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EXECUTIVE SUMMARY

A Phase I remedial investigation (RI) was conducted for the Ewa Junction Fuel Drumming Facility
(EJFDF), Pearl Harbor, Oahu, Hawaii. The Phase II Rl area includes the EIFDF and an offsite
watercress farm area downgradient of the facility, near the shore of Pearl Harbor. The Phase II RI
supplements a Phase I RI completed at the facility in 1996 (Ogden 1996), and provides additional
data and analysis of the potential offsite impact of a motor gasoline (MOGAS) relcase.

In March 1971, vandals activated an EJFDF underground storage tank fuel pump, releasing
approximately 315,000 gallons of MOGAS to the ground surface. At least 250,000 gallons infiltrated
into the subsurface. Approximately 100,000 gallons of the infiltrated fuel were recovered from an
interceptor trench and recovery wells, Free-phase MOGAS has not been observed in over 10 years;
however, dissolved MOGAS constituents, such as benzene, toluene, ethylbenzene, and xylenes
(BTEX), have been detected in near-surface caprock groundwater beneath the facility (30-90 feet
below ground surface). The Navy’s major concern has been potential offsite transport of MOGAS
constituents dissolved in the caprock groundwater to the watercress farm area or Pearl Harbor. The
Phase I RI concluded that MOGAS constituents are not likely to migrate beyond the site boundary at
concentrations that would threaten human health or the environment, but recommended continued
groundwater monitoring, including offsite groundwater sampling.

Phase I RI Sampling and Analysis Program

The primary objective of the Phase 1T RI was to further evaluate the potential for offsite transport of
dissolved MOGAS constituents in the caprock groundwater. During the first Phase II RI sampling
round (June-July 1998), existing onsite caprock groundwater monitoring wells were sampled;
subsurface soil and groundwater samples were collected from new offsite borings, direct-push
microwells, and monitoring wells; and offsite surface soil, surface water, and sediment samples were
collected. In the second sampling round (approximately | vear after the first round), groundwater
samples were collected from the onsite monitoring wells, offsite monitoring wells, and offsite
artesian wells that supply water from a deep, confined basal aquifer to the watercress fields. The
groundwater samples were analyzed for total petroleum hydrocarbons (TPH), volatile organic
compounds (VOCs), semivolatile organic compounds (SVOCs), lead, and other priority pollutant
metals, as well as hydrogeochemical parameters indicative of hydrocarbon bioremediation.

Phase 11 BI Analvtical Results

Phase I RI analytical results indicate that contaminants associated with the MOGAS release have
remained almost completely within the site boundary, in subsurface soils and caprock groundwater
near the MOGAS source. The maximum total BTEX groundwater concentration detected in 1999
was less than 600 parts per billion (ppb), much lower than the 4,200 ppb detected in the last Phase |
RI sampling round (1994), In offsite groundwater, no BTEX compounds were detected except in one
of the microwells, where toluene was detected at about 1ppb. (The Safe Drinking Water Act
maximum contaminant level for toluene is 1,000 ppb.) MOGAS constituents were not detected in the
artesian wells, nor in surface soil, surface water, or sediment samples from the farm area.

Very low lead concentrations (well below risk-based screening criteria) were detected 1 offsite
subsurface soils, and in monitoring well groundwater samples collected both on and off site. Higher
lead levels were detected in turbid {unfiltered) groundwater samples collected from some of the
offsite microwells. However, the microwell samples contained high levels of suspended solids,
suggesting that the lead is associated with suspended soil particles. The spatial distribution of lead
and other metals in the caprock water-bearing zone indicates that the MOGAS release is not a
significant metals source. Lead was also detected in offsite surface soil, sediment, and (unfiltered)
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surface water samples. The lead detected in surface water is also likely to be assoviated with
suspended soil particles, Lead levels detected in the sediment and surface water samples are
consistent with the lead levels detected in offsite surface soil. The overall distribution of lead in
investigation area soil, proundwater, surface water, and sediment indicates that the lead is not
associated with the MOGAS release.

Heavy-molecular-weight SVOCs (C16-C22 hydrocarbon range) with high boiling points were
detected throughout the offsite area, but were not detected in onsite caprock groundwater, MOGAS
constituents are typically restricted to VOCs and lightweight SVOCs (C3-C12 hydrocarbon range)
with low boiling points. Boiling point distillation data for EJFDF MOGAS samples collected in 1971
confirm that the product released at the site did not contain heavy SVOCs. Therefore, the heavy
SVOCs detected off site are not likely to be related to the MOGAS release. Heavy SVOCs are
commeonly associated with asphalt pavement, heavy fuel products, and combustion emissions {eg.,
vehicle exhaust). Heavy SVOCs are relatively immobile in the aqueous phase due to their low
solubility and high affinity for organic matter; this provides further evidence that the MOGAS
release is not likely to be the SVOC source, Offsite sediment SVOC levels were similar to offsite
sutface soil SVOC levels, suggesting that the SYOCs are sorbed to soil particles,

Low levels of bis(2-ethylhexylphthalate (BEHP) were also detected at surface sampling locations
throughout the offsite area. Relatively high BEHP concentrations were detected in sediment and
surface water samples collected near a storm sewer outfall to the harbor. BEHP is a common
contaminant in urban stormwater runoff; therefore, the MOGAS release is not likely to be the BEHP
source.

Natural Attenuation of MOGAS Hydroecarbons in Caprock Groundwater

Soluble MOGAS constituents (primarily BTEX) that remain in on site subsurface soil may leach to
the caprock water-bearing zone and migrate toward the offsite area in the aqueous phase. However,
hydrocarbons dissolved in groundwater are subject to attenuation by natural processes, including
biodegradation. The extent and magnitude of biodegradation were assessed by evaluating caprock
groundwater electron acceptor concentrations (dissolved oxygen, nitrate, iron, sulfate, and carbon
dioxide). Microorganisms that occur naturally in soil and groundwater consume electron acceptors as
they degrade petroleum hydrocarbons. The core of the caprock groundwater contaminant plume
strongly correlates with depleted electron aceeptor concentrations—evidence that biodegradation 1s
an important natural attenuation process at the EJFDF. Very significant reductions m caprock
groundwater hydrocarbon concentrations were observed with both time and distance downgradient
of the MOGAS release area. Phase II RI results indicate that natural attenuation reduces caprock
groundwater total BTEX concentrations to less than 10 ppb within approximately 400 feet
downgradient of the MOGAS source. Groundwater modeling results indicate that MOGAS
constituents will not reach the offsite area at concentrations that would threaten human or ecological
receptors, and-that BTEX concentrations in onsite groundwater should reach very low levels withm
the next decade. B kil

Offsite Transport of MOGAS Contaminants

Phase 11 RI data indicate that pathways for transport of residual onsite contamination to human or
ecological receptors are either incomplete or insignificant. Groundwater sampling data indicate that
MOGAS constituents have not migrated off site at significant levels. Furthermore, hydrogeological
evidence and analytical data indicate that the caprock groundwater discharges directly to Pearl
Harbor, and does not reach the ground surface in the watercress farm area. Caprock water table
elevations are at least 2 feet below the bottoms of the watercress patches (which are irrigated with
water from artesian wells screened in the deep, confined basal aquifer), and there is no evidence of
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springs or seeps. Due to natural attenuation and dilution that occurs when caprock groundwater
discharges to the harbor, it is highly unlikely that contaminants from the EJFDF could reach Pearl
Harbor at concentrations that would pose risks to human or ecological receptors. Contanunants
dissolved in the caprock groundwater cannot migrate downward to the confined basal aquifer (the
main drinking water source for offsite farm residents). The hydraulic gradient across the low-
permeability ~confining strata between the -basal aquifer-and the caprock water-bearing zotie is
directed upward; any leakage through the confining strata would therefore also be directed upward.

Human Health and Ecelogical Risks
from Non-MOGAS-Related Contaminants

Risks associated with direct exposure to the non-MOGAS-related contaminants detected in the
offsite area were assessed for offsite human receptors (farm workers, residents, and utility workers)
and for ecological receptors. Results of the human health risk assessment indicate that offsite
contaminants do not pose unacceptable risks to human receptors, Results of the ecological risk
assessiment: indicate that -offsite contaminants (non-sue-related - lead and: SVOCs) may - pose
unacceptable risks to offsite ecological receptors; however, the risks are overestimated due to the use
of maximum detected concentrations of chemicals of potential ecological coneern.

Phase 11 BRI Conclusions and Becommendations

Phase I RI results confirm the Phase 1 RI conclusion that the MOGAS constituents remaining at the
site are not likely to threaten buman: health-or the environment. An extensive body of groundwater
monitoring - data -indicates- that -natural -attenuation  has greatly decreased -caprock -groundwater
contaminani concentrations over the 28 years since the MOGAS release, and reduces concentrations
to very low levels well before the groundwater reaches the downgradient site boundary. Maximum
groundwater hvdrocarbon concentrations detected during the Phase 1 R are below chemical-specific
applicable or relevant and appropriate requirements (ARARs) and to-be-considered (TBC) criteria
identified for the caprock water-bearing zone. The caprock is not a current or potential future
drinking water source, and dissolved hydrocarbons cannot nugrate to the underlying confined basal
aguifer. Therefore, National Recommended Water Quality Criferia. and more stringent Hawaii
Chrome Water Quality Standards were identified as chemical-specific ARARs. For those chemicals
without ARARs, Hawan Tier 1 action levels for sites where drinking water sources are not
threatened and with less than 200 centimeters annual rainfall were identified as TBCs. Contaminant
concentrations detected during the Phase 1I Rl are compared to these risk-based screening criteria in
Table ES-1.

Phase I and Phase II RI findings and risk assessment results provide strong evidence that MOGAS
constituents remaining in-subsurface sail and caprock groundwater near the MOGAS source pose nio
currentor future human health or ecological thredts. Therefore, no further action is recommended for
the EJFDF.

fil
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Table ES-1: Summary of Phase || Rl Analytical Resulls

Caprock Basal Suhsurface Surface Surface
Cantaminant Type Groundwater Groundwater Soil Sail Sediment Water
MOGAS-Related
BTEX Below ND Below HD ND ND
screening seraening
criferia criteria
1,2~ Dichloroethane Below MO Below ND ND N
seregning soresning
criteria critefia
Light-end SVOCs Below ND Below HD ND Below
screening screening sereening
criteria criteria criteria
Lead Below MO Below Detected but 1 Detected bul | Detecled but
SCrEening scresning not MOGAS- not MOGAS- * not MOGAS-
criteria criteria related relalad related
Mot MOGAS Related
VOCs (laboratory Below ND Below HD Below Below
contaminanis) screening screening sCresening soreening
criteria criteria criteria criferia
Heavy-end SV0OCs Below D Below Below human Above Above
{including screening screening health screening sereening
phthalates) criteria criteria screening criteria criteria
writeria; above
ecological
sereening
criteria
Metals (including Abtve Balow Below Below human Above Above
fead not MOGAS- Screening screening screening health ecological ecological
related) criteria criteria criteria soreening screening screening
Griteria; above criterig criteria
ecological
seresening
criteria
ND = not detected
v
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Fleet and Industrial Supply Center
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Hawaii Administrative Rules
Hawail Coastal Zone Management Law
Health Effects Assessment Sumumary Tables
hazard index
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Harding Lawson Associates
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hour

health risk assessment

Hawaii Revised Statutes
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Hawait Well Construction Standards
initial assessment study
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MW mwioniioring well
NCP National Oil and Hazardous Substances Contingency Plan
NEESA MNaval Energy and Environmental Support Activity
NFA no further action
HNOAA National Oceanic and Atmospheric Administration
NOEC no-observed-cffect concentration
MOAEL na-ohserved-adverse-effect level
NRC MNational Research Counel
NEWQC National Recommended Water Quality Cnteria (Federal Clean Water
Act)
NTU nephelometric turbidity unit
OLM Organic Laboratory Method
PACDIV Pacific Division, United States Navy
PACNAVFACENGCOM = Pacific Division, Naval Facilities Engineering Conmumand
PAH polynucledr aromatic hydrocarbon
PAL performance acceptance Hmit
PARCC precision, dceuracy, representativeness, comparability, and completeness
PE performmance evaluation
PEL probable effect level
BID photoionization detector
ppm parts per million
ppmy parts per million by volume
PRE prehiminary risk evaluation
PRG prelminary remediation goal
PVC polyvinyl chloride
QC quality control
RAGS Risk Assessment Guidance for Superfund
RBCA Risk-Based Corrective Action
RCRA Resource Conservation and Recovery Act
REC reference concentration
RID reference dose
RI remedial investigation
EME reasonable maximmum exposure
RPD relative percent difference
RPF relative potency factor
SAP sampling and analysis plan
SARA Superfund Amendments and Reauthorization Act
SDWA Safe Drinking Water Act
sec second
SERA sereening ecological risk assessment
SiM selective 1on monitoring
SLTH Sunn, Low, Tom, and Hara
SMCL secondary maximum contaminant Jevel
S0B sediment quality benchmark
SQC sediment quality criteria
SSL soil screening level
sUF site use factor
SYOC semivolatile organic compound
W solid waste
TBC to be constdered
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TCA trichloroethane
TCE trichloroethene
TD5s total dissolved solids
TEL threshold effect level
TFH total fuel hydrocarbons
T™MB trimethylbenzene
Too total organic carbon
TPH total petroleum hydrocarbons
TRV toxicity reference value
TVH total volatile hydrocarbons
UCL upper confidence limit
UF uncertamty factor
usc United States Code
USDA United States Department of Agriculture
USDW underground source of drinking water
LISFWS Enited States Fish and Wildlife Service
usT underground storage tank
YOC volatile organic compound
WQs water quality standards (Hawaii Department of Health)
yr year

vt
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1. INTRODUCTION

Phase 1 of the Remedial Investigation (RI) for the Ewa Junction Fuel Drumming Facility (EJEDE),
Fleet and Industrial Supply Center (FISC), Pearl Harbor, Oshu; Hawail, was conducted in 1992-
1995 (Ogden 1996), It focused primarily on the nature and extent of onsite contamination fom a
motor gasoline tMOGAS) release that-occurred at the EJIFDF in 1971,

Phase II of the RI continues the investigation in the onsite area and adds a detailed investigation of
the offsite agricultural and wetland areas located downgradient of the EJFDF. The scope of the
investigation was expanded to further evaluate the potential for contamination from the MOGAS
release to impact human or ecological receptors in the offsite area.

This Phase II RI report has been prepared for the Pacific Division, Naval Facilities Engineering
Command (PACNAVFACENGCOM) under the Comprehensive Long-Term Environmental Action
MNavy (CLEAN) I contract no. N62742-94-D-0048, contract task order {CTO) no. D033, The Phase
I RI was conducted according to guidance presented m the Navy/Marine Corps Installation
Restoration Mannal (DON 1997) and Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA (EPA 1988h).

1.1 PROJECT SETTING

Ag shown in Figure 1-1, the EJFDF is located north of the Middle Loch of Pearl Harbor, on the
Island of Oahu, Hawaii. The southern boundary of the site is 250-700 feet from the shore of Middle
Loch. The area investigated during the Phase II Rl includes the 44-acre EJFDF site and the offsite
arca between the BEJFDF and the shoreline. The location of the EIFDF relative to Middle Loch and

the surrounding area is shown in Figure 1-2; the layout of the mvestigation area is shown in Figure
1-3.

The elevation of the Phase IT RI investigation area ranges from sea level along the shore of Middle
Loch to approximately. 100 feet above mean sea level (msl) near the northern boundary of the
EJEDE,

Structures at the EJFDF include two 585,000-gallon (88-foot-diameter, 13-foot-deep) concrete-lined
underground storage tanks (USTs), a fuel drumming facility (Building 9), and associated piping. The
USTs, designated S-26 and 8S-27, were used to store MOGAS and aviation gasoline (AVGAS).
Locations of the USTs and other pertinent EJDFDF features are illusirated in Figure 1-3. Vegetation
has overerown the strictures due to inachivity atthe site.

Agricultural activity in the agricultural and wetlands area south of the EJFDF is dominated by
watercress cultivation, The watercress is grown in shallow ponds and patches {1-2 feet deep), which
are filled with a few inches of gravel and flooded to a depth of 3-4 inches. Water from the ponds
and patches and a stream adjoining the site drains to the Middle Loch of Pearl Harbor. A paved
bicycle path parallels the shoreline and separates the agricultural area from marsh areas and
mangrove swamps along the edge of the harbor.

1.2 EJFDF HISTORY

The EJFDFE was constructed in 1943 as a-fuel drumming and transportation terminal; #t-has been
inactive since the early 1970s. According to g 1972 PACNAVFACENGCOM report (Mau 1972),
vandals activated a UST 8-26 fuel pump on 12 March 1971, releasmg an estimated 315,000 gallons
of MOGAS to the ground swrface next to the UST. A pool of MOGAS 1-2 feet deep and
approximately 150 feet in diameter was discovered the next morning. Navy personnel pumped as

11
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much of the pooled surface fuel as possible—approximately 32,000 gallons—back into UST 5-26;
the remaining fuel infiltrated into the ground or evaporated.

According to the State of Hawaii Department of Health (DOHpa1}), the EJFDF site is scheduled to
be transferred to the State Hawaiian Home Lands Department. If the land transfer goes forward, the
EJFDF site may be developed for residential purposes in the future. It is important to note, however,
that the offsite area between the southern boundary of the EJFDF and Pearl Harbor is private
property (not Navy property), and neither transfer nor development is planned.

1.3  PREVIOUS INVESTIGATIONS

Previous efforts to contain and remediate contamination associated with the 1971 MOGAS release
and environmental investigations at the EIFDF are summarized below,

1.3.1  Initial Investigation and Interim Removal Actions—F. K. Y. Mau (1871-1872)

F. K. Y. Mau, a PACNAVFACENGCOM sanitary engineer, described the MOGAS release and
initial efforts to recover or contain the MOGAS (Mau 1972}, According to the report, the Navy
drilled 24 monitoring wells (4-inch diameter) at the site to delineate the extent of MOGAS floating
on the water table. Significant quantities of MOGAS were observed floating on the caprock water
table in six of the monitoring wells. The maximum free product thickness, § feet, was observed in a
mionitoring well located approximately 100 feet downpgradient of UST 5-26. A 16-inch-diameter
recovery well was installed at each of the six moniforing locations. Significant quantities of fuel
were pumped from three of the recovery wells; however, recovery proved to be impractical at the
other three recovery well locations, presumably due to the relatively impermeable nature of the
surrounding soil. The Navy contimued to monitor the horizontal extent and thickness of free product
in the 4-inch diameter monitoring wells untl late 1973,

Following recovery well installation, an interceptor trench was constructed along the southern
boundary of the site to recover free product and prevent contaminants from migrating into the offsite
agricultural and wetlands area. The approxunate location of the trench is illustrated in Figure 1-3.
The trench was approximately 27 feet deep and penetrated approximately 5 feet below the water
table., The downgradient wall of the trench was lined with an impermeable membrane to prevent
lateral movement of the MOGAS, A skimming tank was installed to recover free product floating on
the water table. The trench was completed in late April 1971; at the same time, MOGAS was
detected in monitoring holes approximately 200 feet upgradient of the southern site boundary. On
12 May 1971, free product was first observed in the trench, and recovery efforts were initiated. The
field observations indicate that the trench was completed in time to intercept the free product before
it could migrate off site.

1.3.2  Sunn, Low, Tom, and Hara (1974-1975)

According to the report of a 1974-1975 investigation by Sunn, Low, Tom, and Hara (SLTH), the
recovery wells and interceptor trench were operated for approximately | year, after which the Navy
estimated that approximately 100,500 gallons of fuel had been either recovered. or evaporated
(SLTH 1975). SLTH estimated the extent of the area originally contacted by free product to be
approximately 180,000 square feet. Figure 1-4 shows the area originally contacted by free product,
as indicated by field observations between 1971 and 1989 (the last vear free product was observed at
the site).

AR00029810
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SL.TH monitored the extent and thickuiess of free product in 1974 and 1975, and estimated that free
product thickness decreased by approximately 0.5-1.0 feet per year between early 1971 and early
1975, By early 1975, measured free product thickness was at or very close to zero, except in two
monitoring holes  located immediately downgradient of UST 8-26 (where thicknesses were
approximately 0.3 and 0.8 feet). SLTH also collected soil samples from nine new soil borings and
tested for fuel by chemical oxygen demand analysis. Fuel was detected in all but one soil sample.
SLTH recommended extending and reactivating the interceptor trench to prevent contanination
from migrating beyond the southermn boundary of the site.

1.3.3 Naval Energy and Environmental Support Activity (1983)

The Naval Energy and Environmental Support Activity (NEESA) condueted an mitial assessment
study (IAS) in October 1983 (NEESA 1983). Although the EJIFDF site was identified as potentially
contarmninated, a confirmation study was not recommended.

1:3.4 -Environmental Science and Engineering {1988)

In October and November 1989, Environmental Science and Engmneering (ESE) collected subsurface
soil samples from borings drilled around the perimeters of UST 5-26 and UST S-27 (ESE 19903
Elevated concentrations of total petroleum hydrocarbons (TPH), toluene, ethylbenzene, and xylene
were detected in subsurface soil surrounding UST 8-26. TPH, toluene, cthylbenzene, and xylene
were also detected m subsurface soil surrounding UST 8-27, but concentrations were below sample
quantitation hmats.

1.3.5. Harding Lawson Associates {1888-1880)

Harding Lawson Associates (HLA) reported that significant concentrations of lead and benzene,
toluene; ethylbenzene, and xvlenes (BTEX) were detected in subsurface soil and groundwater
samples from nine new borings/monitoring wells and several of the previously existing monitoring
wells at the site {(HLA 1990). HLA concluded that MOGAS-contaminated soil may slowly release
soluble hydrocarbons and lead to the shallow caprock water-bearing zone. The maximum total
BTEX concentration - detected in the caprock groundwater (10.07 milligrams per liter [me/L]) was
detected in a sample collected in March 1989 from monitoring well (MW)-2, located immediately
adjacent to UST S-26. Floating free product was observed in only one of the monitoring wells,
MW-6, located at the northeast end of the mterceptor trench. The maximum free product thickness
measured in MW-6 was 0.18 feet. HLA did not detect BTEX or lead in groundwater samples from
two offsite artesian wells that tap the deep confined basal aquifer that underlies and is confined by
caprock sediments. HLA recommended modifications to the existing interceptor trench, recovery of
free product from MW-6, and an assessment of risks to human health and the environment.

1.3.6 Masa Fujioka & Associales (19911892}

In February and March 1992, Masa Fujioka & Associates (MFA) completed 10 hand-auger soil
borings, installed 11 borings/monitoring wells, and collected 61 soil vapor probe measurements
(MFA 1992). Seil, groundwater, and soil vapor sampling results indicated that contaminants from
the 1971 MOGAS release still existed in both soil and groundwater, particularly in the area
downgradient of the contaminant source, UST S-26. MFA also reported that soil and groundwater
contamination were detected in monitoring well ER21 {downgradient of UST §-27), but not in Ef-
22 (upgradient of UST 8-27). MFA suggested thig could indicate leakage from UST §-27. Mmor
concenirations of TPH were detected it wroundwater samples collected in the northeast corner of the
site; however, soil contamination was not detected, suggesting that groundwater contamination in
this area may be due o an offsite source.
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1.3.7. Phase | Remedial Investigation—0Ogden (18821985}

Phase T RI field activities included a soil gas survey, hydrogeologic investigation, and chenucal
analysis of surface soil, subsurface soil, and groundwater samples (Ogden 1996). The field data
were evaluated and interpreted to charactenize the nature and extent of contamination, assess human
health and-ecological risks, and make recommendations for further action.

Soil Gas. Soil gas samples were collected at 44 locations from depths up to 27 feet below ground
surface (bgs). Volatile hydrocarbons were detected at only two locations, both downgradient of UST
5-26. The maximum detected total volatile hydrocarbon (TVH) coneentration was only 2.0 parts per
million by volume. BTEX compounds were not detected in the soil gas. The report concluded that
contaminants transported via the air pathway are not likely to threaten human or ecological
receptors, because vapor-phase contaminant concentrations detected in the subsurface have been
very low.

Gronndwater. Groundwater samples and water level measurements were collected from 21 onsite
wells that penetrate the caprock water-bearing zone both up- and downgradient of UST 5-26. Four
groundwater samphing rounds were completed over a 27-month period {May 1992 to August 19543,
at intervals of approximately 9 months. The caprock groundwater flows generally southward, from
the EJFDF toward the offsite agricultural and wetlands area and the shore of Pearl Harbor. Free
product has not been detected in any monitoring wells since the HLA investigation in 1989,
Therefore; the Phase | RI report concluded-that migration of dissolved {aguepus-phase) MOGAS
constituents {(such as BTEX) within the caprock water-bearing zone is the only pathway at the
EJFDF likely to transport significant quantities of contaminants.

Caprock groundwater is not used for human consumpbion i the vicinity of the site. In addition,
caprock groundwater in this area 15 not considered a viable source of pomable water due to the low
hydraulic conductivity associated with the water-bearing zone and relatively high concentrations of
total dissolved solids (TDS). Caprock groundwater conditions beneath the EJFDF are discussed in
detail in-Section 3.8.2,

The following aqueous-phase contaminants were detected in groundwater samples collected during
the Phase T RI monitoring prograns

s TPH
= “Total lead

= Volatiie organic compounds (VOUs), as follows:

-~ methylene chloride ~ trichloroethane (TCA)
=. gcctone = benzene

— chloromethane ~ toluene

= hexare -~ ethylbehzeéne

1,2-dichloroethane (1,2-DCA)

i

mietd~, para- and ortha-xylene

» . Sermivolatile organic compounds {(SVOCs), as follows:

—phenol — - acenaphthalene

112
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~ d-methylphenol = diethylphthalate
woPdedimethviphenod - fluorene

- naphthalene ~  n-nitrosodiphenylamine

= methylnaphthalene —  phenanthrene

— 2-chloronaphthalene ~ di-n-butylphthalate

~— dimethylphthalate ~-  bis(2-ethylhexyl)phthalate (BEHP})

The common laboratory contaminants methylene chloride and acetone were detected at low
concentrations and apparently do not represent an onsite source, Chloromethane and TCA were each
detected only in single groundwater samples. Neither chloromethane nor TCA are compounds
associated with MOGAS. This lack of association and the limited distribution of these two VOCs
suggest that they are not directly related to the MOGAS spill. The other listed VOCs and the
naphthalene and phenolic compounds listed as SVOCs are commonly present in gasoline; they are
therefore likely related to the 1971 MOGAS release. The other SVOCs, including phthalates,
acenaphthalene, fluorene, and phenanthrene, that were detected in groundwater samples collected
dovngradient of UST $-26 may be related to other petroleum product releases in the site vicinity.

BTEX compounds are considered the contaminants of greatest concern at the EJFDF due to their
toxicity and potential to migrate in the aqueous phase. Benzene is of particular concern due to its
retatively high solubility, high initial concentration, toxicity, persistence, and mobility. Elevated
BTEX concentrations were detected in Phase I RI groundwater samples collected from monitoring
wells that penetrate the caprock water-bearing zone downgradient of UST 8-26. The maximum
concentration of total BTEX in groundwater {8.53 mg/L) was detected in a sample collected in May
1992 from MW-2, located directly adjacent to UST $-26. The maximum concentration of total
BTEX detected in a sample collected in May 1992 at MW was 0.331 mg/l.. MW-4 is located just
within the site boundary, approximately 700 feet downgradient of UST §-26. The reduction in total
BTEX concentrations suggests that significant natural attenuation occurs as the contaminants
niigrate downgradient,

The maximum lead concentration (325 mucrograms per liter [ug/L]) was detected in a groundwater
sample collected from a monitoring well downgradient of UST 5-26. Relatively high lead
conicentrations were also detected in several other wells downgradient of UST §-26. Because total
lead concentrations in samples collected from the *background” well (MW-20) ranged from less
than 1.0 pg/L to 2.6 pg/L, the Phase T RI concluded that the lead detected downgradient of UST
$-26 may be attributable to the 1971 MOGAS release, leaks from onsite pipelines, or leaking
regional distribution pipelines upgradient of the EIFDF.

Although contaminant concentrations detected in groundwater samples collected on site have
declined in the vears since the release, temporary increases have been observed when samphng has
been conducted during wet seasons. The Phase I RI report suggests that these temporary increases
may be the result of one of the following:

» Increased leaching of contaminants from the vadose zone due to rainwater infiltration

»  Increased contaminant dissolution due to the greater volume of contaminated soil in contact
with groundwater when the groundwater table is lngh
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Contaminants related to the MOGAS release were not detected in groundwater samples collected
from the artesian wells that tap the confined basal aquifer downgradient of the site. The
hydrogeologic characteristics of the investigation area tend to prevent leakage from the caprock
water-bearing zone into the underlying basal aguifer. A thick sequence of low-permeability silty
¢lays isolates the caprock water-bearing zone from the basal aquifer. In addition, the hydraulic
gradient across the low-permeability confining strata between the two groundwater bodies is
directed upward—from the basal aquifer toward the caprock water-bearing zone. Any leakage
through the confining strata would, therefore, also be directed upward. The caprock water-bearing
zone and the underlying confined basal aquifer are described in detail m Section 3.8.

Phase 1 RI sampling results indicate that caprock groundwater contaminant concentrations decrease
to very low levels as the plume migrates downgradient. In addition, the Phase I RI report suggests
that dilution by uncontaminated artesian well water used to irrigate the offsite agricultural area or
seawater would greatly reduce concentrations of any groundwater contaminants that may be
discharged from the caprock water-bearing zone to the agricultural and wetlands area or the Middle
Loch of Pearl Harbor.

Seil. Subsurface soil samples were collected on site from seven trenches and 14 borings during the
Phase I RI. Compounds associated with MOGAS were detected at concentrations below action
levels established by the State of Hawaii Departinent of Health (DOH) as well as preliminary
remediation goal (PRG) ecriteria established by Repgion IX of the United States Environmental
Protection Agency (EPA). The maximum total fuel hydrocarbon (TEH) concentration detected
among the french soil samples was 18 milligrams per kilogram (mg/kg). The Phase 1 RI report
sugeests that any light nonagueous-phase liquid (LNAPL) (i.e., free product) that remains within
vadose zone soil after more than 25 years is likely to be relatively immobile in the nonaqueous
phase. However, soluble contaminants may enter the aqueous phase as residual suspended or sorbed
MOGAS constituents are leached from source area soil (i.e., subsurface soil i the area adjacent to
and downgradient of UST §-26).

The Phase I RI and previous studies have demonstrated that contaminant concentrations in onsite
caprock groundwater have decreased over the years since the MOGAS release, and that contaminant
concentrations in source area soil have also been decreasing. Mechanisms likely to be contributing
to the observed reduction in soil contamination include leaching, evaporation, and biodegradation.
Phase T RI sampling results suggest that residual suspended or sorbed MOGAS constituents 1 soil
within and just above the capillary fringe represent the only significant contaminant source
remaining at the site,

Other Potential Contaminant Sources. Although the major source of contamination at the EJFDF
appears 1o be the 1971 MOGAS release, several other potential contaminant sources were identified
in the Phase I RI report. Sections of a petroleum, oil, and lubricant transmission pipeline operated by
the United States Department of Defense are within | mile of the northem boundary of the EJFDFE.
Between 1949 and 1955, this pipeline was reportedly the source of at least six leaks, one of which
was estimated at approximately 300,000 gallons of AVGAS (ESE 1990), An underground fuel
pipeline (operated by Tesoro Hawaii) that runs along the southern boundary of the site conveys a
variety of petroleum products, including diesel, gasoline, and jet fuel. Potential contaminant sources
also mclude leakage from UST §-27, underground fuel lines, and valve boxes at the site. Leaks from
petroleum product pipelines (operated by Chevron USA and Navy FISC) that parallel the bicycle
path along the shore of Pearl Harbor represent another potential source of contamination. In 1987, a
pipeline rupture released approximately 120,000 gallons of Jet A fuel to a wildlife refuge (Warawa

AR00029818



November 2000 Phase Il RI, EJFDF, FISC, Pearl Harbor Introduction

Unit of the Pear] Harbor National Wildlife Refuge) located near the Middle Loch shoreline, east of
the offsite agricultural and wetlands area (see Figure 1-2).

Human Health Risk Assessment (HRA). The Phase I RI HRA assessed human health risks that
may exist if remedial actions or institutional controls are not implemented. The HRA combined
results from exposure and toxicity assessments to evaluate both individual and population risks
associated with complete or potentially complete exposure pathways. HRA findings indicate that the
dermal and ingestion exposure pathways associated with onsite surface soil contamination, potential
contamination in the Middle Loch of Pearl Harbor, and potential contamination in the agricultural
and wetlands area do not pose significant risks to human health, Onsite contamination and potential
volatilization of contaminants from the watercress ponds downgradient of the site are unlikely to
pose significant human health risks via the inhalation exposure pathway. Cumulative reasonable
maximum exposure (RME) risks for all receptors were found to be at least two orders of magnitude
below trigger levels for remediation {an excess cancer risk of 1 x 107 and a hazard index of 1).

Ecological Risk Assessment (ERA). Chemicals of potential ecological concern (COPECs) and
potential ecological receptors were identified during the Phase I RI. An ERA was then conducted to
identify complete or potentially complete exposure pathways and to assess risks to ecological
receptors, bath on site and in the offsite agricultural and wetlands area. The ERA indicates that
onsite soil is not likely to pose risks to terrestrial receptors. Onsite terresirial species are common,
non-native urban species of little ecological or social importance. The ERA concluded that COPECs
detected in the caprock groundwater may be transported to the marine environment in the Middle
Loch of Pearl Harbor. However, natural attenuation along the groundwater flow path and dilution
that occurs when the groundwater is discharged to Middle Loch will tend to minimize risk to
ecological receptors. ERA risk estimates indicate minimal potential for adverse effects to either
marine invertebrates or shorebirds, even if it is assumed that COPECs in caprock groundwater are
diluted only after thev enter Middle Loch.

Recommendations. Phase I RI fate and transport calculations indicated no potential for future
offsite migration of the caprock groundwater contaminants detected during Phase 1T RI groundwater
sampling. However, the report recommended installation of additional monitoring wells in the
agricultural and wetlands area downgradient of the site to verify that offsite caprock groundwater
has not been impacted. The report also recommended long-term monitoring of onsite and offsite
wells to confirm that EIFDF caprock groundwater contaminants will not migrate off site in the
future.

1.4 -OBJECTIVES
Primnary objectives of the Phase I BRI are as follows:
#  Assess the nature and extent of groundwater contamination, both within the boundaries of the

EJFDF and in the agricultural and wetlands area between the site and the Middle Loch of
Pearl Harbor,

= Assess the nature and extent of petraleum hydrocarbon and lead contamination in surface and
subsurface soil i the agriculturat and wetlands area.

= - Assess the nature and extent of petrolenm hydrocarbon and lead contamination m surface
water and sediments in the agricultural and wetlands area,

*  Compare the concentrations of detected contaminants to applicable or relevant and
appropriate requirements (ARARS), or to-be-considered (TBC) eriteria.
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*« Assess potential migration pathways for identified contamination, with emphasis on the
potential for contaminants associated with the 1971 MOGAS spill to migrate with
groundwater either in the aqueous phase or as free product.

 Evaluate potential hazards to human and ecological receptors associated with 1dentified
contamination.

2. Adgess theneed for remedial action.

+  [dentify preliminary remedial alternatives for the site.
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2. FIELD METHODS AND PROCEDURES

The flow chart presented in Figure 2-1 provides an overview of the Phase II' R1 field sampling
program. The primary objective of the Phase 1T RI field investigation was to acquire additional data
needed to evaluate the potential impact of contaminants from the EJFDF MOGAS release on human
and ecological receptors in the offsite area downgradient of the site. In addition fo data regarding
contaminant concentrations in groundwater, hydrogeochemical data were collected to evaluaie
natural attenuation processes along the groundwater flow path. Potential contamination in offsite
sotl, sediment, and surface water was also investigated.

Phase ILRI field activities wére completed m two stages:

L]

Stage (8 June-24 July 1998)—an ccological receptor and drainage pattern survey, surface
water and sediment investigation, surface and subsurface soil investigation, and the first
round of groundwater sampling

Stage 11 {26 April-14 May 1999)—the second round of groundwater sampling

Field:activities were documented in-the field logbooks presented wnAppendix Ac

The following tasks were accomplished during the field investigation:

k3

Subsurface utility clearance at all bonng locations

Ecological and surface water drainage survey

Surface water and sediment sampling at ten locations in the offsite area

Surface soil sampling at five locations in the offsite area

Subsurface soil sampling m 26 direct-push bornings in the offsite area

Subsurface soil sampling mm four hollow-stem auger (HSA) borings in the offsite area
Installation and development of twelve 1.5anch-diameter microwells in the offsite area
One round of groundwater sampling n the twelve microwells

Installation and development of four 4-inch-diameter monitoring wells in the offsite arca
Two rounds of groundwater sampling in the four offsite and 21 onsite monitoring wells
Groundwater sampling in three offsite artesian urigation wells

Topographic and sampling location survey

Equipment decontamination

Instrument calibration

Investigation-derived waste (IDW) management and disposal

Unless otherwise stated, all field activities were conducted in accordance with the project field
saripling and analysis plan (SAY) (Earth Tech 1998) and standard operating procedures (SOPs)
from the Project Procedures Manual, U5 Navy Pacific Division (PACDIV) Installation
Restoration Program (IRPY(DON 1996, 1998).
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2.1 SUBSURFACE UTILITY CLEARANGE SURVEY

To avoid damage to utilities or other subsurface structures during direct-push and HSA drilling,
utilities were surveyed during 8-13 June 1998, in accordance with PACDIV IRP Procedure 1-A-6,
Utility Clearance, and I-B-2, Geophysical Testing Procedures, Existing utility maps were reviewed,

and each boring location was surveyed by geophysical methods. Utility clearance survey notes and

maps are presented in Appendix B,
The following geophysical instruments were used in the survey:

*  Geonics EM-31 electromagnetic locator
» Radio Detection RD-400 electromagnetic locator

* Schonstedt GA-52B magnetic locator

2.2 ECOLOGICAL AND SURFACE WATER DRAINAGE SURVEY

An ecological and surface water drainage survey was conducted in the offsite agricultural and
wetlands area during 8-9 June 1998. The survey focused on the watercress ponds, marsh areas,
mangrove swamps, and harbor-edge habitats. Ecological receptors and potential exposure pathways
were identified, and surface water drainage patterns were evaluated. To assess potential ecological
threats posed by migration of contaminants from the EIFDF and to select surface water and
sediment sampling locations, areas of potentially impacted surface water or sediment were
identified. The survey also attempted to locate groundwater seeps or springs that may discharge
caprock groundwater in the offsite area.

2.3 SURFACEWATER AND SEDIMENT SAMPLING

Surface water and sediment samples were collected in the watercress farm ponds and other areas
draining into the Middle Loch of Pearl Harbor (e.g., mud flat and mangrove areas) to investigate the
potential impact of contaminants from the EJFDF on surface water and sediment in the offsite area.
Samples were collected at the 10 locations shown in Figure 2-2 on 30 June, 1 July, and 6-7 July
1998. At least one surface water sample and one sediment sample were collected at each of the ten
locations.

Surface water samples were collected by submerging the mouth of the sampling container and
allowing water to flow gently into the container, in accordance with PACDIV IRP Procedure I-B-4,
Swrface Water Sampling. Fach water sample was tested in the field for dissolved oxygen, redox
potential, conductivity, temperature, and pH with a groundwater parameter multiprobe. Sediment
samples were collected with a stainless-steel hand trowel, in accordance with PACDIV IRP
Procedure I-B-3, Subaqueous Sediment Sampling, and placed on ice in a cooler for transport to the
analytical laboratory,

Samples were labeled, handled, and shipped to the analytical laboratory in accordance with the
procedures listed in Section 2.6. Each surface water or sediment sample was analvezed by the
methods listed in Table 2-1. The sediment samples were analyzed for polynuclear aromatic
hydrocarbons (PAHs) by National Oceanic and Atmospheric Administration (NOAA) status and
trends methods {(Lauenstein and Cantillo 1993) to achieve the low detection limits necessary to
compare data to the ecological screening criteria proposed by Long et al. (1995). Surface water and
sediment sampling results are presented in Section 4.1.
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Table 2-%; Burface Water and Sediment Sample Chamical Analysis

Analytical Method Analyvtical Paramelers
CLP OLMOSA VOCs
SV0Cs
EPA 80158 TFH-gasoline (volatile)
TFH-diezsel {extractable}
EPA& 8270 Sim° PAHs
CLFILMO4.0 Total lead
EPA.S0B0 Total organic.carbon
CLP = Lontract Laboratory Program
TFH = total fuel hydrocarbons
SiM = salective lon monitoring
ILAA = Inorganic Laboratory Method

® Mathod used for sediment samplas only.

2.4 SOIL INVESTIGATION

Surface and subsurface soil samples were collected in the offsite area to assess potential soil
contamination related to the EJFDF MOGAS release, quantify geotechnical parameters that may
influence contaminant transport, and aid in selecting appropriate locations for offsite groundwater
monitoring wells. The soil sampling program mcluded the following:

= Burface soil sampling
= Direct-push-subsurface soil sampling

= HSA subsurface soil samphing

Samples were labeled, handled, and shipped fo the analytical laboratory in accordance with the
procedures listed in Section 2.6. The HSA boring soil samples were analyzed for chemical
constituents and tested for geotechnical parameters. Surface soil samples and direct-push soil
samples were analyzed for chemical constituents only. The chemical analytes are listed in Table 2-2;
the geotechnical parameters are listed in Table 2-3. Surface soil samples were analyzed for PAHs by
NOAA status and trends methods (Lauenstein and Cantillo 1993} to achieve the low detection limits
necessary to compare data to the ecological screening criteria proposed by Long et al. (1995).

Table 2-2; Soil Sample Chemical Analysis

Analytical Method Analytical Parameters
CLP OLMO3.1 YOCs
SVOCs
EPA BD1SE TEH-gasoline (volatile)
TFH-diesel (exiraciable)
EPA B2T0C BIM® PAHs
CLP LMOL.0 Total lead

* Mathod used for surface soll samples only.
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Table 2-3: Boil Bamiple Geotechnical Testing

Testing Method Geotechnical Parameters
ASTM DED84-90 Hydraulic conductivity
AP RPAG Alr permeability
ASTM D2937T end ASTM D2218 -+-Bulk density soil moisture porosily
ASTM D422 Particle size distribution
EPA G0B0 Cation exchange capacily
ASTM D422 and ABTM D4318 Soll classification
ASTM D4318 Plasticily index
AP =American Pelroleum lostilule
ABTM . = American Sodiety for Tesling-and Malerials

241 Surface Soil Sampling

Surface soil samples were collected at five offsite locations (see Figure 2-2) on & July 1998 to
nvestigate petroleum contammation teportedly observed in August 1995 during excavation of 3
sewer hne trench. Bach soil sample wis collected at a depth of 0.5 fest or less with 2 stainless-steel
hand trowel, in accordance with PACDIV IRP Procedure 1-B-1, Soil Sampling. Soil samples were
placed in pre-cleaned, wide-mouthed glass jars (provided by the analytical laboratory), labeled, and
immediately placed on ice in a cooler for transport to the analytical laboratory. Contaminant
concentrations were quantified by the analvtical methods listed in Table 2-2. Surface soil sampling
results.are presented i Section 4. 1.

2.4.2 Direct-Push Soil Sampling

Subsurface soil samples were collected at 26 offsite direct-push boring locations (see Figure 2-3)
during 11-22 June 1998. Direct-push soil sampling was planned for 30 locations; however, the
required sampling depths could not be reached at four locations at the west end of Waiawa Road,
due to obstruction by subsurface rubble and debris used as fill material. As shown in Table 2-1,
boring depths ranged from 8 to 31 feet bgs. Twelve of the 26 borings were converted to 1.5-inch
diameter mcrowells,

Subsurface soil samples were collected n stainless-steel sleeves using a direct-push drilling rig
equipped with a piston assembly and split-spoon sampler (2-inch diameter by 2-foot length), in
accordance with PACDIV IRP Procedure I-H, Direct Push Sampling Technigues. Drilling and
sampling equipment was decontaminated by the procedures outlined in Section 2.9. The direct-push
boring samples were examined and logged by a field geologist in accordance with PACDIV IRP
Procedure I-E, Soil and Rock Classification. Boring logs are presented in Appendix C. Each sample
was screened for VOCs with a photoionization detector (PID). A portion of the sample was placed
in a quart-sized resealable plastic bag, sealed, broken up, and left to warm in the sun for § minutes.
The PID probe was then inserted into the bag and the detected VOC concentration was recorded on
the boring log. The sample-containing stainless-steel sleeves were immediately capped with Teflon
sheets and clean plastic end caps, sealed with tape, labeled, and placed on ice ina cooler.

Soil samples for chemical analysis were collected from the capillary fringe and intervals with
elevated PID readings. Contaminant concentrations were quantified by the analytical methods listed
in Table 2-4. Direct-push subsurface soil sampling results are presented in Section 4.2
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Table 2-4: Summary of Direct-Push Borings and Associated:Microwells

Total Depth of

Total Depth of Boring Microwell

Baring dNumber {feet bgs} Converted {o Microwell Microwell Number {feat bgs)
B 19.0 Mo wa nia
BO2 24.5 Yes M1 24.5
Boa 18.5 Yes Mi2 18.5
BO4 22.5 Mo n/a ra
BOS 24.0 No nia n/a
BOS 250 Yes M3 250
BO7 220 Yes Mi-4 220
BOB 26.0 Yes M-S 26.0
BOY 27.5 Yas MI-G 25,0
B1i0 24.0 Yes M7 24.0
B 18.5 No nia n/a
B12 12.5 No nia nia
B13 20.0 No nia nfa
Bi4 18.5 Mo n/a nla
B1i5 24.0 No nfa nia
B1§ 28.0 Yes Mi-B 280
Bi7 2440 Yes Mi-a 4.0
Big 24.0 No nia nfa
Big 22.0 Ho nia na
B20 310 Yes Mi-10 31.0
B21 18.0 Mo nia nfa
B22 28.0 Mo nia nia
B23 22.5 Yes h-11 225
824 10.0 Mo i nla
B25 14.0 Yes Mi-12 14.0
B26 8.0 No nia nia

n/a =not applicable

2.4.3  Hollow-Stem Auger Soil Sampling

Subsurface soil samples were collected from four HSA borings completed in the offsite area (Figure
2-3) during 6-10 July 1998. As shown in Table 2-5, boring depths ranged from 28.5 to 35.0 feet bgs.
Each boring was converted to a 4-inch monitoring well.

2:11
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Table 2-5: Summary of HSA Borings and Associated Monitoring Wells

Tolat Bepth
Tatal Depth of Boring of Monitoring Well
Boring Mumber {feai bgs) Monitaring Well Number {foet bos)
B27 285 w23 285
B28 © 350 MW-24 sl
B29 320 MW-25 320
B30 300 MW-28 30.0

The borings were drilled with 12-inch-outer-diameter HSAs. Soil samples were recovered as the
borings were advanced using a split-barrel sampler (2-inch diameter by 2-foot length) fitted with
stainless-steel sleeves, in accordance with PACDIV IRP Procedure 1-B-1, Soil Sampling. Drilling
and sampling equipment was decontaminated by the procedures outlined in Section 2.9. Each
sample was examined by a field geologist and logged according to PACDIV IRP Procedure I-E, Soil
and Rock Classification. Boring logs are presented in Appendix C. Samples were inspected in the
field for visible evidence of contamination (e.g., discoloration or sheen) and screened for VOCs by
the procedure outlined in Section 2.4.2. The sample-containing stainless-steel sleeves were
immediately capped with Teflon sheets and clean plastic end caps, sealed with tape, labeled, and
placed on ice in a cooler.

At least three soil samples were selected from each boring for chemical analysis. Analytical samples
were selected from the following locations:

* . The unsaturated zone

» The capillary fringe zone

» - The saturated zone

= - Intervals with elevated VOC concentrations as detected by PID

Contaminant concentrations were quantified by the analytical methods listed in Table 2-2. One
sample from the capillary fringe zone in each boring was submitted for geotechnical testing by the
methods listed in Table 2-3. HSA subsurface soil sampling results are presented in Section 4.2,

2.5 GROUNDWATER INVESTIGATION

Primary objectives of the Phase II RI groundwater investigation are to define the extent of the
caprock groundwater contaminant plume both on site and off site, and to evaluate the fate and
transport of aqueous-phase contaminants. Groundwater samples were collected both upgradient and
downgradient of the MOGAS release area, from the offsite monitoring wells and microwells shown
in Figure 2-3, and from the onsite monitoring wells shown in Figure 2-4. Water levels were
measured in each well with an electronic water-level indicator to define the caprock water table
(water level data are presented in Section 3.8.2.1). During the first sampling round (summer 1998},
caprock groundwater samples were collected from 12 microwells and four monitoring wells in the
offsite area, and from 21 onsite monitoring wells. During the second sampling round (spring 1999),
groundwater samples were collected from the 21 onsite monitoring wells, four offsite monitoring
wells, and three offsite flowing (artesian) wells screened in the confined basal aguifer.
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Samples were labeled, handled, and shipped to the analytical laboratory in accordance with the
procedures listed in Section 2.6. The groundwater samples were analyzed by the methods listed m
Table 2-6 to quantify contaminant concentrations and hydrogeochemical parameters that may
influence natural attenuation. Ferrous iron concentrations were quantified in the field with-a Hach
colorimeter (Model IR-18C). Dissolved oxygen, redox potential, conductivity, temperature, pH, and
turbidity were quantified in the field with a groundwater parameter multiprobe,

Table 2-6; Groundwater Sample Analysis

Analytical Methods Analiftical Mathods
{Round One! Jups=July 1898} {Round Twor April=May 19893 Angiylical Paramelers
CLP OLMO3.1 EPA 82808 YOUs
EPAB270 SV0OCs

EPA 80158 EPA 8015 TEH-gasoline (volatile}

TEH-diessl (sxtractable)
EPA 9080 EPA Q080 Total organic carbon
EPA B2B0A EFAB260B Trimethylbenzenes
EPA 300 EFPAZ00 Stlfate

Chioride
EPA 35372 EFA 3533 Nitrate + Nilrite
Standard Methods 3500-Fe D Standard Methods 3500-Fe D Ferrous iron ®
ERA REKOP-175 Modified © EPA 3810 Methane
EPA 3102 EPA 3102 Total alkalinity
EPA 3402 EPA340.2 Fluoride
EPA 4251 EPA4251 Surfactants
EFA1807 EPA 16801 Total dissolved solids
CLPILMO4.O CLP ILMO4.0 General metals
Standard Methods 4500 Standard Methods 4500 Digsclved oxygen *
Standard Mathods 2580 B Standard Methods 2580 8 Redox Potential ®
EPA 1201 EPA120.1 Conductivity ®
EPA 1701 EPA 1704 Temperature
EPA 1504 EPA 1501 pH?

? Fleld measurement

Sample preparation and-determination of dissolved gases inwater using gas chromatography

headspace squilibration technigue (Kamipbell, Wilson, and Vandergnft 1289}

2.5.1  Microwell Groundwater Investigation

As indicated in Table 2-4, 1.5-inch-diameter microwells were installed at 12 of the 26 direct-push
soil boring locations during 11-22 June 1998 (see Figure 2-3). Microwells were planned for 15
locations; however, the required depths could not be reached at three locations (at the west end of
‘Waiawa Road) due 1o obstruction by subsurface debris,

The microwells were installed in accordance with PACDIV IRP Procedure I-C-1, Monitoring Well

Installation. Bach well was construeted of 1.5-nch-outer-diameter; Schedule 80, polyvinyl chlonde
(PVC) threaded casing with a 5-foot-long, 0.010-inch slotted screen section. The 2-inch-diameter
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annular space surrounding the screened interval was backfilled with Number 3 Monterey sand to
approximately 2 feet above the top of the screen. The annular space above the sand pack was then
backfilled with bentonite chips, which were hydrated during placement. Microwell construction

etails are shown in Table 2-7 and in the well completion records presented in Appendix D.1.

Table 2-7: Microwell Construction Details .. .

Top of Casing Total Depth Benlonite Seal Filter. Pack Well Boreen

Elevation of Well interval Intervat Intervat
Wicrowell Number - (feet above msl) {feet bgs) {feet bgs) {fest bgs) {fest bgs}
M a.37% 245 0.0-15.0 16.0-24.5 19.5-24.5
Mi-2 7.36 18.5 9.0-9.0 5.0-185 11.5-18.5
B3 2243 250 0.0-48.0 18.0-25.0 20.0-25.0
tdld 1526 2.0 0.0-15.0 15.0-22:0 17.0422.0
M-8 19.77 26.0 0.0-18.0 18.0-26.0 20.0-25.0
M-8 2114 25.0 0.0-18.0 18:.0-25.0 20.0-25.0
M7 20:00 24.0 0.0-17.0 17.0-240 18.0-24.0
M-8 14.15 28.0 0.0-21.0 21.0-28.0 23.0-28.0
Mg 1873 240 0.0-17.0 17.0-24.0 19.0-24.0
Mi-10 15.67 310 0.0-24.0 24.0-31.0 26.0-31.0
o7 B | £.35 2258 0.0-15.5 15.5-225 17.5-225
M2 5.52 14.0 G070 7.0-14.0 9.0-14.0

Each microwell was developed in accordance with PACDIV IRP Procedure I-C-2, Monitoring Well
Development, to enhance the flow of groundwater from the formation into the well and to remove
clay, silt, and other fine particles that may interfere with chemical analysis. The microwells were
developed during 18-26 June 1998 by using a peristaltic pump to surge and pump each well until
three borehole volumes of groundwater were removed. Well development logs are presented in
Appendix D2,

The microwells were purged and sampled during 24-29 June 1998, in accordance with PACDIV
IRP Procedure 1-C-3, Monitoring Well Sompling. Total well depth and water level were measured in
each well with an electronic water-level indicator and recorded immediately before purging. To
ensure that each groundwater sample was representative of formation water in the viemity of the
microwell, disposable polyethylene bailers were used to remove at least three well volumes of water
or bail the well dry before groundwater samples were collected for analysis. Field parameters were
measured with the groundwater parameter multiprobe and recorded on groundwater sampling logs
{Appendix E). Groundwater for field parameter measurement was immediately fransferred directly
from the bailers into the measurement chamber of the groundwater parameter multiprobe.
Groundwater samples for laboratory analysis were collected with disposable bailers and transferred
to laboratory-prepared sample containers. The groundwater samples were then placed on ice in a
cooler for transport to the analytical laboratory, where they were analyzed by the methods listed in
Table 2-6. Preliminary VOC results for the microwell groundwater samples, provided by the
analytical laboratory within 72 hours, were used to select locations for the new monitoring wells in
the offsite area. Microwell groundwater sampling results are presented in Section 4.3,
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25,2 Moniloring Well Groundwaler Investigation

Monitoring wells were installed at four locations (see Figure 2-3) in the offsite area during 7-13
July 1998 -Accordimg to the SAP, & minimum of three-and a meximum of seven permanent
monitoring wells were to be installed in the offsite area (Earth Tech 1998). Results of the microwell
groundwater sampling program Indicated that Tour permanent wells would be sufficient 1o monitor
potential offsite contamination associated with the EIFDF contaminant plume.

Monitoring well components were installed within HSAs in accordance with PACDIV IRP
Procedure I-C-1, Manitoring Well Instaflation. The wells, which range between 28.5 and 35 feet in
depth, were constructed with 4-inch-diameter Schedule 40 flush-joint threaded PVC casing and
0.020-inch slotted Schedule 40 PVC screen. The filter pack (number 3 sand) was placed with a
tremie pipe, and the well was surged to allow the filter pack to settle. Sand was then added to set the
top of the filter pack at approximately 2 feet above the top of the screened interval. Approximately
5 feet of bentonite (hydrated with deionized water} was placed immediately above the filter pack
with a tremie pipe. The remaining annular space was filled with grout and cement. With the
exception of MW-23, which is covered by a flush-mount monument, the wellheads consist of a well
monument, concrete pad, and bollards. Monitoring well construction details are shown in Table 2-8
and inthe well completion records {see Appendix D.1).

Table 2-8: Monitoring Well Construction Delails

Ground Top of
Surface Casing
Elevalion Elsvalion Total Depth Grout Bentonite Filter Pack | Well' Bereen

Muonitoring {feet above | {fest above of Wall Interval Seal Interval interval Interval
Well Number st} msh) {feet bus) {feet bgs) {feet bgs) {feat bgs} {feat bgs)
MW-23 10,98 10.44 285 0.0-13.0 13.0-18.5 18.5-28.5 18.5-27.5
MW-24 18.28 2042 350 0.0-18.7 19.7-25.5 25:5-35.0 27.0-350
MW-25 23.51 26.34 320 0.0-8.0 8.0-13.0 13.0-32.0 15.0-30.0
W26 28.07 3017 30.0 0.0-8.0 8.0-13.0 13.0-20.0 15.0-30.0

Each monitoring well was developed in accordance with PACDIV IRP Procedure 1-C-2, Monitoring
Well Development, to enhance the flow of proundwater from the formation into the well and to
remove clay, silt, and other fine particles that may interfere with chemical analysis. The monitoring
wells were developed during 1015 July 1998, by using a submersible pump to surge and pump each
well until at least three borehole volumes of groundwater were removed. Well development logs are
presented in Appendix D2,

Groundwater samples were collected from the four new offsite wells and 21 onsite wells in two
sampling rounds. Round-one samples were collected during 29 June-17 July 1998. Round-two
samples were collected during 29 April-12 May 1999. Each monitoring well was purged and
sampled in accordance with PACDIV IRP Procedure No. 1-C-2, Monitoring Well Sampling. Total
well depth and water level were measured with an electronic water-level indicator and recorded
immediately before purging. The onsite monitoring wells were purged and sampled with a
submersible pump for both sampling rounds. The offsite monitoring wells were purged and sampled
with a submersible pump for round one. Dedicated sampling pumps (2-inch diameter, 24-inch
length, with Teflon bladder) were mstalled in the four offsite wells and used for second—ound
groundwater sampling. To ensure that each groundwater sample was representative of formation
water in the vicinity of the monitoring well, groundwater samples were collected after three well
volumes of groundwater were removed or field parameters were stable (1.¢., successive readings
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were within 10 percent of each other). Field parameters were monitored with the multiprobe during
purging and recorded on groundwater sampling logs (Appendix E). The multiprobe was equipped
with an in-line flow-through chamber to avoid exposing groundwater to the atmosphere prior to field
parameter measurement. Groundwater samples for chemical analyses were placed on ice in a cooler
for transport to the analytical laboratory, where they were analyzed by the methods listed in Table
2-6. Monitoring well groundwater sampling results are presented in Section 4.3,

2.5.3 Artesian Well Groundwater Investigation

Three of the artesian irrigation wells downgradient of the site (FW-2, FW-3, and FW-5; see Figure
2-3) were sampled on 14 May 1999. As discussed in Section 4.1.2, lead levels above ecological
screening criteria were detected in most of the sediment and unfiltered surface water samples
collected within the watercress farm area. Elevated lead concentrations were detected in one of the
artesian wells sampled during the Phase I RI (FW-3, 15.1 pg/L). Irrigation watet from the artesian
wells may contribute to the clevated surface water and sediment lead concentrations. The three
artesian wells were resampled to investigate the source of the lead. Artesian well sampling was not
proposed in the SAP, but was added to the Phase II RI field investigation following a review of
round-one sampling results and a teleconference with EPA and DOH (1 April 1999).

The artesian well samples were analyzed for the contaminants listed in Table 2-6, but were not
analyzed for hydrogeochemical parameters (sulfate, chloride, nitrate, fluoride, methane, total
organic carbon [TOC], and total alkalinity) or surfactants. To evaluate whether lead is associated
with suspended particulates, the artesian well samples submitted for metals analysis included one
aliquot of filtered groundwater and one unfiltered aliquot.

The water samples were collected by allowing water from each artesian well ta flow gently into
sample bottles in 2 manner similar to the method outlined in PACDIV IRP Procedure 1-B-4, Surface
Water Sampling. Each water sample was tested in the field with the multiprobe for dissolved
oxygen, redox potential, conductivity, temperature, and pH. Filtered aliquots for lead analysis were
obtained by filling a polyethylene pressure bailer with sample water and forcing the water through a
0.45-micron filter with an air pump. Artesian well sampling resulis are presented in Section 4.3.

2.6 SAMPLE SHIPPING AND HANDLING

All phases of sample collection, handling, and transport were conducted according to Procedures
1-A-9, Sample Naming; WI-E, Record Keeping, Sample Labeling, and Chain-of-Custody Procedures;
and TI-F, Sample Handling, Storage, and Shipping Procedures.

2.6.1 . Sample ldentification Codes

Two identification numbers were assigned to each sample collected during the Phase II RL:

+ An EPA identification (ID}) number

» A deseriptive identifier

The EPA identification number was used by project personnel and the analytical laboratory to track
samples and report analytical data. The following format was used for the EPA 1D:

2:18
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VAGHO
where:
VA Identifies the Ewa Junction Phase [T R1
{00 Is a discrete number assigned to each sample

Project personnel used the descriptive identifier. The format of the descriptive identifier is as
follows:

MI12-A1-D7.0Q

where:

Miz Refers to the sample type or matrix and number; e.g., monitoring well 12 (refer to
Table 2-9)

Al Specifies the sample purpose and sample number; e.g., Analytical sample number 1
{the first analytical sample collected from this monitoring well)

D Denotes sampling depth

7.0 Indicates sampling depth in feet bgs; e.g., 7.0 feet bgs. The depth field contains the
date of collection for field blanks or equipment rinsate samples.

Q Refers to the field quality control (QC) type, if necessary (refer 1o Table 2-10)

Table 2-8: Sample Type and Matrix Codes

dentifier Sample Type Matrix

B Subsurface soil Soil

S Surface soil Soit

M Monitoring well Groundwater
P Direct-push Groundwater
W Surface water Water

) Sediment Soil

Table 2-10: Field QC Type Designations

ldentifier QC Sample Type Description

u Duplicate Collocated sample

R Equipment rinsate Water

F Flald blank Waler

T Trip blark Prepared bylaboratory
219
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2.8.2 Sample Handling and Labeling

Subsurface soil samples were collected and shipped to the analytical laboratory in stainless-steel
sampling sleeves. The sleeve ends were covered with Teflon film and sealed with plastic end caps.
Surface soil and sediment samples were collected with stainless-steel hand trowels and placed in
glass jars. Samples were placed on ice in a cooler immediately after collection. An adhesive label
listing the EPA sample number, date and time of collection, sampler’s initials, and analytical
requirements was affixed to the side of each sleeve or glass jar. Clear plastic tape was placed over
each label for protection. Adhesive custody seals were placed over sleeve end caps and glass jar lids,
and each sleeve or jar was individually sealed within a resealable plastic bag. The glass jars were
also packed in bubble wrap for protection during shipping. All samples were packed in insulated
coolers with frozen gel packs for shipment to the analytical laboratory.

QC samples and water samples were placed in appropriate containers (e.g., 1-liter amber glass
bottles for TPH-diesel, 250-milliliter amber glass bottles for TOC, and 1-liter plastic bottles for
Contract Laboratory Program [CLP] metals) and preserved, if required. The analytical laboratory
provided all sample containers, which were prepared with the required preservatives. The samples
were labeled (as described above) and stored on ice in coolers as they were collected, Custody seals
were placed around the container lids. Glass containers were enclosed in bubble wrap, and all
containers were placed in resealable plastic bags. The samples were shipped to the analytical
laboratory in coolers as described above.

2.6.3 Chain of Custody and Shipment

All samples were logged on chain-of-custody (COC) forms prior to shipment to the analytical
laboratory. Information recorded on the COC forms included the following:

¢« EPA sample ID * Sample matrix

s Date and time of sample collection ¢ Date of sample shipment
= Depth of sample # Requested analyses

¢ Cooler identification number * Number of containers

Fach COC form consisted of three copies; two copies were placed in the appropriate sample-
shipping cooler for laboratory use, and the field manager retained the third copy. Copies of the COC
forms are provided in Appendix F. COC forms submitted to the laboratory were sealed in resealable
plastic bags and taped to the inside of each cooler lid. The coolers were then sealed with duct tape
and custody seals were affixed to detect tampering.

Samples remained in continuous ficld team custody until the sample coolers were turned over to an
express shipper for delivery to the analytical laboratory. A copy of the laboratory’s soil transport
permit was attached to the air bill for soil sample shipments. A copy of the permit was also affixed
with clear tape to the outside of each cooler of soil samples. Carbon copies of each air bill were
stamped with a United States Department of Agriculture (USDA) stamp prior to shipment. The
laboratory received sample coolers within 2 days.

2.7 FiELD QuALITY CONTROL SAMPLING

A total of 107 field QC samples were collected. Field QC samples consisted of 23 equipment rinsate
samples, eight field blank samples, 61 trip blank samples, three performance evaluation (PE)
samples, and 12 field duplicate samples. All field QC samples were collected in accordance with
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PACDIV IRP Procedure HI-B, Field OC Samples (Water, Soil). QC sampling results are discussed
m Section 4.4.

2.8 TOPOGRAPHIC AND SAMPLING LOCATION SURVEY

Offsite topography and Phase IT RI sampling locations were surveyed on 20-21 July 1998 by a land
surveyor registered with the-State of Hawail, invaceordance with NOAA standards and PACDIV IRP
Procedure -1, Land Surveying. Locations of surface features (e.g., roads, ponds, and buildings) and
the coordinates of each sampling point were plotied on a comprehensive topographic map. Top-of-
casing elevations were plotted foreach monitormg well and mucrowell. The comprehensive map was
used to generate the scaled figures presented in this report. Surveyed locations were referenced to
local established coordinate systems and adjacent property lines. Horizontal accuracy for
planimetric features was 0.1 foot, horizontal accuracy for boundaries was one in ten thousand
{1:10,000), vertical accuracy for ground surface elevations was £0.1 foot, and elevation accuracy for
benchmarks and other permanent features was £0.01 feet,

2.9 EouipmenT DECONTAMINATION

Sampling tools, monitoring instrumnents, and other ‘equipment vsed during the HReld investipation
were decontaminated in accordance with PACDIV IRP Procedure I-F, Equipment Decontamination.
The following five-step decontamination sequence was used:

Alconpx detergent wash

Tap wateér rinse

Isopropyl alcohol spray

Bow N e

Distilled water rinse

Ly

Distilled water spray

210 INSTRUMENT CALIBRATION

The PID (used to measure headspace VOUC concentrations) and the groundwater parameter
multiprobe (used to measure dissolved oxygen, redox potential, conductivity, temperature, pH, and
turbidity) were calibrated according to the manufacturers’ nstructions prior to use in the field,

241 INVESTIGATION-DERIVED WASTE MANAGEMENT

IDW generated during the field investigation included the following:
* Personal protective equipment (e.g., Tyvek coveralls and nitrile gloves)
= Disposable sampling equipment and supplies (e.g., bailers, plastic sheeting)
= Water from monitoring well development, purging, and equipment decontamination
= Boil cutlings from the borings

All IDW was handled in accordance with PACDIV IRP Procedure 1-A-7, IDW Management, The
laboratory disposed of soil, sediment, surface water, and groundwater samples submitted for

! Ousite topography and sampling locations used during previous investigations were surveyed during the Phase
LRE(Ogden-1996},
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laboratory analysis. Unused, non-contaminated sample jars and bottles were disposed of as
municipal refuse. [DW was sealed in U.S. Department of Transportation—approved 55-gallon drums,
transported to an onsife staging area, placed on pallets, and covered with tarps. Fifty-seven drums of
IDW were gencrated. Hach drum was labeled with standardized IDW drum labels, marked with
indelible paint sticks or pens, and tagged with aluminum identification tags to indicate the contents,
date of collection, and other information, as specified in PACDIV IRP Procedure I-A-7, An IDW
drum inventory 1s presented m Appendix G.
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3. PHASE Il Rl PHYSICAL SETTING

The44-acre EIFDIF site is located 1n an isolated ares of the Pearl HarborMaval Reservation complex,
1.5 miles west of Pearl City, and 1.3 miles east of Waipahu (Figure 1-2). The southern boundary of the
site is between 250 and 700 feet from the shore of the Middle Loch of Pearl Harbor. The Phase I RI
mvestigation area includes the EJFDF itself (the onsite area) and the agricultiral/wetlands area
between the southern site boundary and the shoreline of Middle Loch (the offsite area) (Figure 1-3).

3.1 SITE AND SURROUNDING AREA DEMOGRAPHY AND LAND USE

311 Demography

The site lies within the Ewa District in the south-central portion of the island of Oahu
Approximately 230,200 persons were living in the Ewa District in 1990, According to 1990 census
statistics, the population of the closest town, Waipahu, was 31,435; the population of the next
closest town, Pearl City, was 30,993 (Hawaii State Data Center 1991}

31,2 SHe Land Use

The Navy used the EJFDF site as a fuel drumming and transportation terminal for approximately
30 years. The facility was constructed in 1943 and bas been inactive since the early 1970s. The site has
been proposed for transfer to the State of Hawaii, Thick vegetation covers much of the site due to the
prolonged period of activity (approximately 25 years). Structures present at the operating facility
included two 585,000-gallon concrete-lined USTs (5-26 and S-27), a fuel drumming facility, and
associated piping (Figare 1-3). UST §5-26 was used 1o store MOGAS: UST 5-27 contained AVGAS,

According to the DOH, the EJFDF site is scheduled to be tfransferred to the State Hawaiian Home
Lands Department. If the land transfer goes forward, the EJFDF site may be developed for
residential purposes in the futare. It is important to note, however, that the offsite arca between the
southern boundary of the EJFDF and Pearl Harbor is private properiy (not Navy property), and
neither transfer nor development is planned.

3.1.83  Surrounding Area Land Use

The EJFDF 1s bounded by Farrington Highway on the north, Leeward Community College on the
cast, Waipahu High School on the west, and an agricultural/wetlands area on the south. Within
I mle of the site are a residential area (to the northeast), a light industrial area (to the north),
agricultural lands (to the south and southeast), and a National Wildlife Refuge (to the southeast):

The Phase II RI offsite investigation was concentrated in the agricultural/wetlands (i.e., offsite) area
south of the EJFDF. A bicycle path has been constructed along an abandoned railway right-of-way that
parallels the Middle Loch shoreline. Much of the land between the EJFDF and the bicycle path has
been developed for farming specialty crops, primarily watercress. The fields are flood-irrigated using
the output of six artesian wells that tap a deep confined (basal) aquifer at depths of 160 feet or more.
‘The resident population in the agricultural area has been estimated at 20 adults and ten children. Five to
ten adults may work in the fields each day. Cultivated areas are interspersed with wetlands, uplands,
and drainage ditches. The offsite investigation area is bounded on the west by a recently reconstructed
storm water management facility located between Waipahu High School and the bicycle path, An
unnamed stream flows along the eastern margin of the offsite investigation area and separates drainage
areas on the west {the investigation area) from drainage areas on the east. The source of the stream is
the Waiawa Spring and a complex of wells and springs on the Nakatani Farm and areas to the east.
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Both the offsite area immediately downgradient of the EJFDF, and the area east of the unnamed stream
contain many potential sources of hydrocarbon contamination. These include underground fuel
pipelines that cross the area (see discussion in Section 3.6); fill storage piles; abandoned vehicles (e.g..
buses); and heavy equipment operations, maintenance, and storage areas (e.g., the Okada Trucking site)
(see Figure 3-1).

Three schools are located near the EJFDF: August Ahrens Elementary School, Waipahu High
School, and Leeward Community College (LCC). August Ahrens Elementary School is
approximately 4,000 feet west-northwest of the site. Waipahu High School is adjacent to the site on
the west; high school faculty and students number approximately 130 adults and 1,900 teenagers.
LCC is adjacent to the site on the east; approximately 6,600 adults are present at the college when
classes are in session. Three areas of light industry, including small shops, offices, warehouses and a
shopping plaza, lie within a l-mile radius of the site,

The Waiawa Unit of the Pearl Harbor National Wildlife Refuge is located approximately 0.35 mile
southeast of the site, immediately west of the (now closed) Pearl City Peninsula Landfill. The Waiawa
Unit is a constructed freshwater wetland complex operated for the management of four species of
endangered water birds. Replacement water for the refuge flows through a closed pipeline system, which
1s supplied by a freshwater marsh located north of the bicycle path and east of the Nakatari Farm (Figure
3-1). The marsh apparently receives most of its water from artesian sources (Waiawa Spring) east of the
Nakatani Farm fields. The water flows by gravity from the marsh through a buried pipe under the bicycle
path to a cistern approximately 850 feet west-southwest of the intake (Photo 3-2). The cistern is Jocated at
the mouth of the unnamed stream, near the northwest comer of the refuge (see Figure 3-1). Freshwater
from the cistern is periodically pumped into the upper pond of the Waiawa Unit.

Water in the unnamed stream at the cistern location is predominantly tidal saltwater. Although a
small amount of tidal saltwater from the stream may leak into the cistern, water for the Waiawa Unit
is not drawn from the unnamed stream. Therefore, water entering the refuge is freshwater from the
marsh east of Nakatani Farm, not salbwater from the unnamed strear.

3.2 CLIMATE AND METEOROLOGY

The mean annual temperature in Honolulu, Hawaii, is approximately 75 degrees Fahrenheit (°F)
(24 degrees Celsius [°C]); temperature extremes range from 57° to 90°F (14° to 32°C). The mean
daily temperature during the winter is 72°F {22°C); in the hottest summer month (August), it is 79°F
(26°C} (NEESA 1983).

The EJFDF area is dry compared to other areas on Oahu. Rainfall varies from approximiately
4 inches per month during the winter to 1 inch per month during the summer. Mean annual rainfall
is approximately 25.5 inches. Median monthly pan evaporation rates recorded at two stations located
just west of the EJFDF indicate that evaporation rates greatly exceed rainfall rates (Ogden 1996).

3.3 BioLocicaL RESOURCES

The biological resources of the agricultural/wetlands arca downgradient of the site were surveyed m
June 1998 during the Phase T RI field investigation.

3.3.1  Vegetation
Table 3-1 lists the vegetation observed at the EJFDF and in the offsite agricultural/wetlands area.
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Table 3-1: Vegetalion Observed at the EJFDF Site and Adjacent AgriculturalfWetlands Area

Conynon Name ; Latin Mame Habitat
Wetland Vegatation
Bermuda grass Cynodon dactylon SMiF
Barnyard grass Echinochloa crus-galli M, R, CF
California grass Brachigria mutica FW
Cattail Typha angustata SM; EM:OW
Duckweed Lemna sp. FaQ
Mangrove Rhizophors spiculata S50
Milo ~ Hawail Thespesia populnes 88F
Parrot's feather Myriophyilum brasiliense FAOW
Pickle weed Balis maritima SMF
Sourbush FPluches indica Shi
Swamp morming.glory Ipomesa aguatica R, C
Yaro Colocasia esculenia C
Torpedo grass Paricum repsns Fh, SM
Water fem Azolla filiculoides FAO
Watler lil}f Nymphasa sp. FA
Waltercress Nasturtium microphylium FAC
Upland Vegetation
Buffel grass Cenchirus cilfaris u
Bermuda grass Cynodon dactylon Fu
Caslor bean Riginus communis FU
Chinese violet Asystasia gengetica U
Coat buttons Tridax procumbens )
Golden crown-beard Verbaesing encelicides U
Guinea grass Panicurm maximiim Fil
Kiawe Prosopis pallida Fu
f*.ﬁ;;ican creeper Anfigonon lepiopus u
None Crassocephalum crepidioides F
Nong Pycraus polystachyos F
Partridge pea Chamagcrista nictitans U
Shrub kos hagle Leucaena leucocephala U
Saurgrass Digitaria insularis Fu
Swollen fingsrgrass Chioris barbata FU
Uhaloa Walthera indica U
Habitat codes:
(5 = gytivated wellands F = facultative plant i = freshwaler aguatic
FM = freshwater marsh FS = freghwater swamp Fui =facultative upland plant
FW = facultative wetland plant 54 = ruderal Sk = saltbwater marsh
85 = galbwater swamp U =upland plant
37
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No plant species listed as rare, threatened, or endangered have been observed durmg surveys of the
EJFDF and offsite area. Furthermore, due to the disturbed conditions, no listed species are expected
to exist in the investigation area (USFWS 1991).

Onsite Vegetation, The EJFDF was cleared of native vegetation in the past, allowing species
foreign to the Hawaiian Islands to become dominant (Ogden 1996). The site suppotts a vegetation
community described as coastal dry koa haole shrubland with dry mixed vegetation. Impenetrable
thickets of the invasive shrub koa haole (Lencaena leucocephala) cover most of the site, except
along old access roads and in the primary facilities areas. The principle scrub understory species 1s
California grass (Brachiaria mutica). Tree Kawe (Prosopis pallida) occurs at higher elevations near
the UST locations and along the upper edge of the steep slope near the southern boundary of the
site. Areas along the dirt access roads and around the main fuel drumming facilities are dominated
by California grass, swollen fingergrass (Chloris barbata), sourgrass (Digitaria insularis), pariridge
pea (Chamaecrista nictitans), Chinese violet (Asystasia gangetica), ‘uhaloa (Waltheria indica),
golden crown-beard (Verbesina encelioides), and Mexican creeper (dntigonon lepiopus). The plant
communities observed at the EIFDF during the Phase I RI field investigation in 1998 and 1999
were the same as those described in the Phase I RI report (Ogden 1996); however, the communities
were more mature during the Phase Il investigation.

Offsite Vegetation. The ecological survey for the 1998 Phase I RI concentrated on the
agricultural/wetlands complex downgradient of the EJFDF. The following offsite plant communitics
were identified during the survey:

Coustal Dry Kea Haole Shrub. An upland area directly south of the EIFDF site, between the
renovated stormwater management pond and the Sasaki Farm, has developed a vegetative
community similar to that found on the ETFDF site. Small portions of this area have been cleared for
upland farming (Photo 3-3). The southern part of the wetland on the Sasaki Farm, adjacent to the
bicycle path, has recently been filled and graded, and the outfall ditch has been rerouted.

Disturbed Emeérgent Wetland. The former marshland and adjacent uplands have been dramatically altered
by excavation of ponds and drainage ditches and construction of flooded watercress fields and filling
Photo 3-4 and Photo 3-5). The ponds have developed a flora of aquatic vegetation such as cattails (Typha
angustata), parrot’s feather (Myriophyllum brasiliense), water lilies (Nymphaea sp.), duckweed (Lemna
sp.), and water fem (Azolla filiculoides). The dominant vegetation in the wetlands and former wetlands is
a thick stand of torpedo grass (Panicum repens), Bermuda grass (Cynodon dactylon), and Califormia grass
(Brachiaria mutica), with scatiered stands of sourbush (Pluchea indica).

Littoral Mangrove Swamp. The shore of Middle Loch in the western part of the investigation area is
a small gravel beach with scattered littoral vegetation, dominated by mangrove (Rhizophora
apiculata) in the zone of normal tidal influence; milo (Thespesia populnea) at elevations above the
mangroves, in areas influenced by the highest tides; and sourbush at elevations just above the milo,
The mangrove swamp community is confined to the littoral area south of the bicycle path,

Agriculiural Wetlands. The agricultural wetlands have been developed in natural wetlands and by
excavating areas formerly occupied by natural wetlands. Local farmers indicate that agricultural
development of the wetland complex began at least 100 years ago, with the channeling of the
outflow of the Waiawa Spring (Photo 3-6) to irrigate rice. During the 1950s, artesian wells were
drilled to provide water to individual farms. Higher value crops such as taro (Colocasia esculenta)
and watercress (Nasturtium microphyllum) replaced rice as the primary crop when inexpensive rice
became available from Califormia.

3-8
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Currently, the major crop is watercress, which is grown in leveled, diked paddies. A constant flow
of water is supplied to the fields by the artesian wells, The artesian water is shightly brackish, and
the watereress Tarmers have found that the salt content has been Increasing. One of the farmers (Me.
Sasaki) has recently switched to a more salt-tolerant variety of watercress. The fields are also
irmigated with sprinklers to help control pests and reduce the need for pesticides. The sprinklers are
activated autormatically for about 10 minutes every hour or two,

The outflow of irrigation water from the Sasaki Farm is collected in a ditch that discharges through
a culvert under the bicyele path into Pearl Harbor., The outflow of irrigation water from the Oshita
Farmm is collected an g tidal ditch that flows eastward to the vmnamed stream originating on the
Nakatani Farm (Photo 3-7 and Photo 3-8). The unnamed tidal stream then flows to Pearl Harbor
(Photo 3-4). The salinity of the ditch and unnamed stream vary as a function of the (saltwater) tidal
flow from the harbor and the (freshwater) irrigation flow.

Ruderal Plant Community. Several areas have been cleared for roadways, farmyards, general
access, and storage of heavy equipment and fill. A maxture of early successional grasses and weedy
species have invaded these sites to varymg-degrees. Omamental trees and shrubs are planted near
both occupied and unoccupied residences.

3.3.2  Wildlife

The Phase I RI report niotes that no rare, threatened, or endangered animal species were observed on
site at the EJFDF during surveys in 1991, and that none are expected due to the extensive non-native
vegetation. However, endangered water birds were observed in the offsite agricultural/wetlands area
during the 1998 ecological survey.

3.3.2.1 ONsite WILDLIFE

Birds. Twelve bird species were observed on the EJFDF site during the 1991 survey. The most
abundant species included zebra dove (Geopelia siriata), spotted dove (Strepiopelia chinensis), red-
vented bulbul (Pyenonotus cafer), common waxbill (Esirilda astrild), and chestnut mannikin
{Lontchura malacea).

Mammals. Mammal populations were not assessed by onsite surveys; however, according to the
Phase [ RI report, species expected to inhabit the EIFDF site include the black rat (Rattus rattus),
house mouse (Mus musculus), and Indian mongoose (Herpestes auropunctatus) (Ogden 1996},

3.3.2.2 Orrsite WILDLIFE

Birds. The offsite agricultural/wetlands area may be used by endangered water birds, including the
Hawaiian coot (Fulica americana afai), Hawailan common moorhen (Gallinula chloropus
sandvicensis), and Hawaiian duck {Anas wyvilligna). The Hawaiian black-necked stilt (Himaniopus
mexicanus knudseni) was observed foraging in the watercress fields and may forage along the
shoreline south of the EJFDF. The bird species observed on site are alse common i the
agricultural/wetlands area.

Local farmers indicate that Hawaiian coots were relatively common in the offsite area several
decades ago, when the major crops were taro and lotus. The coots foraged in the open space under
the large leaves. However, coots were rarely observed after watercress became the dominant crop.
Black-necked stilts and cattle egrets are commonly observed foraging in the watercress fields. The
farmers do not report seecing the Hawailan duck, but the Hawaiian common moorhen is seen
occasionally. The farmers also reported occasionally seeing short-eared owls (Asio flammeus
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sandwichensis) using the area in the evenings. Table 3-2 lists bird species that have been observed at

the EJFDF or in the offsite agricultural/wetlands area.

Table 3-2: Bird Species in the EJFDF Phase U Rl Investigation Arga

Commonhame

Latin Name

Black-crowned right-heron

Nycticorax nycticorax hoactli

Cattle egrst

Bubuleus ibis

Chestnut mannikin

Lonchura malacca

Common mynah

Acridotheres tristis

Common waxbill

Estrilda astrild

Hawalian black-necked stilt

Himanlopus mexicanus knudsen

Hawaiian commaon moorben”

Gallinula chloropus sandvicensis

Hawaiian coot®

Fulica americana alai

House finch

Carpodacus mexicanus

House sparrow

Passer domeslicus

Java sparrow

Padda orvzivora

Northern cardinal

CGardinalis cardinalis

Red-crested cardinal

Paroaria coronata

Redwented bulbul

Pyenonotus cafer

Short-eared owl® Asfo flammeus sandwichensis
Spotied dove Streplopelia chinensis
Zebra dove Geopelia striata

*Vertal reports from farmers; commonly observed in past years,

Mammals. The only mammals directly observed during the 1998 offsite survey were the Indian
mongoose (Herpestes auropunciatus), and domestic dog (Canis familiaris). Evidence of the house
cat (Felis domesticus), Norwegian rat {Rattus norvegicus), and house mouse (Mus musculus) was
also noted.

Amphibians and Reptiles. The amphibians and reptiles listed in Table 3-3 have been observed in
the offsite agricultural/wetlands area.

Table 3-3; Amphibians and Reptiles Observed in the AgriculturaliWellands Area

Common Name Latin Mame

Cane toad Bufo marinus

Bulifrog Rana calesbiena

Garden skink Lampropholis delicata
House gecko Hemidactylus frenatus
Green anole lizard Anolis carvlinensis porcatus
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3.4 TOPOGRAPHY

As shown in Figure 3-2, the elevation of the Phase II RI investigation area ranges from sea level
along the shore of Middle Loch to approximately 100 feet above ms! at the northern boundary of the
EJFDF. The elevation along the EJFDF southern boundary fence is approximately 30 feet above
msl, and along Waiawa Road (just south of the fence) it is approximately 25 feet above msl,
Drainage is generally directed toward the southern portion of the EJFDF, where a deep gully has
developed, Due to the lack of activity in recent years, the EJFDF site 1s almost completely
overgrown with dense vegetation.

Waiawa Road separates the EIFDF site from the offsite investigation area. An embankment slopes
down from Waiawa Road to the watercress farm area, which generally ranges between 5 and 15 feet
above msl. The lowest portions of the offsite area are near sea level along the shoreline; therefore,
the lower drainage channels experierce the ebb and flow of the tide from Middle Loch.

3.5 - Surrace WaATER HYDROLOGY

Surface water generally drains from north to south at the EJFDF and concentrates in the extreme
south-central portion of the site, where the deep gully has developed. The major surface water
drainage feature in the offsite arca is the unnamed stream that originates on the Nakatani Farm and
drains ruch of the agricultural land southeast of the EJFDF site. The surface water hydrology of the
offsite agricultural/wetlands area was surveyed in June 1998 as part of the Phase I RI field
investigation. Offsite surface water drainage is shown in Figure 3-3,

Irrigation and drinking water for the agricultural area is provided by artesian wells that tap a deep
confined (basal) aquifer at depths of 160 feet bgs or more. Six artesian (flowing wells) were
identified in the offsite area during the Phase T RI. The six wells are listed in the State of Hawail
Groundwater Index and Summary, Department of Land and Natural Resources (DLNR 1998). The
wells are designated 2359-05 (FW-1), 2359-06 (FW-5), 2359-07 (FW-3), 2359-15 (FW-6), 2359-16
(EW-4), and 2359-17 (FW-2). The index identifies FW-5 and FW-6 as unused; however, FW-5,
which provides irrigation water for the Sasaki watercress patch, was in use at the time of the Phase
II RI round two sampling effort in 1999, The artesian flow is very abundant; however, seasonal
fluctuations are evident, With the approach of summer, flow is decreased and the water becomes
saltier. Watercress is the primary crop irrigated by water from the flowing wells, The typical
watercress field is excavated to the desired depth (average 1-2 feet below grade), filled with a few
inches of gravel, and then flooded to a depth of 3-4 inches. The water is allowed to flow naturally;
the excess is channeled down into tidal ditches that drain into the Middle Loch of Pearl Harbor
(Photo 3-7 and Photo 3-8), The watercress farm area extends from the Sasaki farm on the west to the
marsh complex east of the Nakatani farm. A recently reconstructed stormwater management facility
between Waipahu High School and the bicycle path bounds the offsite investigation area on the
west,

The unnamed stream that originates on the Nakatani Farm (Photo 3-0) flows along the eastern
margin of the offsite investigation area. The Nakatani farm is located east of the stream and is not
included in the investigation area because it is in a different watershed from that of the EJFDF, the
Oshita Farm, and the Sasaki Farm, With the exception of the Sasaki Farm area, the unnamed stream
drains the entire agricultural wetland area south of the site, as well as the extensive agricultural and
wetland area east of the stream (which includes the Nakatani Farm). Surface water and sediment
samples collected at the mouth of the unnamed stream would therefore be subject to contamnation
from a variety of sources. The drainage areas on both sides of the unnamed stream contain numerous
potential sources of hydrocarbon contamination (see Section 3.1.3).
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The paved bicycle path south of the watercress farm area separates the hydrology of the offsite area
into a freshwater zone and tidal drainage ditch north of the path and a marine estuary (Middle Loch)
south of the path. Most of the freshwater agricultural drainage and runoff from the EJFDF crosses
beneath the bicycle path at four points (see Figure 3-1):

« Under the bicycle path bridge (Photo 3-4), which spans the unnamed stream that receives
drainage from as far west as the Oshita farm and as far east as a marsh east of the Nakatani
Farm, The marsh is the source of freshwater for the Waiawa Unit of the Pearl Harbor
National Wildlife Refuge (Figure 3-1).

« Through a 10-inch metal pipe that drains the Sasaki Farm to the mangrove swamp along the
shoreline

» Through two culverts and outfall control structures that drain the stormwater management
pond south of Waipahu High School

The four outfalls are at elevations susceptible to tidal influence.

3.6 UNDERGROUND UTILITIES

A map of onsite underground utilities appears in the Phase I RI report (Ogden 1996). This section
focuses on the underground pipelines in the offsite area south of the EJFDF shown in Figure 3-3.

Petroleum product pipelines exist both north and south of the offsite agricultural area and must be
considered potential sources of contamination. A 10-inch-diameter petroleum preduct pipeline
operated by Tesoro (formerly operated by BHP Hawaii) parallels the southern boundary of the EJFDF
just inside the fenceline, along an easement corridor through Navy property. The pipeline runs from
Campbell Industrial Park in southwest Oahu into downtown Honolulu, and has been in operation siice
the early 1970s. The pipeline carries gasoline, diesel fuel, or kerosene (at different times).

At least three petroleum product pipelines are known to parallel the bicycle path between the
agricultural area and the shore of Middle Loch. A 10-inch-diameter pipeline operated by Navy FISC
carries JP-5 jet fuel. The pipeline runs along the south side of the bicycle path, but crosses beneath
the path near west end of the offsite area and continues west along the north side of the path.
Chevron operates two 8-inch-diameter petroleum product pipelines that run along the north side of
the bicycle path. One of the pipelines, the “black oil” line, carries fuel oil; the other pipeline, the
“white o0il” line, carries jet fuel, diesel fuel, or gasoline (at different times). Chevron formerly
operated a 4-inch “tracer” pipeline (also along the north side of the bicycle path) that carnied hot
water, but is now mactive. During the utility clearance survey conducted for the Phase Il RI field
investigation, another pipeline or section of a pipeline was identified near the west end of the offsite
area, north of the FISC pipeline, The operator of this pipeline and the type of material transported (if
any) have not been determined. A force-main sanitary sewer parallels the FISC petroleum pipeline
south of the bicyele path.

A 10-inch sanitary sewer main runs southwest to northeast through the offsite area, south of and
roughly parallel to Waiawa Road. In August 1995, workers excavating a trench for installation of
the sewer main reportedly observed a “petroleum-based contaminant” in excavated soil (Okada
1995). The petroleum contamination was reportedly observed only in the area between the Oshita
watercress patch and the farmhouse to the north.
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A S4-inch concrete-reinforced stormwater pipe from LCC discharges to Middle Loch at a point
south of the abandoned buses. The storm dram conveys storm runoff from LCC southwest along
Waiawa Road, parallel to the southern boundary of the EJFDF, to the west side of the Sasaki farm,
where it turns seuth to the Middle Loch outfall. The backfilled trench of the storm drain may serve
as a migration pathway for caprock groundwater to the Middle Loch outfall,

3.7 REGIONAL GEOLOGIC SETTING

Two major volcanic mountain ranges form the island of Oahu, Both ranges are the eroded remnants
of large clongate shield voleanoes, The Koolau Range on the east 1s much younger than the Waianae
Range on the west. The gently sloping plain (Schofield Plateau) that separates the two ranges was
formed when Koolau lava flows banked against the eroded slopes of the Walanae Range, After a
long period of erosion, voleanic activity resumed with the eruption of the vents and lava flows of the
Honelulu Voleanic Series. The lava flows on Oahu, as on all of the Hawaiian Islands, are basaltic in
composition. Individual flows are generally thin and exiremely permeable.

The EJFDF is located south of the Schofield Plateau on the Ewa Plain, a large lowland coastal plain
formed by interbedded alluvial and marine deposits. The coastal plain deposits, or “caprock.”
include sand, gravel, and low-permeability beds of clay and silt. The low-permeability caprock strata
may form confiming layers above a basal aquifer (the Pearl Harbor Aquifer) that exists within the
underlying highly permeable fractured Koolau basalts. The caprock strata may contain unconfined
near-surface groundwater (caprock water-bearing zones). Regional geology is depicted in Figure
34,

3.71  Investigation Area Geology

Onusite Geology. The Phase I RI report presents a detailed description of the geology of the onsite
area, as interpreted from the logs of approximately 25 onsite borings advanced during the Phase I RI
and previous investigations (Ogden 1996). As summarized in the report, the subsurface at the
EJFDF consists of relatively impermeable interbedded alluvial and marine deposits (caprock)
overlying highly permeable fractured Koolau basalts. The sedimentary deposifs are up to 95 feet
thick in the northemn portion of the site, and decrease in thickness as the ground surface slopes down
toward the shore of Middle Loch. The sediments are approximately 35 feet thick along the southem
boundary of the EYEDF.

Silts, clayey silts, and silty clays overlie the unconfined caprock water-bearing zone in the onsite
area. The caprock water-bearing zone occurs within silty sand and silty gravels interbedded with
silts, clayey silts, and silty clays. Sand or gravel was encountered at the water table in most of the
onsite borings.

The confined basal aquifer exists within the basalts that underlie the caprock. Driller’s logs from the
artesian wells in the agricultural area dovwngradient of the site indicate that the confined basal
aquifer was encountered at a depth of approximately 45-58 feet bgs (40-50 feet below msl) (Ogden
1996). Therefore, in the onsite area, the confined basal aquifer would be encountered at
approximately 75 feet bgs near the southern boundary of the site, and at approximately 135 feet bgs
near the northern boundary of the site.

Boring logs were used to construct geologic cross sections along fransects that intersect borings
completed during the Phase Il RI; Phase I RI and previous investigations. The eross sections group
the vanous stratigraphic unils described on the-boring-logs into broad classibications (1e.; gravel;
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sand, silty clay, and weathered basalt) to facilitate visualization of the subsurface. The cross sections
are presented in Figure 3-5, Figure 3-6, Figure 3-7, and Figure 3-8,

Offsite Geology. This section provides an overview of the geology of the agricultural/wetlands area
between the EJFDF southern boundary and the Middle Loch shoreline, as interpreted from the
boring logs of 26 direct-push and four HSA borings completed in the offsite area during the Phase Il
RI. The borings were advanced to investigate the downgradient extent of soil and groundwater
contamination associated with the EJFDF MOGAS release. Bormg locations are shown in Figure
2-3; boring logs are presented in Appendix C,

The thickness of the sedimentary sequence in the offsite area is much less than in the onsite area.
The decrease in thickness is associated with the low-elevation of the offsite area, combined with an
increase in the elevation of the underlying basalt bedrock. Offsite strata are predominantly stiff silty
clays. The relatively permeable sediments that occur within the caprock water-bearing zone on site
(the silty sand, silty gravel, and sandy gravel units) tend to pinch out downgradient of the EJFDF.
Therefore, the offsite strata are generally less permeable than the onsite strata. Caprock groundwater
in the offsite area occurs within thin silty sand and silty gravel layers mterbedded with the silty
clays, and may also occur within the underlying weathered basalt. Offsite geology is illustrated in
the geologic cross sections presented in Figure 3-5, Figure 3-6, Figure 3-7, and Figure 3-8.

3:8 HYDROGEOLOGY

3.8.1 Regional Hydrogeology

The hydrogeologic characteristics of the EJFDF area are very cormmon in the Hawaiian Islands. Two
distinct groundwater bodies occur in the site area:

»  Anunconfined, near-surface water-bearing zone (the caprock groundwater)

* - A deep confined aquifer, cormumonly referred to as a basal aquifer. The general hydrogeology
of the EJEDF region is shown in Figure 3-4,

The confined basal aquifer that underlies the EJFDF is part of the Pearl Harbor Aquifer, the most
productive aquifer in the State of Hawaii. Fresh water of the confined basal aquifer floats on and
displaces salt water, which saturates the highly permeable basalts at the base of the island of Oahu.
Basal groundwater in the ETFDF area originates as rainwater in higher drainage basins to the north
and northeast. The basal groundwater generally migrates seaward through zones of highly
permesble, fractured basalt, and flows beneath relatively impermeable sedimentary confining layers
(caprock) as it approaches Pearl Harbor. The Pear] Harbor Aquifer has been thoroughly investigated
(Wentworth 1951; Mink 1980; Mink, Yuen, and Chang 1988). Horizontal hydraulic conductivities
of the fractured basalts of the Pearl Harbor Aquifer range from approximately 9 x 107 centimeter
per second (cm/sec) to 7 x 107 cm/sec. The potentiometric surface of the confined basal aquifer
slopes gently toward the shore of Pearl Harbor, the hydraulic gradient is approximately 0.3 meter
per kilometer (m/km).
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The unconfined, near-surface caprock water-bearing zone occurs within the caprock sediments and
15 separated from the basal groundwater by the low-permeability strata that confine the deep aquifer.
The caprock water-bearing zone generally extends approximately 1 mile inland from the shoreline.
The caprock groundwater is usually interconnected with the ocean, and 1s commonly brackish fo
salty due to seawater intrusion. Hydraulic conductivity of the caprock water-beanng zone 1s
significantly less than the hydraulic conductivity of the confined basal aquifer. Phase I RI field test
results (constant discharge and slug testing) suggest the average horizontal hydraulic conductivity of
the caprock water-bearing zone in the onsite area is on the order of 1 x 107 en/sec or less. The
slope of the caprock water table (approximately 6 m/km) is significantly steeper than the
potentiometric surface of the confined basal aquifer in the EJFDF area (approximately 0.3 m/km
[Mink 19807).

3.8.2 Investigation Area Hydrogeology

The shallow caprock water-bearing zone is apparently continuous throughout the investigation ares,
and occurs within lenses of sand and gravel interbedded with relatively impermeable silts and clays.
The deep confined basal aquifer exists within the highly permeable, fractured Koolau basalts that
underlie the sediments. The caprock groundwater is brackish to salty due to seawater mtrusion
Although the basal groundwater is not as saline as the caprock groundwater, groundwater flowing
from artesian wells that tap the confined basal aguifer downgradient of the EJFDF has been
characterized as brackish.

The potentiometric surface of the confined basal aquifer is considerably higher than that of the
unconfined caprock water-bearing zone (as shown in Figure 3-4). The potentiometric surface of the
confined basal squifer in the vieinity of the EIFDF has been measured at approximately 16 fest
above msl (Ogden 1996), while the elevation of the caprock water table in the investigation area
ranges from less than 2 to 13 feet gbove msl The hydraulic gradient across the low-permeability
confining strata between the two groundwater bodies is therefore directed upward, from the
confined basal aguifer toward the caprock water-bearing zone. Any leakage through the confining
strata would therefore also be directed upward.

The differenice 11 hydranlic head between the two. groundwater bodies 1s evidence of a relatively
impermeable hydraulic barrier; and reflects 4 difference in elevation between the two recharpe areas.
The confined basal aquifer is recharged by heavy rainfall in the higher elevations of the Koolau
Range northeast of Pearl Harbor, whereas the caprock water-bearing zone is recharged primarily by
local sources, including rainfall, irrigation water, and springs supplied by the confined basal aquifer,

Groundwater sampling results provide direct evidence that caprock groundwater does not reach the
confined basal aquifer in the investigation area. Although onsite monitoring well sampling results
indicate that caprock groundwater at the EJFDF has been impacted by the MOGAS release,
contaminants associated with the release have not been detected in groundwater samples collected
from the artesian irrigation wells that tap the confined basal aquifer.

3.8.2.1 CAPROCK WATER-BEARING ZONE

The water 1able contour maps presented irt Figure 3-9 and Figure 3-10 depict the caprock water
table; as-determined from depth-to-water measurements taken on 10 Aupust 1998 and 28 April 1999,
I addition to the August 1998 and April 1999 measurements, water level data were collected on
19 January and 23 March 1999 {see Appendix H). Although increased ramfall during the winter
months normally causes an mdrease i the elevation of the waler table, the water level data indicate
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that very little variation in water levels oceurred between August 1998 and April 1999, This is most
likely the result of the unusually low ramfall recorded over the winter of 19981999,

The caprock water table is approximately 80 feet bgs near the northern boundary of the EIFDF, and
occurs closer to the surface as the topography slopes down toward the shore of Middle Loch.
Caprock water table elevations measured during the Phase Il RI range from approximately 13 feet
above msl in the northern portion of the EJFDF to about 2 feet above msl near the Middle Loch
shoreline. The hydraulic gradient is about 2 mi/km at the north end of the EJIFDF and increases in the
downgradient direction, reaching about 13 m/km in the watercress farm area,

Results of the Phase I RI and previous investigations indicate that caprock groundwater
downgradient of the site discharges to the harbor, but does not reach the ground surtace inland of the
shorehne, No evidence of groundwater seeps or springs was identified during the Phase I1 BRI surface
water hydrology survey, or during surveys conducted during the Phase I RI. Hydrogeological
evidence from the Phase II BRI borings and wells indicates that the caprock groundwater does not
discharge mto the watercress fields, and that the discharge area 1sat or beyond the Middle Loch
shorehine.

Onsite Conditions: Caprock groundwater beneath the EJFDF site oceurs within layers of silty sand
and gravel interbedded with relatively impermeable silts and clays. Phase I RI field test results
(constant discharpe, slug, and permeameter testing) suggest that the average horizontal hydraulic
conductivity of the caprock water-bearing zone in the onsite area is less than 2 x 107 cm/sec.
Hydraulic conductivity values measured by laboratory permeameter testing of samples collected
from onsite borings during the Phase T RI averaged only 6.33 » 107 cm/sec (Ogden 1996). It should
be noted that hydrauhic conductivity values obtained by laboratory permeameter testing are often
considerably lower than values oblained by feld testing, The discrepancies are generally. due to
localized zones of increased transmussivity (such as the silly sand and-silty gravel beds-found at the
EJFDF), or other discontinuities that affect in-place, subsurface hydraulic conductivity.

Offsite Conditions: Borings advanced: during the Phase 1 RI revealed that the stratigraphy of the
offsite area downgradient of the EJFDF is dominated by stiff silty clays. Caprock groundwater in the
offsite area occurs within relatively thin silty sand and silty gravel layers interbedded with the silty
clays, and may also occur within the underlying weathered basalts. The relatively permeable
sediments that occur within the caprock water-bearing zone on site (the silty sand, silty gravel, and
sandy gravel units) tend to pinch out downgradient of the EJFDF. Offsite stratigraphy and
geotechnical laboratory test results suggest that average hydraulic conductivities downgradient of
the EJFDF are significantly lower than in the onsite area, Saturated hydraulic conductivity of three
silty ¢lay samples collected from offsite borings (measured by laboratory permeameter testing)
ranged between 1.5 x 107 cmi/sec and 8.8 x 107" em/sec (typical of unweathered marine clays
{Freeze and Cherry 19797). The saturated hydraulic conductivity of a silty sand laver encountered in
one of the offsite borings was measured at 4.9 x 10* cm/sec (typical of silty sand [Freeze and
Cherry 19791).
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Although caprock groundwater beneath the EJFDF site is unconfined, the caprock water-bearing
zone in the offsite area appears to exist under confined or semi-confined conditions. Strata overlying
the caprock water-bearing zone in the offsite area are predominantly low-permeability silty clays.
The low-permeability layers appear to form confining units above the water-bearing zone. (The
hydraulic conductivity of one sample of the silty clay, as measured by laboratory permeameter
testing, was only 1.5 % 10 cm/sec.) As shown in Table 3-4, water levels in the offsite wells
stabilized as much as 23 feet higher than the levels at which saturated sediments were first
encountered when the borings were advanced,

Table 3-4: Water Levels Noted in Borings versus Static Water Levels in Corresponding Wells

Inftial Groundwater

Boring Well Encountersd in Boring {fest Stgtic Water Level Increasein Water bevel
Ftrriber Mumber above msi) * {fast above sy {fent)
B-02 Mi-1 -12.63 7.00 19.63
B-03 Wi-2 ~4, 34 240 544
B:08 el 0.43 5.75 532
B-07 M4 =274 544 B8.18
B-08 Kil-5 =173 572 845
B-09 Mi-6 Uncerain® 7.85 G
B0 M7 Uncerain © 818 e
B-16 Mi=8 10,85 7.67 18.52
BAY M9 =127 8.07 9.34
B5-20 Mi-10 ~158.33 7.85 23.28
B:23 BT Lincartain © , 5.93 -
B-25 Mi-12 Uncerttain © 233 —
B-27 MW-23 ~11.56 7:39 18.85
B28 MW-24 ~8.58 7.57 1718
B-29 MW-25 2.84 562 278
B-30 MW-26 Uneertain ® 625 m

= nof available

2 evel at which saturated sediments were first encountered as boring was advanced:
 siatic water jevel (10 August 1998)
®Water level could not be precisely determined in boring.

The water level data and topography of the watercress farm area appear to indicate that it is possible
for the potentiometric surface of the caprock water-bearing zone to reach elevations high enough to
intersect the bottom of the watercress patches in some areas. However, discharge from the caprock
water-bearing zone into the watercress ponds is highly unlikely. Discharge would be possible only if
the potentiometric surface of the caprock water-bearing zone were to rise above the surface water
level in the ponds. The groundwater level and surface water elevation data indicate that the pond
water elevations are above the level of the caprock groundwater potentiometric surface (as shown in
Figure 3-4). The height of the surface water above the potentiometric surface results ina downward-
directed hydraulic gradient across the low-permeability strata between the surface water and the
groundwater; therefore, if discharge occurred, it would be directed downward, from the watercress
ponds into the caprock groundwater, rather than upward into the ponds.
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It is important to nofe, however, that neither upward nor downward discharge is likely because the
low-permeability silty clays overlying the caprock water-bearing zone in the watercress farm area
form confining units above the water-bearing zone. Although 1t was suspected that recharge from
surface water could cause caprock groundwater “mounding” (a local increase in water table
elevation) in the watercress field area, the Phase II RI water table measurements did not reveal any
mounding effects. This suggests that offsite-area surface water does not significantly recharge the
caprock water-bearing zone. The low-permeability clay and silty clay units that overlie the caprock
water-bearing zone in the offsite area appear to form a hydraulic barrier between the caprock
groundwater and surface water. The caprock groundwater body itself was not encountered in the
watercress pond-area borings until the borings reached depths below sea level: e.g., in the MI-2 and
MI-4 borings, groundwater was first encountered at depths of 4,34 and 2.74 feet below sea level,
respectively (see Table 3-4). Therefore, the hydrogeologic evidence indicates that the caprock water-
bearing zone actually occurs at depths well below the bottoms of the watercress ponds. In summary,
the hydrogeologic evidence indicates that discharge from the caprock-water bearing zone into the
watercress ponds is highly unhkely,

Potential for Exposure. As discussed below, hydrogeologic evidence and analytical data from the
Phase IT RI and previous investigations indicate that contaminants in the caprock groundwater are
not likely to reach the surface in the investigation area, or impact the confined basal aquifer.

Findings of the Phase II RI hydrogeologic investigation indicate that offsite caprock groundwater
does not reach the ground surface in the agricultural/wetlands area downgradient of the site, In
addition, Phase I and Phase II RI findings show that, in the onsite area, caprock groundwater
remains at least 20 feet bgs. No caprock groundwater springs or seeps have been observed at the
EJFDF or off site,

It is highly unlikely that either the unnamed streamn that flows along the eastern margin of the offsite
investigation area or the Waiawa Unit of the Pearl Harbor Wational Wildlife Refuge is impacted by
the EJFDF MOGAS release. As shown in Section 4, the groundwater contaminant plume associated
with the MOGAS release extends toward the south and southwest, and is essentially confined within
the EIFDF site boundary. The plume geometry is strong evidence that the hydrogeological
characteristics of the investigation area cause groundwater from the onsite area to flow toward the
south and southwest—-not southeast toward the unnamed strearm and the Waiawa Unit. Furthermore,
as noted in Section 3.1.3, water for the Waiawa Unit is not drawn from the unnamed stream. The
water source for the refuge is the freshwater marsh east of Nakatani Farm. This freshwater marsh is
located more than 1,500 feet east of the southeast comer of the site, The marsh is thus crossgradient
from the EJFDF, not downgradient {the hydraulic gradient is directed toward the south (see Figure
3-9 and Figure 3-10). Therefore, it is not possible for groundwater from the site fo impact the water
source for the wildlife refuge.

Phase 1 and Phase II RI groundwater sampling results indicate that concentrations of contaminants
related to the EJFDF MOGAS spill decrease to very low levels well before the contaminant plume
reaches the downgradient site boundary, and that the areal extent of the contaminant plume is
decreasing with time. The decreases in contaminant concentrations and plume area are atfributed to
natural attenuation. As discussed in Section 3, the biodegradation capacity of EJFDF caprock
sroundwater is more than sufficient to completely degrade even the highest BTEX concentrations that
have been detected. The Phase I RI groundwater sampling results indicate that even if discharge did
oceur in the watercress farm area, contaminant concentrations in the offsite caprock groumdwater are
well below levels that would pose unacceptable risks to human health or the environment.
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Phase 1 and Phase I RI findings indicate that EJFDF caprock groundwater has not impacted the deep
confined basal aquifer (the source of the artesian well water used to irrigate the watercress fields). The
observed hydrogeologic characteristics of the investigation area (i.¢., the low-permeability confining
layers that separate the two groundwater bodies and the upward-directed hydraulic gradient) indicate
that the EJFDF caprock groundwater is not connected to the confined basal aquifer.

As discussed in detail in Section 8.1.4, the caprock groundwater cannot be considered a current or
potential drinking water source. Human exposure is therefore highly unlikely. In the offsite area,
neither the caprock water-bearing zone nor the confined basal aquifer are classified as drinking
water sources according o the DOH report Aquifer Identification and Classification for Oahu (Mink
and Lau 1990)
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4. NATURE AND EXTENT OF CONTAMINATION

Results of the Phase T R field sampling and analysis program are evaluated in terms of nature (the
type and concentration of contaminants) and extent (the spatial distribution of contaminants). A
listing of all samples and analyses is presented in Appendix I. As discussed in Section 2, the primary
objectives of the Phase [I RI are to evaluate the potential impact of MOGAS constituents from the
1971 release on the human and ecological receptors in the offsite area downgradient of the EJFDF.
This evaluation therefore focuses on MOGAS-related contaminants detected in the offsite area and
MOGAS-related contanunants that may migrate from the EJFDF to the offsite area. The evaluation
also considers other detected contaminants that are unrelated to the 1971 MOGAS release.

Contammnination associated with the MOGAS release has remained almost completely within the
EJFDF site boundary, MOGAS constituents detected onsite consist of light-end hydrocarbons
commonly found in gasoline products, such as BTEX compounds, 1,2-DCA, and phenolic and
naphthalene compounds in the C2-C12 hydrocarbon range. Lead levels in onsite subsurface soils
and caprock groundwater are very low. In the offsite area, contaminants potentially associated with
the MOGAS release were detected in only a few of the subsurface soil and caprock groundwater
samples collected along Waiawa Road just south of the site boundary; the detected concentrations
were very low (well below risk-based screening critenia).

Corntaminants that warrant further evaluation are identified by comparing the concentrations detected
in soil, sediment, sirface water, and groundwater to risk-based screening criteria. Chemical-specific
ARARs or TBC criteria identified for the EJFDF are used as sereening criteria. The rationale used to
identify ARARs and TBCs for the EJFDFE is presented in Section & Contammants detected at
concentrations above the screening criteria and coutaminants without screening criteria are further
evaluated 1 the human health and ecological risk assessments presented in Sections 6 and 7.

The analvtical data tables in this section list only analyfes that were detected at concentrations above
the method reporting limit (MRL) in one or more samples. Analytes not detected at concentrations
above MRLs are not listed. Complete analytical data (including MRLs for all analytes) are presented
in-Appendix L

4.1 SURFACE S0, SEDIMENT, AND BURFACE WATER
Surface soil, sediment, and surface water samples were collected from the offsite area downgradient
of the EJFDF in June 1998. These samples were analyzed for the following constituents:
# TPH-gasoline and TPH-diesel by EPA Solid Waste (SW) 846 Method 80158
VOCs and SVOCs by CLP OLM 03.1
Selected PAHs by EPA SW 846 Method 8270C selective ion monitoring (SIM)
Lead by CLP ILM 04.0

L]

»

L4

411 . Surface Soil

Five offsite surface soil samples were collected 1 the area north of the Oshita watercress patch
where petroleum contamination was reportedly observed in August 1995 durmg excavation of a
sewer line trench, as described in Section 2 (Okada 1995). Table 4-1 lists the concentrations detected
in surface soil samples, and Figure 4-1 shows concentrations detected at each sample location.
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Table 4-1: Offsite Surface Soil Detections of Organic Compounds and Lead

EFA Region X Offsite Sampling Location

Residential Soil
Analyte PRG 801 S-02 5-03 504 5-05
SVOCs {uaike) by CLP OLM 034 .and PAHs by EPA 8270C SIM
Anthracené 14,000,000 ©BU 5U U 3294 5U
Benzolalanthracene 560 11434 124 15.824 16.97.J 214
Benzo{ajpyrene 56 10,387 144 16.9J 12.224 13J
Benzo{b)fluoranthene 560 23227 26,144 34154 26.65J7 244
Benzolg h.ijperylene Hs 10.71J 164 33364 13.66J 9647
Benzo(k)fiuoranthene 5,600 g4 1894 114 7d 204
BEHP 320,000 36470 38774 3304 330 59,864
Chrysene 58,000 14.79J 214 23.234 13,752 274
Dibenzo{a,hlanthracene L Janu g.921 16.054 330y 3304
Fluoranthene® 2,600,000 18.857 284 24034 31794 284
indeno(1,2,3-cd)pyrene 560 a4 184 134 7d 114
Phenanthrene : f1s 54 104 84 13.64.0 54
Pyrene ‘ 1,500,000 17.84 234 26.96.4 21.94J 20
Lead{mg/kg) by CLP ILM 040
Lead 400 25.29J 19.974 39.010 | 44320 | 22654
Notes! ' .

All sampling deplhs'are 0-0.5feat bys.

Data qualifiers are defined in Seclion 4.5,

pofkg = microgram par kilogram

ns = no standard; no surface soil criteria established.

Bold italic number = detected concerntration above the MRL bul below thé screening criteria,

EPA SW BAG Method B270C SIM analysis used for PAHs.

* The DOH Tier 1 action tevel for this compound is lower than the corresponding PRG, and is therefore 'used in place of the
less-conservative PRG value.

Surface Seil Sereening Criteria. For TPH, State of Hawaii Department of Health (DOH) (1995b,¢,
1996a.b) Tier | action levels for soil were used as screening criteria. The DOH Tier 1 action levels
for soil are divided into two categories: drinking water source threatened and not threatened. (The
action levels for TPH are the same for both categories.) The DOH Tier 1 TPH soil action levels
cover three carbon ranges:

= TPH-gasoline {carbon range C6-C12). Phase II R soil samples were analyzed for TPH-
gasoline in the C8-C11 range:

+ TPH-middle distillates (carbon range C12-C24), Phase 1T R1soil samples were analyzed for
TPH-kerosene in the C11-C14 range, and TPH-diesel in the C14-C20 range. Detected TPH-
kerosene and TPH-diesel concentrations were combined for comparison to the middle
distillates criferia.

» TPH-residual fuels (carbon range >C24). Phase II RI soil samples were not analyzed for this
TPH range.

For VOCs and SVOCs (including PAHs) and lead, EPA Region IX PRGs for soil in residential areas
are used as screening criteria,
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For three PAH compounds (naphthalene, acenaphthene, and fluoranthene), the DOH Tier 1 action
levels are lower than the corresponding PRGs and are therefore used in place of the less-conservative
PRG criteria. Screening criteria for surface soil samples are deseribed in more detail in Section 8.1.1.

TPH and VOC Results. TPH and VOCs were not detected at concentrations above the MRL 1 any
of the surface soil samples. (The MRL for the VOC surface soil analyses ranged from 11,43 to 11.66
micrograms per kilogram [ug/keg]; the TPH MRL ranged from 1.1 to 12 milligrams per kilogram

[mg/kg].)

SVOC Results. All samples contained SVOCs at concentrations above the MRLs. The detected
SVOCs include several high-molecular-weight (HMW) PAHs and BEHP, at concentrations ranging
from 10 to 60 pa'ke. No SVOCs were detected at concentrations exceeding their screening criteria

Lead Results, Lead was detected at concentrations above the MRL in all five surface soil samples.
The detected concentrations range from 22 to 45 mg/kg, all below the EPA Region IX residential
PRG of 400 mg/kg.

4.1.2  Sediment and Surface Water

Collocated sediment and surface water samples were collected at tent locations (Figure 4-2). Samples
were collected from the watercress patches, from streams that drain into Middle Loch, and along the
harbor shoreline. Table 4-2 and Table 4-3 list the analyies detected in the sediment and surface water
samples, respectively.

Sediment Screening Criteria. Two sets of screening values are used as screening criteria for VOCs,
SVOCs, and lead in sediment:

= Effects range-low (ER-L) for marine sediment (Long et al. 1995). ER-Ls are used to screen
samples D-01 and D-02, which were collected along the shoreline,

¢ Threshold effect level (TEL) for freshwater sediment (Smith et al, 1996). TELs are used to
sereen samples D-03 through D-10, which were collected in the (freshwater) agricultural area.

Screening criteria for sediments are described in more detail in Section 8.1.3.

Surface Water Screening Criteria, Hawaii DOH water quality standards (WQSs) (Hawaii
Administrative Rules [HAR] Title 11-54), National Recommended Water Quality Criteria
(NRWQC) (EPA 1999b), and Great Lakes Tier I {Suter and Tsao 1996} values were used as
screening eriteria for VOCs, SVOUs, and lead in surface water:

« Chronic marine criteria were used to screen samples W-01, W-02, W-04, W-06, and W-09,

# Chromie freshwater criteria were used to-screen-samples W-03, W05, W-07, W-08, and W-10.
No screening values were identified for TPH in marine or fresh surface water because no TPH
eriteria ‘were identified as ARARs or TBCs for surface water. Screening criteria for surface water are

described in more detail in Sections 7 and 8.

TPH Hesults

TPH concentrations are below the MRL in all sediment and surface water samples.
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YOO Results

Sediment. Eight of the eleven sediment samples contained at lesst one of three VOUs {acetone,
Z-butanone, carbon disulfide) at concenirations above the MRL. The detected V(s are common
lahoratory reagents. Detected acetone and 2-butanone concentrations range from 16 to 75 pg'ke and
from 6 to 26 pp/ke, respectively, as illustrated in Figure 4-2, Carbon disulfide was detected in one

comparison to sediment VOC results.
Surface Water. VOC concentrations in all surface water samples are below the MRL (10 pg/L).

SVOC Hesulis

Sediment. SVOC concentrations above the MRLs were detected in all sediment samples. Sample
D-05, collected from the Oshita watercress patch, contained four PAHs (benzo(a)anthracene,
benzo(a)pyrene, chrysene, and pyrene) at concentrations above TEL sediment screening values.
Samples D-04, D-05 and D-09 also contained elevated concentrations of several other PAHs withno
TEL standards, Samples D-04 and D-05 were collected from the stream south of the Oshita
watercress patch. The detected PAHs (in the C16-C22 range) are heavier than compounds found in
MOGAS; therefore, they are not likely to be related to the 1971 MOGAS release (see Appendix J for
MOGAS product specifications). An elevated BEHP conecentration (estimated 1,798 pg/kg) was
detected in marine sediment sample D-01, which was collected near a storm sewer outfall to the
harbor (see Figure 4-2). BEHP was also detected in the watercress patch freshwater sediment
samples; however, concentrations were much lower (similar to the levels observed in surface soil
samples). BEHP is a common contaminant in urban environments and stormwater runoff, and 1s also
a common laboratory contaminant. Because caprock groundwater does not discharge to the
watercress farm area and because BEHP is not a typical gasoline constituent, the BEHP detected in
sediments is not likely to be related to the 1971 MOGAS release.

Surface Water. Six surface water samples contained SVOCs at concentrations exceeding the MRL.
These surface water analytes are included in the human health and ecological risk assessments
(Sections 6 and 7).

One surface water sample (W-06) collected from the Sasaki watercress patch contained several
HMW PAHs, including fluoranthene, pyrene, chrysene, benzo(ah)anthracene, benzo(a)pyvrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, indeno(1,2,3)pyrene, and
phenanthrene. Water samples W-03 and W-10, collected from the Oshita and Sasaki watercress
patches, respectively, contained only two or three HMW PAHs. PAH concentrations detected in
water samples W-03, W-06, and W-10 arc only slightly above the MRLs. These HMW PAHs were
also detected 1n sediment and surface soil samples collected in the watercress farm area. Due to their
high molecutar weights (C16-C22} and boiling points, these PAHs are not likely to be associated
with the 1971 MOGAS release. Benzo(a)pyrene has a boiling point of 925°F, whereas the maximum
boiling point reported for the Ewa Junction MOGAS product is 430°F) An elevated BEHP
concentrabion was detected in surface water sample W-01, collected next to the storm sewer outfall
to the harbor (see Figure 4-2). The BEHP detections are not likely to be related to the MOGAS
release. This analyte is a common contaminant in urban stormwater discharge, and 1s also a common
laboratory contammant
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Lead Resulis

Sediment. All 11 sediment samples contained lead at concentrations above the MRIL. Lead
concentrations range from approximately 4.5 to 56.1 mg/kg. Lead concentrations detected in two
sediment samples (D-03 and D-06) exceed the TEL screening value (35 mg/ke): sample D-03
(42.39 mg/kg) collected in the Oshita watercress patch, and sample D-06 (56.14 mg/kg) collected at
the west end of Sasaki watercress patch. Lead concentrations detected in the sediment samples are
similar to lead levels in surface soil samples collected north of the Oshita watercress pateh (see
Figure 4-1 and Table 4-1).

Surface Water. Six of the eight surface water samples contained lead at concentrations above the
MRL. Lead concentrations in two of the marine samples exceed both the WQS and NRWQC for lead
in saltwater. Lead concentrations in three of the freshwater samples exceed the NRWQC for lead in
freshwater; however, lead concentrations in two of the samples are below the WQS for freshwater.

The elevated lead concentrations detected in sediment and surface water samples may be attibutable
to elevated lead levels m surface soils in the offsite investipation area. The surface water samples
were not filtered; the lead may therefore be associated with suspended soil particles in the samples.
Caprock groundwater dees not discharge to the watercress farm area (see discussion in Section 3.8);
the elevated lead concentrations are therefore not likely to be related to the 1971 MOGAS release.

4.2  SUBSURFACEBOIL

Subsurface soil samples were collected at 26 offsite direct-push bonng locations (B-01 through
B-26) during 11-22 June 1998, and at four offsite HSA boring locations (B-27 through B-30) during
6-10 July 1998. All subsurface soil samples were analyzed for the following constituents:

¢ TPH-gasoline and TPH-diesel by EPA W 846 Method 8015B
* VOCsand SVOCs by CLPOLM 03.1
+= Lead by CLPILM 040

Detected concentrations above the MRLs are shown in Figure 4-3; all detected concentrations are
summarized in Table 4-4. Complete data are presented in Appendix 1,

Subsurface Seil Screeming Criteria. Chemical concentrations detected in the subsurface soil
samples are screened against the same criteria used for the surface soil samples, i.e., DOH Tier 1
action levels and EPA Region IX residential PRGs (see Section 4.1.1).

TPH Results, TPH-gasoline was detected in one sample, which was collected at 18.8-19.8 feet bgs
in boring B-14 (located west of the Oshita watercress farm area). The detected TPH-gasoline
concentration (1.5 mg/kg) is slightly above the MRL (1.4 mg/kg) and well below the DOH Tier 1
action level (2,000 mg/kg), TPH-diesel was not detected at concentrations above the MRL in any of
the subsurface soil samples.

VOC Results. VOCs were detected at concentrations above the MRL in 24 subsurface soil samples.
Low concentrations of 1,2-DCA were detected two samples: one from boring B-07 at 17-18 feet bgs
(3.76 pg/kg). and one from boring B-08 at 19-20 feet bgs (2.58 ng/kg). Acetone, 2-butanone, and
carbon disulfide were generally detected at concentrations similar to those detected in surface soil
and sediment samples; however, acetone was detected at relatively higher concentrations in samples
from berings B-15, B-21, B-27, and B-29. These compounds are common laboratory reagents.
Benzene and toluene were not detected in any of the subsurface soil samples. Ethylbenzene, total
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xylenes, and trimethylbenzenes were detected only in samples collected from borings B-29 and
B-30. All detected VOC concentrations are below the EPA Region IX residential PRG values.

SYOC Results. Thirty-one samples contained SVOCs (including PAHs) at concentrations above
MRILs, HMW PAHs, such as benzo(a)pyrene, benzo(b)fluoranthene, and benzo(gh,i)perylene, were
detected at very low levels in soil samples from several borings (B-06, B-14, B-17, and B-27 through
B-29). Lighter-end SVOCs and PAHs, such as 2-nitrophenol, phenol, 2-methylnaphthalene, and
naphthalene, were detected at low levels in soil samples from borings B-15, B-17, and B-29 through
B-30. Phthalates were also detected at very low concentrations throughout the investigation area. No
SVOCs were detected at concentrations above the screening critenia,

Lead. Lead concentrations above the MRL were detected in 42 subsurface soil samples. Concentrations
ranged from less than 1 to 3 mg/kg, well below the EPA Region IX (1998) residential PRG (400 mg/kg).

43 GROUNDWATER
The Phase Il Rl groundwater sampling program comprised two separate sampling rounds. In round
one, samples were collected during June-July 1998 from the following sites;
= 12 offsite nucrowells
¢ 4 newly installed offsite monitoring wells
+ 21 onsite monitoring wells
Subsurface soil and microwell groundwater sampling results were used to select locations for the four

new permanent monitoring wells installed in the offsite area. Caprock groundwater samples were
collected in two sampling rounds from the new offsite wells, and from 21 previously existing onsite wells,

Ini round two, samples were collected during April-May 1999 from the following sites:

= 4offsite monitoring wells

= 21 onsite monitoring wells

= . 3 offsite artesian wells
To evaluate the potential impact of the irrigation water on surface water quality in the watercress
patches, filtered and unfiltered groundwater samples were collected from three of the offsite artesian

wells that irrigate the watercress farms. The artesian well sampling data were also used to confirm
that caprock groundwater contaminants have not impacted the confined basal aquifer.

All groundwater samples were analyzed for the following constituents:

= TPH-gasoline, TPH-kerosene, and TPH-diesel by EPA SW 846 Method 80158

* VOCsand SYOCs by CLP OLM 03.1 (Round One), and EPA SW 846 Methods 82608 and
8270, respectively (Round Two)

+ Metals by CLP ILM 04.0
«  Hydrogeochemical parameters by the methods listed in Table 2-6

412
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Table 4-4: Organic Compounds and Lead Goncentrations in Subsurface Soil, Phase Il Bl, Ewa Junction Fuel Drumming Facility

Cffsite Barnplion Locatien

514 B2 593 29
Ff?"y OO B OBZ RO L BB B85 BEE CCBOT L BER L B L BB B LB B BM BB BB B B Bas Deghese B3 Beg DBy Bm L BI o omad Dupedel BS-iDisioiel BIE | B¥r. BW . Bgr | Boi o Ba D82 BES ¢ Bad iDukes: Bz | BS B0 0 BY
;
Peabbril L (el 150e0 ] 0880 WA L 05D B30 2U0- L I70e 0 10e M. | A90- 0 1A 1o ihe o Ee igEe B30-71 4900 BED. 0 200 HE0 ) BEEe 5 W pins gt e b omse e DBG D EE B OB RE LB oBe
Ay SWPRGC bgsk. me | o205 [ uE ®s | a0 ¢ B0 WG W0 BS L OBO0 WS 20 B0 198 LHBS0EAYS 2400 200 G me | W . W0 %0 ToED 80 1 10 | TpE0 7080 7385 7585 sev0 eedi mool mo o owo | 9es 0 307 w0 WE B0 0 w0 omb | Mo | %0

TPH-Gascding and -Diesel molo) by EPA SW 348 Mathod 30158

CO8-C11 gascins ange) | 20007 | DO LA P30t tsl | sl borsl o aso Do Do R T TR RETR T TV I SR T TV T T N TR TN U e R R TR T T T T T

Yelatiles (pggh by TLP GLBD3T ' ' . V ‘ . . V V V I V V ' ' ’ » ‘ I .

Autore 40,000 tATod | vzavus | aiinsd Dradsd | vasy D SU D MBY T mse Coeadndl aEes i 1ads | Eese D 3ESU | RGBS D Z0R | ZSAA T ABP1 PREAE L WSS 2 5550 are | g5 | thsal 6485 | misu ] 1odr | owssU | (saRU ) mess | reror  ipesU | teasUSESiUL Ares | WU swF LISaENU T dRcRnd MU wsamiyl Eeas | tsoeu
% Butaone 5,500,000 IS0 ] ST T RS T AT M LS L e | resat SISABUU M | BeSIU | a0 aEsU L GASU ] 248F L URA) D RSINY 1SENU isEnil AR WRRU | 30 ) ATV ez B7eF B L 1SASU D vssl | vSAeU | Lad8U | 1Sgu | ipmRU ) fa3U 1530 2sal wTSUS ] ar2 | iadu Disosl b BaU | oweanl | isaru | ismau
st e s ISAWE A L 1500 | M08 | T L IBRUU L SR | TASORE L TSAR Ve AT T | RS0 RN L TOU L vRAR ) RSN RAETU L 1SeRU ] daast h 1aeU | iRisU 1ATU L vazBlf TRAR D TRASU 105U 1RSAU D 1Bl | 1etE L 4287 | 2B RS Y 1S3U 1Rde0n TSN Tradd | vSRSU D 1S04U T 9RU | 16400 | 16370 | 1ahsy
oy 340 IS4 el 1500 | 03 | ueany D unast D aead L ZEe Daeu VoMU Dousi D ran d unsy s D WU D ramud sl 5870 D ssn | msl D vadet | 1aaeu L isA70 | teme0 e | semu ] 5050 sy | masl faaisu ooy | wmesU] tadsy usceu weeud snal o Dsasy D osaau | eaw | sanu | seanu | eoey
Etbnzare 20 15 T2 1S peasur T tased BB T eu L rasy DOSARU TaRU T el AR | TRRSU FoBER0 T MU ReARE AW ISU Diseeu | e met Taateu | rsane ey senn DS a0 1namu ] tensu | Taam ] htey | tsau snesy | oreasy ] 15380 v2emil verey | masul 2e3s | sezed o tsau iesau LiBaTU L 1558y
T R e e T L R R T T N I T T e e T e Ot e )
TS Tsayberaens 2180 R R R e B T N e R T L O R L R L . I e e AR TR
Kifones, totat s TSN MOTUET 550 B T3S T B AR | BBy | rBeU D 0RR0Ys TR L WS TSy naas L 10 e TS heseUn LY Bt 15 8R0S LIS Ea0s T 155 L Oneeus | 10800 VIS UL | 160 IS0 TASIEUS] 15050 | 10880 ] 156U T pA 000 T iSid T 1HBB0 M350 L5380 | 12000 AT0U ] TIas ] A7ERN T 1041 feY | eaau | eaTy | tsmay
SVOCE [geiby CLADLIR

Henzolalpyreng 8 20880 428l soau 47344 1 4rgday o0t AELAU ABLAE Do BT0BU P o eBaRL s gl 2 AR U 44 48380 A8 Tasad L 20Bd B O BDIUT ST EUT 4R BH R U AT DB L U9 EH BRI AR Bnll 488714 3304 33 3304 30 el IR a3 v 23as) Sy U J3eU ey oM
Bensoftiferniene : SOESD | TRV ] SROU | ATEAU D TAU | ATV eist ] daian  BIOGU L Al st | AU au dBA) T aAU | el 4MT0 0 SRy T SiEeU ) aoud L a91AU0T andmR semans Laveay Dsira0 | eag Tienn deti0sl Sio0 D esdu ) 30w | oasou | wou | asow | coow | owow Dosdssd ) rneRdl attu s amono b oswu Domaol o A
Henasig  periens - SERE |l RO akal D e ] deaar D asTaU | a0 BAUY | 470,900 483200 T A6 AT T ASTI0U ) 4550 H03 000 B0 I0 T HIA UL 7O maaa | sealt au ity waie EnedU) wres § srad | oawazn bamesi) lasiwist mel s | smd | gmesd | wbw | sess | osew Doaww Darssr Comey bomod U omeu s a1 e
BEHE 3200 SORSY | wml L os0U D EAU D eRNAU AN Aaa D BOSYT BER SYAA AU RN TNV BON Ml BT e R0 Si3m | Shals Laeina G4AR 2080 L AN D irau | deoom (RSl a6Rd | swu 1938 | wses | o | S | assed | smsws | miov | MSEA D MU G imimi sy | s b oweass | asmu
Dbyttt $300000 ABIBE L AR L SO0 4RAU L RREST ] 4BE7S L SRTEU T 4BAB T OBV | ATMES I SSSAU T AR | ST SrO T 4REU | BT SR SO0EU L SII2U L Sl Lediaii A34BR L 3eaUsl ATOIU | 372U | 0828 HRSU0) 45880 | SO L 4eSAU | 30U | As0U ¢ 200§ dedd | ated | 4adDoa30u L omou sl | ossou | omou | ossou sy
Disthyhbalze S4000600 sopEg | owmel | B D avial Dumien | 2eas D 70950 345U BI0BU L OO D GAAU | Adar asTE | 4SSE0 L 4RA0U | ARl T es47U T B08U 20 oAl Ténalin aaden aeaud wraswizag Dasaon sesw Casuiul sl Dasad Dot | mouomeu oammd Dosew Dol owod bomou boawd foteiss meu sy el
Hesahioncbenzene 250 sses | dssg s arbawana0 soow T seray ] saisu D eau | anaan ) ssaay | asvan Dasnau essae T eaatu | deei | bes ] spndu ) S350 0 shoul a4l BaER AU ARG L SUBU T asuaR mealesuailns s et D omeU | ase Vmer Uomed Umeu Dowg Uomew st lmov | sy ommy ooy 0 m0u
SHietwhartakne ns W | aey | oso0u [ 4pan s ar3ay osopl dsnal i eaesu D m0su 4ol a3l | dsrau ST assau T mau ] AR D eenTu ) S208U ) 8132000 Snaud Ledinls) A348R L5eaU] 4TAe | Simel | 4000R | NnzU4BiAUa 30 L emaU | 200 | 300§ m0u | oaseu | omeU | oosod | ssod b omsou b osesed | st | amu | sy
pE— i OSSR 500U | PEAU L WRADT ROl L ARTRL TR T SI0E T AR T AR T ST AU T SR ARSI T IR Rl SR TR0050 | BIEOM - H0 T M B ad R | ma Tl eiva Danean st adin T s dsan aaol T Tsou | ol b daon o casatr T anew | et T aoU | el as0y | Sl T Bl |06y
Naphihalens S50 sops0 s ansy | soou Taaau Dwmeu D ssou Tasveu | waasu T esueniu D menu e a0 asey | aasun] S0 0 | S0 SI3R0 T RN LAl BaER RERa AT sty T GsedR Ledl leninil sy Dasnii D owmeU Dmew Domey Useds ] seu Dome Tl moe U omou Domen osU ool mon o aow
Eheiel 35000000 SRS | aesy | 00U T 4TaAU D wnmeu s soov D ustey | daBUl 5WEU ] msay emeu leSTau ) 420 a8saU ] askau ] sy reERs L S1520 L S | anBU | 048U L SeonUS L RiUS BT 200 4980 usiud Destaus stbul  seali o mau L 3000 | mou b oadeu §oasou | asou i omsow | msoU loamu | oame ] mmul meu ) w
Pyrene 1500800 Biasy | 56607 amadd ] ashel S0l DRTRU duei T S0l el TaaRaU L Seral el s D BIUT] S0 e | BNEU | STal eand | aeyain ] dater | shanl S WTE U | a0 | 5008 asn s baeteUE )l miol | mseel ) asn D oasou | dseU D omeeu o dson asall ool o andsrd ssobl dsow T odeu oDy aoeu
Leat gkl by ELP LM 040

Losd Lo Cassobomiz D ofes | 245 L 23T L L7 L 2300 ReF 0 GBS ¢ 180 1% - A9 | K5 | GSer  omSUd | KSaF L 28 1570 DA BN T oaEIL 243 L BED L BIF LoNST L G| AR L 495 L 9N L 208 0 MEL 139 0 B9 WS L 482 0 K06 1390 3200 158 28 208 L 128
Bald Rl e = defaci e 2o the WAL : e

Datagusifers are defined In Section 4.8,
# Sceeening orfena for TPH ara DOH Ter 1 Betion Levals

AR00029880



November 2000 Phase i Rl EJFDF, FISC, Peart Harbor Nature & Extent

The hydrogeochermical data (presented in the sample analvsis summary, Appendix I) were used to
evaluate natural atfenuation processes at the EJFDF (see Section 5.4.2). The hydrogeochemical
constituents are not contaminants.

Groundwater Sereeping Criteria. Chronje marine W(8s and DOH Tier 1 action levels for
sroundwater - {drinking waler source not threatened and rawifall less than 200 centimeters per vear)
are used as sereening criteria for VOCs, SVOCs, and metals in groundwater. Where both 8 WOS and
a Tier 1 action level are established for a given analyte and the two values differ, the lower of the
two values is used as the screening criterion. {No WQSs or DOH Tier 1 groundwater action levels
are established for TPH.) Safe Drinking Water Act (SDWA) maximum contaminant levels (MCLs)
are used as screening enteria for groundwater samples collected from the artesian wells that tap the
confined basal aquifer in the offsite area. The groundwater screening criteria are described in more
detail i Section 8.1.4.

Detected Gronadwater Concentrations. Groundwater sampling results from round one (June-July
1998) and round two (April-May 1999) are summarized in Table 4-5 and Table 4-6, respectively.
‘Complete groundwater data for both sampling rounds ave presented in Appeadix 1. The figures hsted

below illustrate spatial and temporal trends in the concentrations of BTEX, 1,2-DCA, and lead,
which were identified as indicator chermicals (ICs) for the caprock groundwater (see Section 5.2).

Total BTEX concentrations detected in EJFDF 1in caprock groundwater are presented in the following:

* Figure 4-4 (Phase I RI sampling: August 1994)
¢ Figure 4-5 (Phase 11 RI round-one sampling: June-—July 1998)
+ Figure 4-6 (Phase 1I RI round-two sampling: Aprib-May 1999)

Total 1,2-DCA concentrations detected in EJFDF caprock groundwater are shown in the following:

* Figure 4-7 (Phase I RI sampling: August 1994)
* Figure 4-8 (Phase I RI round-one sampling: June~July 1998)
* Figure 4-9 (Phase H RI round-two sampling: April-May 1999}

Total lead concentrations detected in EJFDF caprock groundwater are shown in the following:

* Figure 4-10 (Phase [I RI round-one sampling: June—July 1998)
s Figure 4-11 (Phase II RI round-two sampling: April-May 1999)

TPH-gasoline concentrations detected in EJFDF caprock groundwater are shown in the following:

«  Figure 4-12 (Phase II RI round-two samphng: April-May 1999)
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Table 4-8: Organic Compounds and Metal Concentrations in Groundwater, June-July 1998, Phase Il BRI, Ewa Junction Fusl Drumming Facility
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Table 4-8: Organic Compounds and Metal Concentrations in Groundwater, April-May 1899, Phase i Rl, Bwa Junction Fusl Drumming Facility
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MNovember 2000 Phase It R EJFDF, FISC, Pearl Harbor MNalure & Extent

4.3.1  First-Round Sampling, June~duly 1898

TPH Results, TPH was detected in only one of the groundwater samples collected during the first
sampling round (TPH-gasoline at 5,400 pg/L in the MW-2 sample). TPH-gasoline concentrations
were below the MRL in all other samples, as shown in Table 4-3. TPH-diesel and TPH-kerosene
concentrations were below the MRL (0.26 prg/1) in all first round groundwater samples. All TPH
data are presented in Appendix L

VOC Results. Samples from 18 of the onsite monitoring wells, one offsite monitoring well, and
three microwells contained VOC concentrations above the MRLs. No VOCs were detected at
concentrations above WQSs or DOH Tier 1 action levels, as presented in Table 4-3.

BTEX. The highest total BTEX concentrations have historically been detected at MW-2 (which is
located adjacent to UST 8-26, the MOGAS release point) and MW-15 (which is located
approximately 250 feet downgradient of UST 8-26). Total BTEX concentrations detected at these
two monitoring wells decreased significantly during the approximately 4 years between the Phase 1
RI and Phase I RI sampling events, as shown in Figure 4-4 and Figure 4-5. Total BTEX
concentrations detected in July 1998 at MW-2 and MW-135 were 705.3 and 656.1 pg/L, respectively.
No BTEX compounds were detected in offSite groundwater except in MI-4, where a very low
toluene concentration (1.16 pug/L) was detected.

1,2:DCA. Changes in 1,2-DCA concentrations between August 1994 and June—July 1998 are shown
in Figure 4-7 and Figure 4-8. In the area between USTs 8-26 and S-27, 1,2-DCA concentrations
decreased from greater than 10 pg/L to approximately 1 pg/L or less, However, the 1,2-DCA plume
appears to have migrated slightly toward the southwest along and just south of the site boundary,
where 1,2-DCA concentrations detected in offsite wells MW-25, MI-6, and MI-7 ranged from 1 to

& pgl/l.

Oiher FOCs: Acetone was detected in MW-0, MW-14, MW-16, MW-21, MW-22 and MW-25at
concentrations ranging from 15.96 pg/L to 36.65 pg/L. Carbon disulfide was detected in the sample
from MW-8 (2.4 pg/L). Trimethylbenzenes were detected in the sample from MW-2.

SVOC Results. Thirty-one samples (including two duplicate samples) contain SVOCs and PAHs at
concentrations above MRLs: No SVOCs were detected at concentrations above W(QSs or DOH Tier
1 action levels.

BEHP. Elevated BEHP levels were reported for samples from four onsite monitoring wells (MW-1,
MW-9, MW-16, and MW-20). As discussed below in Section 4.4, the elevated BEHP levels are
attributed to laboratory contamination.

Metal Results

Lead. Lead concentrations detected in the two Phase II RI sampling rounds are shown in Figure
4-10. Lead was detected at concentrations above the MRL (1 pg/L) in two onsite monitoring well
samples and i nine offsite microwell samples (including one duplicate sample).

Lead was detected at low concentrations (less than 1.2 ug/L) in two of the onsite monitoring well
samples (from MW-6, located at the northeast end of the interceptor trench, and MW-11, located
outside of the BTEX plume area; between UST-26 and UST-27).

Lead levels above the chronic marine WQS value (5.6 pg/L)y were detected in samples collected from
four of the twelve offsite microwells. The highest lead concentration (188.95 pg/L) was detected

4-41
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November 2000 Phase Il Rl EJFDF, FISC, Pearl Harbor Nature & Extent

the sample from MI-3 (northwest of the Sasaki watercress patch). Lead was detected at 79.4 pg/l.in
the sample from MI-4 (approximately 100 feet northeast of MI-3). The lead concentrations detected
at MI-1 (north of the Oshita watercress patch) and MI-12 (near the bicycle path) were 13.7 pg/L and
8.1 pe/L, respectively. Lead was not detected at concentrations above the MRL in any of the offsite
{4-inch~diameter) monitoring well samples.

The elevated lead levels detected in the offsite microwell samples are most likely associated with
suspended particulates. The groundwater samples were not filtered in the field or in the laboratory
prior to analysis. The l-inch microwells were difficult to develop; as a result, turbidity of the
microwell groundwater samples was significantly higher than turbidity in the monitoring well
groundwater samples. For example, the turbidity measured immediately before sample collection at
MI-3 was 138 nephelometric turbidity units (NTUs), and the sample was described as “muddy
brown.” Monitoring well groundwater samples, on the other hand, were described as clear, and
turbidity levels measured immediately prior to sampling were never more than 7.4 NTUs (turbidity
of most monitoring well samples was even lower, near zero). Lead was detected at significant
concentrations only in turbid samples from the microwells, and lead levels detected in the monitoring
wells both on and off site are very low; therefore, the 1971 MOGAS release is not likely to be the
source of lead detected in offsite groundwater samples during the first sampling round.

Other Metals. Metal concentrations above MRLs were detected in all 25 monitoring wells and in 11
of the 12 microwells. Copper, chromium, nickel, arsenic, and zinc were detected at concenfrations
above WQSs. Elevated copper, nickel, and zinc concentrations were detected in the samples from
MW-1 and MW-19, both of which are putside the area impacted by the MOGAS release, MW-1 is
located approximately 900 feet upgradient of UST 5-26. MW-19 is located south of Building 9.
Concentrations of these metals are lower in the wells downgradient of UST S-26, mdicating that the
elevated metals concentrations are not related to the MOGAS release. Elevated copper, chromium,
nickel, arsenic, and g concéntrations ‘were alse détected 1n the offsite microwells, These metal
detections are likely to be due to the high suspended solids content (i.e., high turbidity) of the
microwell samples, Concentrations of these metals detected in the (low-turbidity) offsite monitoring
well samples were much lower.

4.3.2 Second-Round Sampling, May 1949

TPH Results. TPH-gasoline was detected in 11 samples (including two duplicate samples) collected
from onsite monitoring wells; concentrations range from 100 to 1,100 pg/L. (the MRL is 100 pug/L),
as shown in Table 4-6 and Figure 4-12, The TPH-gasohne plume underlies approximately the same
area as the BTEX plume. The first- and second-round groundwater TPH results show little
correlation. The lack of correlation may indicate a problem with the first-round laboratory’s TPH
analyses, The second-round TPH results correlate well with the BTEX results; therefore, the second
round TPH results are likely to represent actual field conditions.

TPH-middle distillates (kerosene) was detected n seven samples (including one duplicate sample)
collected from the onsite monitoring wells; concentrations range from 0.3 to 2.8 pg/L.. TPH-diesel
concentrations arebelow the MRL. The TPH-kerosene distribution correlates well with the TPH-
gasoline distribution; therefore, the kerosene-range hydrocarbons are likely to represent the heavier
end of the MOGAS product, rather than a distinet contaminant source.

VOC Results. VOC concentrations above MRLs were detected in samples from 15 onsite

monitoring wells. Acetone is the only VOC detected in offsite groundwater {at MW-24). No VOC
concentrations are above chronic marine WQSs or DOH Tier Laction levels, as shown in Table 4-6.
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BTEX. As shown in Figure 4-6, maximum total BTEX concentrations were detected at monitoring
wells MW-2 and MW-15 (total BTEX concentrations were 580.1 and 386 pg/L, respectively). A
significant decrease in total BTEX concentrations occurred over the period between the first and
second sampling rounds.

1,2-DCA. As shown in Figure 4-9 and Table 4-6, 1,2-DCA was detected in several onsite monttoring
wells during round two. As in round one, 1,2-DCA concentrations slightly above the MRL were
detected upgradient of the BTEX plume in MW-11 and MW-14. Although the 1,2-DCA
concentration detected at MW-=15 during round one is below the MRI. (10 pg/L), the round-two
concentration for MW-13 15 15 pg/l.

SYOC Results. SYOC concentrations above MRLs were detected in samples from 19 onsite
monitoring wells and all four offsite monitoring wells. No SVOCs were detected at levels above
their screening criteria. BEHP was detected at low levels in MW-6 and MW-16 (in the southeastem
corner of the site), and at very low levels in the offsite monitoring wells. No HMW PAHs were
detected during the second round. SVOC concentrations in the artesian well samples are below
MRLs.

Bletal Results

Lead. As shown in Figure 4-11 and Table 4-6, lead was detected at only one sampling location:
MW-2 (1.455 pg/L). The detected lead concentration is well below the WQS. Lead was not detected
inany of the artesian well groundwater samples.

Metal concentrations above MRLs were detected in all monitoring wells and artesian wells sampled
during the second round. However, the pattern of metal detections indicates that the 1971 MOGAS
release is not likely to be the source. Copper #nd zinc concentrations slightly exceed the WQS
screening criteria in the sample from (upgradient) well MW-1. Copper was also detected at a
concentration slightly above the WQS in the (downgradient) MW-23 sample. Copper and zinc
concentrations detected within the core of the area impacted by the MOGAS release are below
MRLs. Mercury concentrations detected in the (unfiltered} sample from MW-21 and the (filtered)
gample from artesian well FW-3 slightly exceed the WQS. Several of the groundwater mercury
results were rejected due to poor matrix spike recovery (see Section 4.5.1).

4.83.3 - Comparison of First- and Second-Round Dala

TPH Results. TPH-kerosene was detected only in the second sampling round. The lack of TPH-
kerosene detections in the first round may be due to the lower MRL achieved for the second round (2
different analytical laboratory was used for the second round). The distributions of TPH-gasoline and
TPH-kerosene correspond with the BTEX plume area. The lack of cormrelation between first- and
second-round TPH results may- indicate a problem with the first rotind laboratory’s TPH -analyses.
The second=round TPH results correlate well with the BYEX resulis: therefore; the second-round
TPH results are likely to represent actual field conditions.

VOC Results, All VOC concentrations detected in both the first and second groundwater sampling
rounds are below W(QSs and DOH Tier 1 action levels. BTEX concentrations detected at MW-2 and
MW-15 declined slightly over the approximately 1-year period between the two sampling rounds for
the Phase 1T BRI However, BTEX concentrations detected at these two wells i 1998 and 1999 are
much lower than those detected during the last round of Phase T RI groundwater sampling in 1994,
The core of the BTEX plume has not shifted downgradient since 1994, and the plume is remaimning
well within the site boundary.
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SVOC Results. All SVOC concentrations detected in both the first and second groundwater
sampling rounds are below WQSs and DOH Tier 1 action levels.

Metal Results. Lead concentrations detected in samples from both the onsite and offsite monitoring
wells are very low. Lead levels above 1 pg/l were detected in only three monitoring wells. All
monitoring well lead detections are below 1.5 pg/L. The elevated lead levels detected in turbid
groundwater samples from the offsite microwells appear to be related to the high suspended solids
content of these samples, not to the 1971 MOGAS release. (None of the monitoring well or
microwell groundwater samples were filtered.) The other metals detected in the caprock water-
bearing zone also appear to be unrelated to the MOGAS release.

4.4 - Quauty CONTROL SAMPLES

The field QC samples consist of field blanks, field duplicates, trip blanks, equipment rinsates, and PE
samples. As discussed in Section 2.7, field QC samples are collected to help monitor sampling
procedures and identify potential outside sources of contamination.

4.4.1 - Field Q0 Samples

Seventeen field duplicate pairs were collected and analyzed. In accordance with U.S, Navy PACDIV
IRP Level D QC requirements (DON 1996, 1998), the field duplicates represent approximately
10 percent of the total number of samples analyzed. Trip blanks, field blanks, and equipment rinsate
samples were also collected and analyzed in accordance with U.S. Navy PACDIV IRP Level D QC
requirements. Field QC samples are listed in Table 4-7; field QC sampling results are detailed in
SAppendix L

Table 4-7: Q0 Samples Collected and Analyzed

Analytical Mathod
ERARSKOP-175
QC Bample Type EPA 80158 EPAB260B EPAB270C BIM CLEPILMO4.0 Modified®
Field blank 7 4 7 ¥ 3
Field duplicate 13 14 1" 13 8
Trip blank 54% 48 MA hA NA
Equipment rinsate 22 22 22 22 12

MNA = not-analyzed

“Sample preparation and detenmination of dissolved gases in-waler using gas chromalography headspace equilibration
technique (Kampbell, Wilson, and Vandergrift 1989)

*Trip blanks analyzed for TPH-gasoline only.

44,2 Performance Evaluation Samples

An independent vendor prepared and supplied a PE sample for each phase of the project. The results
of the PE sample analyses are intended to help evaluate the accuracy of the fixed-base analytical
laboratory performance for analytical methods CLP OLMO03.0, EPA 8260B, EPA 8270C SIM, CLP
ILMO4.0 EPA 8015B and selected general chemistry parameters. Performance acceptance limit
(PAL) guidelines for each apalytical method, supplied by the vendor, were used to evaluate the
reported concentrations of analytes from the methods presented in Table 4-8. Laboratory-reported
concentrations for detected compounds outside the listed PALs may indicate over- or
underestimation of sample concentrations:
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During round-one sampling, one double-blind soil PE sample (VA069) and one double-blind water
PE sample (VASE6) were prepared and submitted for analysis. During round-two sampling, one
single-blind water PE sample (VA730) was prepared and submitted for analysis.

The PE sample analytical methods are listed in Table 4-8; results of the PE sample analyses are

discussed in Section 4.5.1.

With the exception of the BEHP concentration in the firstround water PE sample, the overall
analytical laboratory performance for all PE sample analyses are considered acceptable.

Table 4-8: Bummary of PE Sample Analytical Methods

Analytical Method
[Methane]
EPA

RSKOP-
FE Sample cLp 175 [Fluoride] | [Chiorids]
Type CLPVOCs! SVOCs EFABDISB EPASIROE EPAB270GC, ILMO4AD  Modified 1EPA 34021 ERPABOD
Sail X *®
Agueous
Rotnd One % X X % X
Raound Two % % X % X

4.4.2.1 SoILPE SAMPLE

Diuring the first round of sampling; the analytical laboratory demonstrated performance within PAL
acceplance critena for all compounds except the five listed in Table 4-9. 1t should be noted that all
initial  calibration, continuimg calibration, surrogates, and internal standards were within QC
acceptance criteria for these compounds. Therefore, the PAL exceedances for the compounds listed
above are considered sample-specific and are not indicative of incorrect analytical procedures.

Table 4-9: PAL Exceedancesin PE SBamples

Compound Reported Analvtical Result

s Exceedance of PAL

First-Round Soll PE Samiple

Benzene 10.5 polkg Below lower acceptancs limit of 11.3 poikg
Carbon tetrachicride 18.5 pofkg Below lower acceptance Himit of 26.9 pgikyg
4-Chioro-3~-methylphenol 1.850U poskg (non-detecled) Qutside geceptance limits of 20306930 pg/ka
Pentachlorophenol 1221 uglkg Below lower acceptance limit of 1,240 pa/kg
Toluene 25.2 ugikg Above upper acceptance limit of 23.5 pg'kg

First-Round Water PE Sample

Benzo(b)fuoranthene 100U po/l {non-detected) Ouiside acceptance limits of 7.71-23.3 g/l
BEHP 1316 yg/L Above upper acceptance limit of 142 pg/i
Butyibenzyiphihalate 49.2 pgil Above upper gcceptance limitof 449 po/l:
Chrysene .34 po/l Below lower acceptance limit of 0.8 g/t
Di-roctyiphthalate 48.96 po/l Below lower acceptance imit of 54.6 pg/L
Hexachlorobenzene 1859 poll Below lower scceplance limit of 184 pg/l
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Compound Reported Analylical Resuit Exceedance of PAL

Second-Round Water PE Sample

Arsenic B0 pg/l Below lower acceptance mit of 87.8 porl
Hexachiorobenzene ® 50 pgil Below lower acceptance limit of 80.8 po/l
Pyrene ® 48 gall Below loweracceptance imitof 524 pgll

7 1n the second-round analyses, both hexachlorobenzens and pyrene were reported within acceptance limits in a diluted
sample. However, these resulls were not used, as the original results were within the standard calibration range.

4.4 2.2 WATER PE SAMPLES

Round One. During the first round of groundwater sampling, the analytical laboratory demonstrated
performance within the PALs for all compounds except the six listed in Table 4-9. It should be noted
that the PE sample, along with the rest of the samples in the extraction batch, was diluted duc toa
high concentration of BEHF, The data validation report states that the high concentrations of BEHP
are laboratory-derived and not indicative of actual site conditions. The validation report further states
that the low PE sample recoveries may be attributable to the BEHP contamination, which is an
interference with chrysene-d12, the internal standard used to quantitate many of these compounds,

Round Two. For the second round of groundwater sampling, the fixed-base analytical laboratory
demonstrated performances within PAL aceeptance criteria for all compounds except for the three
listed in Table 4-9. For arsenic, it should be noted that all calibration criteria, interference check
sample analyses, and laboratory control sample (LCS) analyses were within QC acceptance criteria;
therefore, the PAL exceedance for arsenic is considered sample-specific and not indicative of
incorrect analytical procedures.

4.5 DaTa VALIDATION

The analytical data were subjected to independent third-party data validation to provide assurance
that the data are adequate for the intent of this project. All data were validated by an independent
subcontractor according to the U.S, Navy PACDIV IRP Project Procedures Manual (DON 1996,
1998) and Laboratory Data Validation Functional Guidelines for Evaluating Inorganics and
Organics Analysis (EPA 1994b,c). Data qualifiers were applied in cases where the data do not meet
the required QC eriteria, or where special consideration by the data user was required. Definitions of
standard data qualifiers are presented in Table 4-10.

Table 4-10; Qualifier Definitions

Quizlifier Description of Data Qualifier Reference Code

9} Indicates the compound or analyie was analyzed for but not detected at or above the stated limit.

d Indicates an estimated value.

R Cluality controlindicates the daia are not usable,

8 Presumplive evidence of presence of the constitusnt.

M Presumplive evidence of presence 6\‘ the constituent at an estimated value:

L Indicates the compound or analyle was analyzed for bul not detected. The sample detection limit is an
estimated value,

Qualification codes were also applied to the data to explain why the various data gualifiers were
applied. A complete qualification code table is found DON (1996, 1998), Procedure II-A, Data
Validation Presentation, Attachment II-A-3.
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Individual data validation reports were produced for sample delivery groups. The data validation
reports are compiled in Appendix K.

4.5.1 PARCC Report Summary

A detailed summary report of all data validation reports was also produced. This report, which
evaluates precision, accuracy, representativeness, comparability, and completeness (PARCC)
parameters for all analytical data, 15 presented m Appendix L.

A summary of overall PARCC parameters indicates that the data meet the Phase I and Phase II R1
data quality objective (DQO) goals. Therefore, the data are useable for their intended purpose.

Precision. The overall precision for soil and water analyses achieved by the analytical laboratory 1s
95.2 percent, achieving the project DQO goal of 90 percent. Of the 1,105 total QC analyses, 57
exceed the relative percent difference (RPD) criteria. The reported precision for volatiles and metals
in the first phase is below the 90 percent DQO goal, at 87.5 percent and 79.4 percent, respectively.
For volatiles, the low percentage during the first round of sampling is attributable to three soil matrix
spike/matrix spike duplicate (MS/MSD) pairs with percent recoveries and RPDs otttside the QC
criteria. The validation reports indicate that these QU exceedances may be attributable to matrix
heterogeneity and that no quantifiable bias is evident, The low metals precision percentage is due to
many duplicate RPDs exceeding the QC eriteria. The validation reports attribute the QC exceedances
to matrix effects, since all RPDs for the LCS/LCS duplicates are acceptable.

Accuracy. The overall accuracy is 96.3 percent, achieving the corresponding project DQO accuracy
goal of 90 percent. Of the 3,932 total recoveries, 146 exceed QC limits. The reported accuracy for
metals and wet chemistry in the first phase is below the 90 percent goal, at 66.7 percent and
77.7 percent, respectively, The data validation reports indicate these low accuracy percentages are
attributable to sample matrix mterference, since percent recoveries for the LCS/LCS duphicates were
acceptable,

Representativeness. The representativeness parameter is considered acceptable in the PARCC
report, because all samples were evaluated for holding time compliance and associated with a
method blank in each individual SDG. It should be noted that seven samples, including the
performance evaluation sample, had coneentrations of BEHP that are not considered representative
of the site. The PARCC report states that data reviewed during the PACDIV Level D validation
indicate the source of the phthalate is most likely the laboratory and not the groundwater at the site,

Comparability. The comparability parameter is considered acceptable, since sample frequency
requirements were met in obtaining duplicates and necessary field blanks, standard analytical
methods were used, and data were reported in correct standard units,

Completeness. The overall completeness 1s 99.4 percent, achieving the project DQO completeness
goal of 90 percent. Of the 20,046 total reported analytes, 121 were rejected due to high RPDs or
exceedance of sample holding times. Ninety-six semivolatile analyses in five samples were rejected
due to poor surrogate or internal standard recovery. Nine mercury results in nine samples were
rejected due to poor MS recovery. Sixteen PAH results o one sample were rejected due to poor
suiTogale recovery,

4.8 BUMMARY OF NATURE AND EXTENT

Phase I RI analytical results are compared to risk-based screening eriteria in Table 4-11.
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Table 4-11: Summary of Phase I Rl Anaiytical Resulis

Caprock Basal Subsurface Surfgee Surface
Contaminant Type Groundwater | Groundwater Sail Soil Sediment Water
Potentially MOGAS -Related
BTEX Below MO Below ND ND ND
scresning soreening
criteria criteria
1,2+ Dichlorgethane Below ND Below WD MO KD
soreening screening
criteria criteria
Light-end SV0OCs Bealow ND Below MO ND Balow
screening sCreening sureening
criteria criteria criteria
Lead Below MO Below Delected but 1 Delected but Detected but »
screening sereening not MOGAS- - not MOGAS- | not MOGAS-
crileria criteria related refated related
Not MOGAS Related
VOUCs {(laboratary Below ME Below NI Below Helow
contaminants) scresning screening screening sereening
criteria criteria criteria criteria
Heavy-end SVOCs Balow D Below Below Above Above
{including screening screening sereening screening seresning
phthalates) criteria crtera criteria criteria criteria
Metals {including Above Below Below Below Above Above
lead not MOGAS- sereening streening screening screening seresning soreening
related) criteria criteria criteria criteria criteria criteria

ND = not detectad

Rased on the fatare and extent of contamination described above, the following conclusions have
been reached regarding contamination observed during the Phase H RI:

« - Offsite surface soil, surface water, and sediment do not appear to contain petroleum
hydrocarbons related tothe 1971 MOGAS release. MOGAS constituents such as TPH,
BTEX, and 1,2-DCA were not-detected inany of these samples. Other YOUCs, such as
acetone, Z-butanone, and carbon disulfide (common laboratory reagents), were detected at
low levels in samples from throughout the investigation area and are not expected to be
related to the MOGAS release:

= Hydrocarbons associated with the 1971 MOGAS release do not appear to have reached offsite
subsurface soil or groundwater at significant concentrations. Very low levels (well below
screening criteria) of contarminants associated with MOGAS (such as BTEX, 1,2-DCA, and
low-molecular-weight [LMW] SVOCs and PAHs) were detected in subsurface soil and
groundwater samples collected along Waiawa Road just south of the site boundary.

« HMW PAHSs (C16-C22 range hydrocarbons) were detected at low concentrations in surface
samples (surface soil, surface water, and sediment) from throughout the offsite area. These
HMW PAHg, whichare typically associated with heavier fuels and internal combustion
engine emissions, are not related to the MOGAS released at the EJFDF (see Appendix J for
product information). LMW SVOCs and PAHs, which are commonly associated with
MOGAS, generally were not detected in the offsite surface samples. The offsite areas on both
sides of the unnamed stream (1.¢., the offsite investigation area and the area east of the
unnamed stream) contain many potential sources of hydrocarbon contamination, including
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fuel pipelines, fill storage piles, abandoned vehicles (e.g., buses), and areas where heavy
equipment is operated, maintained, and stored (see Figure 3-1 and Figure 3-3).

In addition, & 1987 pipeline leak released 120,000 gallons of *Jet A”™ fuel into the wetland
complex beside the bicycle path north of the Pearl City Peninsula Landfill, and south of the
Nakatani Farm (Ogden 1995). Several thousand gallons of jet fuel were aceidentally pumped
into the Waiawa Wildlife Refuge ponds. Much of the remaining spilled fuel flowed into
Middle Loch via the unnamed stream.

The Navy's ongoing Pearl Harbor Sediment Study (Ogden, in progress) notes that HMW
PAHs were detected in Middle Loch sediments, at sampling location dez approximately 300
feet west of the mouth of the unnamed stream (540 pg/kg), and at location 4ax approximately
1,000 feet south of the mouth of the umnnamed stream (1,781 pp/kg). HMW PAH
concentrations in both of these samples exceed the screening value for total HMW PAHSs.
LMW PAHs were detected in the sediment at location 4ax at 272 pg/kg, and at dez at
138 pg/kg. These concentrations do not exceed maring sediment screening values. The lowest
concentrations of both LMW and HMW PAHs were detected along the shore at sampling
logation 4dez. The highest concentrations were detected offshore in Middle Loch at location
4ax. Lead was detected at locations dax and 4ez at 40.7 and 12,88 mg/kg, respectively. Both
detections are below the marine sediment screening value (ER-L) of 46.7 mg/kg. The highest
concentrations of PAHs in the Middle Loch sediment samples represent HMW PAHs with
three or more rings. The source of these HMW PAHs 1s more likely to be the spilled jet fuel
from the pipeline than the MOGAS spill from EJFDF. The low levels of lead detected in the
harbor sediment samples provide further evidence that the PAH contamination is not
associated with the {leaded) MOGAS.

= Low levels of BEHP were detected at surface sampling locations distributed throughout the
offsite study area, Relatively high concentrations of BEHP were detected in sediment and
surface water samples collected near a storm sewer outfall to the harbor. The BEHFP
detections are not likely to be related to the MOGAS release. BEHP is a common laboratory
contaminant, and is often detected in urban stormwater runoff (due to its presence in plastics,
a ubiguitous stormwater waste produet [Lyman et sl 19821

*  Results of the EJFDF Phase I and Phase I Rls show that the lead detected in investigation
area soil and groundwater is not likely to be associated with the MOGAS release. Phase I R1
soil sampling results showed little or no correlation between total fuel hydrocarbon (TFH)
concentrations and total lead concentrations. For example, the Phase I RI soil sample with the
highest total lead concentration contained no detectable TFH. The spatial distribution of lead
in both soil and groundwater also indicates that lead potentially associated with the MOGAS
release has not sigmficantly impacted the investigation area: lead concentrations detected in
soil samiples from the offsite area, hundreds of feet downgradient of the MOGAS source
(UST 8-26), were higher than they were in the onsite area immediately downgradient of the
source. Lead was detected in offsite (Phase TL RI) surface soil samples at higher
concentrations than in any of the (Phase 1 R1) onsite surface or subsurface soil samples. In the
offsite area, lead was detected at maximum concentrations of 45 mg/kg in surface soil, and
56.1 mg/kg in sediment, whereas the maximum onsite surface soil lead concentration was
only 18.5 mg/kg. Onsite subsurface soil lead concentrations were even lower—the maximum
concentration was 7.8 mg/kg. The maximum lead concentration detected in offsite subsurface
soil'was only 3 me/ke.

These results strongly suggest that the lead is associated with a surface source, whereas
contaminants associated with the MOGAS release would migrate through the subsurface,
either as free-product floating on the water table, or with groundwater m the dissolved phase.
The maximum total lead concentration detected in the (unfiltered} groundwater samples
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collected onsite in the MOGAS source zone and immediately downgradient of the source
zone during the Phase 11 R1 was only 1.455 pg/L, whereas lead concentrations detected in the
offsite groundwater were up to 189 ug/L. The low lead levels in the MOGAS source area
groundwater relative to the offsite groundwater indicate that the lead is not likely to be
associated with the MOGAS release. The lead detected in the Phase II RI offsite groundwater
samples was most likely associated with suspended soil particles, Elevated lead levels in
surface ‘water samples from the watercress patches also appear to be related to suspended
solids in the unfiltered samples, not the MOGAS release.

 Data collected during the Phase I RI indicates that the lead detected in EJFDF investigation
area soil and groundwater is in the inorganic form. Soil and groundwater samples collected
during the Phase I RI were analyzed for both organic and total lead. Organic lead was not
detected in surface or subsurface soil samples collected from onsite trenches and borings
downgradient of UST 5-26. Total lead levels detected in the soil samples ranged from 2.1 to
18.5 mg/kg. In addition, although up to 325 pg/L of total lead was detected in an (unfiltered)
Phase I RI groundwater sample, organic lead was not detected in any of the Phase I RI
groundwater samples.

= Tt is extremely unlikely that either the unnamed stream that flows along the eastern margin of
the offsite investigation area or the Waiawa Unit of the Pearl Harbor National Wildlife
Refuge is impacted by the EJFDF MOGAS release. The groundwater contaminant plume
associated with the MOGAS release extends toward the south and southwest, and is
essentially confined within the EJFDF site boundaries. The plume geometry is strong
evidence that the hydrogeological characteristics of the investigation area cause groundwater
fram the onsite area to flow toward the south and southwest—not southeast toward the
unnamed sitream and the Watlawa Unit. Furthermiore, a5 noted in Section 3.1.3, water for the
Waiawa Unit 1s not drawn from the unnamed stream. The water source for the refuge is the
freshwater marsh east of NMakatani Farm. The freshwater marsh is not downgradient of the
EJFDF and'is more than 1,500 feet away from the southeast corner of the site; therefore,
groundwater from the site cannot impact the water source for the wildlife refuge.
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5 CONTAMINANT FATE AND TRANSPORT

Results of the Phase I RI and previous EJFDF investigations arc interpreted to evaluate contaminant
fate and transport in the Phase Il RI investigation area. The evaluation is based on the physical
characteristics of the investigation area, potential contaminant sources, and the nature and extent of
contamination.

Phase 1 RI analytical results indicate that contaminants associated with the EJFDF MOGAS release
have remained almost completely within the site boundary, in subsurface soils and caprock
groundwater near the MOGAS source. Phase I RI findings provide strong evidence that natural
attenuation has greatly decreased caprock groundwater contaminant concentrations over the 28 years
since the MOGAS release, and that this attenuation reduces concentrations to very low levels well
before the groundwater reaches the downgradient site boundary. Contaminants detected in offsite
surface soil, sediments, and surface water are not likely to be associated with the MOGAS release.

5.1 CONTAMINANT TRANSPORT PATHWAY COMPONENTS

A contarminant transport pathway 1s the course a chemical takes from a source to a biological
receptor. A contaminant transport pathway is considered complete if all four of the following
pathway elements exist:

*  Contaminant source
= Transport media
= BExposure point

¢ Lxposiie foute

Figure 5-1 illustrates potentially complete contaminant transport pathways for contaminants from
the 1971 UST MOGAS release. Exposure pathways are discussed below,

The original or primary contaminant source at the EJFDF was the UST 8:26 MOGAS release;
however, the only significant contaminant source remaining at the site appears to be residual soil
contamination inthe vicmity of UST 5-26 {Ooden'1996),

A fransport medium carries contamination to the exposure point. Air may camry  gas-phase
contaminants or wind-blown particulates. As discussed in the Phase I RI Report (Ogden 1996), air,
soil, surface ‘water, and groundwater are potential contaminant transport media at the EIFDF.
However, most of the residual soil contamination is in the subsurface; therefore, groundwater
transport s the principle transport mechanism of concern.

An exposure point is a location where biological receptors may directly contact contaminants,
Potential exposure points in the EJFDF investigation area include potentially contaminated onsite
surface soil and air, as well as offsite surface water and air potentially impacted by EJFDF caprock
groundwater. The Phase I RI discussed the potential threats from onsite exposures; therefore, the
focus of this study is on impacts to receptors at offsite exposure points. Pearl Harbor represents the
principle offsite exposure point. Hydrogeologic evidence and analytical data indicate that the
caprock water-bearing zone discharges directly to Pearl Harbor, not to the offsite agricultural area.

After a chemical reaches an exposure point, it may enter the system of a biological receptor by an
exposure route, e.g., ingestion, inhalation, dermal contact. Potential exposure routes and associated
risks arve discussed further in Sections 5.4, &, and 7.
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52 IMpicATOR CHEMICALS

Chemicals of potential concern (COPCs) detected in the EJFDF investigation area were screened to
identify ICs. The overall fate and transport of a class of COPCs can be evaluated by focusing on the
fate and transport of ICs. Individual chemicals with toxicological, fate, and transport properties that
conservatively represent a class of COPCs can serve as ICs.

521 ldentification of COPC Classes

VOCs and lead were identified as COPCs for the EJFDF: these chemicals are common MOGAS
constituents and have been detected at concentrations above ARAR or TBC criteria (e.g., Hawaii
DOH Tier 1 action levels) in EJFDF groundwater or soil. SVOCs associated with MOGAS (such as
methylnaphthalene and phenolic compounds) were not selected, since they were not detected above
their respective screening criteria (see discussion in Section 4). Other heavier SVOCs (greater than
C16 range hydrocarbons), which are not common constituents of MOGAS and were not detected at
significant concentrations on site, are likely not associated with the 1971 MOGAS release. These
compounds were not considered as ICs for the EJFDF.

5.2.2 Selection of Indicator Chemicals
ICs for the Phase I RI fate and transport evaluation were selected on the basis of the following
criteria;
» The physicochemical properties of the chemicals indicate a potential to either persist or
migrate to an exposure point.
= - The chemicals have been detected at levels that may threaten human health or the
environmert.

The following chemicals were selected as ICs:

* - BTEX compounds
* 1,2-DCA
= Lead

The BTEX compounds represent the most mobile and toxic MOGAS constituents. BTEX has been
consistently detected at elevated concentrations in groundwater samples collecied on site,
downgradient of the MOGAS source area, during the Phase II RI and previous investigations.
Another VOC compound, 1,2-DCA, 1s present 1n onsite caprock groundwater and is associated with
gasoline products.

Lead, a common gasoline constituent, was selected as an IC due to its toxicity, persistence in the
environment, ability to migrate in groundwater and surface water in either the aqueous phase, or on
suspended particulates. In addition, elevated lead concentrations were detected in surface water and
sediment samples collected in the offsite area during the Phase 1 RL
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5.2.3 . Properties of Indicator Chemicals

Physicochemical properties of the ICs, and the human health and ecological effecis of these
chemicals are summarized here; more detailed information is presented in the Phase I RI report
{Ogden 1996

Benzene. Benzene is a light, single-ring, aromatic gasoline component. Due to its relatively high
solubility and low tendency to adsorb to organic carbon, it is very mobile in the aqueous phase
compared to other gasoline components. Benzene is moderately to highly volatile, thus it will
readily evaporate upon exposure to the atmosphere. Benzene that reaches the atmosphere is
expected to be oxidized by hydroxyl radicals (Ogden 1996), Benzene has been shown to biodegrade
mn groundwater under both aerobic and anaerobic conditions { Weidemeier et al. 1995).

Benzene is readily absorbed through ingestion, moderately absorbed through inhalation, and poorly
absorbed through dermal contact. Large doses of benzene have produced central nervous system
depression, headache, dizziness, nausea, convulsions, coma, and death. Chronie benzene exposure
causes irritation at the site of contact, and affects the liver and other organs, The EPA has identified
benzene as a Group A human carcinogen by inhalation. Benzene is also assumed to be carcinogenic
vig ingestion, and has been shown to be mutagenic. Although benzene does not bioaccumulate
rapidly, it can bioaccumulate to moderately high concentrations.

Toluene. Toluene; also a single-ring, aromatic gasoline component, is relatively hydrophilic and
moderately soluble in water, This compound is relatively mobile in the aqueous phase. Toluene’s
volatility, combined with its moderate tendency to sorb to organic carbon, indicates that evaporation
may remove significant quantities of toluene from surface soil and sediments. Toluene is also
expected to volatilize relatively quickly from surface water. The halflife (the time required to
reduce the concentration by 50 percent) of toluene in the atmosphere has been estimated at
approximately 15 hours {Callahanetal, - 1979), Toluene has been shown to biodegrade in
groundwater under both aerobic and anaerobic conditions (Weidemeier el al, 1995)

Toluene is well absorbed orally and by inhalation. Acute exposure causes imitation (including
chemical pneumonia if liquid is aspirated into the lungs) and central nervous system depression,
even at concentrations as low as 100-200 parts per million in air. Extremely high concentrations are
reportedly toxie to the liver and kidneys, and may reversibly decrease erythrocyte levels. Although
quantitative human data are not available, chronic exposure affects the skin (dissolving secreted fat),
central nervous system, liver, and kidneys. Toluene was not found to be mutagenic in the few
reported studies, and available studies have not demonstrated carcinogenicity or reproductive
toxicity.

Ethylbenzene. Ethylbenzene, another single-ring, aromatic gasoline component, is also relatively
mobile in the aqueous phase. Ethylbenzene is moderately soluble and slightly less hydrophilic than
the other BTEX compounds. Although ethylbenzene sorbs to organic carbon to a greater extent than
the other BTEX: compounds, sorption and retardation will not prevent migration ih most soils. The
physicochemieal properties of ethylbenzene indicate a relatively sirong tendency 1o partition to the
atmosphere (Mackay 1979). Ethylbenzene has also been shown to biodegrade in groundwater under
both aerobic and anaerobic conditions {Weidemeier et al. 19953,

Ethylbenzene is well absorbed from the lungs and gastrointestinal tract, but poorly absorbed through
the skin: Small amounts are exhaled unchanged, but most is metabolized in the liver, Acute doses of

ethylbenzene are highly irritating, especially fo sensitive tissues, such as the eyes and lungs.
Repeated inhalation may lead to inflammation of the respiratory tract. Large doses produce central
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nervous system depression. Chronic exposure reportedly causes a number of lung, nervous system,
bone marrow, and hepatic lesions. Mild, nonspecific adverse effects, such as retarded skeletal
development, were observed in the few available animal reproductive studies. Carcinogenicity
studies are not available for ethylbenzene.

Xylenes. The xylene isomers ortho-, meta-, and para-xylene are also single-ring, aromatic gasoline
components. Xylenes are moderately soluble in water, have a moderate tendency to adsorb to
organic carbon, and are relatively mobile in the aqueous phase. The potential for volatilization of
xylene from surface soil and water is expected to be similar to that of toluene, Xylene reportedly
breaks down in the atmosphere at a rate of 67-86 percent per day (National Library of Medicine
1987).

Xylene is rapidly absorbed through the lung and gastrointestinal tract, and slowly absorbed through
the skin, Most absorbed xylene is oxidized in the liver and excreted in the urine. Experimental
results indicate minimal potential for bioaccumulation of xylenes (Ogata and Miyake 1978). The
toxicity of xylene is similar to that of toluene. Acute doses produce central nervous system
depression and irritation at the contact site. Repeated doses cause lesions at the contact site, a
variety of central nervous system effects, and some liver lesions, No specific effects have been
observed in reproductive toxicity studies, and there is no evidence of carcinogenicity in the few
animal studies available,

1,2-DCA. 1,2-DCA is a relatively lightweight chlorinated VOC, commonly used as a gasoline
additive to remove lead. 1,2-DCA is highly soluble in water and has a low affinity for organic
carbon; therefore, it is relatively mobile in the aqueous phase. 1,2-DCA released to the land surface
is expected to volatilize rapidly to the atmosphere; however, once 1,2-DCA has infiltrated through
the upper layer of soils, volatilization occurs more slowly. 1,2-DCA is heavier than water (specific
oravity is 1.25 at 20°C); therefore, it tends to sink below the water table in the pure phase. In the
presence of sufficient excess volumes, it tends to overcome soil retention factors, such as capillary
effects. Transport characteristics of dissolved phase 1,2-DCA are similar to those of other dissolved
contaminant compounds of lesser density. Microorganisms are capable of degrading 1,2-DCA in
groundwater (ATSDR 1992). The presence of methane, or an increase in the proportion of
methanotrophs, can accelerate the rate of aerobic biodegradation of 1,2-DCA in soil (Speitel and
Closmann 1991).

1,2-DCA does not tend to bioaccumulate in animals or plants, but can be absorbed orally, dermally
and by inhalation. 1,2-DCA is metabolized in the liver. Acute doses cause irritation at the site of
contact and central nervous system depression. Large or repeated doses also produce lesions in the
liver, kidney, and adrenals. The few reproductive studies reported no adverse effects,
Carcinogenesis studies in rats and mice found that 1,2-DCA produced a variety of tumors. 1,2-DCA
has been assigned a weight-of-evidence of B,, a probable human carcinogen (EPA 1995) (see
Section 6.1.2.3).

Lead. The MOGAS released at the EIFDF is believed to have contained tetracthyl lead, which has
been used as an antiknock additive in gasoline. The FEthyl Corporation and the Navy’s
Environmental and Preventive Medicine Unit No. 6, which were consulted shortly after the release
in 1971, indicated that tetracthyl lead is not soluble in water and will evaporate along with the VOC
components of MOGAS (Mau 1972). However, tetracthyl lead may be converted to inorganic lead
compounds relatively quickly (HLA 1990). Lead and lead compounds show a wide range of
solubility and are highly persistent in water, with a half-life of over 200 days (EPA 1985},
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Lead has been detected in offsite soil, surface water, sediments, and groundwater. However, the
MOGAS release is not likely to be a source of the lead detected off site. The maxmmum lead
concentration detected in unfiltered caprock groundwater samples collected from the offsite
microwells was 189 pg/l.. However, the maximum lead concentration detected among the onsite
monitoring well samples was only 1.18 pg/L, and lead was not detected in the offsite monitoring
wells. The turbidity of the microwell groundwater samples was very high compared with the
monitoring well samples. This suggests that the Jead detected in the microwell samples (and the
surface water samples) is most likely associated with suspended soil particles.

Experimental data suggest that, among human populations, the fetus and young child, particularly
under 3 years of age, are at increased risk of adverse effects (NRC Safe Drinking Water Committee
1977). In adults, exposure to lead can damage the peripheral nervous system, affecting memory,
vision, and muscle coordination, and causing weakness in the fingers, wrists, or ankles. Absorption
at high levels can damage kidneys, result in anemia and miscarriage, and decrease fertility in both
men and women. The effects of chronic low-level lead exposure on adult health are not clear, but
chronic exposure may be associated with hypertension and heart disease (EPA 1985). Lead can also
produce detrimental effects on ecosystems, including low growth rates in plants; developmental,
reproductive and nervous system problems in mammals, birds, and fish; and, in severe cases, death
(EPA 1985).

53 CONTAMINANT TRANSPFORT MEDIA

Contaminant iransport media allow contaminants to migrate from their sources to areas or points
where biological receptors may directly contact the ¢chemicals (exposure points). As discussed in the
Phase I RI, air, soil, surface water, and groundwater are potential contaminant transport media at the
EIFDF (Ogden 1996). However, onsite surface soils contain very low levels of MOGAS-related
contaminants; therefore, surface soil contact and transport via air are not considered significant
pathways. The main ftransport mechanisms discussed below are subsurface soil leaching and
groundwater transport. Surface water transport is also discussed because the caprock groundwater
discharges ta Pearl Harbor waters.

5.3.1 Soil

Contaminants may migrate through the soil in the liquid, gas, or solid phase (e.g., as suspended
particulates). Liquid-phase migration includes transport of contaminants in the dissolved (i.e.,
aqueous phase), and as free-phase liquids. Contarninants may migrate directly to an exposure point,
or they may migrate downward fo groundwatern.

The physical and chemical properties of soil affect contaminant transport. Physical characteristics
such as hydraulic conductivity influence contaminant migration in the liquid phase. Transport of
organic contaminants may be retarded by reversible sorption to organic carbon particles in the soil.
Retardation is most pronounced when soil contains a high percentage of organic carbon and the
contaminants have a high affinity for organic carbon. Because the hydraulic conductivity of EIFDF
soils is relatively low, agueous-phase MOGAS constituents migrate relatively slowly (Ogden 1996).
Reversible sorption to organic carbon particles in EJFDF soil also acts to decrease contaminant
transport veloeities within the caprock water-bearing zone (see discussion in Section 5.4.3.1).

Results of the Phase II RI and previous investigations indicate that residual MOGAS constituents are
slowly leaching from EJFDF subsurface goils and migrating downward to the caprock water-bearing

zone. Free product has not been observed at the EJFDF since the HLA (1989) investigation;
therefore, partitioning of free product into the agueous phase is no longer a significant transport

B

ARO00029208



Novermber 2000 Phase I Rl EJFDF, FISC. Peart Harbor Contaminant Fate & Transport

pathway. Residual MOGAS constituents in subsurface soil appear to represent the only significant
source of contamination remaining at the site, Leaching is most pronotmced during periods of heavy
rainfall, Temporary increases in the elevation of the water table may also increase the rate of
hydrocarbon dissolution by increasing the volume of contaminated soil in contact with groundwater.

The highest TPH and VOC concentrations found in EIJFDF soil were detected in-a soil sample
collected at 30 feet bgs, from a boring (B-1} advanced on the southeast side of UST 8-26 in 1989
(ESE 1990), TPH-gasoline was detected in this sample at 21,900 mg/kg, toluene at 78 mg/kg, xylene
at 1,700 mg/kg, and ethylbenzene at 190 mg/ke. Although low-solubility hydrocarbons may persist
in subsurface soil for long periods, Phase I RI sampling results mdicate that concentrations of the
BTEX compounds and other soluble MOGAS constituents are decreasing. For example, a soil
sample collected less than 2 feet above the water table from a boring advanced downgradient of
UST 8-26 during the Phase I RI showed a TFH concentration of 510 mg/kg, but no VOCs were
detected. Mechanisms likely to contribute to the reduction in concentrations of ¥OC in subsurface
soil include leaching, evaporation, and biodegradation.

532  Groundwater

Gasoline is lighter than water; therefore, it can float on the water table and migrate downgradient as
LNAPL. Gasohne constituents may also be transported as dissolved (aqueous-phase) contanmnants.
LNAPL has not been detected m onsite wells since 1989; however, aqueous-phase MOGAS
constituents have continued fo migrate in caprock proundwater at the EIFDIF,

Porosity, hydraulic conductivity, and hydraulic gradient affect seepage velocity; these characteristios
play a majot role in agueods-phase contaminant transport. As discussed above, organic contaminants
are retarded by reversible sorption to organic carbon. Therefore, the percentage of organic carbon in
the aquifer matrix and the contaminant’s affinity for erganic carbon may greatly affect groundwater
contaminant transport.

The primary concern associated with mugration of contaminated caprock groundwater from the
EJEDF s the potential impact of agueous-phase MOGAS constituents on. the downgradient
agricultural/wetlands area and Pear] Harbor. The caprock groundwater is not used for human
consumption in the BIFDE area. In addifion, the caprock groundwater is not considered a viable
source of potable water in this area due to the relatively low hydraulic conductivity within the
water-bearing zone, and relatively high concentrations of TDS (approximately 1,000--3,000 mg/L
[Ogden 1996)]). Contamimants in caprock groundwater are also not expected to threaten the confined
basal aquifer, the main drinking water supply for Oahu, since the hydraulic head for the caprock
water-bearing zone is lower than that for the confined basal aquifer, as described in Section 3.8.2.
Dissolved conteminants in caprock groomdwater could nugrate laterally and discharge 1o surface
waters 1 Pearl Harbor Middle Loch.

In the past, MOGAS constituents at the EJFDF have been transported as LNAPLs floating on the
caprock water table; however, nonagueous phase migration is no longer occurring. Most of the
floating LNAPL was removed by remedial efforts in the early 19705, The flux of soluble gasoline
constituents into the aqueous phase was probably relatively high during the first vears after the
gasoline release, when large quantities of LNAPL were floating on the water table. Free product has
not been observed since early 1989; therefore, residual gasoline constituents suspended between soil
particles or sorbed to the soil just above the water table are the only significant sources of
contamination remaining at the site. Although soluble hydrocarbons may continue to slowly leach
from- low-permeability silty vadose zone soils into the caprock groundwater, leaching is unbikely to
impact groundwater nearly as much as direct contact with larpe quantities of free product
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Therefore, the flux of contaminants into the aqueous phase would have been greatly reduced after
the free product-was eliminated. In-addition, resulis of the natral attenuation-evaluation presented
below suggest that electron acceptor concentrations in the caprock groundwater are high enough to
degrade soluble hydrocarbons faster than they are leached from source area soil. (Microorganisms
utilize electron acceptors, such as dissolved oxygen and nitrate, to oxidize organic compounds.} The
decrease in EJFDF caprock groundwater BTEX and 1,2-DCA concentrations observed over time
supports this conclusion.

The reduction in BTEX and 1,2-DCA concentrations with both time and with distance downgradient
of the source area, coupled with the distribution and concentration of electron acceptors relative to
the BTEX plume, provides strong evidence that significant biodegradation is occurring at the
EJFDF. This evidence, combined with groundwater modeling results, suggests that natural
attenuation may be an appropnate remedial altemative for the EJIFDF site,

A mathernatical model was used to simulate and predict BTEX plume migration. The groundwater
modeling effort was restricted to aqueous-phase contamination in the caprock groundwater zone.
Although the caprock groundwater at the EJFDF has been impacted by the 1971 MOGAS release,
there is no evidence that the underlying basal aquifer has been impacted. The basal aquifer is
isolated from the caprock groundwater by a thick sequence of impermeable confining strata. The
local hydraulic gradient also acts to prevent caprock groundwater from entering the basal aquifer:
the potentiometric surface of the confined basal aquifer is higher than that of the unconfined caprock
aquifer.

5.3.3" Surfdce Water

The surface water pathway is of concern for the offsite area due to the potential for contaminated
caprock groundwater from the EJFDF to discharge to the watercress ponds downgradient of the site,
or to the Middle Loch of Pearl Harbor. However, asdiscussed in Section 3, results of the Phase T R1
and previous investigations indicate that eaprock groundwater does not reach the offsite ground
surface or watercress ponds. No evidence of groundwater seeps or springs was identified during the
Phase II RI surface water hydrology survey, or during surveys conducted during the Phase I RL The
low-permeability clay and silty clay units that overlie the caprock water-bearing zone in the offsite
area-appear to form a hydrashic barrler between the caprock groundwater and ‘surface water in the
agricultural/wetlands area. In addition, water {able measurements indicate that the caprock water
table is af least 2 feet below the bottom of the watercress ponds. The hydrogeologic characteristics
of the offsite area indicate that the caprock water-bearing zone discharges at or beyond the Middle
Loch shoreline,

The Phase 1 RI report presented a conservative analysis to show that dilution by clean basal
groundwater from the artesian wells used to urigate the watercress ponds would reduce contannant
concenirations to very low levels even if caprock groundwater did discharge 1o the agricultural area
{Ogden 1996). Results of the analysis mdicate that MOGAS constituent concentrations in offsite
surface water are not likely to reach levels that would threaten human or ecological receptors.

As noted in the Phase I Rl report; biodegradation, sorption; dilution, and dispersion will greatly
reduce concentrations of MOGAS constituents before caprock groundwater discharges to Middle
Loch. The report also evaluates the effects of dilution and mixing with seawater; and concludes that
human and ecological receptors are not likely to be threatened by exposure to MOGAS constituents
m Middle Loch {Ogden 1996).
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No permanent surface water bodies exist within the EJFDF site boundary; therefore, contaminant
transport via the surface water pathway in the onsite area is not a concern. Based on the low
concentrations detected in onsite surface soil samples, contaminant concentrations in surface water
runoff from the site are likely to be very low.

54 GROUNOWATER CONTAMINANT FATE AND TRANSPORT EVALUATION

The groundwater fate and transport evaluation presented here focuses on mnatural attenuation of
aqueous-phase MOGAS constituents within the caprock water-bearing zone. As discussed in Section
5.3, the caprock water-bearing zone represents the major contaminant transport pathway at the EIFDE.
Data acquired during the Phase II RI and previous investigations provide strong evidence that aqueous-
phase MOGAS constituents in the caprock groundwater are attenuating naturally. The focus of the
discussion is on the BTEX compounds, the predominant MOGAS constituents in the caprock
groundwater. Also presented are results of groundwater modeling, using the BIOPLUME HI model
(EPA 1998) to simulate contaminant transport within the caprock water-bearing zone and predict the
future exient of the EIFDF groundwater contarminant plume.

Natural attenuation may be an appropriate remedial alternative if degradation of site contaminants 1s
oceurring 4t rates sufficient to be protective of human health and the environment. Three lines of
evidence are commonly used to demonstrate that biodegradation is occurring at a site and to
evaluate natural attenuation as a remedisl alternative (Weidemeier et al. 1995);

=  Documented loss of contaminants at the field scale (contaminant concentration trends)
* Contaminant and geochemical analytical data (natural attenuation indicators)

= _Microbiological evidence

Ta show that the total contaminant mass at a site is decreasing, statistically significant temporal and
spatial contaminant concentration trends are evaluated in conjunction with parameters such as
hydraulic conductivity, hydraulic gradient, and contaminant retardation factors. The first line of
evidence was used to evaluate natural attenuation at the EJFDF.

To develop the second line of evidence, contaminant and electron acceptor concentration data are used
to show that decreases in contammant concentrations correlate with decreases in electron acceptor
concentrations or increases in metabolic byproduct concentrations. This evidence can be used to
estimate the biodegradation capacity of groundwater and thus confirm that electron acceptor
concentrations are sufficient to allow microorganisms to degrade the dissolved contaminants.
Geochemical data can also be used to identify the metabolic processes most likely to be responsible for
observed biodegradation. The second line of evidence was used to evaluate natural attenuation at the
EJFDF.

The third line of evidence, direct microbiological evidence, can be used to show that the mdigenous
population of microorganisms is capable of degrading site contaminants. To evaluate biodegradation
rates specific to a particular site, soil samples from the site can be spiked with one or more of the
hydrocarbons of concern (e.g., benzene) and mcubated under appropriate conditions. Contaminant
concentrations are then determined either directly or by measuring the production of metabolites.
However, because microcosm studies are expensive, time consuming, and yield biodegradation rates
that may not reflect actual field conditions, they should be undertaken only for sites at which there is
considerable skepticism conceming biodegradation of fuel hydrocarbons (Weidemeier et al. 1995),
Microcosm studies were not considered necessary to evaluate natural attenuation for the EJFDE,
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Laboratory testing at the University of Hawaii in the early 1970s indicated that subsurface soil at the
EJFDF contains bacteria and fimgi known to be capable of degrading fuel hydrocarbons (Mau 1972).

5.4.1  Contaminant Concentration Trends and Natural Attenuation Rates

The maximum BTEX concentrations in EJFDF groundwater have historically been detected in
samples collected from monitoring wells MW-2 and MW-15, MW-2 is immediately adjacent to UST
8-26 (the MOGAS release point); MW-15 is approximately 250 feet downgradient of MW-2. As
shown in Table 5-1, aqueous-phase BTEX concentrations at the EJFDF have decreased with time
and with distance downgradient of the contaminant source area. Isopleth maps of total BTEX in
caprock groundwater in August 1994, June—July 1998, and April-May 1999 are presented m Figures
44, 4.5 and 4-6, respectively.

Table 511 BTEX Concentrations at MW-2 and MW-15

Mar. 1988 May 1992 Feb, 1863 Dec. 1993 Aug. 18584 Jurie—July 1998
Analyte MW-2 | MW-15 | MW-2 | MW-A5 | MW-2 | MW-15 | MW-2 | MW-15 1 MW-2 | MW-15 | MW-2 | MW-15
Benzens 290 | — | 470 | 190 | 260 |"140 ; 180 [ 032 | 300, 100 | 055 | 0.56
Elhylbenzene | 1.30 | — | 094 | 041 | 057 | 027 | 042 | 00B | 046 | 029 | 006 | 0.09
Toluene 087  — 044 | 004 | 024 003 | 017 | 001 020 | 002 | 004 001
Xylene (total) | 500 | — | 245 | 007 | 105 | 003 | 062 | 001 | 050 | 003 | 005 | 0.0
Total BTEX | 4007 | — | B53 | 242 | 446 | 173 | 301 | 042 | 416 | 134 | 070 | 087

Mote: All values inmg/l.
— = not available (MW-15 was installed in 1892).

The overall rate of contaminant attenuation is a function of all processes acting to reduce
contaminant concentrations, including advection, dispersion, dilution from recharge, sorption, and
biodegradation. To estimate a biodegradation rate, the components of attenuation caused by
processes other than biodegradation must be subtracted from the overall attenuation rate. A guidance
document produced by the Air Force Center for Environmental Excellence (AFCEE) presents two
methods for estimating biodegradation rates from field data (Wiedemeier et al. 1995). The first
method involves the use of a conservative tracer. The second method was derived by Buscheek and
Alcantar (1995),

Attenuation of groundwater contaminant concentrations over time can often be deseribed using a
first-order rate constant. First-order decay is described by the following ordinary differential
equation:

dC
e 52 o
dr
Where:
¢ = the concentrationat bire ¢
h = the overall attenuation rate (first-order rate constant)
The solution to this differential equation is:
C=Coe™
511
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Where:
Cy sthe poncentration st fime 7ero

Conservative Tracer Method. The portion of contaminant attenuation caused by processes other

than biodegradation can be accounted for by monitoring concentrations of a conservative tracer with:

physical and chemical properties similar to the contaminants of concern at various locations within
the groundwater plume. Trimethylbenzene (TMB) resists biodegradation under anaerobic conditions
and has volatilization and sorptive characteristics similar to those of BTEX. Moreover, since TMB
is already present in many fuels (including gasoline) in sufficient quantities to be detectable when

the fuel is dissolved in water, TMB does not have to be added from an external source (Weidemeier
et al. 1995).

The following equation can be used to estimate the concentration of the compound of interest
expected at Point B (located downgradient of Point A) if biodegradation were the only factor
responsible for attenuation (Weidemeier et al. 1995):

Cavrr= Cof TMB L/ TMBEB,)
Where:

Cyoon = corrected contaminant concentration at Point B (downgradient point)
Cy = mieasured contaminant concentrationn at Pomt B

TMB,; =measured concentration of TMB at Point A (upgradient point)

TMBy = measured concentration of TMB at Point B

When the corrected contarmmant concetitration at Point B, C;.... is substituted for € in the relation
C = Coe ™, the equation becomes:

Ciorr = Cdé"ﬁ

Where:

Cy = measured concentration at Point A (upgradient point)
k = first-order biodegradation rate

Since the effects of advection, dispersion, dilution, and sorption have been removed, the rate
constant in this equation is now the first-order biodegradation rate (), not the overall attenuation

rate (k). The first-order biological decay rate constant can be calculated by solving the equation for
k.

The travel time () between two points is given by:

i=x7/V.
Where:
x = distance along the flow path between the two points, and
v, = retarded solute velooity
512
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A first-order rate constant can be estimated from TMB-corrected data by plotting the natural
logarithms of TMB-corrected concentrations for several points along the flow path versus travel
timne. If the data points lie approximately along a straight line, the relationship is approximately first-
order, and a regression analysis can be performed to obtain the equation of the best-fit straight line.
The slope of the best-fit line represents the estimated first-order decay rate.

One objective of the Phase I RI groundwater investigation was to evaluate biodegradation rates
using the conservative tracer method; therefore, all groundwater samples collected at the EJFDF
during the Phase IT RI sampling effort were analyzed for TMB. However, TMB was detected at only
one sampling point: MW-2 (1,2,4 TMB: 0.007 mg/L; 1,3,5 TMB: 0.002 mg/L). Biodegradation rates
can not be evaluated by the conservative tracer method without data from at least two sampling
pomis,

Buscheck and Alcantar Method. The Buscheck and Alcantar (1995) method involves plotting the
natural logarithms of contaminant concentrations versus distance downgradient. The slope of the
best-fit regression line is used to solve for the first-order biodegradation rate term (k) in the
differential equation for one dimensional, steady-state contaminant transport. The method accounts
for the advection, dispersion, retardation, and biodegradation terms in the following analytical
solution of the contaminant fransport equation:

Vc i £
k= 1+ 20 — wd
il 12l )] 1)
Where;
k = first-order biodegradation rate
V. = retarded contaminant velocity in the x-direction
Ie s ~dispersivity

m/Vx = slope of the regression line fit to a plot of the natural logarithm of contaminant
concentration versus distance downgradient along the flow path

Biodegradation rates for the EJFDF BTEX plume were estimated by the Buscheck and Alcantar
(1995) method. Measured contaminant concentration data were used in conjunction with parameters
such as hydraulic conductivity, dispersivity, hydraulic gradient, and contaminant retardation factors.
Field data from each sampling event since May 1992 (such as the June-July 1998 data shown in
Table 5-2) were evaluated to estimate average site-specific first-order biodegradation rates for each
BTEX compound. Benzene, toluene, ethylbenzene, and xylene concentrations observed along the
plume centerline flow path (MW-2 to MW-15 to MW-4) were used as input data.
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be responsible for biodegradation, and assess the magnitude and extent of contaminant attenuation.
Biodegradation within a plume of aqueous-phase hydrocarbons depends on the availability of oxidized
species capable of acting as terminal electron acceptors. Oxygen, nitrate, sulfate, ferric iron, and carbon
dioxide are the electron acceptors most commeonly utilized by microorganisms to degrade dissolved
hydrocarbons. Because oxygen is usually depleted quickly by aerobic microbial activity within the
most heavily contarminated regions of an aquifer, anaerobic microorganisms are often responsible for
raineralizing mostof the hydrocarbons (Weidemeier ef a1, 1993),

As microorganisms oxidize hydrocarbons, electron acceptors are reduced. The extent and magnitude
of biodegradation can therefore be assessed by monitoring either the depletion of eleciron acceptors
or the production of electron acceptor metabolites. For example, aerobic biodegradation is usually
assessed by monitoring dissolved oxygen (DQ) concentrations, while to assess biodegradation by
ferric iron reduction, the metabolite (ferrous fron) 18 monitored.

The spatial distribution and concentrations of electron acceptors (DO, nifrate, and sulfate) and
metabolic by-products (methane and ferrous iron), coupled with the observed reduction in BTEX
concentrations with both time and with distance downgradient of the source area, provides strong
gvidence that BTEX in EJFDF caprock groundwater is being degraded by mucrobially mediated
Processes.

Dissolved Oxygen. Isopleth maps depicting June—July 1998 and April-May 1999 caprock aquifer
PO concentrations are presented in Figure 5-2 and Figure 5:3,

Microorganisms utilize DO (the most thermodynamically favored electron acceptor) during aerobic
degradation of ‘agueous-phase hvdrocarbons. DO concentrations upgradient of the plume can: be
used to estimate the mass of hydrocarbons that can be biodegraded by aerobic processes. According
to the stoichiometry of the aerobic BTEX biodegradation reaction, approximately 3.1 mg of DO is
consumed for each 1.0 mg of BTEX mineralized to carbon dioxide and water (Weidemeier et al.
1995). This estimate is conservative because #t does not account for the mass of BTEX used to
produce cell mass. Anaerobic microorganisms (obligate anaerobes) generally cannot fimetion until
aerobic microorganisms have reduced DO concentrations to less than about 0.5 mg/L.

DO concentrations in EJFDF groundwater show an mverse correlation with BTEX concentrations,
DO concentrations detected at MW-20 (located outside the area tmpacted by the MOGAS release)
were 4.25 mg/L in June—July 1998 and 5.42 mg/L. in April-May 1999. The DO level at MW-20 is
considered repreésentative of background conditions. DO concentrations are below 0.1 mg/L in the
plume area, indicating that aerobic microorganisms have depleted DO to oxidize hydrocarbons
associated with the MOGAS release. In the offsite area downgradient of the plume, DO
concentrations were as ngh as 5.64 mg/L (MI-12Y and 4.09 mg/L. (ME-2).

Nitrate. Isopleth maps depicting June—July 1998 and April-May 1999 caprock aquifer nitrate
concentrations are presented in Figure 5-4 and Figure 5-5.

After DO has been nearly depleted, denitrifying microorganisms can degrade aqueous-phase
hvdrocarbons using mitrate as an electron acceptor, Nilvate concentrations upgradient of the plume
can be used- to estimate the mass of hydrocarbons that can be blodegraded by denitrification.
According to the stoichiometry of BTEX biodegradation by denitrification, approximately 4. 9me of
nitrate is consumed for each 1.0 mg of BTEX mineralized (Weidemeier et al. 1995). This estimate is
conservalive because it does not account for the nvss of BTEX used to produce cell mass.
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Nitrate coneentrations in EJFDF groundwater show a strong inverse correlation with BTEX
concentrations, indicating that aqueous-phase hydrocarbons within the plume area are degraded by
denitrification. Background conditions are represented by the 3.0 mg/L and 3.1 mg/L nitrate
concentrations detected at MW-20 and MW-19, respectively. Nitrate concentrations decrease to
levels below the detection limit (0.1 mg/L) in the plume area. Maximum nitrate concentrations
detected downgradient of the plume were 4.8 mg/L (MI-9) and 2.0 mg/L- (MI-24).

Ferrous Iron. Isopleth maps depicting June—July 1998 and April-May 1999 caprock aquifer ferrous
iron concentrations-are presented in Figure 5-6 and Figure 3-7.

Microorganisms that use ferric iron as an electron acceptor can also degrade aqueous-phase
hydrocarbons. As the hydrocarbons are degraded, ferric iron is reduced to ferrous iron, which is soluble
in water. Therefore, ferrous iron concentrations can be used as a biodegradation indicator. According
to the stoichiomeiry of BTEX biodegradation by ferric iron reduction, approximately 21.8 mg of
ferrous iron is produced for each 1.0 mg of BTEX minerahized (Weidemeier et al, 1995). This estimate
is conservative because it does not aceount for the mass of BTEX used to produce cell mass.

Ferrous iron levels detected in EJFDF groundwater were highest m the heart of the BTEX plume,
suggesting that iron-reducing microorganisms have degraded aqueous-phase hydrocarbons in this area.
Maximum ferrous iron levels detected at MW-2 and MW-15 were 4.5 mg/L and 4.4 mg/L, respectively.
Ferrous iron was not detected at the background sampling locations (MW-20 and MW-19).

Sulfate. Isopleth maps depicting June-July 1998 and April-May 1999 caprock aquifer sulfate
concentrations are presented Figure 53-8 and Figure 5-9.

Adter DO, nitrate, and bioavailable ferric dron reach low concentrations, biodegradation may
continue “as aqueous-phase hydrocarbons are oxidized by sulfate-reducing microorganisms,
According to the stoichiometry of BTEX biodegradation by sulfate reduction, approximately 4.7 mg
of sulfate is consumed for each 1.0 mg of BTEX mineralized (Weidemeier et al. 1995). This
estimate is conservative because it does not account for the mass of BTEX used to produce cell
mass. Sulfate reduction will produce a sulfate distribution that is inversely correlated ‘with the
BTEX distribution.

Very high sulfate concentrations were detected in caprock groundwater outside the BTEX plume n
June-July 1998. The sulfate concentration detected at MW-20 was 100mg/L. At MW-14
{approximately 300 feet upgradient of UST 5.26), sulfite was detected at 70.3 mg/L. Sulfate
concentrations were less than 10 mg/L within the plume. At MW-2, the sulfate concentration was only
0.27 mg/L. In the offsite area downgradient of the plume, sulfate concentrations reach levels as lugh as
98.2 mg/L. (M1-11), and 93.7 mg/L (MI-9). The large difference between sulfate concentrations within
the plume and outside the plume suggests that groundwater entering the conmtaminant source zone can
supply enough sulfate to degrade large quantities of aqueous-phase hydrocarbons.

Methane. Isopleth maps depicting June-July 1998 and April-May 1999 caprock aquifer methane
coneentrations are presented in Figure 5-10 and Figure 5-11.
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Methanogenic microorganisms may also contribute to hydrocarbon degradation after DO, nitrate,
and ferric iron have reached low concentrations. Methane is produced when carbon dioxide is used
as an electron acceptor. Methane is not a component of liquid fuels; therefore, elevated
concentrations of dissolved methane in groundwater impacted by a fuel release indicate that
hydrocarbons have been degraded by methanogenic microorganisms. According to the stoichiometry
of the methanogenic BTEX biodegradation reaction, approximately 0.78 mg of methane is produced
for each 1.0 mg of BTEX mineralized (Weidemeier et al. 1995). This estimate is conservative
because it does not account for the mass of BTEX used to produce cell mass.

Dissolved methane levels detected in EJFDF groundwater in June—July 1998 were highest in the
heart of the BTEX plume, suggesting that methanogenic microorganisms have degraded aqueous-
phase hydrocarbons in this area. The maximum methane concentration (2.5 mg/L) was detected at
MW-2. Background methane concentrations were very low. The methane concentration detected at
MW-20 was only 2.1 x 10" mg/L. At MW-14, methane was detected at only 5.7 % 107 mg/L. In the
offsite area downgradient of the plume, methane concentrations decrease to levels similar to
upgradient background concentrations.

Other Parameters Affecting Biodegradation Rates. Factors such as groundwater temperature,
pH, alkalinity, and the concentrations of essential nutrients, such as nitrogen and phosphorus, can
affect biodegradation rates. However, for most petroleum release plumes, the rate of mn situ
biodegradation is controlled by the distribution and availability of electron acceptors (EPA 1998).

Groundwater Temperature. Bacterial growth rates and biodegradation rates tend to increase with
groundwater temperature. Within the 5°-25°C range, hydrocarbon biodegradation rates roughly
double for every 10°C increase in temperature (Weidemeier et al 1995). Groundwater temperatures
at the EJFDF are relatively high and show little variation throughout the year due to relatively small
seasonal temperature variations. Caprock groundwater temperatures measured in June-July 1998
averaged 26.7°C.

pH. The optimal pH range for BTEX degrading microorganisms is 6—8. In June-July 1998, the
average pH of caprock groundwater at the EJFDF was approximately 6.5,

Alkalinity. Alkalinity maintains favorable pH levels by buffering against pH changes that can occur
during aerobic and ‘anaercbic biodegradation of organic compounds. Because carbon dioxide 1is
produced when organic compounds are oxidized, areas contaminated with petroleum hydrocarbons
exhibit higher total alkalinity than background areas. Average total alkalinity of EJFDF groundwater in
June~July 1998 was approximately 280 mg/L (as calcium carbonate), As expected, alkalinity tended to
be relatively high in the monitoring wells in or near the source area, and low in background areas. Total
alkalinity at MW-2 and MW-15 (in and near the contaminant source area) was 588 mg/L and
431 mg/L, respectively, while total alkalinity at MW-20 (background) was only 159 mg/L.

Redox Potential. Oxidation/reduction (redox) potential indicates the relative tendency of a solution to
accept or transfer electrons. The redox potential of groundwater ranges from —400 millivolts (mV) to
800 mV. Microorganisms that utilize electron acceptors with lower oxidizing potentials (such as sulfate
and carbon dioxide) tend to become dominant after electron acceptors with higher oxidizing potentials
have been reduced, causing a large drop in redox potentials, Table 5-3 shows typical redox conditions
found in groundwater when different electron acceptors are used (Weidemeier et al. 1995).
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The maximum total BTEX concentration detected in EJFDF gproundwater since 1992 is
approximately 8.5 mg/L, (detected at MW-2 in May 1992). As shown in Table 5-2, only about
0.7 mg/L of total BTEX was detected at MW-2 in June-July 1998. As shown in Table 5-4, the total
bivdegradation capacity of groundwater flowing into the EJFDF contaminant source area 18
estimated at 26.6 mg/L, suggesting that more than enough biodegradation capacity is available to
degrade BTEX in EJFDF groundwater. (The median biodegradation capacity for 28 AFCEE natural
attenuation sites is 28.3 mg/L [Weidemeier et al. 1995]). The biodegradation capacity estimate is
conservative because the utilization factors do not account for microbial cell mass production; i.e.,
they assume that all the BTEX is completely mineralized, while in reality some of the BTEX is used
to produce cell mass. Cell mass production takes up less of the electron acceptor than complete
mineralization. The biodegradation capacity estimates indicate that sulfate reduction is the dominant
reaction responsible for biodegradation of BTEX in EJFDF groundwater. Methanogenesis also
appears to be an important process.

54.3 Groundwater Modeling

The EIFDF BTEX plume was simulated using the BIOPLUME I groundwater model (EPA 1998},
Objectives of the modeling effort were to predict the spatial extent and concentration of the BTEX
plume and help assess potential risks to downgradient biological receptors posed by migration of
contaminants in the caprock groundwater, The model is described, the data input and calibration
process is summarized, and modeling results and conclusions are presented. Appendix M presents a
more detailed description of the model, site-specific input parameters, model calibration, sensitivity
analysis, modeling results (wath figures); and conclusions,

Model Description. BIOPLUME I is a two-dimensional, finite difference model designed to
simulate natural aftenuation of organic contaminants in groundwater. It was developed by the EPA
{Subsurface Protection and Remediation Division, National Risk Management Research Laboratory,
Robert S. Kerr Environmental Research Center, Ada, Okiahoma) and the AFCEE (Brooks Air Force
Base, Texas) (EPA 1998). Biodegradation reactions are simulated using one of three options: first-
order decay, instantaneous reaction, or Monod kinetics. The model also accounts for the effects of
advection, dispersion, sorption, and 1on exchange.

EIEDF groundwater modeling utilized the BIOPLUME T first-order decay method. Modeling
results obtained using this method closely matched plume characteristics (extent and concentration)
observed during the Phase I RI and previous sampling events, Average first-order biodegradation
rates for the BTEX compounds in EJFDF groundwater were calculated from field data using the
Buscheck and Alcantar {1995) method. The calculated biodegradation rates varied between —0.09
per year (ethylbenzene) and —0.51 per year (benzene). The rate calculation methodology is described
and calculated site-specific rates are presented in Section 5.4.1.

The first-order decay method uses the exponential decay relationship;

C=Ce"
Where:
o = goncentration of the chemical after time ¢
Ca = slarting concentration
k = first-order decay rate
5-39
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A first-order decay rate can also be expressed as a half-life (HL):
HL=-0.693/k

54.3.1 MODEL INPUT AND CALIBRATION

Input parameters were based primarily on site-specific data, Where site-specific data were not
available, conservative assumptions were made based on widely accepted literature values. Due to
the conservative input parameters, the actual decrease in contaminant mass due to natural
atteruation is likely to exceed model predictions. The benzene, toluene, ethylbenzene, and xylene
plumes were simulated separately to account for parameters such as biodegradation rates,
retardation, and dispersivity, which vary depending on the compound.

Calibration to the hydraulic and chemical conditions observed in the field is a key step in numerical
groundwater modeling. A properly calibrated model is capable of predicting future hydraulic
conditions and contaminant concentrations. The EJFDF simulations were calibrated by adjusting
hydraulic parameters, boundary conditions, and stresses to approximate observed field conditions.
Input parameters are discussed below. Appendix M provides detailed information regarding the
input parameters used to calibrate the model and simulate the EJFDF BTEX plumes.

Grid Design. The modeling grid selected for the EIFDF was 1,800 feet by 1,800 feet. Each grid cell
was 100 feet by 100 feet; the grid was 18 cells wide and 18 cells long. The modeling grid covers an
arca of 3.24 million square feet, or approximately 75 acres, and covers the entire EJFDF site and the
offsite area between the site and Pear] Harbor Middle Loch.

Simulation Period. The time span of each sinulation was 60 years from the date of the release
(March 1971). The 60-year period was used to ensure that the time span was long enough to
simulate reduction of benzene, toluene, ethylbenzene, and xylene concentrations in EJFDF caprock
groundwater to very low levels (on the order of 0.010 mg/L or less).

Groundwater Elevation and Gradient. Caprock water table elevation data from August 1998 were
used as model input. The thickness of the caprock saturated zone was estimated at 50 feet. As a
conservative approach, recharge due to rainfall infiltration was not included in the model.

BTEX Concentrations. Maximum BTEX concentrations observed during each of the six sampling
events between 1989 and 1998 were used to calibrate the model. Because MW-2 and MW-15 are
located in the heart of the plume, BTEX concentrations detected at these two wells were the primary
calibration criteria. MW-2 is located immediately adjacent to UST S-26 (on the northeast edge of
the tank). MW-15 is located near the plume centerline, approximately 25 feet downgradient of
MW-2. Table 5-5 and Table 5-6 list the maximum concentrations detected at-MW-2 and MW-15,
respectively.

Table 5-5: Maximum BTEX Concentrations at MW-2, 19881998

Analyte Mar 1989 May 18992 Fehr1bo3 Dec 1893 Aug 1884 Jun—duly 1998
Benzene 290 4.70 2.560 1.80 3.00 0.55
Elhylbenzene 1.30 0.84 0.57 042 .46 0.06
Toluene 0.87 044 0.24 047 0.20 0.04
Xyletie, total 5.00 245 1.05 062 0.50 0.08
Total BTEX 1007 8.53 4.46 3m 4.16 6.70
All values in mgiL.
5.40
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Table 5:6; Maximum BTEX Concentrations at MW-15, 18891998

Analyte Mar 1889 May 1692 Feb 1893 Deg 1883 Aug 1894 Jurn-Jul 1858
Benzene o 1.80 1.40 0,32 1:00 0.56
Ethylbenzene — Q.41 0.27 0.08 0.28 0.09
Toloene — 0.04 0,03 0. 0,02 4.0
Kylene, total o 0.07 0,03 001 0.03 0.01
Total BTEX o 2,42 1.73 042 1.34 0.67

All values inmg/L.
— = ol available (W15 was installed In1992).

Nine injection wells were used to simulate the contaminant source. Injection rales were set 1o
maintain a constant total injection rate of 7.7 cubic feet per day over the 60-year simulations. The

low injection rate minimized the effect on the simulated water table. Benzene, toluene,

ethylbenzene, and xylene injection concentrations and injection periods were varied by tnal and

error until the simulation predictions closely matched observed concentrations,

Hydraulic Conductivity. Accurate estimates of hydraulic conductivity (X} are important to
quantify groundwater flow velocities, define groundwater residence times, and evaluate the quantity

of electron-acceptor-rich - groundwater entering the comtaminant source zone from upgradient
locations. Hydraulic conductivity input: parameters were ‘based on: values obtained from slug and
pump testing reported in the Phass T RI (Ogden 1996). Input & values ranged from 2.2 % 107* feet

per second in the onsite area down to 2.2 x 107° feet per second in the offsite area. In the onsite area,
lenses of higher conductivity sand and gravel are interbedded with silty clay, while stratigraphy in

the offsite area is dominated by clay and silty clay with a few thin sand and gravel layers. The £

values were distributed to the grid using the BIOPLUME I kriging tool.

The general shapes of the simulated BTEX plumes are similar to the actual plume shapes observed
over the sampling events since 1992, indicating that the model accurately simulates actual flow
conditions. Like the actual BTEX plume, the simulated plumes tend to spread out laterally as they
approach the downgradient site boundary, Results obtained during the calibration process suggest
the lateral spreading 1s primarily a function of decreased hydraulic conductivity in the offsite area
relative to the onsite area.

Biodegradation Rates. As discussed in Section 5.4.1, field data from the EJFDF site were used to
estimate first-order biodegradation rates for each of the BTEX compounds. The rates were estimated
using the benzene, toluene, ethylbenzene, and xylene concentrations observed along the plume
centerline flow path-——MW-2 to MW-15 to MW-4—for each sampling event. The following are
average first-order biodegradation rates (k) and half lives (FHL) estimated for the BTEX compounds
at the EIFDF:

= Benrene: k=-0.51 peryear, HL = 1.36 years
« Toluene: K =-0.20 per year, HL = 347 years
= Ethylbenzene: k=-0.09 per year, HL = 7.70 years
+ Kylene: k=016 per year, HL = 4.33 years

Dispersivity. Longitudinal dispersivity values reported in the literature for alluvial sediments range
from 0.1 to 200 feet (Walton 1988). Dispersivity values specific to the EJFDF site were estimated
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from field data by plotting concentrations of each BTEX compound versus distance along the
centerline of the plume for each of the sampling events since 1992. In accordance with the AFCEE
technical protocol (Weidemeier et al. 1995), longitudinal dispersivity values were estimated as
one-tenth of the distance between the spill source and the centroid of each curve. The estimates were
then averaged to generate the following longitudinal dispersivity input parameters:

= Benzene: 225 f
» Toluene: 1151t
* FEthylbenzene: 28.6 1t
*  Kylene: 8.8 ft

Retardation. Reversible sorption to organic carbon particles within the soil matrix tends to retard
the transport velocity of BTEX compounds relative to the groundwater seepage velocity.
Retardation factors (R) were estimated for each compound as:

R=1+DyKy/ Ne

Where:
R = ratio of groundwater seepage velocity to contaminant transport velocity
D, = soil bulk density {(gm/cm’)
Ks = distribution coefficient (Likg)
N = effective porosity

Soil bulk density and effective porosity are properties of the matrix of the water-bearing zone. Ky is
the product of the fraction of organic carbon in the matrix (f,.) and the organic carbon partitioning
coefficient (K,.) specific to the chemical compound.

The soil bulk density input value, 1.88 g/em’, is from an estimate reported in the Phase 1 RI report
(Ogden 1996). The estimate is based on typical values for the soil types that occur at the site. The /..
value was estimated as 0.002 based on the results of laboratory analyses of 32 soil baring samples
collected during the Phase I RL This value is consistent with typical values reported in the literature
for the soil types that occur at the site. The K. input values listed below are based on values
recommended in the AFCEE technical protocol (Weidemeier et al. 1995);

s Henzene: Ki= T79L/keg
= Toluene: A= 190 Ee
* Fthylbenzene: K. = 468 L/kg
= Nvlefne: K= 395 Like

Due to the difficulty involved in determining Nx, the N input value estimate was based on the range
of accepted literature values for the soil types within the shallow saturated zone at the EJFDF.
Freeze and Cherry (1979) give the following ranges for Nx: sand, 0.25-0.50; silt, 0.35-0.50; clay,
0.40-0.70. To be conservative, a relatively low value, 0.30, was used as the Nz input value for
EJFDF modeling. This estimate is conservative because lower Ng values result in higher seepage
velocities. The parameter values listed above yield the following K, and R factors:
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o Henvene: Ke=0158Likg, R = 1.99
= Toluene; Fo=0379 Likg, £ =338
» FEthylbenzene: K,=0.935 L/kg, K =6.87
« Xylene: Ky=0.790Likg, R =595

5.4.3.2 SENSITIVITY ANALYSIS

The purpose of a sensitivity analysis is to evaluate the effects of uncertaintics in input parameter
estimates on model results, After the “base-case” has been established by calibrating the model,
model input parameters are varied individually over a series of simulations. The sensitivity of the
maodel to a particular input parameter is then quantified by observing the magnitude of changes in
plume characteristics (such as concentration and extent). The sensitivity of the EJFDF groundwater
model was evaluated by varying the porosity, dispersivity, hydraulic conductivity, distribution
coefficient, and biodegradation rate input parameters and observing the effects on the simulated
benzene plume.

Results of the sensitivity analysis are presented in Appendix- M. In summary; the model was very
sensitive to changes in the first-order biodegradation rate; it was much less sensitive to
hydrogeologic and contaminant-specific parameters such as porosity, hydraulic conductivity,
dispersivity, and the distribution coefficient.

The analysis shows that errors in hydrogeologic and contaminant-specific parameters would have to
be very significant ‘before they have a preat effect on - the -modeling: results.- However, when
biodepradation rate input values are significantly increased or decreased, the simulated plume
coneentration distribution-and extent are very different from the plume characteristics observed in
the field. This suppests that the biodegradation rate estimates used in the modeling effort are
representative of actual field conditions

5.4.3.3 MobeL RESULTS

The BIOPLUME 1II model was run under steady-state conditions for simulation periods of 60 years.
Although the benzene, toluene, ethylbenzene, and xvlene plumes actually overlap, the migration of
each contaminant was simulated separately. Parameters such as retardation factors and
biodegradation rates are chemical-specific quantitics; this approach thus gives a more realistic
simulation of contaminant migration than modeling total BTEX. In addition, by modeling the
plumes separately, it is possible to predict where and when cleanup criteria associated with each
compound may be exceeded.

The benzene, toluene, ethylbenzene, and xylene plumes were modeled using the compound-specific
first-order biodegradation rates estimated from field data by the method of Buscheck and Alcantar
(1993). To better understand the effect of biodegradation on contaminant distribution and
concentration, each plume was also modeled with the biodegradation rate set 1o zero.

The figures presented in Appendix M depict the simulated benzene, foluene, ethyibenzene, and xylene
plurmes. The figures presented in this section depict only ‘the sirmdated benzene plume. Benzene is
morz mobile in the agueous phase than the other BTEX compounds, and poses a preater threat to
human Bealth (as evidenced by the low DOH and EPA action levels for benzene m drinking water).

Benzene ‘Plume, Benzene is more -hydrophilic and soluble than the other BTEX compounds:
therefore, benzene is more mobile in groundwater than the other compounds. However, due to a
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relatively high biodegradation rate (HL = 1.36 years), aqueous-phase benzene at the EIFDF is less
mobile than might be expected. As discussed above, field data indicate that benzene is more readily
biodegraded than the other BTEX compounds m EJFDF groundwater.

Benzene concentrations predicted by the model closely match concentrations detected over the six
sampling events between 1989 and 1998. Benzene concentrations predicted for MW-2 and MW-135 at
27.5 years after the release (summer 1998) are approximately 0.5 mg/L and 0.6 mg/L, respectively.
Benzene concentrations detected at MW-2 and MW-15 in June-July 1998 are 0.554 mg/L and
0.555 mg/L, respectively. The maximum concentration predicted for the simulated plume is
approximately 0.8 mg/L. As defined by a 0.1-mg/L isopleth, the simulated plume covers an area of
approximately 2.75 acres and extends about 400 feet downgradient of MW-2. The simulated 27 5-year
plume covers a greater area than the actual plume (based on 1998 field data), indicating that the
simulation represents a conservative estimate. Simulated benzene concenirations at the downgradient
site boundary (approximately 750 feet from MW-2) are on the order of 107 mg/L or less. The
simulated 27.5-year benzene plume is depicted in Figure 5-12,

As shown in Figure 5-13, the predicted concentrations and extent of the benzene plume 10 years
later (i.e., 37.5 years after the release [summer 2008]) show a dramatic deerease. The plume appears
to be detaching from the source while migrating downgradient at very low concentrations. The
maximum benzene concentration predicted for this time step 1s approximately 0.015 mg/L (a
decrease of more than one order of magnitude from 1998 levels). The benzene concentration
predicted for MW-2 is approximately 0.005 mg/L, while the concentration predicted for MW-15 1s
approximately 0.015 mg/L. As defined by a 0.01-mg/L isopleth, the simulated plume covers an area
of approximately 1.3 acres and extends about 350 feet downgradient of MW-2. Predicted benzene
concentrations at the downgradient site boundary are an the order of 107 mg/L or less.

To visualize the effect of biodegradation on plume concentrations and extent, the biodegradation
rate was set to zero and the other parameters, mncluding contaminant mjection rates, were not
changed. As shown in Figure 5-14, with no biodegradation, the maximum predicted benzene
concentration for the 27.5-year time step is more than 25 mg/L. (compared to 0.8 mg/L. with
biodegradation active). Concentrations above 3 mg/L are predicted to extend approximately 600 feet
downgradient of MW-.2. Benzene concentrations at the downgradient site boundary are
approximately 0.1 mg/L. With biodegradation active, predicted concentrations for the 27.5-year time
step decrease to 0.1 mg/L within approximately 400 feet of MW-2, Model results (including figures
that illustrate the simulated benzene plume) are presented in Appendix M.
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Toluene Plume, Toluene is relatively hydrophilic and moderately soluble; therefore, it i3 relatively
mobile in the aqueous phase. The site-specific toluene HL (347 years) indicates that toluene biodegrades
tnore slowly in ETFDF groundwater than benizene, but more quickly than ethylbenzene or xylene.

Predicted toluene concentrations are similar to the concentrations detected over the first five
sampling events. However, for the 27.5-year time step (corresponding to the June-July 1998
sampling event), the calibrated model shghtly over-predicted toluene concentrations. The simulation
predicted MW-2 and MW-15 toluene concentrations of approximately 0.08 mg/L and 0.04 mg/L,
respectively, Actual toluene concentrations detected at MW-2 and MW-15 in June-July 1998 are
somewhat lower—only 0.041 mg/L and 0.006 mg/L, respectively. The simulated concentration frend
thus appears to represent a conservative forecast. The maximum concentration predicted for the
simulated toluene plume at 27.5 years is 0.129 mg/L. As defined by a 0.1-mg/L isopleth, the
simulated plume covers an area of approximately 0.6 acre, and extends approximately 200 feet
downgradient of MW-2. Simulated toluene concentrations at the downgradient site boundary are on
the order of 107 mg/L or less.

Ten years later (i.e., 37.5 years after the release), the maximum predicted toluene concentration is
only 0.014 mg/L.. The toluene concentration predicted for MW-2 1s less than 0.004 mg/L, while the
concentration predicted for MW-15 is approximately 0.012 mg/L. As defined by a 0.01-mg/L.
isopleth, the simulated plume covers an area of approximately 0.76 acre and extends less than
300 feet downgradient of MW-2. Predicted toluene concentrations at the downgradient site
boundary are again on the order of 10° mg/L or less.

With the biodegradation rate set to zero, the maximum predicted toluene concentration for the
27.5-year time step 1s 1.15mg/L. (compared to 0.129 mg/L with biodegradation active), and
concentrations above 1mg/L arc predicted to extend approximately 200 feet downgradient of
MW-2. Maximum toluene concentrations at the site boundary are on the order of 107~ mg/L. Model
results (including figures that 1llusirate the simulated toluene plume} are presented in Appendix M.

Ethylbenzene Plume. Ethylbenzene is moderately soluble but less mobile in groundwater than the
other BTEX compounds due to its greater tendency to adsorb to-organic carbon. The site-specific
ethylbenzene HE (7,70 vears) indicates that ethylbenzene in EJFDE groundwater biodegrades more
slowly than the other BTEX compounds. Modeling results suggest the ethylbenzens plume 18 likely
to persist {at-low concentrations) longer than the benzene, toluene, or xylene plumes.

The calibrated model closely matches ethylbenzene concentrations over the first five sampling
events, but it over-predicted concentrations for the 27.5-year time step (summer 1998). Between the
August 1994 (23.5 year) and June-July 1998 (27.5 vear) sampling events, actual ethylbenzene
concentrations detected at MW-2 and MW-15 decreases sharply—from 0.46 mg/L and 0.49 mg/L to
0.063 mg/L. and 0.0883my/L, respectively. The simulation predicted MW-2 and MW-:15
ethylbenzene concentrations of approximately 0.3 mg/L and 0.4 mg/L, respectively, for the 27.5-
vear time step. The simulated ethylbenzene concentration trend therefore appears to represent a
conservative forecast. The maximum concentration predicted for the simulated 27.5-year
ethylbenzene plume is 0.586 mg/L. As defined by a 0.1-mg/L isopleth, the simulated plume covers
approximately 2.3 acres and extends nearly 400 feet downgradient of MW-2. Simulated
ethylbenzene concentrations at the downgradient site boundary are on the order of 107 mg/L or less.

Ten years later (i.e., 37.5 vears after the release), the maximum predicted ethylbenzene
concentration 1s 0,312 mg/L. The predicted MW-2 concentration is less than 0.14 mg/L, while the

predicted MW-15 concentration s approximately 0.24 mg/L. Although the maximum conceniration
is lower, the simulated plume, as defined by a 0.1-mg/L. isopleth, still covers approximately
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biodegradation, the simulated BTEX plumes extended much farther downgradient than the actual
plumes.

The modeling results also suggest that most of the BTEX contamination currently remaining in
EJFDF caprock groundwater represents aqueocus-phase BTEX that partitioned into groundwater
during the period when free product was in direct contact with the caprock water table. Residual soil
contamination appears to contribute only a small portion of the overall mass of aqueous-phase
BTEX remaming at the site, To achieve simulated concentrations approaching the low levels
observed during recent sampling events, injected BTEX concentrations had to be decreased to very
low levels approximately 10 years into the simulations. BTEX that remains within vadose zone soil
in the contaminant source area appears to partition into the aqueous phase at a very low rate,

As discussed in Section 5.4.2, electron acceptor concentrations upgradient of the source area are
high enough to provide approximately 26.6 mg/L. (in BTEX concentration units) of biodegradation
capacity. Furthermore, due to BTEX retardation, the electron acceptor plume tends to move
downgradient faster than the BTEX plume. The result, as confirmed by groundwater sampling
results obtained during the Phase II RI and previous investigations, is a contaminant plume that
continues to decrease in both concentration and area over time. These observations suggest the rate
at which BTEX is removed from the aqueous phase by biodegradation is likely to greatly exceed the
rate at which BTEX is partitioned into the aqueous phase from vadose zone soil.

Modeling results indicate that BTEX concentrations in on site caprock groundwater are likely to
reach very low levels within the next decade. (The simulations represent a conservative scenario—
simulated 27.5-year time step [summer 1998] BTEX concentrations are higher than concentrations
detected in June—July 1998 and April-May 1999.) BTEX concentrations detected in MW-2 and
MW-15 have already decreased to levels well below the cleanup criteria specified for the caprock
water-bearing zone (see Section §.1.4). Modeling results are also consistent with the observation
that BTEX concentrations reach extremely low levels well before the downgradient site boundary;
therefore, aqueous-phase hydrocarbons in the caprock groundwater are not likely to threaten offsite
human or ecological receptors.

8.5 CONCEPTUAL SITE MODEL

The Phase 1 RI evaluated potentially complete pathways for onsite and offsite receptors as a result of
exposure to residual onsite contamination from the 1971 MOGAS release. The focus of the Phase I
RI is to further evaluate potential offsite impacts from the 1971 MOGAS release. Therefore, the
conceptual site model (CSM} and human health and ecological risk assessments (Sections 6 and 7)
focus on complete exposure pathways for offsite receptors.

The CSM for the offsite study area, which is the focus of the Phase II RI risk assessment, identifies
potentially complete exposure pathways for both current and future land uses of the area, Figure
5-15 presents the CSM for residual subsurface soil contamination from the 1971 MOGAS release
and the CSM for other contanunant sources not related to the MOGAS release.

5.5.1 Gurrentand Future Land Uses

The offsite study area is and has been used primarily for residential and agricultural purposes.
Because the hydrology in the area provides ideal conditions for growing hydric farm crops, this
current land use is expected to continue. It is anticipated that future land development will not
include major construction activities (1.e., subsurface excavation); however, small-scale excavation
(i.e., for installation of utility lines) is possible.

583

AR00029941



November 2000 Phase 1 Rl EJFDF, FISC, Peart Harbor Confaminant Fate & Transport

5.5.2 -Contaminant Sources and Chemicsl Transport Mechanisms

Contaminant Sources. The current contaminant source of concern is residual onsite subsurface soil
contarmnation from the 1971 MOGAS release. No floating product has been observed in more than
L0 years; therefore, onsite subsurface soil contaminated with residual hydrocarbons, primarily
BTEX compounds and light-end PAHs, represents the only current onsite source of caprock
groundwater hydrocarbon contamination. These MOGAS-related compounds in onsite caprock
groundwater are naturally attenuated through aerobic and anaerobic biodegradation (see Section
5.3). These naturally occurring processes have significantly reduced caprock groundwater BTEX
concentrations and restricted the offsite migration of these compounds.

Concentrations of MOGAS-related constituents detected off site were very low (see Section 4).
However, the Phase II RI sampling and analysis program identified other contaminants in the offsite
area that are not likely to be related to the 1971 MOGAS release. COPCs detected in offsite surface
media samples were primarily SVOCs (including phthalates, heavy-molecular-weight PAHs, and
lead). Subsurface soil contains primarily the same COPCs as well as low concentrations of gasoline-
range TPH. (Non-MOGAS related COPCs and the MOGAS-related COPCs detected at low-levels
are identified in Section 6.) Surface water 10 the watercress fields and at the outfalls located between
the bicycle path and Middle Loch contains heavy-molecular-weight PAHs, Z2-nitrophenol,
phthalates, and lead. Groundwater collected from offsite wells installed in the caprock water-bearing
zone contains VOCs, SVOCs (e.g., PAHs, phthalates, and phenaolics), and lead,

Comparison between COPCs identified for onsite media in the Phase T RI risk assessment and those
identified for the offsite Phase I RI risk assessment suggest that multiple contaminant sources may
be responsible for contamination detected in the offsite area. VOCs identified as COPCs in onsite
surface soil (i.e., BTEX) are associated with the MOGAS release. Pesticides, PCBs, and lead were
COPCs in onsite surface soil, but were not attributed to the MOGAS release. In contrast, none of the
COPCs identified in onsite surface soil were detected in offsite surface soil. COPCs in offsite
surface soil and sediment were primarily PAHs, most of which have heavy molecular weights and
are not considered constituents of MOGAS The other COPCs detected in offsite surface soil and
sediment {e.g,, phthalates, 2-butanone, acetone, and carbon disulfide) are also not likely to be related
to the 1971 MOGAS release.

COPCs detected by Phase I RI onsite subsurface soil sampling (1.e., BTEX, 1,2-DCA,
trichloroethene [TCE], phenolic compounds, and naphthalenes) are associated with the onsite
MOGAS contaminant source. Many of these chemicals were also identified as COPCs in the Phase
I RI offsite subsurface soil samples. However, like offsite surface soil and sediment, offsite
subsurface soil also contained heavy-molecular-weight PAHs, phthalates, 2-butanone, acetone, and
carbon disuliide.

COPCs identified in offsite surface water were also identified in offsite surface soil and sediment,
with the exception of 2-nitrophenol, butylbenzylphthalate, and di-n-octylphthalate,
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Transport Mechanisms. Contaminants detected in the offsite investigation areéa could migrate in
the environment by the following mechanisms:

E

Afr. Air transport of chemicals detected in soil (1.e., transport via airborne particulates or as
vapor phase of volatile chermicals) is considered insignificant at this site. Transport of
nonvolatile COPCs by air is insigmficant due to heavy vegetative cover in the contaminated
area and the low contaminant concentrations detected in surface soil and sediment. Transport
of VOCs is msignificant due to their relatively low concentrations in surface soil, sediment,
and caprock groundwater underlying the offsite study area.

Leaching. VOCs, PAHs, phthalates, phenolics, and lead were detected in offsite soil and
sediment. PAHs are not expected to significantly leach from soil to groundwater or surface
water due to their fate and transport properties (high affinity for soil particles and low
solubility in water). However, the solubility and, therefore, mobility of PAHs can increase in
the presence of phenolic compounds (which have been detected in all media sampled in the
investigation area). Lead and VOCs are more readily leached from soil, and are expected to
oceur 1 the caprock groundwater.

Groundwater, Caprock groundwater is encountered at approximately 812 feet bgs in the
offsite area. There i3 no evidence that caprock groundwater discharges to fresh surface water
in the offsite area (i.e., the watercress fields). However, caprock groundwater may discharge
to the Middle Loch of Pearl Harbor below the low tide elevation. Contamination in Pearl
Harbor is being investigated under a separate CLEAN mmvestigation.

Artesian Wells. Artesian wells that tap the deep basal aquifer underlying the offsite area
provide irrigation water for the watercress fields. The confined basal aquifer also discharges
to the surface at several springs east of the offsite investigation area (e.g., Waiawa Spring).
The basal aquifer is hydrogeologically separate from the surficial caprock water-bearing
zone: it is isolated from the caprock groundwater by a thick sequence of impermeable
confming strata. The local hydraulic gradient also prevents caprock groundwater from
entering the basal aquifer: the potentiometric surface of the confined basal aquifer is higher
than that of the unconfined caprock water-bearing zone. There is no evidence of
contamination in the artesian wells downgradient of the EJFDF.

Surface Water. Erosion is the primary mechanism for transport of onsite soil contaminants to
the offsite area. Surface water may transport contaminants sorbed to suspended soil particles
ar leached from surface soil by sheet wash. Contaminants are more likely to migrate with
suspended soil particles, which could be transported to the watercress fields and the field
drainage system. If contaminated surface soil particles were transported to the watercress
ficlds via surface water runoff, the large volume of irrigation water supplied by the confined
basal aquifer would dilute the small volume of surface runoff. Contaminated soil particles
could be deposited as sediments in drainage ditches at points where flow velocity is low.
Dissolved contaminants in the runoff could be transported to Middle Loch, where further
dilution would occur during tidal flushing of the harbor.

553 Complete and Potentially Complete

Exposure Pathways and Polential Receptors

Offsite exposure pathways and receptors are evaluated in this Phase IT RI. Onsite exposure pathways
and receptors were evaluated in the Phase I Rl baseline risk assessment (Ogden 1996).

Human Exposure Pathways. Complete or potentially complete human exposure pathways for the
offsite area are identified as follows (grouped by contaminant source):
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Omsite residual subsurface soifl confaminant source associated with-the 1971 MOGAS release

Intake of chemicals that have bioaccumulated in fish in Middle Loch

Offsite contarmmant sources not associated with the 1971 MOGAS release

Intake of chemicals via inhalation of fugitive dust from soil

Imtake of gas-phase VOCs {rom soil vig inhalation

Intake of chemicals in oftsite surface soil or sediment in the watercress farmarea via
incidental ingestion and dermal absorption (surface soil and sediment are considered
together because their intake could occur in the same manner)

Intake of chemicals in subsurface soil via incidental ingestion and dermal absorption
Intake of chemicals that have bioaccumulated in agricultural plants

Intake of chemicals in surface water in the watercress fields and surface water drainage
areas via meidental mgestion and dermal absorption

Incomplete human exposure pathways in the offsite study area are identified as follows (grouped by
contaminant source);

&

E

Onsite restdual subsurface soil contaminant source associated with the 1971 MOGAS release

Current and future exposure to contaminants in surface water m Pearl Harbor Middle
Lock. Human receptors are assumed to not use the area for recreational purposes.

Offsite contaminant sources not associated with the 1971 MOGAS relesse

Exposure to YOCs from surface water in the watercress fields. VOCs were not detected there.

Current exposure to contaminants in the caprock water-bearing zone. This zone isnot a
source of potable water. Domestic water is supplied by the deeper basal aquifer, which is
hydrogeologically separate from the overlying caprock water-bearing zone; contaminants
were niot detected in artesian well water from the confined basal aquifer.

Future exposure to contaminants in offsite caprock groundwater. It is assumed that the
eaprock water-bearing zone will not be used as a water source in the future.

Huoman Receptors. Current and potential future human receptors associated with the offsite study
area are farm workers and residents who may or may not work at the farms. In addition, although
major construction is not expected, utility workers are potential future receptors if small-scale
excavation (1.e., installation of utility lines) occurs. Recreational users of Middle Loch are potential
receptors; however, they were not evaluated in the Phase II RI risk assessment, as discussed in
Section 5.5.4.

Current and potential human receptors based on complete and significant exposure pathways for the
offsite study arca are identified as follows:

Current and fubwre farm workers and residents who may contact surface soil or sediment in
the offsite area. Pathway: surface soil or sediment exposure {i.e., dermal absorption).

Future utility workers during excavation activities (e.g., underground pipe removal or repair).
Pathway: subsurface soil exposure (i.e., incidental ingestion and dermal absorption).
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= Current and future farm workers who may contact surface water i the watercress fields.
Pathway: the (potentially complete) surface water exposure {i.e., dermal absorption}),

# . Current and futire farm workers, tesidents, and future utility workers who may constime
agricultural plants grown at the watercress farms. Pathway: bioaccumulation.

Current and potential human receptors based on complete but insignificant exposure pathways are
identified as follows (grouped by contaminant source). Rationale for considering these pathways as
msignificant 1s presented in Figare 5-15.

= (nsite residual subsurface soil contaminant source associated with the 1971 MOGAS release

— Current and future farnm workers-and residents, and-future utility workers, Pathway:
inhalation of VOCs from groundwater,

= Offsite contaminant sources not associated with the 1971 MOGAS release

— Current and future Tarm workers and residents, and future utility workers. Pathway:
inhalation of fugitive dust particulates and VOCs from soil or sediment.

— Current and future residents, and future utility workers. Pathway: incidental ingestion
and dermal -absorption of surface water in the watercress fields.

-~ Farm workers. Pathways: mcidental ingestion and dermal absorption of surface soil or
sediment, and incidental ingestion of surface water.

5.5.4 Recreational Use of Middle Loch

Exposure to contaminants in Middle Loch is considered an incomplete pathway for farm workers,
residents, and utility workers because these receptors are assumed to not use Middle Loch for
recreational purposes. Use of Middle Loch for recreational purposes is possible, but rare: the area is
unsuitable for swimming and fishing is currently unlikely due to a ban on consuming fish from Pearl
Harbor. The effects of fish consumption in the future are not addressed in the Phase II RI risk
assessment; bioaccumulation of contaminants in fish in Middle Loch is beéing investigated under a
separate effort (Pearl Harbor Sediment Study, Ogden Environmental and Energy Services Co,, in

Progress).

Although Pear]l Harbor Middle Loch is not suitable for recreational use, it was conservatively
evaluated in the Phase I RIrisk assessment (Ogden 1996}. Risks to adults and children who swim in
Middle Loch were estimated. COPCs were selected from chemicals detected in caprock
groundwater, which was assumed to discharge to Middle Loch. Comparisons to EPA Region IX tap-
water PRGs and to background concentrations (including laboratory contaminants) were primary
considerations in selecting COPCs from the list of chemicals detected in the groundwater.
Concentrations in Middle Loch were estimated by multiplying groundwater COPC concentrations
by the dilution factor calculated for the Pearl Harbor estuaring environment,

Risks to adults and children swimming in Middle Loch estimated in the Phase [ RI risk assessment
{Ogden 1996) are presented in Table 5-7,
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Tahle 5-7:Risks o Adults and Children Swimming inMiddle Loch

Cancer Risk Hazard Indeéx

Receptor/Pathway Average RME Avarage f RME
Aduilt

Ingestion of surface water BE-13 TE-09 TE-07 2E-08
Dermal contact with surface water 5E-12 GE-08 S5E-07 3E-04
Child

Ingestion of surface water 2E-13 2E~10 2E-08 4E-06
Dermial contact with-surface water . BE-13 4E-09 3E-07 8E-05

Results of Phase I and Phase II RI groundwater sampling indicate that maximum VOC
concentrations in the caprock water-bearing zone continue to decrease due to natural attenuation.
Consequently, it is assumed that risks to potential future recreational users estimated for the Phase I
RIwould not be exceeded.

Ecological Receptors. During the ecological reconnaissance, a variety of birds and other amimals
were observed using the watercress farm area. A flock of seven Hawatian black-necked stilts
(Himantopus -mexicanus knudsent), an endangered species, were observed feeding on aquatic
organisms at the adjacent Nakatani watercress farm. Cattle egrets are commeonly observed feeding in
the offsite area. Both species are known to breed at the nearby Waiawa Unit of the Pearl Harbor
National Wildlife Refuge. Surface water and groundwater from the offsite area may discharge to
Middle Loch, where aquatic receptors could be exposed. The potential effect of contaminant
discharge to Pearl Harbor is the subject of a separate investigation.

The following are complete or potentially complete ecological exposure pathways for the offsite study area:

». Uptake of chemicals in surface water by fish and other aquatic ofganisms
» - Uptake of chemicals in sediment by benthic invertebrates
= Ingestion of chemicals in sediment by blacksnecked stilts feeding in watercress fields

+  Ingestion of chemicals in contaminated food species by black-necked stilts feeding in the
watercress fields (food chain exposure)

= Inpestion of chermcals in soil by representative terrestrial species

* - Ingestion of chemicals in contaminated food species by representative species feeding in the
upland portion of the offsite area

* Root uptake of chemicals in soil by terrestrial plants

*  Root uptake of chemicals in sediment by hydric plants, such as watercress

Surface water and caprock groundwater ultimately discharge to Middle Loch; therefore, these
pathways are also potentially complete for the Pearl Harbor aquatic community, The Navy’s Pearl
Harbor Sediment Study is evahiating the Pearl Harbor aquatic and benthic communities (Ogden, in-
progress). Potential risks to biological resources in the harbor are qualitatively discussed based on
analytical results from surface water and sediment samples collected at two outfalls that discharge
runoff from the offsite area to Middle Loch (see Section 7).
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6. HUMAN HEALTH RISK ASSESSMENT

The Phase T RI human health risk assessment estimated risks to farm workers, residents, and utility
workers associated with exposure to COPCs detected in the offsite investigation area. Phase 11 RI
findings indicate that the risk drivers detected off site are not related to the ETFDF MOGAS release.
Results of the risk assessment indicate that, with one exception, offsite contaminants do not pose
unacceptable risks to human receptors. A cumulative risk of 1E-03 was calculated for dermal contact
by farm workers with HMW SVOCs such as benzo(a)pyrene in surface water. The heavy SVOCs
were not detected in onsite or offsite caprock groundwater, and are not likely to be related to the
1971 MOGAS release. Due to their physicochemical properties, the detected SVOCs are expected to
be largely adsorbed to suspended soil parti