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RESOLUTION AUTHORIZING THE EXECUTIVE OFFICER TO SIGN
THE RECORD OF DECISION FOR OPERABLE UNIT 4, ARROYOS
AREA, EDWARDS AIR FORCE BASE, KERN COUNTY

This is a new item. On August 30, 2007, the Water Board considered
a separate remedial action at Edwards Air Force Base that included a
containment zone as part of the action.

Should the Water Board concur with the remedial action proposed by the
Air Force that includes a groundwater Containment Zone, and authorize
the Executive Officer to sign the Record of Decision? The Board is
asked to evaluate whether the proposed action complies with State
requirements based on information presented with this item.

Edwards Air Force Base (EAFB) has submitted a Draft Final Record of
Decision (ROD) for a proposed remedial action at Operable Unit 4, the
Arroyos Area. The proposed remedy includes a Containment Zone of
12.3 square miles for solvent contaminants in groundwater. This
Containment Zone encompasses the predicted future maximum extent
of the solvent plume. A Containment Zone is appropriate because of the
technical impracticability of cleaning up groundwater.

Groundwater at the Arroyos Area contains a large mass of dissolved
phase chlorinated solvents, primarily trichloroethylene (TCE) and
perchloroethylene (PCE). The high concentrations of dissolved phase
chlorinated solvents (>7,000 ug/L) detected indicate the likelihood of
pure solvents, which are heavier than water. These pure (separate
phase) solvents will continue to act as a contaminant source for
hundreds or possibly thousands of years.

Contaminated groundwater is encountered in fractured granitic
bedrock. It is currently infeasible to remediate the groundwater through
known remedial technologies. This conclusion is based on pilot studies
and attempts to install treatment systems in the fractured bedrock; and.
because of the great depths required to intercept the contaminants.

Under the proposal, the contaminant plume will continue to expand
until steady-state conditions are reached while natural attenuation
processes (primarily dilution and dispersion) reduce concentrations to
non-detectable at the leading edge of the plume. The Air Force
proposes to contain the groundwater plume within the proposed
Containment Zone which is slightly larger than the predicted maximum
extent of the contaminant plume, when the contaminants reach the
alluvial aquifer several thousand feet downgradient from the source _

areas. The Air Force has requested a Technical Impracticability =+~ <. &



Page 2 Waiver from USEPA which would remove the requirement to attain
cleanup levels within the Containment Zone. As part of the proposed
remedy, management measures including land use controls and
groundwater monitoring must be implemented to prevent human
exposure to polluted groundwater and vapers, and to track plume
movement over time. These measures will minimize the health risks to
satisfy regulatory requirements.

The Air Force will monitor the plume and compare the results with modeled
predictions. If the results show that contaminants at any concentration
above the background (non-detectable for solvents) are predicted to move
beyond the Containment Zone boundary, the Air Force will take the
following steps; 1) conduct a Technical and Economic Feasibility Analysis
(TEFA) as required by Resolution 92-49 (which includes a groundwater
degradation analysis to satisfy Resolution 68-16), evaluating whether it is
appropriate for contaminants to migrate beyond the boundary at
concentrations greater than background but not to exceed water quality
objectives and; 2) implement any measures necessary (including active
remediation) to contain contaminants within the Containment Zone
boundary at the concentrations determined by the TEFA.

The Air Force does not accept that California State requirements such
as the Basin Plan's Water Quality Objectives for secondary drinking
water standards, or State Board Resolutions 68-16 and 92-49 are
requirements for this remedial action from a legal perspective. However,
the Air Force has complied with these requirements from a technical
perspective in the proposed action.

The ROD includes “agree-to-disagree” language that preserves each
party's legal rights and allows the State to take further action if, in the
future, the State finds that the remedy does not comply with California
State requirements. Water Board staff has evaluated the proposed
remedial action and finds that it complies with the State’s groundwater
cleanup requirements. It is currently not feasible to cleanup the solvent
containments at this site. The proposed remedy provides the most
feasible, cost effective method to manage contaminants in groundwater
at the site and is appropriate in this case.

The unique aspect of this remedy is that it would result in a long-term
(hundreds of years) Containment Zone over a very large area. This will
be the second Containment Zone established in Region 6. The Water
Board should note that EAFB anticipates, in the future, propasing
possibly an additional Containment Zone of a similar size and duration in
the Northeast Air Force Research Laboratory area.

RECOMMEND Adoption of Resolution as proposed.
ATION:

Enclosures: 1. Proposed Resolution
2. Staff Report
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CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
LAHONTAN REGION

RESOLUTION NO. R6V-2010-(PROPOSED)

AUTHORIZING THE EXECUTIVE OFFICER TO SIGN
THE RECORD OF DECISION
FOR OPERABLE UNIT 4, ARROYOS AREA,
EDWARDS AIR FORCE BASE

Kern County

WHEREAS, the California Regional Water Quality Control Boar
(Water Board) finds:

1. In May 2010, the United States Air Force submitted a
(ROD) for Operable Unit (OU} 4, Air Force Res
Edwards Air Force Base The major componer

rémedy are: a
levels within a

" over whether certain State
opriate Requirements for

I Harold J. Singer, Executive Officer, do herby certify that the foregoing is a full, true, and
correct copy of a Resolution adopted by the California Regional Water Control Board,
Lahontan Region, on July 14, 2010.

HAROLD J. SINGER
EXECUTIVE OFFICER
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STAFF REPORT

RECORD OF DECISION
OPERABLE UNIT 4/9
AIR FORCE RESEARCH LABORATORY — ARROYOS AREA

at

EDWARDS AIR FORCE BASE

July 2010

California Regional Water Quality Control Board, Lahontan Region
14440 Civic Drive, Suite 200
Victorville, CA 92392

Prepared by: Tim E. Post, P.G., Engineering Geologist

Reviewed by: Cindi M. Mitton, P.E., Senior Engineer
Mike R. Plaziak, P.G., Supervising Engineering Geologist
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STAFF REPORT
Record of Decision
Operable Unit 4/9
Air Force Research Laboratory — Arroyos Area
Edwards Air Force Base
July 14, 2010

1. Executive Summary

This report provides supporting information for a staff recommendation that the Water Board
concur with the cleanup remedy proposed for Edwards Air Force Base (EAFB), Operable Units
(OU) 4/9, Air Force Research Laboratory {AFRL) — Arroyos Area,. A Draft Record of Decision
(RoD), dated March 2010 has been prepared documenting the selected remedies to address
contaminants in surface soil, vadose zone, and groundwater to protect human health, welfare,
and the environment.

The selected remedy proposed by the Air Force in the Arroyos RoD is to establish a Containment
Zone, approximately 12.3 square miles areally and 500 feet below ground surface, large enough to
encompass the predicted maximum extent of the solvent plume. A Containment Zone is
recommended because of the technical impracticability, from an engineering perspective, of
cleaning up groundwater to water quality abjectives established in the Water Quality Control Plan
for the Lahontan Region (Basin Plan).

The site contains an extensive mass of dissolved phase chlorinated solvents, primarily
perchloroethene and trichloroethene, dichloroethene, with lesser amounts of perchlorate,
nitroscdimethylamine, and nitrate. High concentrations of dissolved phase solvents indicate the
likely presence of separate phase dense non-aqueous liquids (DNAPL). These DNAPLs will
continue to act as contaminant source for hundreds, or possibly thousands, of years. An alluvial
aquifer is present at the site approximately 12,500 feet down gradient of the source areas.
Groundwater at the site is encountered in fractured granitic bedrock.

- Currently, it is technically infeasible to remediate groundwater through pump and treat or in situ
treatment (e.g., oxidant, nutrient, or bacteria injection) methods because the very low effective
permeability of the fractures. Interconnection of fractures is also very low and become even less
so with depth.

The contaminant plumes will continue to expand through natural advection and dispersion until
steady-state conditions are reached and natural attenuation processes (dilution and dispersion)
reduce concentrations to non-detectable at the leading edge of the plumes. The proposed
Containment Zone is slightly larger than the predicted maximum extent of the contaminant plume
after 1,000 years. A Technicai Impracticability Waiver granted by U.S. Environmental Protection
Agency, Region IX, would remove the requirement to attain cleanup levels within the Containment
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Zone. Land use controls (LUC} and monitoring will also be implemented to prevent human
exposure to polluted groundwater or vapors and track plume movement over time.

The Air Force proposes the primary maximum contaminant levels (MCLs) as the risk-based levels
for cleanup at the Containment Zone boundary. The Air Force is proposing these risk-based
concentrations because it does not agree that California's groundwater cleanup requirements such
as the Basin Plan’'s Water Quality Objectives (WQOs) for Secondary MCLs or State Board
Resolutions 68-16 and 92-49 are Applicable or Relevant and Appropriate Reguirements (ARARS).

The Air Force will however ensure that cleanup standards (water quality objectives or WQOs) will
not be exceeded outside of the Containment Zone boundary. The Air Force will prepare a
Technical and Economic Feasibility Analysis (Degradation Analysis) if the plume is expected to
migrate beyond the Containment Zone at concentrations greater than background but less than
WQOs established at the Containment Zone boundary.

Water Board staff have evaluated the proposed remedy and finds that the substantive Califarnia
state groundwater cleanup requirements are met. The RoD includes “agree-to-disagree” language
that preserves the State’s ability to take further action if, in the future, the remedy does not comply
with these requirements. Furthermore, Water Board staff finds the proposed remedy meets the
requirements for a Containment Zone and provides the most feasible, cost effective method to
restore groundwater quality at the site.

The unique aspect of this remedy is that it would resuilt in a long-term Containment Zone over a
very large area. One Containment Zone has previously been established in Region 6 (the South
AFRL Tl Waiver/CZ that was adopted in 2007) Note that EAFB plans to propose an additional
Containment Zone of a similar size and duration in the Northeast Area/Mars Boulevard area of
AFRL.

2. EAFB Cleanup Approach Under CERCLA

EAFB is located in the Southern California toward the western portion of the Mojave Desert.
The Base covers portions of Kern, Los Angeles, and San Bernardino counties (See Figure 1).

Pursuant to the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) as amended by the Superfund Amendments and Reauthorization Act {SARA), EAFB
was listed on US EPA’s National Priorities List (NPL) on August 30, 1990 because of the
presence of soil and groundwater contamination. EAFB then entered into a Federal Facilities
Agreement (FFA) with U.S. Environmental Protection Agency (USEPA)-Region IX, California
Department of Toxic Substances Control (DTSC) and the Lahontan Water Board in September
1990. The FFA provides a process for involving federal and state regulators and the public in
developing and implementing cleanup decisions. it also provides a process, if necessary, for
formal and informal dispute resolution.

The Air Force has divided EAFB's environmental restoration sites into Operable Units (OUs).
These OUs are defined by geographic location, similar contaminants, and hydrogeology to -
facilitate the administration of the restoration program. The sites in each OU are taken through
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the CERCLA process of: Remedial Investigation, Feasibility Study, Proposed Plan, Record of
Decision, and Remedial Design/Remedial Action. The Air Force has split the AFRL sites into
four areas, each with a planned RoD.

The soil and groundwater sites located at the Air Force Research Laboratory, formerly known as
the Rocket Propulsion Laboratory or Phillips Laboratory, are included in QU 4/9. These sites
contain a wide array of contaminants in soil and groundwater including: chlorinated
hydrocarbons, rocket fuel residuals, and petroleum products,

This item, Arroyos Area RoD, is for polluted groundwater in commingled plumes from sites located
on the northwest flank of Leuhman Ridge where the rocket test stands and support facilities are
located. This RoD also addresses seepage of contaminated near Test Stand 1A and the possible
intrusion of solvent vapors into existing buildings.

3. Arroyos Area Groundwater Contaminants

The AFRL, which began rocket research and testing in the 1950s, is located on Leuhman Ridge
east of Rogers Dry Lake wholly within Kern County. Groundwater flows generally northwest
from the top of the ridge, where the source areas are located, towards Rogers Dry Lake. There
is about a 1,000-foot elevation difference from the top of Leuhman Ridge to Rogers Dry Lake,
located about five miles to the west. .

The AFRL contains facilities for research, development, testing, and evaluation of rocket
propulsion systems. These facilities include rocket test stands, associate support facilities,
waste sumps and disposal pits for waste rocket fuels and solvents related to testing activities.
As a resuit of direct discharges to land and seepage from pits and sumps, the Arroyos Area
exhibits an array of contaminants in groundwater, including: perchloroethene (PCE),
trichloroethene (TCE), dichloroethene (DCE), benzene, perchlorate and other rocket fuel
residuals (N-nitrosodimethylamine and nitrate).

Table 2 is a list of chemicals of concern in groundwater at the Arroyos Area, This table
describes the maximum concentrations of these chemicals that have been detected at the site
and relevant federal or state water quality objectives (i.e., maximum contaminant levels (MCLs)
for drinking water). The remedy proposes that the USEPA waive the requirement to attain
groundwater cleanup te these levels within the Containment Zone - called a Technical
Impracticability Waiver. The values shown in bold or italics on this table will apply as cleanup
levels at the Containment Zone boundary.

4. Arroyos Contaminant Source Areas

The groundwater plumes in the Arroyos Area emanate from two source areas: Site 162 (Test
Areas 1-14, 1-21, 1-40) and Site 461 (Test Stands 1A and 1D, Test Areas 120, 125).
Groundwater plumes from these two source areas have merged into solvent plume with an
areal extent of 3,000 acres of which 1,720 acres exceed TCE's primary MCL of 5.0 micrograms

06-0009



Lahontan Staff Report -40f21- July 2010
EAFB OU 4/9
Arroyos Area

per liter (ug/l.). The plumes have migrated about 7,000 feet from the source areas (see Figure
2). The estimated current volume of impacted water is 5,168 acre-feet. '

The highest currently detected concentrations of dissolved phase cantaminants are summarized
in the following table. These data are from wells near the source area.

Table 1
' Current
Contaminant {2008)
: Concentrations
PCE 6,200 ug/L
TCE 7,000 pgiL
DCE 48,000 g/l

g/l = micrograms per liter or approximately paris per billion
PCE = perchlorcethene, TCE = trichloroethene, DCE = dichloroethene

Separate phase dense non-aqueous phase liguids (DNAPL) have not been directly observed at
the site. There is a very low likelihood of directly observing DNAPL in groundwater from highly
fractured bedrock (due to the similar appearance of water and solvents). However, separate
phase solvents trapped in the bedrock fractures are suspected from several lines of evidence.
Depending on site conditions, dissolved phase chlorinated solvent concentrations as low as 1%
of the pure phase solubility may indicate the presence of DNAPL'. The solubility of PCE in water
is about 200,000 pg/L (1% = 2,000 pg/L) and for TCE is about 1,280,000 pg/L (1% = 12,800
pgil). Thus, the observed concentrations of PCE and TCE provide an indirect indication that
DNAPL is present at the site. Anecdotal evidence of solvents being discharged directly to land
would also lead to the conclusion that DNAPL is present in the bedrock fractures. These
suspected DNAPLs will continue to be a long-term source for continued dissolution of
chlorinated solvents into groundwater.

5. Arroyos Area Site Hydrogeology and Existing Groundwater Water Quality

Leuhman Ridge is formed from quartz monzonite (a type of granite) intrusion that consists of
competent and weathered fractured bedrock overlain by a relatively thin discontinuous veneer of
unconsolidated alluvial deposits. The alluvium increases in thickness down slope away from the
crest of the ridge towards Rogers Dry Lake.

Groundwater occurs under unconfined conditions in both the weathered and fractured bedrock.
Depth fo the static water table ranges from 15 to 266 feet below ground surface. Groundwater
flow beneath the Arroyos Area is to the northwest towards Rogers Dry Lake. The static water
level is found in the competent granitic bedrock until the bedrock surface drops away sharply,

! Evaluation of the Likelihood of DNAPL Presence at NPL Siles, EPA 540R-93-073, September 1893, Page 26.
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due to faulting, and the groundwater flows into an alluvial aquifer connected to the North Muroc
Sub-basin of the Antelope Valley Basin {DWR #6-44).

Aquifer yields in the fractured bedrock are generally low with an average sustained yield of 0.3
gallons per minute (gpm). About half of the monitoring wells on site do not produce the minimum
sustained yield of 0.14 gpm, or 200 gallons per day, to be considered a drinking water source
under State Board Resolution 88-63. This is not surprising however given the typical short
screens and small diameter of a monitoring well. Down gradient of the source areas,
groundwater-pumping rates of 35 gpm can be sustained in the shallow alluvial aquifer.

Groundwater quality in the fractured bedrock is generally poor. Total dissolved solids
concentrations in wells installed on site range from 438 milligrams/liter {(mg/L) to 8,100 mg/L
with most values between 1,000 and 2,500 mg/L, which is above the recommended secondary
drinking water standard of 500 mg/L. Additionally, naturally occurring groundwater within
fractured bedrock exceeds drinking water standards for: arsenic, chloride, iron, manganese,
nickel, selenium, sulfate, and thallium.

No groundwater production wells are present (or anticipated) in the Arroyos Area area. Two
currently inactive EAFB well fields {Mary's and Lower) are located southwest of the Arroyas
Area towards Rogers Dry Lake. These well fields are not predicted to be affected by the
contaminant plumes. The Air Force has used the Lower Well field, in conjunction with imported
water from the State Water Project, to supply domestic and industrial water to the AFRL. Water
quality in the alluvial aquifer generally meets drinking water standards. However, arsenic
concentrations in the Lower Well field approach the new, lowered arsenic drinking water
standard of 10 pg/L.

6. Arroyos Area Site Investigation, Cleanup Actions and Pilot Tests

Remaedial Investigations were performed from 1993 through 2005 and included soil gas
sampling, soil borehole logging, scil sampling, monitoring well installation, groundwater
sampling and analyses, packer testing, pump testing, core sampling, fracture analyses, three-
dimension seismic reflection surveying, and borehole video logging. Groundwater monitoring
has been performed at the Arroyos Area since 1998.

Interim removal actions have eliminated waste storage and disposal area sources on the ground
surface that could have further contributed to the groundwater pollution (e.g., tanks, sumps,
waste pits). Current waste disposal practices from ongoing rocket testing do not allow for direct
discharge of waste to land for disposal {e.g., the use of PCE and TCE was discontinued in the
early 1980s, as was the practice of releasing deluge water to the arroyos).

A pilot study to create an engineered fractured bedrock zone and thus increase the aquifer yield
was conducted at Site 37 (South AFRL Area) in 2004. The resuits of that pilot study indicate that
aquifer yield was not increased. Further large scale fracturing is infeasible due to limits {for
safety and potential infrastructure damage) on the amount of explosives that can be used on
site to create fractured zones at depth.
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An In-Situ Bicremediation Treatability Study, using the hydrogen release compound Cl-Qut®
was conducted at Site 162 in 2007. The results of the study indicated that, although the ‘
technology was effective in small, localized areas, large scale effectiveness was unlikely due to
the inability to distribute the injected solutions effectively into the bedrock fractures.

Other in-situ technologies have been, or are being, evaluated and tested at EAFB. Table 3
shows a summary of in-situ technologies that have been evaluated at EAFB that may be
applicable to the Arroyos Area. However, none of the technologies evaluated will be effective in
the deep fractured granitic bedrock at the Arroyos Area because they are limited to shallow
alluvial aquifer situations or have limited effectiveness in fractured bedrock. Introduction of
oxidants or bacteria into the subsurface requires an even distribution of solution to the
contaminants which, at the Arroyos Area, is very difficult to achieve within the fractured bedrock.
A literature survey of other technologies indicates that none are likely to be effective in fractured
bedrock. The Air Force remains committed to conducting field tests of remedial technologies as
they are identified in the future. This is further described in the selected alternative (proposed
remedy) discussed in Section 9.

Computer groundwater models can be effective tools to evaluate the current and predicted
movement of groundwater and contaminants. Their effectiveness in providing scientific
certainty is limited by the site-specific field data available to provide accurate input parameters
to the model. Granular porous media groundwater models are the most common and are
generally used to represent alluvial aquifer situations. Although groundwater models for
fractured bedrock are available, effectively modeling a fractured bedrock system requires an
enormous amount of data, simplifying assumptions, or both, to develop a detailed description of
the aquifer properties controlling flow.

The Air Force used a granular porous media model MODFLOW?® to evaluate groundwater flow,
and MT3D® model for contaminant fate and transport, to assess the long-term movement of
contaminants. In using these models, the Air Force decided to use the simplifying assumption
that on the scale of the modeled ares, the fractured bedrock mimics the characteristics of
granular porous media. Obtaining the necessary data to produce a detailed fractured
groundwater flow and contaminant transport model was determined to be impractical for the
scale of both contaminant distribution (approximately 3 square miles) and modeled area
{approximately 167 square miles). The rationale for using a granular porous media groundwater
modei at the Arroyos Area site includes:

» The movement of groundwater and contaminants is fracture controlled on a localized
scale; however, on a regional scale, groundwater flow emulates granular porous media.

+ Pump test results demonstrate a radial (cone-shaped) drawdown response to
groundwater remaoval indicating hydrogeologic behavior similar to granular porous
media.

« Groundwater elevations mimic surface topography and change little over time with no
evidence of obvious asymmetry suggesting fracture-controlled flow direction(s).
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» Contaminant distributions radiating outward down gradient from the source areas also
do not indicate strong fracture control (preferred pathways) of contaminant transport.

To simulate (model) the likely persistence of DNAPLs, sources of TCE and/or PCE were
assumed for a 1,000-year time frame providing continuous dissolution of solvents into
groundwater. The computer mode! predicts the solvent plumes would migrate, reach maximum
steady-state conditions in about 300 years, and persist for as long as DNAPLs persists in the
fractures. The computer modeling performed pravides an adequate assessment of contaminant
plume movement over the Arroyos Area but is inadequate to predict specific interconnected
fractures that are preferentially transporting contaminants.

The groundwater modeling for the Arroyos Area will be updated every five years using
additional site-specific data and groundwater monitoring information collected during the
Remedial Design/Remedial Action phase (post-RoD remedy implementation). Further
refinement of the models will improve the accuracy and precision of the predicted contaminant
plume movement and will be used to locate future groundwater monitoring wells (both lateral
well placement and vertical well screen depth).

7. Remedial Action Objectives

Remedial Action Objectives (RAOs) for groundwater at the Arroyos Area were developed based
upon the requirements of CERCLA, results of the Human Health Risk Assessment, results of
the Programmatic Ecological Risk Assessment, identified ARARS, the site’s characteristics, and
an evaluation of the site's potential for groundwater restoration. The exposure pathways
identified in the Risk Assessment (that need to be prevented or minimized) are: ingestion of or
dermal contact with contaminated groundwater and inhalation of chlorinated solvent vapors from
the contaminated groundwater. '

The identified RAOs for the Arroyos Area are:

» Prevent human health exposure (ingestion and dermal contact) to groundwater impacted
by the contaminants of concern (CoCs) listed in Table 2. Prevent migration outside of the
Arroyos Area Containment Zone Boundary of groundwater impacted by the CoCs listed in
Table 2.

» Prevent human inhalation of vapor-phase CoCs (identified by an asterisk in Table 2)
emanating from the subsurface into indoor air at concentrations exceeding a cancer risk
level of 1x10° or a non-cancer Hazard Index of 1.0.

» Below Test Stand 1A in Site 461, prevent exposure to human or environmental receptors
to surface seep water containing VOCs (identified in Table 2) at concentrations above their
respective MCLs.
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Description of Remedial Alternatives

To accomplish the identified RAOs, the Air Force identified and evaluated numerous remedial
alternatives in the AFRL Arroyos Focused Feasibility Study for their ability to satisfy the “nine
CERCLA criteria." These criteria are:

—

LDENOO AWM

Overall protectiveness;

Compliance with state and federal requirements;
Long-term effectiveness and permanence;
Reduction of toxicity, mobility, or volume;
Short-term effectiveness;

Implementability;

Cost;

Regulatory agency acceptance; and

Community acceptance.

The five retained remedial alternatives (identified as viable, addressed the nine criteria, and
could achieve the RAGs) subsequently evaluated include the following common elements:

Technical Impracticability Waiver for Chemical-Specific ARARs
Containment Zone Designation ‘

Land Use Controls

Further Investigation {ongoing until 2025)

Long-Term Groundwater Monitoring

Continued Treatment of Seep Water below Test Stand 1-A

The retained alternatives are:

Alternative 1— No Action. Consideration of a No Action Alternative is required as a
baseline against which to compare the other remedial alternatives considered.
Alternative 1 does not meet the identified ARARs and is not protective of human heaith
and the environment. There is no cost to implement this Alternative

Alternative 1B — Technical Impracticability Waiver with Limited Action. Alternative
1B (the Air Force's Preferred Alternative) relies on natural attenuation processes
(primarily dispersion and dilution) coupled with low hydraulic flow velocities to contain
the spread of contaminants inside the Containment Zone. This Alternative includes a
reliance on low groundwater flow velocity in the fractured bedrock to limit contaminant
migration to within the proposed Containment Zone. Continued migration of
contaminants within the containment zone would be allowed:; however, this Alternative
requires additional actions be taken to prevent contaminants from migrating past the
Containment Zone boundary. This Alternative also requires the installation of sentinel
wells to track the leading edge of the plumes so that actions can be taken 10 - 30 years
before the contaminants reach the Containment Zone Boundary.
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Woater Board staff focused their review of the proposed remedy's compliance with state
ARARs in evaluating this Alternative. As noted previously, the Air Force and Water
Board disagree whether the more stringent state groundwater cleanup requirements are
ARARs. The total cost for this Alternative is estimated to be $202,300,000.

« Alternative 2B — Technical Impracticability Waiver with Plume Containment in the
Alluvial Aquifer. Plume containment will be accomplished by a pump and treat system
as an active containment technology to be implemented if the contaminants reach the
alluvial formation inside the Containment Zone Boundary. Alternative 2B includes the
components of Alternative 1B plus the addition of plume containment by groundwater
extraction and treatment once the leading edge of plume reaches the alluvial aquifer.
The total cost for this Alternative is estimated to be $454,260,000.

« Alternative 3B - Technical Impracticability Waiver with Hot Spot Containment
(Source Control). Source contral would be accomplished using a "biobarrier.”
Alternative 3B includes the construction of a continuous 13,500-foot long biobarrier
(composed of 2,700 injection wells), perpendicular to the direction of flow, to contain and
treat the zones of solvent and perchlorate contamination greater than 1,000 pg/L. The
total cost for this Alternative is estimated to be $6,298,840,000.

« Alternative 5 - Technical Impracticability Waiver with Hot Spot Containment and
Plume Containment in the Alluvial Aquifer. This Alternative combines the elements
of Alternatives 2B and 3B combining the hot spot control with the future installation of the
groundwater exiraction and treatment system. The total cost for this Alternative is
estimated to be $6,550,810,000.

« Alternative 6 - Technical Impracticability Waiver with Source Area Treatment and
Plume Containment in the Alluvial Aquifer. This Alternative assumes 10 years of
aggressive source area treatment using in-situ chemical oxidation at Site 162-Test Area
1-14 and Site 461-Test Stands 1-A and 1-D to achieve DNAPL removal. Plume
containment component is the same as Alternative 2B. To further characterize the site
and aid in locating the contamination in the source areas, 111 monitoring wells will be
installed throughout the three source areas. The total cost for this Alternative is
estimated to be $855,990,000.

Alternatives 1 and 1B are easily implementable. Alternative 2B is a straightforward pump and
treat process in the alluvial aquifer. The likelihood of success with Alternatives 3B, 5, and 6 is
questionable considering the difficulty of distributing in-situ chemical oxidation and
bioenhancement materials into the fractured bedrock. Costs escalate significantly from
Alternative 2B through 6. No Community response to the Proposed Plan would seem to
indicate that Alternative 1B is acceptable to the public. Alternative 1B was selected over the
other alternatives due to cost and need for the absence of technologies of groundwater
extraction and treatment or oxidant/biological ireatment injections in fractured bedrock.
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The USEPA, Region IX agrees that the site qualifies for a Technical Impracticability Waiver
allowed under CERCLA to comply with the ARARs within the Containment Zone boundary. This
is primarily due to technical infeasibility in fully intercepting contaminated groundwater or
introducing solutions for treatment of contaminants into fractured bedrock.

The proposed remedy must under federal law, at a minimum, protect human heaith and the
environment and comply with the identified ARARs (the “Threshold Criteria"). CERCLA does
not create new cleanup standards, but does require site cleanups to conform to existing federal
and state cleanup standards. These cleanup standards, called ARARs, must be identified during
the CERCLA process and are listed in the RoD.

State cleanup standards become ARARs when they are: promulgated, legally enforceable, of
statewide applicability and, are more stringent than federal standards. Water Board staff have
consistently identified State Board Resolutions 68-16, 88-63, and 92-49 (see Section 9) as
ARARSs; however, since they are not "risk based” the Air Force does not agree that these
Resolutions are ARARs.

The Dispute Resolution process in the FFA may be used to resolve disagreement over what
particular state standards are ARARSs. Alternatively, both parties may disagree over what
standards are ARARs, but find technical agreement on the proposed remedy. In this case, the
parties may “agree-to-disagree” over specific ARARs, but avoid dispute resolution and move
foreword with remedy implementation. The RoD includes language that preserves the State's
ability to take further action if, in the future, the remedy does not comply with the requirements
of the State Board resolutions,

9. Selected Remedial Alternative

To achieve the listed RAOs, the Air Force proposes a Containment Zone area of about 12.3
square miles covering the maximum predicted extent of the solvent contaminant migration (See
Figure 2). The Air Force would not, due to technical impracticability from an engineering
perspective, be required to attain the groundwater cleanup levels within the Containment Zone.
The Air Force would ensure that groundwater cleanup levels (MCL values shown in Table 2)
are atfained at the Containment Zone boundary, through active measures if necessary. The
proposed Containmeni Zone area does include a portion of the alluvial Antelope Valley aquifer
(See Figure 2a).

The major components of the Preferred Remedy (Alternative 1B) are:

o Contain impacted groundwater within the Containment zone by natural processes
(dilution and dispersion) with the objective of preventing contaminants from entering the
alluvial aquifer to the west of the Arroyos Area.

o Implement, maintain, and enforce Land Use Controls within the Containment Zone to
prevent human exposure with polluted groundwater.
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o Install additional monitoring wells near the down gradient extent of the plume, and in the
source areas at various vertical intervals to assess water bearing zones (fracture sets)
that are contaminant migration pathways.

0 Demonstrate containment of contaminants above the MCLs by Long-Term Monitoring.
Use the monitoring data to update and refine the groundwater model, which currently
projects no contaminant migration beyond the Containment Zone boundary for at least
1,000 years. Install additional monitoring wells which will include: sentinel wells located
near the down gradient plume extent, source areas wells in the zones of contaminant
highest concentrations, mid-plume wells exhibiting intermediate contaminant
concentrations, and wells at various vertical intervals to assess water bearing zones
{fractures) that are contaminant migration pathways. The remedy assumes that
approximately 36 monitoring wells wili be sampled annually and 121 wells every 5 years.

0 Institute active cleanup measures as necessary to prevent CoCs from migrating outside
the Containment Zone at levels above MCL values listed in Table 2. (At this time pump
and treat is the most likely method of containment should it be necessary.)

o If er when impacted groundwater is projected to reach the Containment Zone boundary
within 10 years, the Air Force will conduct a groundwater Degradation Analysis to
evaluate whether groundwater degradation beyond the Containment Zone boundary
should be accepted and a Technical and Economic Feasibility Analysis to determine

“what contaminant levels would be appropriate.

o Continue to review technologies as part of the CERCLA 5-Year Review process. If a
promising technology is identified to treat the same types of chemicals at similar
concentrations and in a similar hydrogeoldgic setting, conduct a field test, at a cost not to
exceed $250,000, to be executed by the following 5-year review. The Air Force proposes
these studies to satisfy the State Board Resolution 92-49 Containment Zone
requirements for providing compensatory mitigation.

o Over a 30-period, the present value cost of the remedy is $24,760,000 — with a recurring
cost for as long as contaminants are present at concentrations that exceed the MCL
values shown on Table 2. The total project cost is estimated at $202,300,000.

o Groundwater monitoring data will be used to track contaminants, provide input to verify
the groundwater model, and verify plume containment in compliance with requirements
contained in the RoD. The Federal process requires that each RoD be reviewed every 5
years until remedial objectives are attained. The RoD review evaluates performance of
the selected remedy.

o During the Remedial Design/Remedial Action (post-RoD) phase, the Air Force may
conduct additional studies as necessary to establish hydraulic properties in the area
where the fractured bedrock aquifer abuts the aliuvial aquifer. This may include, but is
not limited to; installing additional monitoring wells, subsurface geophysics, and aquifer
pump tests.
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The major vapar migration components of the remedy are:

o Implement engineering controls to reduce the vapor intrusion pathway risk in buildings to
acceptable levels.

o Implement, maintain, and enforce Land Use Controls within the Containment Zone to
prevent human exposure with soil vapors that pose an unacceptable risk.

o Monitor and map the groundwater plume migration with respect to vapor contaminant
concentrations that may pose an unacceptable risk.

0 Initiate a sampling program to assess whether the vapor intrusion pathway is complete
and periodically monitor indoor air in buildings that currently overlying the plume to
determine if engineering controls are required to reduce the indoor air risk to acceptable
levels.

' 10.Compliance with Water Board Requirements
The following California state laws, policies and regulations apply to groundwater cleanup:

» State Water Board Resolution 68-16 (Statement of Policy with Respect to Maintaining
High Quality of Waters in California)

» State Water Board Resolution 88-63 (Sources of Drinking Water Policy)

State Water Board Resolution 92-49 (Policies and Procedures for Investigation and
Cleanup and Abatement of Discharges Under Water Code Section 13304)

Y

» California Water Code (Porter-Cologne Water Quality Controf Act)
» Basin Plan (Water Quality Controf Plan for the L ahontan Region)

The Air Force's position is only State Board Resolution 88-63 and the MCLs, which are the
water quality objectives identified in the Basin Plan, are ARARs. The Basin Plan does
designate groundwater at the Arroyos Area for a Municipal Use. State Board Resolution 88-63
states that groundwaters with excessive salinity, contaminants that cannot be reasonably
treated, or exhibit a low sustained yield should not be classified as a source of drinking water.
One or more of these exceptions may apply to the Arroyos Area. For the foreseeable future
groundwater within the fractured bedrock is not likely to be used for drinking water.
Furthermore, the proposed remedy precludes extracting groundwater from within the
Containment Zone to prevent human exposure to pollutants.

The Air Force does not consider secondary maximum contaminant levels (sMCLs), State Board
Resolutions 68-16 or 92-49 ta be ARARS. The RoD includes language indicating the State and
Air Force “agree-to-disagree” whether these items are ARARs.

Water Board staff have reviewed the proposed remedy (Altemnative 1B) for compliance with
state groundwater cleanup requirements to determine if it meets technical compliance. This
analysis is summarized in the following buliets and Table 4.
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o To satisfy whether, and to what level, groundwater should be degraded at levels less
than the cleanup standards down gradient of the Containment Zone, if contaminants are
predicted to migrate beyond the Containment Zone boundary within 10 years, the Air
Force will conduct a Degradation Analysis and Technical and Economic Feasibility
Analysis,

O To satisfy whether a Containment Zone, under State Board Resolution 92-49 is
appropriate, the Air Force has demonstrated that it is unreasonable (technically
infeasible) to cleanup groundwater to the water quality objectives established in the
Basin Plan within a reasonable timeframe.

0 The Containment Zone Policy requires compensatory mitigation. To satisfy this
requirement, the Air Force proposes to conduct field-scale pilot tests with costs not to
exceed $250,000 per test. These field tests would further evaluate promising
technologies for remediating chlorinated solvents in fractured bedrock environments
where DNAPL may be present. If, after 30 years, no promising technologies are
identified, the Air Force will select another suitable field test or remedial action for the
inflation-adjusted equivalent of $250,000.

0 The Containment Zone palicy also requires a Management Plan to assess, cleanup,
manage, monitor and mitigate remaining significant human health, water quality and
environmental impacts. The Air Force has proposed a management plan and will further
refine it during the Remedial Design. A long term monitoring strategy will be used to
track the movement of contaminants within the Containment Zone.

0 A Containment Zone must be established for a specific geographical area and depth.
The RoD proposed to set the maximum depth of the Containment Zone at 500 feet
below ground surface — deeper than the maximum observed contaminant depth. The
ability to actually contain contaminants at a certain depth is very limited however and no
active control of contaminants at a particular depth is proposed. Field observations
indicate that bedrock fractures are less prevalent, show a decrease in size, and are less
transmissive with depth.

0 A Containment Zone must be limited in lateral and vertical extent; protective of human
health, safety, and the environment; and not result in violation of water quality objectives
outside of the Containment Zone. The proposed Containment Zone is within the
fractured bedrock beneath the Arroyos Area and includes a small portion of the alluvial
aquifer adjacent to the bedrock to allow for contaminant containment using conventional
pump and treat methods if needed in the future. Land use restrictions protect against
human health exposure to contaminants. The RoD requires that MCLs not be exceeded
outside the Containment Zone and the Air Force agrees to complete a Degradation
Analysis and Technical and Economic Feasibility Analysis for contaminants that may
escape the Containment Zone at concentrations less than MCLs or for other
contaminants that have risk-based levels. The Air Force disagrees whether this analysis
is necessary for other contaminants (e.g., sMCLs).
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o The Containment Zone policy requires a 45-day public notice before the Water Board
considers a Containment Zone. Technically, the federal government is proposing a
remedy that is consistent with establishing a Containment Zone through the ReD and the
Water Board will only consider whether to concur with the proposed action. However, a
45-day public notice of the Water Board’s consideration of this action was provided as
described in Table 4.

o The State and Regional Water Boards must maintain a master list of Containment Zones
that are established. Water Board staff will provide the State Board with a determination
that a Containment Zone is established once the RoD is signed and may elect to post an
announcement on the Water Board’s public Internet site.

11.Conclusions

Water Board staff has reviewed the RoD and cther available data and information for the
Arroyos Area, EAFB OU 4/9, and believes the proposed remedy (Alternative 1B) is the most
appropriate way to address the groundwater contamination and comply with ARARs and
policies administered by the Water Board. Further, Water Board staff believes the proposed
remedy satisfies the requirements for a Containment Zone that are established in State Board
Resolution 92-49.

42. Recommendation

The Air Force has prepared the final RoD with an acceptable cleanup proposal. The Water
Board is party to the FFA for the EAFB and is now asked to sign the RoD indicating'it concurs
with the actions proposed in the RoD. Staff recommends the Board adopt the enclosed
resolution autherizing the Executive Officer to sign the RoD.
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Lahontan Staff Report

EAFB- QU449

Arrayos Area RoD -
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Explanation:

Base from U.S. Geological Survey State of California (South Half) 1:500,000
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Figure 1. Edwards Air Force Base Location"Map
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| Figure 2. Arroyos Area Current Plume Extents & Major Sources Location Map
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