mg/L
Specific Conductivity 100 to 10,000 ps/cm
Chloride 10to 10,000 mg/L
Sulfide - Pre injection 0.0 0.1t0 100  mg/L
Sulfide - Post injection 0.0 0.1t0 100 mg/L
B. Aquifer Matrix
Total Iron 200 to 20,000 mg/kg
Cation Exchange Capacity NA 1.0t0 10 meq/100 g
Neutralization Potential 1.0to 100  Percentas CaCOg

NOTES:
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Substrate Estimating Tool (Version 1.2)

Table S.5 Output for Substrate Requirements in Hydrogen Equivalents

E RETURN TO COVER PAGE ]

Site Name: IRP Site 1 Groundwater Boundary PRB

1. Treatment Zone Physical Dimensions

Values Units Values Units
Width (perpendicular to groundwater flow) 200 feet 61 meters
Length (parallel to groundwater flow) 20 feet 6.1 meters
Saturated Thickness 40 feet 12.2 meters
Design Period of Performance 3 years 3 years
2. Treatment Zone Hydrogeologic Properties
Values Units Values Units
Total Porosity 0.35 percent 0.35 percent
Effective Porosity 0.12 percent 0.12 percent
Average Aquifer Hydraulic Conductivity 0.24 ft/day 8.5E-05 cm/sec
Average Hydraulic Gradient 0.05 ft/ft 0.05 m/m
Average Groundwater Seepage Velocity 0.10 ft/day 3.0E+00 cm/day
Average Groundwater Seepage Velocity 37 ftiyr 11.1 m/yr
Effective Treatment Zone Pore Volume 143,654 gallons 543,776 liters
Groundwater Flux (per year) 262,169 gallons/year 992,391 liters/year
Total Groundwater Volume Treated 930,162 gallons total 3,520,949 liters total
(over entire design period)
3. Distribution of Electron Acceptor Demand Distribution of Electron Acceptors
Hydrogen
Percent of Total Demand (Ib) - —
Aerobic Respiration 0.9% 1.760 0.9% BAgroblc Respiration
Nitrate Reduction 3.2% 6.345 ’5 3.2% BNitrate Reduction
Sulfate Reduction 71.8% 141.419 a 2 0% aManganese Reduction
Manganese Reduction 2.9% 5.697 8 '
Iron Reduction 1.4% 2.802 Q 1.4% Olron Reduction
Methanogenesis 19.8% 39.004 < - et Redution
Dechlorination 0.0% 0.021 o
Perchlorate Reduction 0.0% 0.008 5 19.8% BMethanogenesis
Totals: 100.00% 197.05 uij 0.0% BDechiorination
0,
Hydrogen demand in pounds/gallon: 2.12E-04 0.0% @Perchlorate Reduction
Hydrogen demand in grams per liter: 2.54E-02
0% 20% 40% 60% 80% 100%
Percent
4. Substrate Equivalents: Design Factor =
Effective
Quantity Quantity Concentration  Effective concentration is for total
Product (Ib) (gallons) (mg/L) volume of groundwater treated.
1. Sodium Lactate Product 27,401 2,491 1,701 as lactic acid
2. Molasses Product 20,911 1,743 1,616 as sucrose
3. Fructose Product 16,513 1,474 1,702 as fructose
4. Ethanol Product 8,443 1,224 870 as ethanol
5. Sweet Dry Whey (lactose) 13,024 sold by pound 1,175 as lactose
6. HRC® 10,012 sold by pound 1,032 as 40% lactic acid/40% glycerol
7. Linoleic Acid (Soybean Oil) 5,141 659 662 as soybean oil
8. Emulsified Vegetable Oil 8,568 1,098 662 as soybean oil
Notes:
1. Quantity assumes product is 60% sodium lactate by weight.
2. Quantity assumes product is 60% sucrose by weight and weighs 12 pounds per gallon.
3. Quantity assumes product is 80% fructose by weight and weighs 11.2 pounds per gallon.
4. Quantity assumes product is 80% ethanol by weight and weighs 6.9 pounds per gallon.
5. Quantity assumes product is 70% lactose by weight.
6. Quantity assumes HRC® is 40% lactic acid and 40% glycerol by weight.
7. Quantity of neat soybean oil, corn oil, or canola oil.
8. Quantity assumes commercial product is 60% soybean oil by weight.
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Equipment Decontamination

Procedure 3-06

1.0
1.1

1.2

13

2.0

2.1

Purpose and Scope

This standard operating procedure (SOP) describes methods of equipment decontamination, used for
activities where samples for chemical analysis are collected or where equipment will need cleaning
before leaving a site or before use in subsequent activities.

This procedure is the Program-approved professional guidance for work performed by AECOM-
Envirocon Joint Venture (AEJV) for task orders issued under the Performance Based Environmental
Multiple Award Contract Number N62473-11-D-2231.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

It is the responsibility of the Site Safety and Health Officer (SSHO) to set up the site zones (i.e.,
exclusion, transition, and clean) and decontamination areas. Generally the decontamination area is
located within the transition zone, upwind of intrusive activities, and serves as the washing area for both
personnel and equipment to minimize the spread of contamination into the clean zone. Typically, for
equipment, a series of buckets are set up on a visqueen-lined bermed area. Separate spray bottles
containing cleaning solvents as described in this procedure or the project Work Plan (WP) and distilled
water are used for final rinsing of equipment. Depending on the nature of the hazards and the site
location, decontamination of heavy equipment, such as augers, pump drop pipe, and vehicles, may be
accomplished using a variety of techniques.

All Field Personnel responsible for equipment decontamination must adhere to the site-specific health
and safety plan (SSHSP) and must wear the personal protective equipment (PPE) specified in the
SSHSP. Generally this includes, at a minimum, steel-toed boots, safety glasses, American National
Standards Institute (ANSI)-standard hard hats, and hearing protection (if heavy equipment is in
operation). Air monitoring by the SSHO may result in an upgrade to the use of respirators and cartridges
in the decontamination area; therefore, this equipment must be available on site. If safe alternatives are
not achievable, discontinue site activities immediately.

In addition to the aforementioned precautions, the following sections describe safe work practices that
will be employed.

Chemical Hazards associated with Equipment Decontamination

Avoid skin contact with and/or incidental ingestion of decontamination solutions and water.
e Utilize PPE as specified in the site-specific SSHSP to maximize splash protection.

¢ Refer to material safety data sheets, safety personnel, and/or consult sampling personnel regarding
appropriate safety measures (i.e., handling, PPE including skin and respiratory).

e Take the necessary precautions when handling detergents and reagents.

3-06 Equipment Decontamination
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Physical Hazards associated with Equipment Decontamination

e To avoid possible back strain, it is recommended to raise the decontamination area 1 to 2 feet above
ground level.

e To avoid heat stress, over exertion, and exhaustion, it is recommended to rotate equipment
decontamination among all site personnel.

e Take necessary precautions when handling field sampling equipment.

Terms and Definitions

None.

Training and Qualifications

The Project Manager (PM) is responsible for ensuring that decontamination activities comply with this
procedure. The PM is responsible for ensuring that all personnel involved in equipment decontamination
shall have the appropriate education, experience, and training to perform their assigned tasks.

The Program Quality Control Manager is responsible for ensuring overall compliance with this
procedure.

The Field Manager is responsible for ensuring that all field equipment is decontaminated according to
this procedure.

All Field Personnel are responsible for the implementation of this procedure.

Procedure

Decontamination of equipment used in soil/sediment sampling, groundwater monitoring, well drilling and
well development, as well as equipment used to sample groundwater, surface water, sediment, waste,
wipe, asbestos, and unsaturated zone, is necessary to prevent cross-contamination and to maintain the
highest integrity possible in collected samples. Planning a decontamination program requires
consideration of the following factors:

e Location where the decontamination procedures will be conducted

e Types of equipment requiring decontamination

e  Frequency of equipment decontamination

¢ Cleaning technique and types of cleaning solutions appropriate to the contaminants of concern

e Method for containing the residual contaminants and wash water from the decontamination process
e Use of a quality control measure to determine the effectiveness of the decontamination procedure

The following subsections describe standards for decontamination, including the frequency of
decontamination, cleaning solutions and techniques, containment of residual contaminants and cleaning
solutions, and effectiveness.

Decontamination Area

Select an appropriate location for the decontamination area at a site based on the ability to control
access to the area, the ability to control residual material removed from equipment, the need to store
clean equipment, and the ability to restrict access to the area being investigated. Locate the
decontamination area an adequate distance away and upwind from potential contaminant sources to
avoid contamination of clean equipment.
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Types of Equipment

Drilling equipment that must be decontaminated includes drill bits, auger sections, drill-string tools, drill
rods, split barrel samplers, tremie pipes, clamps, hand tools, and steel cable. Decontamination of
monitoring well development and groundwater sampling equipment includes submersible pumps, bailers,
interface probes, water level meters, bladder pumps, airlift pumps, peristaltic pumps, and lysimeters.
Other sampling equipment that requires decontamination includes, but is not limited to, hand trowels,
hand augers, slide hammer samplers, shovels, stainless-steel spoons and bowls, soil sample liners and
caps, wipe sampling templates, composite liquid waste samplers, and dippers. Equipment with a porous
surface, such as rope, cloth hoses, and wooden blocks, cannot be thoroughly decontaminated and shall
be properly disposed of after one use.

Frequency of Equipment Decontamination

Decontaminate down-hole drilling equipment and equipment used in monitoring well development and
purging prior to initial use and between each borehole or well. Down-hole drilling equipment, however,
may require more frequent cleaning to prevent cross-contamination between vertical zones within a
single borehole. When drilling through a shallow contaminated zone and installing a surface casing to
seal off the contaminated zone, decontaminate the drilling tools prior to drilling deeper. Initiate
groundwater sampling by sampling groundwater from the monitoring well where the least contamination
is suspected. Decontaminate groundwater, surface water, and soil sampling devices prior to initial use
and between collection of each sample to prevent the possible introduction of contaminants into
successive samples.

Cleaning Solutions and Techniques

Decontamination can be accomplished using a variety of techniques and fluids. The preferred method of
decontaminating major equipment, such as drill bits, augers, drill string, and pump drop-pipe, is steam
cleaning. To steam clean, use a portable, high-pressure steam cleaner equipped with a pressure hose
and fittings. For this method, thoroughly steam wash equipment and rinse it with potable tap water to
remove particulates and contaminants.

A rinse decontamination procedure is acceptable for equipment such as bailers, water level meters, new
and re-used soil sample liners, and hand tools. The decontamination procedure shall consist of the
following: (1) wash with a non-phosphate detergent (Alconox®, Liquinox®, or other suitable detergent)
and potable water solution; (2) rinse with potable water; (3) spray with laboratory-grade isopropyl alcohol;
(4) rinse with deionized or distilled water; and (5) spray with deionized or distilled water. If possible,
disassemble equipment prior to cleaning. Add a second wash at the beginning of the process if
equipment is very soiled.

Decontaminating submersible pumps requires additional effort because internal surfaces become
contaminated during usage. Decontaminate these pumps by washing and rinsing the outside surfaces
using the procedure described for small equipment or by steam cleaning. Decontaminate the internal
surfaces by recirculating fluids through the pump while it is operating. This recirculation may be done
using a relatively long (typically 4 feet) large-diameter pipe (4-inch or greater) equipped with a bottom
cap. Fill the pipe with the decontamination fluids, place the pump within the capped pipe, and operate the
pump while recirculating the fluids back into the pipe. The decontamination sequence shall include:
(1) detergent and potable water; (2) potable water rinse; (3) potable water rinse; and (4) deionized water
rinse. Change the decontamination fluids after each decontamination cycle.

Solvents other than isopropyl alcohol may be used, depending upon the contaminants involved. For
example, if polychlorinated biphenyls or chlorinated pesticides are contaminants of concern, hexane may
be used as the decontamination solvent; however, if samples are also to be analyzed for volatile
organics, hexane shall not be used. In addition, some decontamination solvents have health effects that
must be considered. Decontamination water shall consist of distilled or deionized water. Steam-distilled
water shall not be used in the decontamination process as this type of water usually contains elevated
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concentrations of metals. Decontamination solvents to be used during field activities will be specified in
the project WP.

Rinse equipment used for measuring field parameters, such as pH (indicates the hydrogen ion
concentration — acidity or basicity), temperature, specific conductivity, and turbidity with deionized or
distilled water after each measurement. Also wash new, unused soil sample liners and caps with a fresh
detergent solution and rinse them with potable water followed by distilled or deionized water to remove
any dirt or cutting oils that might be on them prior to use.

Containment of Residual Contaminants and Cleaning Solutions

A decontamination program for equipment exposed to potentially hazardous materials requires a
provision for catchment and disposal of the contaminated material, cleaning solution, and wash water.

When contaminated material and cleaning fluids must be contained from heavy equipment, such as drill
rigs and support vehicles, the area must be properly floored, preferably with a concrete pad that slopes
toward a sump pit. If a concrete pad is impractical, planking can be used to construct solid flooring that is
then covered by a nonporous surface and sloped toward a collection sump. If the decontamination area
lacks a collection sump, use plastic sheeting and blocks or other objects to create a bermed area for
collection of equipment decontamination water. Situate items, such as auger flights, which can be placed
on metal stands or other similar equipment, on this equipment during decontamination to prevent contact
with fluids generated by previous equipment decontamination. Store clean equipment in a separate
location to prevent recontamination. Collect decontamination fluids contained within the bermed area and
store them in secured containers as described below.

Use wash buckets or tubs to catch fluids from the decontamination of lighter-weight drilling equipment
and hand-held sampling devices. Collect the decontamination fluids and store them on site in secured
containers, such as U.S. Department of Transportation-approved drums, until their disposition is
determined by laboratory analytical results.

Quality Control and Assurance

A decontamination program must incorporate quality control measures to determine the effectiveness of
cleaning methods. Quality control measures typically include collection of equipment blank samples or
wipe testing. Equipment blanks consist of analyte-free water that has been poured over or through the
sample collection equipment after its final decontamination rinse. Wipe testing is performed by wiping a
cloth over the surface of the equipment after cleaning. These quality control measures provide "after-the
fact" information that may be useful in determining whether or not cleaning methods were effective in
removing the contaminants of concern.

Records, Data Analysis, Calculations

Any project where sampling and analysis is performed shall be executed in accordance with an approved
sampling and analysis plan. This procedure may be incorporated by reference or may be incorporated
with modifications described in the plan.

Deviations from this procedure or the sampling and analysis plan shall be documented in field records.
Significant changes shall be approved by the Program Quality Control Manager.
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Monitoring/Injection Well Drilling, Installation and Abandonment

Procedure 3-12

1.0
1.1

1.2

1.3

2.0

2.1

Purpose and Scope

This standard operating procedure (SOP) describes the methods and procedures used during the
drilling, installation and abandonment of groundwater injection and monitoring wells. It describes the
components of well design and installation and sets forth the rationale for use of various well installation
techniques in specific situations.

This procedure is the Program-approved professional guidance for work performed by AECOM-
Envirocon Joint Venture (AEJV) for task orders issued under the Performance Based Environmental
Multiple Award Contract Number N62473-11-D-2231.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

Field personnel shall perform work in accordance with the site-specific health and safety plan (SSHSP).
During well installation, subcontractors in direct contact with potentially contaminated media shall wear
the proper personal protective equipment (PPE) as outlined in the SSHSP. Failure to comply will result in
disciplinary action. In addition, all drill rigs shall ensure that a guard is in place around the auger (physical
guard around the auger; barricade around the perimeter of the auger; or electronic brake activated by a
presence-sensing device) to guard against employee contact with the auger.

If circumstances warrant, a real-time immediate response instrument, such as a Miniram Dust Monitor,
organic vapor analyzer, HNu, Thermo, Draeger or Sensidyne tubes, or explosimeter, will be used to
monitor the work area. When real/time instrument response exceeds the permissible exposure limit,
personnel shall don the appropriate PPE and alternate control measures to ensure personnel safety. If
safe control measures are not achievable, field activities shall be discontinued immediately.

Depending upon the type of contaminant expected, the following subsections describe safe work
practices to be employed.

General Procedures

o Conduct subsurface utility clearance before any subsurface activities begins. Use the regional
utility clearance hotline as well as a private utility locating service.

° Check for, and avoid any overhead utilities before setting drill rigs at any well locations.
o Avoid skin contact with and/or incidental ingestion of soil cuttings.

° Utilize protective clothing, steel-toed boots, gloves, hearing protection, and safety glasses as
warranted.

° Stand upwind of the borehole, and/or use respiratory protection to avoid breathing constituents
vented from the boring.

° Set up site control around the drill rig to keep unnecessary personnel from entering the drilling
area.
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Flammable or Explosive Conditions

° If warranted, monitor explosive gases as continuously as possible using an explosimeter and

oxygen meter.
° Place all ignition sources upwind or crosswind of the borehole.
° If explosive gases exceed the designated action levels as specified in the site-specific HSP, cease

operations and evaluate conditions.

Physical Hazards associated with Well Installation

° To avoid lifting injuries associated with hollow-stem continuous-flight auger use and general well
installation practices, use the large muscles of the legs, not the back. Use mechanical means of
lifting whenever possible.

° Stay clear of all moving equipment and avoid wearing loose fitting clothing.
° When using cutting devices, cut away from self.

° To avoid slip/trip/fall conditions as a result of drilling activities, keep the area clear of excess soil
cuttings and use textured boots/boot cover bottoms in muddy areas. Practice good housekeeping
procedures in and around all work and staging areas.

° To avoid heat/cold stress as a result of exposure to extreme temperatures and PPE, drink
electrolyte replacement fluids (1 to 2 cups per hour is recommended) and, in cases of extreme cold,
wear fitted insulating clothing.

° Be aware of restricted mobility caused by PPE.

Terms and Definitions

Filter Pack: Filter pack is sand or gravel that is smooth, uniform, clean, well-rounded, and siliceous. It is
placed in the annulus of the well between the borehole wall and the well screen to prevent formation
materials from entering the well and to stabilize the adjacent formation.

Annulus: The annulus is the down hole space between the borehole wall and the well casing and
screen.

Bridge: A bridge is an obstruction in the drill hole or annulus. A bridge is usually formed by caving of the
wall of the well bore, by the intrusion of a large boulder, or by filter pack materials during well completion.
Bridging can also occur in the formation during well development.

Grout: Grout is a fluid mixture of cement and water that can be forced through a pipe and emplaced in
the annular space between the borehole and casing to form an impermeable seal. Various additives,
such as sand, bentonite, and polymers, may be included in the mixture to meet certain requirements.

Sieve Analysis: Sieve analysis is the evaluation of the particle-size distribution of a soil, sediment, or
rock by measuring the percentage of the particles that will pass through standard sieves of various sizes.

Training and Qualifications

Project Managers (PMs) are responsible for issuing work plans (WPs) that reflect the procedures and
specifications presented in this procedure. Individual municipalities, county agencies, and possibly state
regulatory agencies enforce regulations that may include well construction and installation requirements.
The PM shall be familiar with current local and state regulations, and ensure that these regulations are
followed. Regulations are subject to constant revision. Every effort should be made to stay informed of
these changes through contact with the agencies that oversee work in specific project areas, prior to
initiation of field activities. The PM or designee shall review all well construction logs on a minimum
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monthly basis. The PM is responsible for ensuring that all personnel involved in monitoring well
installation and abandonment shall have the appropriate education, experience, and training to perform
their assigned tasks.

The Program Quality Control Manager is responsible for ensuring overall compliance with this
procedure.

The Field Manager is responsible for direct supervision of the installation of monitoring wells and
ensuring that procedures and specifications in the field are properly and safely implemented. The
qualifications for the Field Manager include a degree in geology, hydrogeology, environmental science,
or civil/geotechnical/environmental engineering with at least 2 years of field experience in the installation
of monitoring wells. The Field Manager must have completed the 30-hour OSHA construction training.

All field personnel are responsible for the proper and safe implementation of this procedure. Field
personnel must have completed the 40-hour HAZWOPER training and be up to date on annual
refresher courses. Field personnel must be currently enrolled in a medical monitoring program.

The Field Manager or designee is expected to obtain a description of the lithologic samples obtained
during the borehole drilling and construction of each well. These data are often required to provide
guidance regarding the installation of specific components of the well.

Equipment and Supplies

CME 85 or CMW 95 Hollow Stem Auger drill rig: Truck or track mounted drill rig capable of advancing
hollow stem augers to desired depths. Fitted with a manual or auto-hammer to collect undisturbed split-
spoon samples ahead of the drill bit.

Direct Push drill rig: Truck or track mounted direct push drill rig capable of advancing 2.25-inch drill rods
to the desired depth.

Emulsified Vegetable Oil or similar subsurface biological amendment:
Calibration or Standardization

Procedure
Well Design Considerations

The following information is compiled from a number of technical references. For additional information
related to well installation, consult the references listed in the last section of this procedure.

Well Placement

The location of monitoring and injection wells should be determined during the development of the work
plan. Changes in well locations may have to be made in the field based upon underground and
overhead utility locations, topographic features and site access issues. Any changes to well locations
should be discussed with the project team.

Well Depth and Screened Interval

Well Depths and screened intervals for monitoring and injection wells should be determined during the
development of the work plan. Based upon subsurface conditions encourtered during drilling, the well
depths and screen intervals may need to be adjusted and should be discussed with the project team
before permanent decisions are made.
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Well Permitting

All wells shall be permitted in accordance with the regulations of the local jurisdiction where well
installation is occurring. Contact local authorities prior to establishing well construction requirements for
the project.

The permit procedure may require permit fees, site inspections, and an application signed by a
registered professional geologist or engineer. Permit requirements may affect field schedules and
budgets. The driller may also be required by law to be licensed and bonded. Provide documentation that
all legal requirements have been met to the appropriate agencies prior to the drilling and installation of
monitoring and injection well.

Selection of Drilling Method

There are a number of different drilling methods that may be employed for the installation of monitoring
and injection wells. Drilling methods should be established during the development of the work plan
based upon the depth and location of the well, subsurface conditions and regulatory requirements.
Conditions encountered during drilling may limit the depth of borehole advancement, and a change in the
drilling method may be needed. Any changes in the drilling method should be discussed with the project
team. Technical, budgetary and regulatory requirements should be considered before any changes are
made.

The following subsections discuss commonly used drilling methods and their applicability to installation of
monitoring wells. Regardless of the drilling method selected, decontaminate all drilling equipment using
Procedure 3-06, Equipment Decontamination. Follow these procedures before use and between
borehole locations to prevent cross-contamination. In addition to selecting the proper drilling technique,
take other precautions to prevent distribution of any existing contaminants throughout the borehole or
across different water bearing units.

Hollow-Stem Continuous-Flight Auger

HSA is the most frequently employed method used in the environmental industry for the drilling and
installation of shallow wells in unconsolidated materials. Drilling with HSA is possible in loose sand and
gravel, loose boulders in alluvium, clay, silt, shale, and sandstone. HSA drilling is usually limited to
unconsolidated materials and depths of approximately 150 to 200 feet. HSA drill rigs are mobile,
relatively inexpensive to operate, generally cause minimal disturbance to the subsurface materials, and
have the additional advantage of not introducing drilling fluids (e.g., air, mud, or foam) to the formation.

Another advantage of the HSA method is that undisturbed samples are obtained by driving a split-spoon
sampler below the lead drill bit. Soil samples can usually be easily collected in this manner with a
minimum of tripping sampling tools into and out of the hole.

Moreover, in the HSA drilling method, the well is constructed inside the HSAs as the augers are
gradually removed from the ground. This method decreases the possibility of the borehole collapsing
before the well is installed. HSAs shall have a nominal outside auger-flight diameter of 10 to 12 inches
and a minimum inside diameter of 8 inches. Larger inside diameter auger flights are sometimes
available. Well casing diameter is usually limited to 4 inches or less when using the HSA method. The
difference between the inner diameter (1.D.) of the auger and the outer diameter (O.D.) of the well casing
shall be at least 4 inches (i.e., a minimum 2-inch annular space) to permit effective placement of filter
pack, bentonite seal, and grout without bridging.

Direct Push

Direct push methods for monitoring and injection well installation are limited to use in unconsolidated
formations such as alluvial/stream sediments, glacial deposits, and loose sediments. Direct push
methods are generally successful at penetrating clays, silts, sands and some gravel to depths ranging
from 50 to 75 feet bgs. Direct push methods are not designed for penetration of consolidated bedrocks.

3-12 Monitoring Well Installation and Abandonment
Revision 0 March 2012 4 of 14

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON THE AEJV ONESOURCE SITE.



Ty

AECOM -
ENVIROCON
JOINT VENTURE

Direct push drilling involves driving steel rods through the subsurface using a truck mounted vibratory
percussion hammer. The rods are typically hollow and can be driven using a solid fixed tip to push soil
aside producing no soil cuttings, or using a retractable tip that allows continuous soil cores to be
collected during drilling to depth, removing all soil from the borehole.

The direct push rods usually must be removed before well installation, which could cause borehole
collapse in looser formations. Direct push technology is typically the fastest and least expensive method
of drilling, but well sizes are limited to 2-inch OD or less, and there are depth limitations.

For the purposes of substrate injection the direct push rig can advance drill rods to the desired depth, pull
back on the drill rod string to expose the sampling/injection screen, and inject substrate into the
subsurface through the drill rods, under pressure. This procedure allows a one-time injection without the
costs associated with a permanent well construction and subsequent abandonment.

7.3 Monitoring Well Design Procedures

Discussion of the design of the individual components of a typical monitoring well is given in the following
subsections.

7.3.1 Pre-Installation Design Drawing

Develop a pre-installation design drawing before the borehole for the well is drilled, and borehole-specific
lithologic and hydrologic information are available. The pre-installation design should be based on
previous borings and other site specific data that is available. The pre-design drawing shall identify the
anticipated depth of the well, the locations of the top and bottom of the screened interval, the anticipated
top of the filter pack, the anticipated top of the bentonite seal, and the locations of centralizers (if
applicable). In addition, calculate the volumes of sand, bentonite, and grout anticipated to be placed in
the annular space of the well. Maintain the drawing as documentation of the well design. Based upon
the subsurface conditions during drilling the well design may need to be modified at the time of
installation. Any changes to the well design should be discussed with the project team and regulators
before well installation proceeds.

7.4 Monitoring/Injection Well Installation Techniques
The following general procedures describe the installation of injection or groundwater monitoring wells.
7.41 General Casing and Screen Installation Techniques

Following completion of the borehole, the Field Manager or designee will first measure the total depth of
the borehole to ensure that the desired depth has been attained. The lengths of casing and screen shall
also be measured. These measurements shall be made with an accuracy of 0.01 feet using either a
fiberglass or steel tape measure.

Installation of the casing and screen is normally accomplished by emplacing them into the borehole as
an integral unit. Prior to installation, decontaminate individual lengths of the well casing and screen
according to Procedure 3-06, Equipment Decontamination, unless the casing and screen were certified
by the manufacturer to have been properly pre-cleaned at the factory and sealed in plastic. Following
decontamination, inspect each length to ensure that damaged or otherwise unsuitable sections are not
used.

To ensure even distribution of filter pack, bentonite seal, and grout materials around the well within the
borehole, suspend the casing and screen with a threaded hoisting plug and do not allow them to rest on
the bottom of the boring unless the installation is less than 30 feet deep.

A clamp may be used to hold the well string at the surface so the hoisting plug can be removed as
additional screen or casing pieces are added during installation. The length of the clamp must be wider
than the borehole diameter and have a solid, stable platform to rest upon during construction of the well.
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742 Centralizers

Install centralizers at the top and bottom of screened sections when using the air or mud rotary techniques
for well installation. Also place centralizers at 20- to 40-foot intervals on blank casing; the Field Manager
will determine the spacing according to the depth of the well. Align the centralizers from top to bottom of the
casing so that they do not interfere with the insertion and removal of the tremie pipe and measuring tape.
All devices used to affix centralizers to the casing shall not puncture the casing or contaminate the
groundwater with which they come in contact. Centralizers shall be constructed of stainless steel.

74.3 Filter Pack Installation

Prior to the addition of any filter pack material, cover the top of the well casing to prevent filter pack
material from entering it.

The filter pack is usually installed through HSAs, conductor casing, or a tremie pipe depending on the
drilling technique used; however, if the depth to the bottom of the screened interval is less than 10 feet
and lithologic materials are sufficiently consolidated to preclude the possibility of hole collapse, the filter
pack may be poured into the annular space of the well from the ground surface. This procedure applies
to any drilling method.

During installation, measure the level of the top of the filter pack periodically to ensure that no bridging
has occurred, and to determine the depth to the top of the filter pack. Be sure that the filter pack encloses
the entire length of the screened section. For wells less than 100 feet in total depth, the filter pack shall
generally extend to 2 feet above the top of the screened section of the well. For wells greater than
100 feet in total depth, an additional 1 foot of filter pack may be emplaced above the screen for each
100 feet of well depth.

Following the installation of the filter pack, a surge block or large bailer shall be moved up and down the
length of the screen interval for approximately 10 minutes to set and compact the filter pack and to begin
well development. After surging the well, check the level of the filter pack again. Add more filter pack
material according to the procedures described above if any settling of the filter pack has occurred, and
repeat the surging process to set the additional filter pack. After emplacement, note the volume of filter
pack material placed in the well, record it in the well completion record (Figure 3-12-1), and compare it to
the calculated volume of filter pack that was expected to have been used. Record the depth to the top of
the filter pack from the ground surface.

744 Annular Seal Installation

The sodium bentonite transition seal shall have a minimum thickness of 3 feet. It may be constructed of
powdered, granular, or pelletized bentonite, and may be emplaced as a dry solid, powder, or slurry. Use
only sodium bentonite manufactured specifically for use in the drilling and construction of water wells.
Typically, granular or pelletized bentonite is emplaced dry. Powdered bentonite is usually mixed with
potable water to produce slurry. Depending on the type of installation method, the bentonite may be
emplaced through the HSAs, conductor casing, or tremie pipe.

In dry form, place the bentonite directly on the top of the filter pack. After emplacing each 1-foot-thick
layer of dry bentonite in the well, add approximately 5 gallons of water of known chemical quality to
hydrate the bentonite. Allow a minimum of 15 minutes for hydration of the bentonite seal once it has
been completely installed.

When emplacing the bentonite in slurry form, take care that the bentonite is thoroughly mixed, with no
visible lumps, to ensure the proper consistency. Before placement of the seal, place a 1-foot layer of fine-
grained silica sand over the top of the filter pack. This fine-grained sand layer will prevent invasion of the
filter pack by the bentonite slurry.
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Monitoring/Injection Well Construction Log

Project Name:

Project Number:

Project address:

Well ID:

Sheet of

Drillers name:

Borehole
Diameter (in):

Total Depth
(ft bgs):

Drilling Company:

Date Started:

Approx. Depth to
Water (ft bgs):

Drilling Equipment:

Date Completed:

TOC Elevation
and Datum:

Drilling Method:

Logged by:

Northing and
Datum:

Drilling Fluid:

Checked by:

Easting and
Datum:

Depth
(feet bgs)

0.00

Surface Elev:

TD:

Borehole
Dia. (In)

Protective Casing
Material/Type:

Diameter:

Guard Posts ()

Surface Pad
Type:

Well Casing
Type:

Diameter:

Interval BGS:

Well Casing Screen
Type:

Diameter:

Slot Size and Type:

Interval BGS:

Sanitary Seal/Cement

Type:

Interval BGS:

Quantity:

Tremied (Y/N)

Centralizers
Depth:

Bentonite Seal
Type:

Setup/Hydration time:

Interval BGS:

Quantity:

Tremied (Y/N)

Filter Pack
Type:

Interval BGS:

Quantity:

Tremied (Y/N)

Bottom Cap
Type:

Interval BGS:

Bottom Bentonite Seal

Type:

Setup/Hydration time:

Interval BGS:

Quantity:

Tremied (Y/N)
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Following the emplacement of the transition bentonite seal, emplace the remaining annular seal. The
annular seal shall be slurry consisting of 7 to 9 gallons of water per 94-pound bag of Portland cement
Type | or Il and a minimum of 3 to 5 percent bentonite (1/4 to 1/2 bags of bentonite powder per five bags
of Portland cement). The slurry may be emplaced through an HSA, conductor casing, or tremie pipe,
depending on the method of installation. Thoroughly mix the grout to ensure the proper consistency with
no visible lumps of dehydrated powder. The rates at which the augers or pipe are withdrawn and the
slurry added will be such that the level of the grout within the well annulus is just below the lowermost
auger or pipe.

If a tremie pipe is used, emplace the annular grout seal by pumping through a pipe with a minimum 1-
inch 1.D., in one continuous pour, from the top of the transition seal to the ground surface. Place the
bottom of the tremie pipe about 5 to 10 feet above the transition seal, depending on the stability of the
hole and impact velocity of the grout.

A tremie pipe is not required for annular seals less than 10 feet from the ground surface to the top of the
transition seal or for grouting within dual wall drill strings or HSAs. Measure the volume of grout seal
material placed in the well, record it in the well construction log, and compare it with the calculated
volume. The slurry shall extend from the top of the bentonite seal to a depth of approximately 2 feet
below ground surface (bgs).

Annular Seal “Set Time” and Setting

Let the annular grout seal set at least 12 hours before disturbing the casing or well so that separations or
breaks do not occur between the seal and the casing, or between the seal and the borehole.
Development of the well is prohibited until the grout seal has set. Likewise, the concrete slab, traffic box,
and/or casing riser of the surface completion shall not be poured and constructed until the grout seal has
set. Top off any settlement of the grout seal as soon as possible after it sets. Record all pertinent data on
the well construction log.

Surface Completion

The surface of a groundwater monitoring well shall be either an aboveground completion or as a flush-to-
ground completion. Regardless of the method, each monitoring well shall have, at a minimum, a casing
cap, concrete slab and annular seal, and a locking protective casing or locking vault.

In an aboveground completion, the protective casing or monument is installed around the top of the well
casing within a cement surface seal. A 2-foot-long by 2-foot-wide cement pad with a minimum thickness
of 3 inches is constructed around the protective casing. Type 1 Portland cement, which meets the
requirements of Class A standards, is used for the surface seal. Inspect the monument prior to
installation to ensure that no oils, coatings, or chemicals are present. Once installed, maintain the
monument in a plumb position with 2 to 3 inches of clearance between the top of the well casing and the
lid of the monument. The monument shall extend at least 18 inches above grade and at least 12 inches
below grade. In areas where frost heaving is considered a factor, the casing shall extend below the frost
depth. Construct a minimum of three concrete-filled posts around the well to protect it from vehicular
damage.

Inside the monument, cut or scribe two permanent survey marks, approximately 0.25 inches apart, into
the top of the well casing and permanently mark the well with its identification number. Cover the top of
the well casing with a slip cap or locking cap to prevent debris from entering the well. Fit the monument
with a casehardened lock to prevent unauthorized entry.

In a flush-to-ground completion, the protective casing or traffic box is installed around the top of the well
casing, which has been cut off slightly below grade. The traffic box has a lid that is held firmly in place by
bolts and has a flexible O-ring or rubber gasket to prevent water from entering the box. The traffic box is
set within a cement surface seal slightly above grade to deflect surface water flow away from the well.
The surface seal extends to a minimum of 4 inches from the outer rim of the traffic box. Type 1 Portland
cement, which meets the requirements of Class A standard, is used for the surface seal. Inspect the
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traffic box prior to installation to ensure that no oils, coatings, or chemicals are present. Once installed,
maintain the traffic box in a level position that leaves 2 to 3 inches of clearance between the top of the
well casing and the lid of the traffic box.

Cut two permanent survey marks into the top of the well casing approximately 0.25 inches apart and
permanently mark the well with its identification number. Cover the top of the well casing with a lockable
cap to prevent debris from entering the well. Also, fit the lockable cap with a casehardened lock to
prevent unauthorized entry.

Installation of Surface Casing

The use of surface casing may be required to minimize the potential for cross-contamination of different
hydrogeologic zones within the subsurface of a site. The depth of placement of the surface casing shall
be based on site-specific geologic knowledge obtained from lithologic samples collected in situ during the
drilling of the well boring.

If a surface casing is to be installed permanently along with the well, grout it in place. The borehole shall
be of sufficient diameter that a tremie or grout pipe can be easily placed between the borehole wall and
the outside of the surface casing. After the desired placement depth is reached and the drilling tools are
removed from the borehole, lower the casing into the borehole and center it. The bottom of the surface
casing may be plugged or driven into the sediment at the base of the borehole to keep grout from
entering the casing, if necessary.

Install grout through the tremie pipe and pump it from the bottom of the casing to ground surface. As the
grout is being placed, raise the tremie pipe slowly to avoid excessive backpressure and potential
clogging of the tremie pipe. After the grout has been allowed to set for at least 24 hours, drilling and
subsequent well installation can continue. The required time for grout to set before drilling can continue
depends on the volume of grout emplaced; the more grout used, the longer the delay time.

Well Construction Recordkeeping Procedures

A written well completion record (Figure 3-12-1) detailing the depths, timing, amount of materials, and
methods of installation/construction for each step of monitoring well construction shall be prepared during
construction of each monitoring well by the Field Manager or designee. Construction records shall be
kept in a hardbound field notebook dedicated to the CTO. An “as-built” drawing illustrating the placement
location and amounts of all materials used in construction of each monitoring well shall be prepared in
the field at the time of construction. The well construction record shall be filled out with indelible ink.
Construction records shall include the date/time and quantities of materials used at each of the following
stages of monitoring well construction, including:

e Dirilling
—  Drill rig type
—  Drilling method/coring method
—  Drill bit/core barrel diameter (hole diameter)
—  Drill company, driller, helper(s)
— Field geologist, supervising geologist
— Dates/times start and finish drilling hole, interval drilling rates
—  Total depth of hole
— Drilling location, surveyed ground elevation
— Inclination of hole from horizontal

e  Borehole abandonment — type, volume, and surface seal
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e Casing material

Type

Top and bottom of section as actually installed
Length

Depth Interval

e Casing decontamination — document process and equipment used

e Casing diameter — nominal I.D. of casing

e  Screen material

Type

Top and bottom of section as actually installed
Length

Depth Interval

Slot type, size, shape

Type of bottom plug and/or cap used

e  Filter pack material

Composition and size gradation
Manufacturer
Actual volume and depth of top and bottom of filter pack

Calculated volume versus actual volume used and explanation of discrepancies

e Transition seal

Composition and depth of top and bottom of seal
Size (or gradation) or material used (e.g., pellets, granulated, or powdered)

Time allowed for hydration prior to emplacement of annular grout slurry seal

e Annular slurry seal

Date and time of beginning and completion of annular seal
Type, depth interval, and actual volume of seal
Calculated volume versus actual volume and explanation of discrepancies

Set time allowed prior to commencement of additional work

e  Surface completion

Type of construction
Nature of materials used for surface completion

Date/time of completion
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A registered land surveyor shall survey each monitoring well location for exact horizontal location to
the nearest 0.5 foot, and exact vertical location to the nearest 0.01 foot, referenced to mean sea level or
mean low low water. The vertical elevation shall be surveyed between the two notches cut in the top of
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the well casing, which is the point from which all water level measurements shall be made. The elevation
of the ground or top of the concrete slab adjacent to the monitoring well shall also be surveyed, to the
nearest 0.01 foot.

Well Abandonment/Destruction

Once a monitoring well is no longer needed as part of an investigation, or has been damaged to the
extent that it cannot be repaired, it is essential that it be properly abandoned. The proper abandonment
of a monitoring well ensures that the underlying groundwater supply is protected and preserved. In
addition, proper well abandonment eliminates a potential physical hazard and liability. An additional
permit and/or inspection may be required for abandonment.

The standard procedures for the abandonment of a groundwater monitoring well apply to the HSA drilling
method. This type of installation was chosen because it is the primary method of abandoning
groundwater monitoring wells.

The first step in abandoning a groundwater monitoring well is to remove the surface completion from
around the top of the well casing. This is normally accomplished using a jackhammer to break the
surface cement seal, and then removing the monument or traffic box. When the surface seal and the
wellhead cover have been removed, over-drill the well to its total depth using HSAs. Once the total depth
of the well has been reached, remove the casing and screen from the borehole. Then completely backfill
the borehole with a grout seal. Typically, the grout seal is emplaced as slurry of Portland cement grout,
which contains a minimum of 3 to 5 percent bentonite as described in Section 7.4.5 When mixing the
slurry, take care that the bentonite is mixed according to the manufacturer’s specifications to ensure the
proper consistency.

Emplace the slurry through the HSAs. The rates at which the augers are withdrawn and the slurry is
added shall be such that the level of the slurry within the borehole is just below the lead auger. The
borehole seal shall extend from the total depth of the borehole to a depth of approximately 1 foot bgs.
Then repair the surface to prior conditions and grade.

If the monitoring well casing cannot be pulled or drilled out, perforate the well casing adjacent to the
saturated zones so that the annular space and any nearby voids can be filled with sealing material. Fill
the perforated well or borehole from the bottom up with an appropriate sealing material, such as neat
cement. Inject the neat cement under pressure to force it into the annular space, nearby voids, and filter
pack. Apply pressure for a sufficient time to allow the cementing mixture to set. After the cement has
hardened, excavate a hole around the well with a backhoe to the depth specified in the Monitoring Well
Abandonment Work Plan and ensure the excavation depth is in accordance with local regulatory agency
guidelines. Remove the uppermost portion of the casing, (if still in place), and pour a cement cap on top
of the abandoned well, and backfill the remaining portion of the excavation with sealing material. Note, if
personnel are required to enter the excavation to remove the upper portion of the casing, then proper
sloping and shoring are required as per Section 25, Excavation and Trenching, of Safety — Safety and
Health Requirements, EM 385-1-1 (USACE 2008).

Vapor Extraction/Monitoring Wells

Vapor extraction/monitoring wells have most of the same design and installation considerations and
procedures as groundwater monitoring wells, with the exception that they are screened in the
unsaturated zone. Vapor extraction/monitoring wells generally shall not be screened over an interval
greater than 20 feet and shall not be screened over two or more lithologies that have air permeabilities
that differ by more than one order of magnitude. Vapor extraction/monitoring wells shall be installed
using drilling techniques that do not require drilling fluids other than filtered air. Vapor monitoring wells
may have casing I.D.s of 2 inches or less while extraction wells shall generally have casing I.D.s of at
least 4 inches. The design of vapor extraction/monitoring wells is dependent upon many site-specific
factors, such as the depth of contamination, soil conditions, geology, and depth to groundwater. As a
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result, specifics related to the design of these wells shall be included in the project WP, sampling and
analysis plan, or plans and specifications.

Drive Points

An alternative to conventional monitoring well construction is, under limited conditions, the use of drive
points. These consist of slotted steel pipe that is pushed, hammered, or hydraulically jetted into the
ground. A filter pack is not constructed around the screen, so the width of the screen openings must be
sufficiently small to prevent the passage of significant quantities of sediment into the well during the
withdrawal of water for sampling. In some instances, the drive points are used only as piezometers.

Drive points are commonly used in hazardous waste investigations to sample ambient soil gases in the
vadose zone. It is often possible to extend the drive point below the water table to collect water samples.
Drive points may also be used as temporary injection wells for subsurface substrate injections. In some
instances, permits may be required because the drive points are considered in some jurisdictions to be
equivalent to a temporary monitoring well.

Hydropunch Sampling

Another alternative to conventional monitoring well construction is the use of a discrete groundwater
sampling device known as a Hydropunch. The Hydropunch tool can be used in conjunction with a
standard drill rig, a cone penetrometer rig, or possibly a vehicle capable of driving vapor probes to
sample groundwater and non-aqueous phase liquid in unconsolidated formations. The Hydropunch tool
is constructed of a stainless steel drive point, a perforated section of Teflon pipe for a sample intake, and
a stainless steel sample chamber. The tool is 55.5 inches long, 2 inches in O.D., and weighs
approximately 24 pounds.

Ideally, a standard HSA drill rig is used to drill a pilot hole to a depth just above the desired sampling
depth. The Hydropunch tool is then hydraulically pushed or driven 4 to 5 feet through the saturated zone
at each sampling location. As the tool is advanced, the sample intake screen remains pristine within the
watertight stainless steel chamber. When the desired sampling interval is reached, the steel sampling
chamber is unscrewed and withdrawn 1 foot to several feet, depending on how discrete a sampling
interval is needed. This exposes the intake screen to the groundwater. Under hydrostatic pressure,
groundwater flows through the intake screen and fills the sample chamber, without aeration or agitation
occurring. The drive cone, which is attached to the base of the screen, will remain in place by soil friction.

The pointed shape of the sampler and its smooth exterior surface prevent downward transport of
surrounding soil and groundwater as the tool is advanced. Once in place, the intake screen will be sealed
from groundwater above and below the interval being sampled, because the exterior of the Hydropunch
tool is flush against the surrounding soil wall. Additionally, as the tool is advanced, the sample intake
screen is retained within the steel watertight sample chamber.

A stainless steel or Teflon bailer with a bottom check valve is lowered into the sample chamber to collect
the groundwater sample. Groundwater is then decanted at ground surface from the bailer into the
appropriate sample containers.

Pre-Pack Well Installation

An alternative to conventional monitoring well construction and installation is through the use of small
diameter pre-fabricated monitoring wells, commonly referred to as “pre-pack” wells. Pre-pack wells
typically consist of a well screen (slotted PVC) surrounded by sand (filter-pack) held in place by a
stainless steel or polyethylene mesh. The pre-pack well assembly is commonly used in conjunction with
direct-push drilling methodologies, which allows a relatively quick installation of these small diameter
wells

Having the filter pack around the slotted PVC before the well screen is installed ensures that the filter
pack is located directly around the well screen and minimizes the effort required for the filter pack
installation.
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During installation, the boring is advanced using hollow drive rods with an expendable drive point. Upon
reaching the desired monitoring well installation depth, the entire well assembly (i.e., pre-pack well) is
lowered to the desired depth within the hollow drive rods. At the desired depth, the hollow drive rods are
retracted to a point above the screen. At this step, a barrier is placed directly above the screen to prevent
grout or material from entering the screened interval as the hollow drive rods are extracted from the boring.
This barrier can be created either by natural formation collapse (occurring during the initial rod retraction),
by gravity installation of fine-grade sand through the rod annulus, or as part of the pre-pack monitoring well
components (e.g., expanding foam bridge). With the barrier in place, granular bentonite or bentonite slurry
is then installed in the annulus to form a well seal.

Vendors offer pre-pack monitoring well components with varying outer diameters, which is typically
based on the inner diameter of the hollow drill rods.

These types of wells may be sampled by several methods, including peristaltic pump, mini-bailer, or
bladder pump, to yield data of similar quality to that of conventional monitoring wells.

Quality Control and Assurance

Well installation and abandonment activities must incorporate quality control measures to ensure that
proper procedures have been followed. All well material must be inspected for cleanliness and to ensure
it is undamaged before being placed in the borehole. Measurements should be taken multiple times and
checked by the driller, field geologist, and QC manager to ensure the well is constructed to proper
specifications.

Quality control measures typically include :

¢ Inspection of all well material before emplacement in the borehole

e Take multiple measurements of screen and well casing to ensure proper length, and that the
well is constructed to the exact specifications of the design.

e As filter pack, bentonite and grout seal materials are emplaced in the borehole, measurements
should continually be taken to ensure that the proper depth intervals are achieved. Itis much
easier to place more material in the borehole than to remove material after it has been
emplaced.

e Compare quantity of materials used, to the quantities estimated for the initial design. Try to
rectify any substantial differences to ensure proper well construction and installation.

These quality control measures provide a level of insurance that the monitoring/injection well has been
properly installed and will perform and function the way it has been designed.
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9.0 Records, Data Analysis, Calculations
Monitoring well location, design, and construction shall be recorded in the field notebook for the CTO and
on a well completion record form (Figure 3-12-1). The Field Manager should provide a copy of this form
to the PM for the project files.
Deviations from this procedure shall be documented in field records. Significant changes shall be
approved by the Program Quality Control Manager.

10.0 Attachments or References

10.1 Driscoll, F.G., Ph.D. 1986. Ground Water and Wells. St. Paul, MN: Johnson Division.

10.2 Environmental Protection Agency, United States (EPA). 1987. A Compendium of Superfund Field
Operations Methods. Office of Solid Waste and Emergency Response. EPA/540/P-87/001.

10.3 EPA. 1990. Handbook of Suggested Practices for the Design and Installation of Groundwater Monitoring
Wells. EPA/600/4-89/034. Office of Research and Development, Washington. March.

10.4 EPA. 1992. RCRA Groundwater Monitoring Draft Technical Guidance. EPA/530/R-93/001. Office of Solid
Waste. November.

10.5 Procedure 3-06, Equipment Decontamination.

10.6 U.S. Army Corps of Engineers. 2008. Manual No. EM 385-1-1. Safety and Health Requirements. 15
November 2008. http://140.194.76.129/publications/eng-manuals/em385-1-1/2008 English/toc.html.
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Amendment Injection Procedures

Procedure 3-13

1.0

11

1.2

13

1.4

2.0

2.1

2.2

Purpose and Scope

This Standard Operating Procedure (SOP) describes the general procedural steps pertaining to the
subsurface injection of bioremediation substrate.

This procedure is the Program-approved professional guidance for work performed by AECOM-
Envirocon Joint Venture (AEJV) for task orders issued under the Performance Based Environmental
Multiple Award Contract Number N62473-11-D-2231.

Substrate is amended to the subsurface by introducing a volume of water containing the desired
concentration to a well or set of wells installed for this purpose. Injection volumes are designed to
achieve a target radius of injection (ROI) around each injection well. Well spacings are selected to
achieve reasonable coverage based on well ROI and groundwater flow conditions, creating a continuous
passive biobarrier/bioreactive zone. The biobarrier is typically oriented perpendicular to the average
horizontal groundwater flow direction to intercept the contaminant plume. Since the objective is to inject
a target design volume of amendment, the injection duration will be governed by the rate at which the
formation will accept flow.

Emulsified Vegetable Oil (EVO) and/or corn syrup will be introduced into each injection well. The
injection will be controlled by the rate at which the subsurface is able to absorb the injected amendment
and the total volume of amendment to be injected.

Safety

Field personnel shall perform work in accordance with the site-specific health and safety plan (SSHSP).
During substrate injection, subcontractors in direct contact with potentially contaminated media shall
wear the proper personal protective equipment (PPE) as outlined in the SSHSP. Failure to comply will
result in disciplinary action.

If circumstances warrant, a real-time immediate response instrument, such as a Miniram Dust Monitor,
organic vapor analyzer, HNu, Thermo, Draeger or Sensidyne tubes, or explosimeter, should be used to
monitor the work area. When real/time instrument response exceeds the permissible exposure limit,
personnel shall don the appropriate PPE and alternate control measures to ensure personnel safety. If
safe control measures are not achievable, field activities shall be discontinued immediately.

Depending upon the type of contaminant expected, the following subsections describe safe work
practices that will be employed.

Particulate or Metal Compounds
° Avoid skin contact with and/or incidental ingestion of soil cuttings.

° Utilize protective clothing, steel-toed boots, gloves, hearing protection, and safety glasses as
warranted.

° Stand upwind of the boring, and/or use respiratory protection to avoid breathing constituents vented
from the boring.
Flammable or Explosive Conditions

° If flammable or explosive conditions are anticipated, monitor explosive gases as continuously as
possible using an explosimeter and oxygen meter.
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° Place all ignition sources upwind or crosswind of the borehole.

° If explosive gases exceed the designated action levels as specified in the SSHSP, cease

operations and evaluate conditions.

Physical Hazards associated with Amendment injection

° Substrate injections usually occur under pressure through hoses. Fittings must be double-checked
to ensure they are properly closed and secured to avoid coming becoming disconnected during
injection.

° Stay clear of all moving equipment and avoid wearing loose fitting clothing.
° When using pocketknives for cutting purposes, cut away from self.

° To avoid slip/trip/fall conditions, as a result of injection activities, keep the work area clear of excess
equipment, and practice good housekeeping procedures to keep working areas unobstructed.

° To avoid heat/cold stress as a result of exposure to extreme temperatures and PPE, drink
electrolyte replacement fluids (1 to 2 cups per hour is recommended) and, in cases of extreme cold,
wear fitted insulating clothing.

° To avoid hazards associated with subsurface utilities, ensure all sampling locations have been
properly surveyed for utilities.

° Be aware of restricted mobility caused by PPE.

Terms and Definitions

High Fructose Corn : A substrate amendment injected into the subsurface to enhance the breakdown
of perchlorate into its daughter products.

Emulsified Vegetable Oil (EVO): A substrate amendment injected into the subsurface to enhance the
breakdown of perchlorate into its daughter products.

Injection Well: A permanent well screened in the target treatment zone, or a temporary well or drive
point injection well used to introduce amendments to the subsurface.

Injection Manifold: Splits the injection substrate from the main line source to multiple lines for injection
to multiple wells at the same time. Each individual line split from the main has separate ball valves, flow
meters and pressure gauges to control distribution to each injection well.

Training and Qualifications

Project Managers (PMs) are responsible for issuing work plans (WPs) that reflect the procedures and
specifications presented in this procedure. Individual municipalities, county agencies, and possibly state
regulatory agencies enforce regulations that may include well construction and installation requirements.
The PM shall be familiar with current local and state regulations, and ensure that these regulations are
followed. Regulations are subject to constant revision. Every effort should be made to stay informed of
these changes through contact with the agencies that oversee work in specific project areas, prior to
initiation of field activities. The PM or designee shall review all well construction logs on a minimum
monthly basis. The PM is responsible for ensuring that all personnel involved in monitoring well
installation and abandonment shall have the appropriate education, experience, and training to perform
their assigned tasks.

The Program Quality Control Manager is responsible for ensuring overall compliance with this
procedure.

The Field Manager is responsible for direct supervision of the injection activities and ensuring that
procedures and specifications are implemented in the field. The qualifications for the Field Manager
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include a degree in geology, hydrogeology, environmental science, or civil/geotechnical/environmental
engineering with at least 2 years of field experience in the installation of monitoring wells.

4.4 All field personnel are responsible for the implementation of this procedure.

45 The on-site staff is expected to obtain a description of the lithologic samples obtained during the
excavation and construction of a monitoring well. These data are often required to provide guidance
regarding the installation of specific components of the monitoring well. Guidance for lithologic sample
collection and sample description is contained within Procedure 3-08, Soil Sampling.

5.0 Equipment and Supplies

Site groundwater: Use of site groundwater is preferred, since it can be extracted from the contaminant plume and
will therefore emplace the emulsified oil along with the target contaminants and with water chemistry that corresponds
to the existing conditions. This is especially important when groundwater is already anaerobic and bioaugmentation is
going to be implemented. The use of groundwater also mitigates potential spreading of the plume in an adverse
manner by maintaining a near neutral water balance. To use site groundwater, there must be extraction wells with
sufficient capacity to supply the total injection flow rate; this approach works best when the extraction output can be
plumbed directly to the proportional feed system and to the injection well array. This approach requires:

e Extraction Wells. These may subsequently become injection wells.
e Extraction Pumps. Submersible pumps with flow control, run-dry protection, and a suitable power source.
e Piping and Manifold. To connect extraction wells to dosing pumps.

e Power Supply. To operate the submersible extraction pump(s). If the site does not have power, one or more
generator(s) are required. For refuelling, each generator will require secondary containment in the form of 6
mil visqueen underlying and surrounding each generator, and bermed around the edges to provide
containment.

Potable Water: The use of potable water may be necessary for tight formations where sufficient groundwater cannot
be supplied. Two options for a supply of potable water exist: 1) direct connection to a source of potable water (e.g.,
fire hydrant) during injections, or 2) storage of potable water in a tank or water truck. A direct connection with the
water supply is preferable, but an alternate method is to use one or more large holding tanks or water truck and
simply refill periodically. In locations where it is impractical to maintain a continuous connection to the source, this
would allow longer operating times each day, as injections could get underway quicker and run longer if time was not
required to set up and take down the fire hose each day. This hose could be rolled out to refill the tank during daily
operation, as required. Use of a tank would depend on factors such as length of fire hose required, injection rate
(which determines both how quickly a tank will be used up and pump requirements), and site access and utility
considerations. The use of potable water will likely require:

e Fire Hose: Ensure that there is sufficient length of hose, including a few spare segments (to allow
replacement of leaking connections or worn sections), to run from the elected hydrant to the staging area.
Flow meter or hydrant access permit may be required to monitor the volume of hydrant water used. If the fire
hose will cross an active transportation corridor, it may be necessary to procure a hose guard to protect it
and to post proper traffic warning signs, as appropriate.

e Adaptor with Shut-Off Valve: This component is assembled from standard piping to allow connection of the
supply line (i.e., fire hose) to the injection manifold or pump intake lines. It has female fire-hose thread on
one end and reduces to a brass 2-inch male cam on the other, with a ball valve in between to allow quick
shut-off of the water supply immediately adjacent to the injection equipment. A 2-inch spa hose completes
the connection from the cam to the dosing system.

e  Water Supply: If using clean water, and depending on the distance to the water supply, it is generally a
good idea to plumb a simple tap off the adaptor so that there is a ready source of clean water near the work
area.
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e Pump: If the water tank is used, a pump is required to transfer water from the water tank to the injection
manifold. The transfer pump must have sufficient flow capacity to handle the targeted total injection rate, and
must supply sufficient pressure to overcome losses in the manifold, lines, and formation.

e  Power Supply to operate the transfer pump: If the site does not have power, a generator will be required.
Each generator will require secondary containment for refuelling in the form of 6 mm visqueen underlying
and surrounding each generator and will be bermed around the edges to provide containment.

e  Water Truck: A vehicle specifically designed to carry water can be used if a direct connection source is
impractical, and the injection wells are sufficiently spaced to require movement of a fixed tank during
injections.

Groundwater Receiving Chamber: The central header will act to receive groundwater processed from the
extraction pumps (or water supply source) and control the water pressure to the substrate amendment manifold. The
chamber consists of a header made of standard 4-inch polyvinyl chloride (PVC) pipe with multiple inputs connected
by cam-lok quick connectors (2-inch polypropylene) to the effluent lines from each extraction mmp. A pressure
regulating valve is connected to the effluent side of the chamber to reduce downgradient pressure below 100 psi.

In-Line Filter: Two bag filters will be plumbed in parallel in-line, downstream of the groundwater receiving chamber
to remove fines from the extracted groundwater. The bag filter must have a minimum of 200 gallons per minute
capacity, and the filter element must have a nominal filter size of 74 micrometers at a minimum. Pressure gauges
with 0 to 100 psi capacity will be plumbed on either side of the bag filters to monitor pressure drop across the filters.
Each bag filter will have ball valves installed on either side to allow for isolation of the filter, for filter element changes.

Substrate Amendment Manifold: Rather than use a second transfer pump to move the substrate, the injection
equipment features proportional feed pumps that are water-driven. The proportional feed pumps are designed to
dose the amendment into the water stream in direct proportion to the water flow rate. A ball valve will be installed at
the influent to the substrate amendment manifold to allow for isolation of the entire manifold. Individual pumps will be
installed in parallel within the manifold. Upstream globe valves on each branch allow control over the flow rate going
through each pump. Each pump will be installed on a bypass with ball valves on either side to allow for isolation of
the injector for maintenance, and allow for flow of groundwater without amendment through the manifold for
equipment flushing purposes. Flow meters with a minimum capacity of 50 gpm will be installed downstream of each
pump on individual branches to monitor flow rates and ensure that the capacity of each pump (40 gpm) is not
exceeded.

Distribution Manifold: A multi-channel distribution manifold splits the substrate-amended water stream between
multiple lines, for delivery to multiple injection wells simultaneously. The distribution manifold consists of a ball valve
at the influent end for isolation of the entire manifold a header made of standard 4-inch Schedule 40 PVC pipe, and a
mechanical totalizing flow meter (bfass; minimum capacity up to 30 gpm) on each delivery channel. A needle valve is
situated on the effluent side of each flowmeter to adjust the flow rate in each line independent of the other channels.
The manifold outputs feature male cam-lok quick-connectors (2-inch plastic) threaded into each needle valve.

Amendment Delivery Lines: The lines that carry the amendment solution from the distribution manifold to the
individual injection wells are 2-inch braided PVC hose with female cam-lock quick-connect fittings fixed to the hose
ends with hose barbs and gear clamps. Most of the lines are 50-feet long, but can be readily connected together to
cover longer runs as needed (requires a male/male adaptor to connect hoses).

Injection Wells: Injection well construction details are discussed in SOP 3-12, Drilling and Well Installation.

Well-Head Fittings: Each injection well requires a custom-built well-head fitting. The fitting consists of a PVC cross
to which two ball valves (2-inch), a dual vacuum/pressure gauge (-20 to 30 psi) and a clear sight tube are attached.
The sight tube is 2-inch clear BVC pipe. The well-head fitting is secured to the well with a Schedule 80 PVC flange
fitting (9-inch outer diameter, 4-inch inside diameter. This flange fitting is bolted to the flange fitting installed on the
well-head.
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6.0 Calibration or Standardization

Flow meters and pressure gauges should be factory calibrated and certified before being used on site. All meters
should be returned to the manufacturer and re-calibrated between injection events.

7.0 Procedure

7.1 Background Information

The primary objectives of injection of bioremediation substrate are to 1) Create a passive biological
barrier to enhance the breakdown of COCs in groundwater 2) Stop the continuing migration of COCs to
downgradient receptors.

e Injections points should be spaced based upon the anticipated ROI to ensure complete coverage in
the target remediation areas. Injection delivery points are pre-determined during the development of
the work plan.

e  Amount of substrate amendments are calculated prior to field implementation during the
development of the WP. Rates of injection will depend on the aquifers ability to absorb the substrate
without significant groundwater mounding or surface release in the adjacent monitoring wells and
ground areas.

e Injections in multiple wells will take place simultaneously with the use of injection manifolds capable
of regulating injection rates to individual wells.

The proper design of the injection system requires an understanding of site geology and hydrogeology,
and knowledge of contaminant transport in subsurface materials.

7.2 Substrate Injection Procedures

Injection well Installation:

Permanent injection wells will be installed following the procedures outlined in SOP 3-12,
Monitoring/Injection Well Drilling, Installation and Abandonment

At a number of injection points, substrate will be injected through direct push rods that will be
used as temporary injection wells. Direct push rods will be removed and boreholes abandoned

after the injection is complete.

Substrate Injection:

substrate will be shipped to the site in plastic totes stored on pallets for ease of transport

Potable or extracted groundwater will be used to mix the substrate in portable storage
containers.

Once the substrate has been mixed to the proper dilution, a trash pump will be used to
continually mix the substrate and maintain the emulsification within the storage containers.

A transfer pump will be used to transfer the mixture from the storage containers to the
distribution manifold for injection into the permanent injection wells or temporary direct push
injection points.

A pressure gauge, flow totalizer and valve will be placed at the well-head to take continual
measurements during injection. Once the target volume of substrate amendment has been
injected to each well, the valve will be closed and injection will cease.

An injection log will be maintained throughout the injection into each well. Injection logs will
record the following information:

e Well ID
e Date
e Start/End time
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e Elapsed time

e Volume of substrate amendment injected each interval

e Cumulative volume of substrate injected

e Flow rate

e Well-Head pressure
Injection Permitting

Subsurface injections shall be permitted in accordance with the regulations of the jurisdiction where the
injection activity is occurring. Contact local regulatory agencies prior to any subsurface injection work.

The permit procedure may require permit fees, site inspections, and an application signed by a
registered professional geologist or engineer. Permit requirements may impact field schedules and
budgets. Provide documentation that all legal requirements have been met to the appropriate agencies
prior to any injection activities.

Quality Control and Assurance
Substrate amendment injection activities must incorporate quality control measures to ensure:

. The correct volume of substrate is injected in each well.

e The formation is able to accept the volume of substrate at the flow rate it is being introduced at,
and ensure that there is not excessive mounding in nearby monitoring wells, or excessive
pressure at the injection well-head.

e  Continually check the substrate mixture for signs of large oil droplets indicating the
emulsification is breaking down and the oil is separating out.

Quality control measures typically include:
e Compare the readings on the well head totalizers to the the actual volume of substrate
amendment removed from the injection storage containers

e  Gauge nearby monitoring wells and piezom