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1. Introduction

This report presents currently compiled existing data and other relevant information pertaining to the
groundwater flow modeling area for the Investigation and Remediation of Petroleum Product
Releases and Groundwater Protection and Evaluation project at the Red Hill Bulk Fuel Storage
Facility (“Facility”), Joint Base Pearl Harbor-Hickam (JBPHH), O‘*ahu, Hawai‘i. The data are
summarized in Section 2 and evaluated for their applicability and limitations in achieving the project
objectives in Section 3. The data are presented in tabular format as Excel files in the first three
appendixes.

The project Work Plan/Scope of Work (WP/SOW) (DON 2017) presents the process, tasks, and
deliverables that address the goals and requirements of the Administrative Order on Consent (AOC)
In the Matter of Red Hill Bulk Fuel Storage Facility (EPA Docket No: RCRA 7003-R9-2015-01;
DOH Docket No: 15-UST-EA-01). The AOC was issued by the United States (U.S.) Environmental
Protection Agency (EPA) Region 9 and State of Hawai‘i Department of Health (DOH) (EPA Region
9 and DOH 2015) to the U.S. Department of the Navy (DON; Navy) / Defense Logistics Agency
(DLA) in response to a release of an estimated 27,000 gallons of Jet Fuel Propellant (JP)-8 from one
of the Facility’s 12.5-million-gallon underground fuel storage tanks (Tank 5) that was confirmed and
verbally reported to DOH and EPA on January 16, 2014. The bottoms of the Facility’s 20 tanks are
located approximately 100 feet (ft) above a major groundwater aquifer, which feeds both Navy and
the City and County of Honolulu drinking water sources.

The planning activities described in the WP/SOW include preparing ten documents, referred to as
derivative deliverables, which will address specific aspects of the planning process for the
investigation. This existing data report (referred to as the Existing-Data Evaluation/Summary Report
in the WP/SOW) is one of the first three derivative deliverables being prepared after submittal of the
WP/SOW (Revision 02) on January 4, 2016. It supports the investigation that specifically addresses
AOC Statement of Work Section 6 (Investigation and Remediation of Releases) and Section 7
(Groundwater Protection and Evaluation). A flowchart showing the sequencing of derivative
deliverables is presented on Figure 1, and additional information on each of the other derivative
deliverables is provided in the WP/SOW (DON 2017). (Report figures are compiled at the end of
each section.)

One of the seven project tasks identified in the WP/SOW is Update the EXisting Groundwater Flow
Model. This report is the first of four project deliverables to be generated in support of that task; the
subsequent deliverables are the Data Gap Analysis Report, Conceptual Site Model Development and
Update Plan, Groundwater Model Evaluation Plan, and Sentinel Well Network Development Plan.

The data review and analysis activities summarized in this report are intended to support the
project’s groundwater flow and contaminant fate and transport (CF&T) modeling effort, and to
evaluate the compiled data’s usability for inclusion in that effort. The majority of data referenced in
this report have been compiled from previous efforts in obtaining background information, a
literature review, and primary data from studies and investigations in the modeling area. In some
instances, an existing data set is known, but access to that data has not yet been obtained (e.g., logs
to borings along South Halawa Stream), and it is presumed there are instances where data may have
not yet been discovered. Data obtained subsequent to publication of this report will be evaluated in
future derivative deliverables for inclusion in the modeling effort, but will not be incorporated in
further revisions to this report.
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A future deliverable (Data Gap Analysis Report) will focus on identifying possible data gaps critical
to the modeling effort. Additionally, selection of exact values and parameters for the groundwater
flow and CF&T modeling are not included in this report, but rather will be discussed further in a
subsequent project deliverable, Groundwater Model Evaluation Plan (see (DON 2017).

11 PHYSICAL BOUNDARIES OF THE STUDY
This project involves three principal types of physical boundaries:

» Facility boundary: As shown on Figure 2, the Facility is located on federal government
land (zoned F1-Military and Federal) in Halawa Heights, approximately 2.5 miles
northeast of Pearl Harbor. It is situated on a low ridge on the western edge of the
Ko‘olau Mountain Range that divides Halawa Valley from Moanalua Valley. The
Facility is bordered on the north by Halawa Correctional Facility and private businesses,
on the southwest by the U.S. Coast Guard reservation, on the south by residential
neighborhoods, and on the east by Moanalua Valley. The private Halawa Quarry is
located less than one-quarter mile away to the northwest. The Facility occupies
144 acres of land, and the majority of the site’s surface is at an elevation ranging from
approximately 200 to 500 ft above mean sea level (msl).

o Study area boundary: The current project study area extends beyond the Facility
boundaries to include the entire area depicted on the main panel of Figure 2. This area is
bounded on the northeast by the upper slopes of Red Hill, on the southeast by Moanalua
Valley, on the southwest by residential housing, and on the northwest by Halawa Valley.
The study area is the area where the collection of physical (e.g., geologic data, water
level data) and chemical data will be focused. Data acquired during the investigation will
be reviewed in coordination with the Regulatory Agencies to determine whether the
study area boundaries should be expanded and/or modified (e.g., additional monitoring
wells may be installed at locations outside the current study area, if necessary, to fill data
gaps and ensure that the Red Hill monitoring well network is adequate to achieve the
project objectives).

* Modeling domain boundary: As depicted on the inset map of Figure 2, the current extent
of the local modeling domain (based on the original DON 2007b model) is bounded to
the northwest by the center of Waimalu Valley, to the southeast by the middle of Kalihi
Valley, and to the west by the caprock aquifer and Pearl Harbor shore. The
appropriateness of these boundaries will be evaluated collaboratively with the
Regulatory Agencies and AOC SMEs based on all available data. The evaluation of the
modeling boundaries will be included in the first Groundwater Flow Model Progress
Report, which will be submitted in April 2017. Input parameters and assumptions will be
reviewed to verify appropriateness due to the additional data that have been collected
since 2007. The overall approach for the groundwater modeling task is presented in the
WP/SOW (DON 2017, Section 3.4) and will be further discussed in the forthcoming
Groundwater Model Evaluation Plan.

1.2 DATA SOURCES

The Facility has been the subject of multiple investigations. Consequently, a large body of regional,
local, and site-specific data (summarized in Section 2) already exists. The key agencies and sources
of data and information for the groundwater flow and CF&T modeling area include, but are not
limited to, the following:

1-2
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» Agency for Toxic Substances and Disease Registry (ATSDR)

» State of Hawai‘i Department of Land and Natural Resources (DLNR)
» State of Hawai‘i Department of Transportation (HDOT)

» City and County of Honolulu Board of Water Supply (BWS)

» Idaho National Engineering and Environmental Laboratory

» Lawrence Berkeley National Laboratory

» Peer-reviewed academic journals (e.g., Journal of Hydrology)

» State of Hawai‘i Department of Health (DOH)

» U.S. Department of the Navy (DON)

» U.S. Environmental Protection Agency (EPA)

* U.S. Geological Survey (USGS)

» University of Hawai‘i Water Resources Research Center (WRRC)

1.3 REPORT ORGANIZATION

The compiled data are summarized in Section 2, which also presents summary narratives regarding
climate, geology, hydrogeology, site characteristics, the Red Hill groundwater monitoring network,
and other pertinent information. A detailed discussion of the applicability and limitations of the data
is presented in Section 3. References cited in the main report are listed in Section 4; references
specific to the appendixes are presented therein. The forthcoming Data Gap Analysis Report will
identify possible data gaps critical to the modeling effort.

The compiled data are presented as Excel files in Appendix A. Appendix B and Appendix C present
charts of depth to groundwater time-series and historical groundwater concentration trends for Red
Hill groundwater monitoring wells, respectively; the data used to generate these charts are similarly
presented as attached Excel files. Appendix D presents boring logs from locations within the
modeling area.

The appendix Excel files are presented on CD-ROM in hard-copy reports, and as file attachments in
PDF copies of the report (view the PDF program’s Attachments pane to access).

1-3
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2. Summary of Compiled Existing Data

This section summarizes the available existing geologic, hydrogeologic, facilities, and chemical data
for the groundwater flow and CF&T modeling area, which includes the Facility and surrounding
areas (Figure 3). Each subsection contains a summary of the type(s) of data compiled, the references
consulted, and a narrative summarizing the available data. The entirety of the compiled data is
presented in Appendix A.

Although this section summarizes all available compiled existing data pertinent to the groundwater
flow and CF&T modeling area, not all such data will necessarily be selected for inclusion in the
updated groundwater flow model. Selection of exact values and parameters for the updated
groundwater flow model will be presented in the subsequent derivative deliverable, Groundwater
Model Evaluation Plan (DON 2017).

Table 2-1 presents a condensed assessment of the applicability and limitations of the data that are
summarized in this section. Detailed discussion of the applicability and limitations of the data is
presented in Section 3.

2.1 GEOLOGIC AND HYDROGEOLOGIC DATA

This subsection provides a description of the geology and aquifer within the modeling area
(Figure 3); hydrogeologic units (HGUs) (e.g., Caprock), and associated properties (e.g., vertical
thickness, hydraulic conductivity); monitoring well and water supply well locations; groundwater
levels, and physical and chemical properties; groundwater recharge sources (e.g., precipitation);
characteristics of the Facility; and additional information deemed pertinent to the groundwater flow
model (e.g., land use within the modeling area).

211 Geologic Data

Geologic data have been collected from available boring logs, previous reports, and agency files
regarding the vertical and lateral extent of geologic units and layers beneath the modeling area, as
well as the geologic history of the area (Appendix A.1, Geology Data Tables GEO-1 and GEO-4).
These data include:

»  Approximate boring locations plotted on Figure 4 — Figure 7

» Reference datum for each boring location

» Geologic boring logs

» Geologic material (e.g., sand, tuff, basalt) and physical characteristics

» Boring surface elevation, depth, and diameter

» Geologic cross sections (Figure 8 and Figure 9)

» Geologic surface maps (Figure 10 — Figure 12)

» Site-specific, local, and regional geologic histories
Table 2-2 summarizes the geologic data references compiled for the modeling area, and the types of

data they provide. Table 2-3 summarizes the soil and boring logs presented in Appendix D, and the
type of data they provide.
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Existing Data

Table 2-1: Assessment of Data’s Applicability and Limitations

Application to Groundwater Flow
and Fate and Transport Model

Data Type

Applicability

Limitations ?

2.1 Geologic and Hydrogeological Data

2.1.1 Geologic Data

Defining the model layer geometry
throughout the model domain, and
refining the groundwater flow model

Boring logs

All logs are applicable to defining subsurface layers and features that
may affect chemical of potential concern (COPC) transport in both the
vadose and saturated zones.

Boring logs vary in quality, location, and detail within the
modeling boundaries. Driller's logs based on drill cuttings
provide some limited information; logs based on samples
and continuous cores provide better information.
Geolocation data is lacking for some sets of borings.

Cross sections

Cross sections are applicable. Generally, the vadose zone is better
defined in the vicinity of the tank farm based on barrel logs and recent
Navy investigations. All logs are applicable to defining subsurface layers
and features that may affect transport in both the vadose and saturated
zones.

Cross sections are limited by the spatial distribution of the
bore logs they are based on.

Regional, local, and
site-specific studies

The subsurface extent and configurations of the Caprock and Basalt
Hydrogeologic Units (HGUs) have been further defined throughout the
modeling area by the subsurface maps available in the recent USGS
report by lzuka et al. (2016), which are applicable and useful.

Site-specific information is confined to borings and cross
sections.

2.1.2 Hydrogeological Data

Applicable for refining aquifer
hydraulic properties in the model,
including:

e Transmissivity

e Hydraulic conductivity

e Heterogeneity and anisotropy
o Storativity

e Specific yield

* Effective porosity

Hydraulic properties

The USGS report by lzuka et al. (2016) provides an updated and
detailed summary of the available hydrogeology information for the
island of O‘ahu. There does not appear to be any additional hydraulic
property data available for the modeling area other than those available
for the 2007 model report. Since 2007, the only new information for
hydraulic properties collected in the modeling area are the data from the
USGS pumping test of the BWS Halawa Shaft in May 2015.

Within the current compiled data set, variable pumping
rates create uncertainties in evaluating the data. For
example, flow rate data for Red Hill Shaft do not include
the entire pumping test period. Pumping rates are not
shown in the records for Red Hill Shaft prior to May 22,
2015. It is also not known whether other un-monitored
pumping wells may have created drawdown in the wells
monitored during this test.

Current data do not include site-specific values for
effective porosity. Geologic information is too sparse to
define the subsurface spatial distribution and continuity of
high-permeability clinker zones.

2.1.3 Groundwater Characteristics

Unusually high degrees of accuracy
and precision needed for defining
the hydraulic gradients at in this site
area because the high aquifer
permeability causes relatively flat
gradients

Groundwater
elevations

At present, only one set of synoptic groundwater level measurements is
available, which were collected on November 18, 2016 from the Facility
wells. Those measurements are from a period in which Red Hill Shaft
was not pumping and thus will be useful for developing the conceptual
site model (CSM). However, even these synoptic data are of limited
usefulness for calibrating the numerical flow model because water levels
and pumping rates in other nearby wells, including Halawa Shaft, are not
known during that period.

Inconsistent datum elevations may have been used for
different groups of wells. This uncertainty prompted the
planned resurveying of the surface elevations at all of the
monitoring wells at the Facility in the primary area of
interest for modeling to a high standard, which is a
Second-Order, Class | geodetic level survey.
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Application to Groundwater Flow
and Fate and Transport Model

Data Type

Applicability

Limitations ?

Estimating recharge and discharge
rates into the model to define the
areal distribution of groundwater
recharge rates

Groundwater recharge
and discharge

Recent USGS reports provide maps of estimated mean annual recharge
rates for the model area. One report (Izuka et al. 2016) presents a map
of recharge rates for recent conditions (2010 land cover, 1978-2007
rainfall). Another USGS report (Engott et al. 2015) provides a
comprehensive water budget analysis and estimates of the spatial
distribution of groundwater recharge rate. Results of the USGS analyses
include maps covering the entire modeling area that show recharge rates
estimate for average climate and drought conditions. Information on
these maps will be useful and applicable for refining the groundwater
flow and CF&T model.

There is some uncertainty in the assumptions applied by
the USGS for analyzing groundwater recharge rates. If
the USGS recharge rate maps are available as
geographic information system (GIS) shapefiles, it will be
possible to directly import the recharge rates into the
model to define the areal distribution of groundwater
recharge rates.

2.2 Monitoring Well and Water Supply Data

Estimating recharge and pumping
effects (pumping and non-pumping)
in the model

Monitoring / water
supply well and
infiltration tunnel data

The primary groundwater flow modeling area contains seven
groundwater monitoring wells, and the remaining groundwater flow
modeling area contains 185 documented wells. Additionally, nine water
supply wells and infiltration galleries were identified within the
groundwater flow modeling area. Data from all these wells are
applicable, but the water supply and infiltration galleries in the primary
area of interest are anticipated to have the most influence on the model
results. Synoptic water level and pumping rate data from these wells with
more accurate surveyed elevations in the area of interest are needed, to
calibrate the model and then conduct simulations to evaluate pumping
effects.

Inconsistent datum elevations may have been used for
different groups of primary wells. Past and future pumping
times and rates will be required. For example, flow rate
data for Red Hill Shaft do not include the entire pumping
test period. Pumping rates are not shown in the records
for Red Hill Shaft prior to May 22, 2015.

2.3 Facilities and Land Use Data

Release location, volumes, nature of
fuel type to support CF&T scenarios

Facility fuel storage
tank capacity,
dimensions, past and
current status, and
releases

Database contains locations, construction, volume, fuel storage history,
and documented releases for the Red Hill Tank Farm and area sites.
Data are relevant and applicable.

Uncertainty of the exact timing and volume estimate of
the 2014 Tank 5 release.
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Summary of Compiled
Existing Data

Application to Groundwater Flow

and Fate and Transport Model Data Type Applicability Limitations ?
2.3.3 Chemical Data
Groundwater COPC concentrations Red Hill COPC Data from February 2005 to October 2016 are suitable for consideration February 2005 — September 2007 data quality

(spatial and temporal) trends at
monitoring points are required input
for the CF&T model.

chemical data

for inclusion in the groundwater flow and CF&T modeling efforts.

assessments were not conducted as part of the reporting
process. In some cases, EPA Level |l data packages
were provided and limited data reviews are possible; in
other cases, EPA Level Ill data packages were provided,
and data have been considered usable based on data
reviews performed.

September 2005 and July 2006 groundwater sample data
underwent third-party validation following EPA National
Functional Guidelines for organic and inorganic data. The
flagging protocol used has inconsistencies from the
current Department of Defense (DoD) Quality Systems
Manual (QSM) and Navy Project Procedures Manual, but
January 2008 — July 2010 data quality assessments were
not conducted as part the reporting process. However,
EPA Level Il data packages were provided, and limited
data reviews are possible.

Reported results are impacted by several factors, which
include laboratory-specific protocols for defining the
carbon range for total petroleum hydrocarbons (TPH), an
analyst's interpretation of TPH patterns, and how a TPH
result is reported. While TPH data have been considered
usable based on data reviews performed, if anomalies
are identified upon modeling groundwater flow or CF&T,
TPH data should undergo further review.

Data had inconsistent use of flagging conventions
(i.e., application of data qualifiers).

Groundwater natural attenuation
parameter (NAP) concentrations are
needed to provide biodegradation
inputs for the CF&T model.

Red Hill NAP data

NAP concentrations in groundwater samples collected at the site are
applicable and relevant.

Monitoring data include the following NAPs:
¢ Methane

e Ferrous iron

o Nitrate

e Sulfate

e Chloride

Alkalinity

» Dissolved oxygen
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Summary of Compiled
Existing Data

Application to Groundwater Flow
and Fate and Transport Model

Data Type

Applicability

Limitations ?

COPC and NAP transport
characteristics to support the
contaminant fate and transport
model:

Molecular weight
Density

Solubility

Partition coefficient
Soil mobility
Degradation rate(s)

Risk assessment

reports and various
reference materials
(e.g., Merck Index)

Literature and reference sources are applicable and relevant for the
CF&T model, and meet the current industry standard.

No limitations identified with current data set based on
identified literature references.

% The limitations identified in this table are based on an assessment of the currently compiled data set to satisfy the objectives of AOC Statement of Work Sections 6 and 7.
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Summary of Compiled
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Table 2-2: Geologic Data References

Reference

Geologic Data *

Boring /
Excavation
Logs

Cross
Sections

Surface
Maps

Geologic
History

Structural
Geology

Site Characterization, Halawa Medium Security Facility,
Halawa Valley, Oahu, Hawaii (Dames & Moore 1991)

L

Initial Phase Il Site Characterization Report, Fleet
Industrial Supply Center Bulk Fuel Storage Facility at
Red Hill (DON 1999)

L, R

Phase Il Remedial Investigation, Red Hill Oily Waste
Disposal Facility (DON 2000)

Red Hill Bulk Fuel Storage Facility Investigation Report
(Final) for Fleet Industrial Supply Center (DON 2002b)

8,000-Gallon AST Area Total Petroleum Hydrocarbon-
Diesel Characterization Report (DON 2003)

Red Hill Bulk Fuel Storage Facility Work Plan (DON
2005)

Red Hill Bulk Fuel Storage Facility Final Technical
Report (DON 2007b)

Red Hill Bulk Fuel Storage Facility Final Groundwater
Protection Plan (DON 2008)

2011 Biennial Leak Detection Testing Report of Bulk
Field Constructed Underground Storage Tank 15 (DON
2011)

2011 Biennial Leak Detection Testing Report of Bulk
Field Constructed Underground Storage Tank 18 (DON
2011)

FY11SRM Repair of Red Hill Fuel Tunnel,
Geotechnical Data Report (DON 20120)

Plans for Construction of a Portion of Interstate Route
H-3, Halawa Quarry Viaduct Makai Section (HDOT
1988)

S LR

Volcanic Aquifers of Hawai‘i—Hydrogeology, Water
Budgets, and Conceptual Models (Izuka et al. 2016)

Geohydrology of the Central Oahu, Hawaii, Ground-
Water Flow System and Numerical Simulation of the
Effects of Additional Pumping (Oki 1998)

L, R

Numerical Simulation of the Effects of Low-
Permeability Valley-Fill Barriers and the Redistribution
of Ground-Water Withdrawals in the Pearl Harbor Area
(Oki 2005)

L, R

L, R

Numerical Analysis of Ground-Water Flow and Salinity
in the Ewa Area, Oahu, Hawaii (Oki et al. 1996)

Water Resources of North-Central Oahu, Hawaii
(Rosenau, Lubke, and Nakahara 1971)

Halawa Deep Monitoring Well Log (URS Group 2000)

Final Summary of Drilling and Hydrogeologic
Conditions for Waimalu Deep Monitor Well No.
2456-05 (URS 2006)

FY11 SRM Repair of Red Hill Fuel Tunnel, Surface
Boring Abandonment Reports (DON 2013b)

— no data

# Abbreviations:
L local data (within 5 miles of the Facility)
R regional data (i.e., island- or state-wide data)
S site-specific data
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Table 2-3: Soil and Boring Log References

Vadose | Saturated Valley Fill Massive Pahoehoe| Clinker
Zone Zone Saprolite | Alluvium Tuffs Basalts | A'a Lava Lava Beds Physical
Coveredin | Covered | Notedin | Notedin | Notedin | Noted in | Noted in | Notedin | Notedin | Coresin
Description/Reference Location Logs in Logs Logs Logs Logs Logs Logs Logs Logs Storage Remarks
Red Hill Area®
Log of Red Hill Water- Red Hill Shaft ° . — — — . ° . . — Detailed log of Red Hill water-
Development Tunnel Tunnel development tunnel showing
(Stearns 1943) lateral definition of basalt types
and notations regarding
groundwater discharge rates.
Geologic Sections and Red Hill Ridge . — — — — ° ° ° ° — Exploration borings along Red Hill
Test Borings for Red ridge top. Features cross-section
Hill, Waimalu Valley correlations from borings through
(Macdonald 1941) to Halawa and Moanalua valley
walls.
Barrel Logs for Tanks Red Hill Ridge ° — — — — ° — — . — Tank barrel logs for side walls of

1-20 (DON 1943)

and Tank Farm

tank excavations. Shows lateral
extent and geometry of rock types,
lava domes, and tubes.

Angle and Vertical Red Hill Facility ° ° — . — ° — — ° — In-tunnel borings for monitoring

Borings (including Tank Farm well installation and angle borings

RHMWO1) from Initial for soil vapor. Vesicle size and

Red Hill Investigations grout seams are noted on logs.

(DON 1999) (DON Logs contain rock quality

2002hb) designations (RQDs) and describe
voids, vesicle size and
percentage, and occurrence of
phenocrysts. Boring log for
installation of RHMWO1 (installed
as B-V1D).

Borings for RHMWO02, Red Hill Ridge ° — — — — ° — — ° — Cross-section constructed from

RHMWO3, and
RHMWO04 (DON
2007b)

and Tank Farm

1941-43 Tank Barrel Logs 1-20.
Lava domes noted.

Boring for Monitoring
Wells RHMWO05—
RHMWO07 (DON
2015a)

Red Hill Facility
Tank Farm, and
Existing Red Hill
Monitoring Wells

Physical cores are in storage for
RHMWO05, RHMW06, RHMWO07,
RHMWO08, and RHMWO09.

Red Hill Tunnel Repair
Borings (DON 20120)

Red Hill Tunnel
Repair Project
Pearl Harbor

Fifteen borings; logs contain
fracture drawings with notes
regarding mineralogical infilling
and aperture size.
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Summary of Compiled
Existing Data

Description/Reference

Location

Vadose
Zone
Covered in
Logs

Saturated
Zone
Covered
in Logs

Saprolite
Noted in
Logs

Valley Fill

Alluvium

Noted in
Logs

Tuffs
Noted in
Logs

Massive

Basalts

Noted in
Logs

A‘a Lava
Noted in
Logs

Pahoehoe
Lava
Noted in
Logs

Clinker
Beds
Noted in
Logs

Physical
Coresin
Storage

Remarks

Oily Waste Disposal Facility (OWDF)

Phase | RI Borings OWDF Site ° . . . ° ) — — — — Shallow and deep borings.
(DON 1996) Perched groundwater.
Phase Il RI Borings OWDF Site . . . ° ° ° — — — — Shallow and deep borings.
(DON 2000) Perched groundwater.
AST Characterization OWDF Site ° — . . — ) — — — — Shallow borings.

Borings (DON 2003)

Halawa, Waimalu Deep

Monitor Wells

Halawa Deep Monitor
Well 2253-03 Boring
(CWRM 2001)

No address in
record, but
plotted on site
map

Boring drilled to depth of 1,450 ft.
Contains conductivity,
temperature, and depth (CTD)
profile defining fresh/saltwater
interface.

Waimalu Deep Monitor
Well 2456-05 Boring
(URS 2006)

Dirt road end of
Kilinoe Street,
TMK (1) 9-8-

11:006

Single deep monitoring well.
Basalts with clays, vesicles, and
phenocrysts are noted in the log.
Depth of boring up to 1,100 ft
below ground surface.

Halawa Correctional Facility, Halawa Bus Facility

Borings 1-14, Halawa
Medium Security
Facility (Fewell 1982)

Halawa Medium
Security Facility

Shallow borings with groundwater
encountered at the 200-220 ft msl
elevation.

Borings 1-16 and B20-
B26, Halawa Medium
Security Facility
(Dames & Moore 1991)

Halawa Medium
Security Facility

Shallow borings with groundwater
encountered at the 200-220 ft msl
elevation.

Borings W-1 to W-6, Halawa High ° . . . ) — — — — — Shallow borings with groundwater
Halawa High Security Security encountered.

Correctional Facility Correctional

(MFA 1994) Facility

Borings 8067-001 Halawa High ° . . . — — — — — — Shallow borings with groundwater
to -005, Halawa Security encountered.

Correctional Facility Correctional

(Unitek 1988) Facility

Boring for Well F-4,
Former Halawa Bus
Facility (MFA 2005)

99-999 lwaena
Street, Aiea, HI

Shallow boring.
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Summary of Compiled
Existing Data

Description/Reference

Location

Vadose
Zone
Covered in
Logs

Saturated
Zone
Covered
in Logs

Saprolite
Noted in
Logs

Valley Fill

Alluvium

Noted in
Logs

Tuffs
Noted in
Logs

Massive

Basalts

Noted in
Logs

A‘a Lava
Noted in
Logs

Pahoehoe
Lava
Noted in
Logs

Clinker
Beds
Noted in
Logs

Physical
Coresin
Storage

Remarks

Halawa Valley Interstate Route H-3

Borings 108-1A —
108-09 for Halawa
Quarry Viaduct, Makai
Section (HDOT 1988)

H-3 Halawa
Quarry Viaduct,
Makai Section

Shallow geotechnical borings
along H-3 corridor.

Borings for North
Halawa Valley
Highway, Unit I,

Phase IB (HDOT 1994)

North Halawa
Valley Highway

Shallow geotechnical borings
along H-3 corridor.

Borings for North
Halawa Valley
Highway, Unit Il (HDOT
1992)

North Halawa
Valley Highway

Shallow geotechnical borings
along H-3 corridor.

Pearl Harbor Area

Former Aiea Laundry Former Aiea ° ) . ) ° . — — — — Shallow and deep borings.
Facility 2002 RI/FS Laundry Facility

Borings (DON 2002a) Site

Former Aiea Laundry Former Aiea ° ) . ) ) — — — — — Shallow and deep borings.
Facility 2015 RI/FS Laundry Facility

Borings (DON 2015c) Site

Upper Pearl Harbor Upper Pearl ° — — . ° — — — — — Shallow and medium depth
Foundation Harbor Area borings.

Investigation Borings

(DON 1967) (DON

1971a) (DON 1971b)

Halawa Main Gate Halawa Main ° . — . — — — — — — Shallow and deep borings.
RAA12 RI/FS Borings Gate

(DON 2015d)

Makalapa Crater
Geographic Study Area
Borings (DON 2016b)

Makalapa Crater

Shallow borings drilled in
Makalapa Crater.

? Logs for Red Hill area borings are not included in Appendix D, but can be made available for viewing upon request to the Navy.

. data provided
— no data
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2111 REGIONAL GEOLOGY

O‘ahu is the third largest of the eight major islands of the Hawaiian Archipelago and has a land area
of 596 square miles (Shade and Nichols 1996). Stearns and Vaksvik (1935; 1938) and Stearns (1939;
1940) published studies concerning the geology and groundwater resources of O‘ahu. These studies,
published in Hawai‘i Division of Hydrography Bulletins, describe the general stratigraphy and
structure of O‘ahu, illustrate the petrology of the volcanic rocks, discuss groundwater resources, and
provide water well records. The Bulletins contain the first comprehensive and detailed studies of the
geology and water resources of the (then) Territory of Hawai‘i.

The Ko‘olau Range is composed primarily of Ko‘olau volcanic series, which are made up almost
entirely of tholeiitic basalts and olivine basalts, and as a result contain little tuff. The few interbedded
tuff beds in the Ko‘olau Range amount to less than 5 percent of the whole section (Wentworth 1951).
Small beds can be found near the crest of the range, and singular deposits have been found at the
head of Nu‘uanu Valley, near Honolulu. A vast dike system also makes up part of the Ko‘olau
Series. Most dikes are vertical or nearly vertical, with some angling as low as 60 degrees (°)
(Macdonald, Abbott, and Peterson 1983).

Ko‘olau lavas are of predominantly two types of extrusive rocks: pahoehoe and a‘a. Approximately
60 percent of the Ko‘olau lava flows are composed of a‘a lava (Sherrod et al. 2007). Pahoehoe lava
dominates near the crest of the Ko‘olau Range, with a‘a dominating on the periphery of the dome
(Stearns and Vaksvik 1935; Wentworth 1951).

Pahoehoe lava flows are characterized as fluid, relatively low-viscosity flows. The cooled rock is
vesicular and ropy, and has a smoothly undulating surface. Elongate voids (e.g., lava tubes) can be
present that form in the horizontal, longitudinal direction, thereby creating preferential pathways.
Pahochoe flows form as relatively rapid-flowing basaltic lavas that tend to spread out laterally and
are typically thin. These flows contain voids of various sizes, and are often cracked and collapsed in
places. Lava tubes are associated with pahoehoe lava flows.

A‘a lava produces jagged, blocky lava flows that contain clinker beds, and is characterized by
irregular, stretched, and deflated vesicles; massive beds that may have well-developed columnar or
platy jointing; the absence of lava tubes; and clinker layers that typically bound a massive dense core
or mid layer (Stearns and Vaksvik 1935). The clinker portions are extremely permeable and,
therefore, are subject to more rapid chemical weathering. Clinker zones are similar to layers of
coarse, well-sorted gravel, where layered sequences of flows can result in widespread beds with high
horizontal permeability. The smaller effective porosity of massive a‘a cores can result in extremely
low vertical permeability, especially when the rock is not fractured. The principal vertical
permeability of a massive a‘a core is imparted by wide, regularly spaced cooling joints.

The northeastern side of the Ko‘olau Volcano seems to have been subjected to several large
mass-wasting events, while the western (i.e., Central O‘ahu) portions of the shield were braced by
Wai‘anae volcanics, and as a result erosion occurred on a much smaller and slower scale. The
western valleys of the Ko‘olau Range, such as the Schofield Plateau, are dominated by alluvium
deposits (Macdonald, Abbott, and Peterson 1983). Mechanical and chemical erosion of the steep
escarpments within valleys produces accumulations of blocky material called colluvium. The steep,
cliff-like walls, which are similar to those found in many Ko‘olau Range valleys, form due to the
presence of nearly horizontal beds of alternately greater and lesser resistance to erosion; more rapid
erosion of the less-resistant beds (usually a‘a clinker) results in undercutting of the more resistant
layers (usually pahoehoe) (Macdonald, Abbott, and Peterson 1983). Over time, the valley walls
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retreat, but the cliff slopes remain steep. Colluvium accumulates at the base of valley slopes due to
repeated rockfall and landslide events.

After cessation of the Ko‘olau volcanics, there was a period of volcanic quiet that lasted
approximately 2 million years. During this post-eruption period, O‘ahu’s volcanoes underwent
substantial modification by secondary geologic processes, including subsidence due to gravitational
loading, weathering, and sedimentation. Streams cut deep valleys into the slopes of the volcanoes
and the island slowly subsided at least 360 meters (m). Some valleys, such as Manoa Valley, were
eroded to a prior sea level base elevation below the present-day sea level and accumulated coarse
detrital sediments. Remnants of the old Ko‘olau shield volcano surface take the form of volcanic
basalt plateaus limited by converging valleys (Macdonald, Abbott, and Peterson 1983; Rowland and
Garcia 2004); these plateaus form as triangular facets between steep-sided stream valleys, have
gentle to moderate slopes, and are common along the southern front of the Ko‘olau range from
behind Honolulu to Hawai‘i Kai.

The southeastern third of the Ko‘olau volcano experienced a rejuvenation stage of volcanism starting
approximately 900,000 years ago. Most of the resulting volcanoes lie south of the erosional valleys
carved out of the Ko*olau shield and are interbedded with alluvial and marine sediments (Figure 8
and Figure 9). These rejuvenation-stage vents, and associated flows and ash deposits compose the
Honolulu volcanic series, which include the landmarks of Diamond Head, Punchbowl, the Tantalus
group (Roundtop, Sugarloaf, and Mount Tantalus), Hanauma Bay, Ka‘au Crater, Koko Crater,
Aliamanu, and Salt Lake. The rejuvenation stage eruptions did not occur in rapid succession, but
were scattered over the last 900,000 years (Walker 1990).

The Salt Lake Tuff, named for Salt Lake Crater which lies east of Pearl Harbor, consists of subaerial
gray to brown tuff containing nodules of dunite (Stearns and Vaksvik 1935). The tuff is a maximum
of 300 ft thick, contains upright tree molds, and passes beneath sea level. It overlies Aliamanu tuff
and, in some areas, unconformably overlies eroded and dissected gravels of Ka‘ena marine terraces,
which indicate that the Salt Lake Tuff was laid down during a low stand of sea level, relative to
today, known as the Waipi‘o stand of sea. The Salt Lake tuff is assigned middle and late Pleistocene
age (Stearns and Vaksvik 1935).

The Aliamanu Tuff, named for Aliamanu Crater east of Pear]l Harbor, is composed of water-laid gray
to black or grayish-brown tuff, rounded gravel, and large vesicular bombs and spatter (Stearns and
Vaksvik 1935). It is separated from overlying Salt Lake tuff by red soil, and typically overlies older
alluvium deposits. Aliamanu tuff is assigned to an elevated stand of sea level relative to today known
as the Ka‘ena stand of sea on the basis of terraces, which correlate to the middle and late Pleistocene
age (Stearns and Vaksvik 1935).

The Aliamanu basalt occurs in the subsurface between 62 and 93 ft below ground surface (bgs), and
is composed of melilite-nepheline basalt. Aliamanu basalt underlies 47 ft of Salt Lake Tuff and
overlies 17 ft of older alluvium on lavas of the Ko‘olau volcanic series. According to (MacDonald
and Davis 1956), the Aliamanu basalt “...appears to be lava erupted at the close of the explosive
phase, hence is correlative with the Aliamanu tuff.”” Aliamanu basalt has not been observed at the
ground surface; hence, its extent is unknown.

2.1.1.2 GEOLOGIC STRUCTURE

Fissure eruptions characterized the building of the Ko‘olau dome, as evidenced by the great number
of dikes along the rift zones. In the early phases of dome building, lava discharged from the summit
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area, but this activity eventually ceased and transitioned to discharge from the lower ends of the rift
zones, especially the northwest end of the Ko‘olau dome (Stearns and Vaksvik 1935).

The Ko‘olau volcanic series is greater than 3,100 ft thick and composes the bulk of the lava flows
and other rock types that make up the Ko‘olau Range. Pahoehoe lava predominates near the crest of
the ridge, while a‘a is more prevalent along the periphery. Lava flows were extruded in a very fluid
condition, similar to flows observed at Kilauea on the island of Hawai‘i. Based on the absence of
erosional unconformities and an extensive soil horizon, it is apparent that the Ko*olau volcanic flows
occurred in fairly rapid succession.

Ko‘olau basalt flows dip away from the summit (Pu‘u Konahuanui, above Manoa Valley) and crest
of the Ko‘olau Range. Lava flow bedding dips approximately 3° near Pu‘u Konahuanui, and reaches
a maximum dip of approximately 10° near the margin of the range (Stearns and Vaksvik 1935).
Ko‘olau is a highly asymmetrical volcano due to ponding of lava flows on the west side against the
older Wai‘anae Volcano. As such, basalt flows dip approximately 3° on the west side of the range, in
the Schofield Plateau area, versus approximately 8° on the east side (Stearns and Vaksvik 1935). The
Ko‘olau range also has north-south asymmetry, with the range’s summit being located 28 miles from
its north end versus just 9 miles from its south end. The range is so heavily dissected by stream
erosion that it is doubtful that any part of the original volcano surface remains. Finally, although the
volcano’s eruptive center is mostly eroded away, some of its divides appear to have undergone less

stripping.
2.1.1.3 SITE GEOLOGY

The Facility is located on the southwestern side of the Ko‘olau Range (approximately 2.5 miles
northeast of Pearl Harbor) between the Moanalua and Halawa Valleys (Figure 2). The valleys on
either side of the Facility were formed by fluvial erosion and are filled with sedimentary deposits,
including alluvium and colluvium. On the ridge above the Facility, the horizon of soils and residual
weathered basalt is approximately 15-25 ft thick. At Red Hill, the Ko‘olau formation consists of
basaltic lava flows that erupted from a fissure line approximately 30 miles in length, and which
trended in a northwest rift zone (Wentworth 1953). The Facility is within the Ko‘olau volcanic
series, which is composed of both pahoehoe and a‘a lava flows.

The presence of nearly horizontal lava flow beds with alternating zones of greater and less erosion
resistance is evident at the Facility, where rapid erosion of the less resistant beds, usually of a‘a
clinker, results in undercutting of the more resistant massive dense a‘a and pahoehoe layers. The lava
flows vary from evenly bedded, relatively flat, and continuous to undulating and uneven.

A‘a clinker is composed of gravel- and cobble-size rubble that resembles a conglomerate. It is
usually loosely held together unless it has been welded together by heat. A‘a clinker is extremely
permeable and is therefore subject to rapid chemical weathering. Vertical fractures are also subject to
rapid weathering. Similarly, the nearly horizontal contacts between pahoehoe lava flows are
susceptible to erosion, even in the absence of a‘a clinker beds. Rock layers with dense, more closely
spaced fracturing are extensively weathered.

At the Facility, geologic information is currently available to characterize and illustrate geologic
features that are likely to act as NAPL migration pathways or barriers, and develop the geologic
conceptual site model (CSM). That CSM will also use the available geologic information to describe
the physical characteristics of the basalt layers, intervening clinker beds and mechanisms that affect
NAPL movement by integrating the available geologic information, including:
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» Geologic logs of borings drilled below the tanks for soil vapor monitoring and
monitoring wells

» Detailed geologic “barrel logs” of the tank excavations available from Navy archives

» Geologic maps of excavations and tunnels

Caprock and Valley Fill Deposits

To the west of the Facility are substantial layers of heterogeneous sediments occurring on the coastal
plains in southern O‘ahu around Pearl Harbor. These terrestrial and marine sediments and reef
limestone deposits form a thick wedge of relatively low permeability material, commonly called
caprock, which overlies basalt lava flows and other volcanic rocks. These coastal-plain sediments
and rejuvenated-stage volcanic rocks are referred to as “caprock” because they act as a semi-
confining unit over parts of the high-permeability volcanic-rock aquifer located in the Pearl Harbor
area west of the Facility.

The most recent pertinent USGS report (Izuka et al. 2016) defines the Caprock HGU to include the
valley fill deposits composed of older sediments, sedimentary rocks, and rejuvenated-stage volcanic
rocks (Figure 11). This Caprock HGU forms and underlies the extensive coastal plain, which
overlies parts of the volcanic-rock aquifer (basalt). The Caprock HGU is thickest along the
southwestern coast of O‘ahu, where it is more than 1,000 ft thick beneath the present coastline and
more than 1,600 ft thick farther offshore. Although the valley fill deposits are generally not referred
to as “caprock” in other literature, lIzuka et al. 2016 includes those deposits in the Caprock HGU
because they have the same low-permeability character as other caprock materials described by
previous investigators, and are continuous with the sediments of the coastal plain.

Basalt Hydrogeologic Unit (Volcanic-Rock Aquifer)

The most recent USGS report applicable to the Facility contains a simplified geologic map that
shows the 2007 groundwater model area (DON 2007b) is underlain by lava flows of the Ko‘olau
Basalt (Izuka et al. 2016). These lava flows are described as generally very permeable to extremely
permeable. The model area contains basalt flows that are generally free of dike complexes. Dike
complexes exist in the area to the east of the model area, several miles east of the Facility. Where the
basalt has been intruded by dike complexes, the basalt permeability is considered to be low to
moderate (lzuka et al. 2016). To the southwest of the Facility, the area mapped as Honolulu
Volcanics contains a variety of rock types and structures, and is described as having very low to very
high permeability, depending in part on whether the unit consists of ash, cinder, or lava flows, and
whether the rocks are cemented or altered by weathering (Izuka et al. 2016).

That recent USGS report also defines the Wai‘anae-Ko‘olau HGU to include the basalt flows and
other volcanic rocks, and provides a structure map of the altitude of the top of this hydrogeologic
unit (lzuka et al. 2016). The structure contour map shows that the top of the Basalt HGU dips
beneath the coastal plain that surrounds most of the island of O“ahu (Figure 12).

2.1.2 Hydrogeologic Data

Hydrogeological data have been collected from available reports and agency files regarding the
physical characteristics and hydraulic properties of the hydrogeologic units in the modeling area
(e.q., caprock, valley fill, or basalt), as well as other hydrologic and anthropogenic features that may
affect groundwater flow (Appendix A.2, Hydrogeology Data Tables HYDRO-1 to HYDRO-37).
These data include:
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e Thickness and extent of each hydrogeologic unit (e.g.,
(Appendix A.2, Table HYDRO-1)

e Hydraulic properties of each hydrogeologic unit (Appendix A.2, Table HYDRO-2),
including:

caprock and basalt)

— Hydraulic conductivity
— Specific yield, and/or specific storage
— Effective porosity

— Dispersivity

Table 2-4 summarizes the hydrogeologic parameter references and indicates what type(s) of
hydrogeologic data each report provides.

Table 2-4: Hydrogeologic Parameter References

Reference

Hydrogeologic Data ®

Hydraulic
Conduc-
tivity

Disper-
sivity

Specific
Yield

Specific
Storage

Effective
Porosity

Hydro-
geologic
Unit
Extent

Data Basis

Relationship of Ground-
Water Tides to Ocean Tides:
A Digital Simulation Model
(Dale 1974)

L, R

A Ground-Water Inventory of
the Waialua Basal-Water
Body, Island of Oahu,
Hawaii (Dale 1978)

Time series
analysis

Red Hill Bulk Fuel Storage
Facility Final Technical
Report (DON 2007b)

Literature
search

Model

Type 1 Letter Report — Re-
Evaluation of the Tier 3 Risk
Assessment/Groundwater
Model & Proposed Course
of Action (DON 2010a)

Field
measurements

Summary of the Oahu,
Hawaii, Regional Aquifer-
System Analysis (Nichols,
Shade, and Hunt Jr. 1996)

Data Collection Handbook to
Support Modeling Impacts of
Radioactive Material in Soil,

Section 4: Effective Porosity
(Yu et al. 1993)

Literature
search

Geotechnical Aspects of
Pavements Reference
Manual, Chapter 5.0
Geotechnical Inputs for
Pavement Design, Section
5.5 Thermo-Hydraulic
Properties (FHA 2006)

AASHTO T 215
ASTM D-2434
(granular soils)

ASTM D-5084
(all soils)

Geohydrology of the Island
of Oahu, Hawaii (Hunt Jr.
1996)

L, R

Aquifer tests
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Hydrogeologic Data *

Reference

Hydraulic
Conduc-
tivity

Disper-
sivity

Specific
Yield

Specific
Storage

Effective
Porosity

Hydro-
geologic
Unit
Extent

Data Basis

Effects of Soluble Organics
on Flow through Thin Cracks
of Basaltic Lava (Ishizaki,
Burbank, Jr., and Lau 1967)

R

(Wentworth
1938)

Volcanic Aquifers of
Hawai‘i—Hydrogeology,
Water Budgets, and
Conceptual Models (Izuka et
al. 2016) °

L, R

L, R

Aquifer tests
Laboratory tests

Specific Yield—Compilation
of Specific Yields for Various
Materials (Johnson 1967)

Literature
search

Numerical Simulation of a
Thick Freshwater Lens:
Pearl Harbor Groundwater
Model (Liu, Lau, and Mink
1981)

Hawaiian Groundwater
Geology and Hydrology, and
Early Mathematical Models
(Mink and Lau 1980)

Laboratory tests

Summary of the Oahu,
Hawaii, Regional Aquifer-
System Analysis (Nichols,
Shade, and Hunt Jr. 1996)

L, R

Laboratory tests
Aquifer tests
Models

Geohydrology of the Central
Oahu, Hawaii, Ground-
Water Flow System and
Numerical Simulation of the
Effects of Additional
Pumping (Oki 1998)

S LR

Aquifer test
Darcy’s Law
Model
Tidal Response

Numerical Simulation of the
Effects of Low-Permeability
Valley-Fill Barriers and the
Redistribution of Ground-
Water Withdrawals in the
Pearl Harbor Area (Oki
2005) °

L, R

L, R

Model

“Hawaii.” In Ground Water
Atlas of the United States:
Segment 13 - Alaska,
Hawaii, Puerto Rico and the
U. S. Virgin Islands (Oki,
Gingerich, and Whitehead
1999)

Aquifer test
Darcy’'s Law
Model
Tidal response

Estimating Hydraulic
Properties of Volcanic
Aquifers Using Constant-
Rate and Variable-Rate
Aquifer Tests (Rotzoll, EI-
Kadi, and Gingerich 2007)

Constant-rate
test
Step-drawdown
test

Model

Determination of Hydraulic
Conductivity of Some Oahu
Aquifers with Step-
Drawdown Test Data
(Soroos 1973)
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a

Hydrogeologic Data

Hydro-
Hydraulic geologic
Conduc- Disper- Specific Specific Effective Unit
Reference tivity sivity Yield Storage Porosity Extent Data Basis

Analysis of an Anisotropic R — — — — — —
Coastal Aquifer System
Using Variable-Density Flow
and Solute Transport
Simulation (Souza and Voss
1987)

Geology and Ground Water R — — — — — Field tests
Resources of the Palolo- Laboratory
Waialae District (Wentworth studies

1938)

Evaluation of Methods of L, R — — — — — Field test
Pumping Test Analyses for
Application to Hawaiian
Aquifers (Williams and
Soroos 1973)

— no data

AASHTO American Association of State Highway and Transportation Officials
ASTM  American Society for Testing and Materials

# Abbreviations:

L local data (within 5 miles of the Facility)
R regional data (i.e., island- or state-wide data)
S site-specific data

® Summarizes the findings of previous O‘ahu geologic investigations, including (Stearns and Vaksvik 1935) and (Stearns
1939; Stearns 1940; Stearns 1985)

2.1.2.1 REGIONAL HYDROGEOLOGY

Groundwater in Hawai‘i exists in three principal aquifer types. The most important type, in terms of
drinking water resources, is the basal aquifer. Basal aquifers exist as lenses of fresh water floating on
top of and displacing seawater within the pore spaces, fractures, and voids of the basalt that forms
the underlying mass of each Hawaiian island. In parts of O*ahu groundwater in the basal aquifer is
confined by the overlying caprock. Water that flows freely to the surface from wells that tap the
basal aquifer is referred to as artesian flow.

Dike-impounded aquifer systems occur near eruption centers where low-permeability dikes have
intersected more permeable volcanic flows. The dike systems compartmentalize groundwater and
occur as much as 1,600 ft above msl on O‘ahu. Groundwater within dike-impounded aquifer systems
primarily includes freshwater, but in places may include underlying brackish water and saltwater.
Groundwater may discharge from the dike-impounded system to downgradient aquifers or water
systems; in stream valleys where dike compartments are exposed, the groundwater may discharge
directly to streams (Gingerich and Oki 2000).

The third type of aquifer is the caprock aquifer, which consists of various kinds of unconfined and
semi-confined groundwater. Commonly, the caprock consists of a thick sequence of nearly
impermeable clays, coral, and basalt that separates the caprock aquifer from the basal aquifer. The
impermeable nature of these materials and the artesian nature of the basal aquifer severely restrict the
downward migration of groundwater from the upper caprock aquifer toward the lower basal aquifer.

As part of the DOH Safe Drinking Water Branch (SDWB) Groundwater Protection Program, the
State of Hawai‘i developed an aquifer classification system that is consistent with the EPA’s system.
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For the island of O‘ahu, the aquifer classifications are documented in Aquifer Identification and
Classification for O‘ahu: Groundwater Protection Strategy for Hawai‘i (Mink and Lau 1990).
Varied processes and stages, including shield-building volcanism, subsidence, weathering, erosion,
sedimentation, and rejuvenated volcanism (Stearns 1946; Mink and Lau 1990; Hunt Jr. 1996) have
affected aquifer geometries and produced geohydrologic boundaries that subdivide the regional
aquifer system and major watershed areas. The island of O*ahu has been subdivided into seven major
groundwater areas based on geohydrologic barriers (Hunt Jr. 1996) (Figure 13).

2.1.2.2 SITE HYDROGEOLOGY

The Facility is located within the Ko‘olau formation, which contains one of the two main volcanic
rock aquifers on the island of O‘ahu (Figure 14). The site is located in the Southern O‘ahu
groundwater area, which is further divided into subordinate groundwater areas. The Facility lies
within the Pearl Harbor and Moanalua subordinate groundwater areas, and is part of the Waimalu
Aquifer system of the Pearl Harbor Aquifer Sector (Figure 15). The groundwater elevation in the
site’s vicinity is approximately 20 ft msl.

The Facility is located on the boundary between the Moanalua Aquifer system, which is part of the
Honolulu Aquifer sector, and the Waimalu Aquifer system, which is part of the Pearl Harbor Aquifer
Sector (DON 2007b). Both the Moanalua Aquifer and Waimalu Aquifer systems are classified by
Mink and Lau as basal, unconfined, flank-type, and currently used as a drinking water source (Mink
and Lau 1990). The aquifers are considered fresh, with less than 250 milligrams per liter (mg/L) of
chloride, and are considered irreplaceable resources with a high vulnerability to contamination (Mink
and Lau 1990).

Previous investigators noted that the Red Hill Ridge is not a hydrogeologic boundary, and there are
no geochemical or physical attributes that separate the two aquifers at this location (DON 2007b).
The likely physical boundary between the Moanalua and Waimalu Aquifer systems is the North
Halawa Valley fill to the northwest of the Facility (DON 2007b).

The Facility is located upgradient of the Hawai‘i State Underground Injection Control Line, which
indicates the shoreward extent of groundwater considered by the State of Hawaii to be a potential
source of drinking water. The nearest public drinking water well, the Halawa Shaft, is located
northwestward of the Facility (DON 2007b), approximately 4,400 ft to the northwest of the tank
farm, and pumps water from the basal aquifer (Figure 16).

Navy Supply Well 2254-01 (Red Hill Shaft) consists of a pumping station located in the lower
access tunnel approximately 2,700 ft west of the fuel storage tanks, and an infiltration gallery that
extends from the pumping station approximately 1,270 ft along the water table, toward the fuel
storage tanks (Figure 16). The infiltration gallery intercepts most of the water that would be affected
by releases from the Facility. This well extracts groundwater at an average rate of 4 million gallons
per day (mgd) and a maximum of 18 mgd (DON 2007b).

2.1.2.3 SURFACE WATER

Surface water features in the vicinity of the Facility include the southern segment of the Halawa
Stream (approximately 665 ft to the north) and the northern segment of the Moanalua Stream
(approximately 1,760 ft to the south). In the area of Halawa Valley, streams flow above the basal
groundwater table over deeply weathered rock and may exchange water with perched water
associated with the alluvial material, known as valley fill. Groundwater that flows beneath the
Facility does not intercept surface water inland of the ocean shoreline (DON 2007b). Both Halawa
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and Moanalua streams are losing streams that lie at significantly higher elevations than the water
table, and are therefore not likely to be impacted by releases at the Facility.

2.1.2.4 HYDRAULIC PROPERTIES OF HYDROGEOLOGIC UNITS

Groundwater flow and solute transport are controlled by the hydraulic and physical properties of the
hydrogeologic units, including hydraulic conductivity, effective porosity, specific yield, specific
storage and dispersivity. For sites in O‘ahu, estimated parameter values have been reported in
Nichols, Shade, and Hunt Jr. (1996), Hunt Jr. (1996), Oki (1998), Oki (2005), and lzuka et al.
(2016). The following is a summary of the information provided in those reports.

Caprock

Hydraulic conductivity of the caprock spans several orders of magnitude depending on material type.
The older alluvium, including fine-grained muds and saprolite (thoroughly weathered volcanic rock),
have hydraulic conductivities ranging from approximately 0.01 to 1 foot per day (ft/d) (Wentworth
1938). Sands have an estimated hydraulic conductivity ranging from 1 to 1,000 ft/d (Hutcheson et al.
1996). Coral gravels and reef limestone deposits have hydraulic conductivities of several thousands
of feet per day (Oki 1998). Souza and Voss 1987 estimated an effective horizontal hydraulic
conductivity of 0.15 ft/d for caprock. Although the permeability varies greatly with material type, in
general, the caprock acts as a low-permeability confining unit atop the basal aquifer near the
coastline (Visher and Mink 1964).

The 2005 USGS groundwater model (Oki 2005) used a range of values for hydraulic conductivity for
the caprock, depending on location and rock type. For the upper limestone unit in the caprock, the
vertical hydraulic conductivity (Kv) was 25 ft/d and the horizontal hydraulic conductivity (Kh) was
2,500 ft/d. For the low-permeability units of the caprock, the USGS study used hydraulic
conductivity values ranging from 0.01 to 0.6 ft/d (Oki 2005). A more recent USGS groundwater
model (Rotzoll 2012) of the Pearl Harbor area distinguished Kh along the general lava-flow direction
(longitudinal Kh) from K in perpendicular to the general lava-flow direction (transverse Kh). The
model also used the following hydraulic conductivity values for the caprock: 0.3 ft/d, 0.2 ft/d, and
0.3 ft/d (Kh longitudinal, Kh transverse, and Kv, respectively).

Valley Fill

Hydraulic conductivity estimates of valley fill deposits range from 0.019 to 0.37 ft/d (Wentworth
1938). In the Pearl Harbor area, the 2005 USGS groundwater model (Oki 2005) used 0.058 ft/d for
both horizontal and vertical hydraulic conductivity. The valley fill deposits are underlain by
weathered basalt (saprolite) of low permeability that also impedes groundwater flow (Oki 2005).

According to the most recent pertinent USGS report (Izuka et al. 2016), specific-yield values used in
numerical models for the Caprock HGU, which includes valley fill deposits, have ranged between
0.04 and 0.2 (Souza and Voss 1987; Oki 1998; Gingerich and Voss 2005; Oki 2005; Rotzoll, El-
Kadi, and Gingerich 2007; Rotzoll 2012).

Basalt

In the Facility area, the Basalt HGU lies within the Ko‘olau Basalt, which is also called the volcanic-
rock aquifer (Oki 2005). The Basalt HGU is composed of igneous rock in various forms, including
lava flows, dikes, pyroclastic deposits, and saprolite. The lava flows are composed primarily of
either pahoehoe or a‘a lava. Massive a‘a basalt flow beds typically have low permeability and are
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interbedded with clinker of higher permeability. This results in the formation of preferential flow
paths along interflow boundaries.

Northeast of the groundwater modeling area, major rift zones create dike-controlled groundwater
flow systems. Dikes are the dominant intrusive rocks associated with the rift zones of the Ko‘olau
Range. Dikes are thin, near-vertical sheets of massive, low-permeability rock that intrude existing
rocks and have cooled beneath the surface. Each dike is generally less than 10 ft wide and can extend
vertically and laterally for long distances. Although the hydraulic conductivity of the intrusive dike
material was estimated to range from 10~ to 107 ft/d, the average, effective hydraulic conductivity
of a dike complex may range from approximately 0.01 to 0.1 ft/d, reflecting the influence of both the
intrusive dikes as well as the lava flows between dikes (Izuka et al. 2016).

In the Facility area, dikes have not been reported in the volcanic rocks. The local Facility
groundwater flow modeling area lies within the area where the basalt has not been intruded by dikes,
as mapped by the USGS (lzuka et al. 2016). The northeast boundary of the model area approximates
the mapped edge of the dike-intruded area, which lies to the northeast of the model. Dike-free
volcanics have very high permeability because of the physical features created as the lava flowed and
cooled, which include: (1) clinker zones associated with a‘a flows, (2) voids along contacts between
flows, (3) cooling joints normal to flow surfaces, and (4) lava tubes associated with pahoehoe flows.

For groundwater flow analysis, permeability is also referred to as hydraulic conductivity (K) since no
other fluid is considered in the system. In general, the vertical hydraulic conductivity (K,) of the
dike-free volcanic rock may be hundreds of times less than the horizontal hydraulic conductivity
(Kp). On the basis of numerical-model analysis of the Pearl Harbor area, Souza and Voss (1987)
estimated the ratio of K;, to K, to be 200 to 1.

According to the most recent pertinent USGS report (lzuka et al. 2016), most estimates of Ky, for
dike-free lava-flow aquifers on O‘ahu range between 500 and 5,000 ft/d (Hunt Jr. 1996). Aquifer test
results show K, values of 26 to 5,000 ft/d, with the majority of results between 200 and 1,500 ft/d
(Wentworth 1938; Visher and Mink 1964; Takasaki and Valenciano 1969; lzuka et al. 2016;
Rosenau, Lubke, and Nakahara 1971; Soroos 1973; Williams and Soroos 1973; Dale 1978; Mink
1980; Eyre 1983; Eyre, Ewart, and Shade 1986). Values of K, used in calibrated numerical models
range from approximately 100 to 7,500 ft/d (Eyre, Ewart, and Shade 1986; Souza and Voss 1987;
Oki 1998; Gingerich and Voss 2005; Whittier et al. 2004; Rotzoll, EI-Kadi, and Gingerich 2007).

Dike-free volcanic rocks have Ky values that generally range from hundreds to thousands of feet per
day (Soroos 1973; Mink 1980; Hunt Jr. 1996). Souza and Voss (1987) estimated the ratio of vertical
to horizontal hydraulic conductivity to be 0.05 ft/d. For the volcanic rock aquifer in the Pearl Harbor
area, the 2005 USGS groundwater model (Oki 2005) used a value of 4500 ft/d for K, along the
general lava-flow direction (longitudinal Kp) and 1,500 ft/d for K in perpendicular to the general
lava-flow direction (transverse Ky). The same model used 7.5 ft/d for vertical hydraulic conductivity
of the volcanic rock aquifer (Oki 2005). A more recent USGS groundwater model of the Pearl
Harbor area (Rotzoll 2012) used 1,350 ft/d for longitudinal K, 675 ft/d for transverse K, and
6.8 ft/d for K,.

Weathering reduces the hydraulic conductivity of volcanic rocks (Mink 1980). Saprolite (thoroughly
weathered volcanic rock) is soft and rich in clay, may be found in deposits 100-300 ft thick, and has
very low hydraulic conductivity (DON 2007b). According to the USGS (Oki 2005), the R.M. Towill
Corporation reported a hydraulic conductivity value of 0.058 ft/d for weathered basalt beneath
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Waiawa Stream valley based on an injection test. Wentworth (1938) estimated the hydraulic
conductivity of weathered basalt to be between 0.083 and 0.128 ft/d based on laboratory parameter
tests on core samples.

The effective porosity and specific storage of an aquifer affect the timing of the water-level response
to changes in water inflow or outflow. The total porosity represents all void spaces, which includes
vesicles, fractures, space between rock fragments, and lava tubes. However, effective porosity is
more important for groundwater flow modeling because it is a measure of the interconnected pore
space that allows flow, rather than the total void space. The total porosity of lava on O‘ahu ranges
between 5 and 50 percent, while effective porosity is typically much lower (as much as an order of
magnitude lower) because many of the pores and voids are not hydraulically interconnected and do
not provide a pathway for groundwater flow. Commonly used values for effective porosity in
Hawaiian aquifers are 0.05 (Oki 1998; Whittier et al. 2004) and 0.04 (Oki 2005; Rotzoll 2012).

Specific storage is a measure of the compressive fluids storage of rocks. In the Pearl Harbor area,
specific storage was estimated to range from 10™ to 10 per foot (ft*) (Williams and Soroos 1973).
For unconfined parts of aquifers, specific yield plays a more significant role than specific storage.
Specific yield is defined as the volume of water that a saturated rock or soil will yield by gravity
drainage divided by the total volume of rock or soil, and is usually expressed as a percentage.
Specific yield is less than the effective porosity because some portion of the water is held by
capillary tension and will not drain by gravity.

Specific yield values used for the volcanic-rock aquifer in regional groundwater models and reported
by the USGS (lzuka et al. 2016) range between 0.03 and 0.1 percent (Eyre, Ewart, and Shade 1986;
Souza and Voss 1987; Oki et al. 1996; Oki 1998; Gingerich and Voss 2005; Oki 2005; Rotzoll, El-
Kadi, and Gingerich 2007; Whittier et al. 2010; Rotzoll 2012). In the Facility area, reported values
for specific storage and specific yield values were derived from numerical modeling analysis of the
regional aquifer pumping test conducted in May 2006, the results of which are summarized in the
following subsection (DON 2007b).

2.1.25 AQUIFER TESTING AND DERIVATION OF HYDRAULIC PARAMETERS

Hydraulic conductivity values for the Basalt HGU in the Facility area were derived based on
numerical modeling analysis of data collected from a regional aquifer test conducted in May 2006.
The aquifer pumping test was conducted by TEC on behalf of the Navy in coordination with the
Honolulu BWS, the State of Hawai‘i DLNR and its Commission on Water Resource Management
(CWRM), and the U.S. Army Corps of Engineers. For the 2006 test, the primary pumping well was
U.S. Navy Supply Well 2254-01. Groundwater level monitoring was performed via transducers and
data loggers in several wells in the Red Hill area, including the Red Hill monitoring wells and other
wells near the Red Hill Shaft and Halawa Shaft. The collected field data were compared to simulated
water levels from corresponding wells to calibrate hydraulic conductivity and other hydrogeologic
properties for a local groundwater flow model.

The test period covered approximately 1 month, from May 10, 2006 to June 1, 2006, although some
data loggers recorded water levels earlier. The main pumping test was initiated by completely
shutting off U.S. Navy well 2254-01 between May 12 and May 19, which allowed the water levels
near the well to recover from pumping stresses. During this same period, the BWS Halawa Shaft and
Moanalua wells maintained their regular pumping schedules and rates. After the recovery period,
U.S. Navy well 2254-01 was subjected to a period of above-average pumping between May 19 and
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May 26; the 10-year average pumping rate for the well is approximately 4.3 mgd, and during the
above-average pumping period the pumping rate alternated between 10 and 18 mgd.

The local groundwater flow model for the Facility was calibrated for both steady state and dynamic,
or “transient”, conditions (DON 2007b, Appendix L). The steady state calibration was conducted by
1) estimating the hydraulic parameters of the major stratigraphic units from literature values,
2) simulating water table elevations using average recharge and pumping conditions for the period
between 1996 and 2005, and 3) iteratively running the groundwater flow model, using a Parameter
Estimation (PEST) algorithm (Doherty 2000), until the differences between the measured and
simulated groundwater elevations were minimized. Thirty pumping wells located in the local model
area were used to define the steady state water table elevations. Table 2-5 provides the hydraulic
parameters derived using this modeling approach with PEST; these hydraulic parameter values are
specified in the final calibrated numerical flow model (DON 2007b).

Table 2-5: Hydraulic Parameters Developed from Local Numerical Flow Model Calibration at the Facility
(DON 2007b)

Horizontal, Horizontal,
Hydrogeologic Transversal K | Longitudinal K Vertical K Effective Specific Storage
Unit (ft/d) (ft/d) (ft/d) Porosity (fth Specific Yield
Caprock 115 115 115 0.10 3.05 x 10-5 0.10
Valley Fill 0.066 0.066 0.066 0.15 1.52 x 10-5 0.12
Basalt 1,476 4,428 7.4 0.05 1.07 x 10-5 0.031
K hydraulic conductivity
ft* per foot
ft/d feet per day
Dispersivity

According to the USGS, there are few reported dispersivity values available for O‘ahu (Oki 2005). In
1974, dispersivity was estimated to be approximately 200 ft for the volcanic-rock aquifer in the
Honolulu area, and this value likely represents a longitudinal dispersivity. Using a cross-sectional
numerical model, Souza and Voss (1987) estimated the longitudinal and transverse dispersivities of
the Pearl Harbor area to be 250 and 0.82 ft, respectively. Souza and Voss (1987) also estimated a
vertical to longitudinal ratio of 0.004, and stated that transverse dispersivity values vary between
0.05 and 0.33 of the longitudinal dispersivity value. The more recent USGS groundwater model
(Rotzoll 2012) used the following dispersivity values for basalt: 164 ft, 8.2 ft and 0.8 ft for horizontal
longitudinal, horizontal transverse, and vertical dispersivity, respectively. For caprock, Rotzoll 2012
used 33 ft, 1.6 ft, and 0.2 for horizontal longitudinal, horizontal transverse, and vertical dispersivity,
respectively.

For the local modeling area, previous CF&T modeling used longitudinal dispersivity values of 5m,
3 m, and 34 m for caprock, valley fill, and basalt, respectively (DON 2007b, Appendix L). The same
model utilized a transverse to longitudinal dispersivity ratio of 0.1, and a vertical to longitudinal
dispersivity ratio of 0.01. Table 2-6 summarizes the parameter values used in the CF&T model
(DON 2007b).
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Table 2-6: Transport Parameters Used in CF&T Model (DON 2007b)

Longitudinal Transverse Effective

Dispersivity Dispersivity Vertical Dispersivity Porosity
Hydrogeologic Unit (m) (m) (m) (unitless)
Caprock 5 0.5 0.05 0.10
Valley Fill 3 0.3 0.03 0.15
Basalt 34 34 0.34 0.05
213 Groundwater Characteristics

Groundwater characteristics (e.g., elevation, temperature, and major ion concentrations) have been
collected from available reports and agency files regarding groundwater characteristics and levels
(Appendix A.3, Groundwater Data Tables GW-1 to GW-25). These data include:

e Historical and current groundwater elevations

«  Groundwater temperature records

« Groundwater salinity, electrical conductivity, total dissolved solids (TDS), turbidity, pH,
and dissolved oxygen records

< Base of fresh groundwater and/or top of saline groundwater (elevation [msl])

» Major groundwater ion and cation concentrations

Table 2-7 summarizes the groundwater elevation, temperature, and general characteristic references
and indicates what type(s) of data each one provided.

Table 2-7: Groundwater Levels, and Physical and Chemical Properties References

Groundwater Characteristics Data

Major lon/
Ground- Water Specific Cation
water TDS/ Dissolved | Temper- | Conduc- Concen-
(Reference) Elevation | Turbidity pH Oxygen ature tance Salinity trations
Phase Il Remedial . — — — — — — .

Investigation, Red Hill
Oily Waste Disposal
Facility (DON 2000)

Red Hill Bulk Fuel . ° ° — . ° —_ —_
Storage Facility Final
Technical Report (DON
2007b)

Tank 5 Initial Release . — . . . . . —
Response Report (April
2014) (DON [RH RR
reports])

Final Project Procedures . — . . . . — —
Manual, U.S. Navy
Environmental
Restoration Program
(DON 2015b)
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(Reference)

Groundwater Characteristics Data

Ground- Water Specific
water TDS/ Dissolved | Temper- | Conduc-
Elevation | Turbidity pH Oxygen ature tance

Salinity

Major lon/
Cation
Concen-
trations

Quarterly Groundwater
Monitoring Report,
Outside Tunnel Wells:
Fourth Quarter 2014
(DON [RH GM reports])

Tank 5 Quarterly
Release Response
Report (January 2015)
(DON [RH RR reports])

Draft Monitoring Well
Installation Report, Red
Hill Fuel Storage Facility
(DON 2015a)

Quarterly Groundwater
Monitoring Report,
Outside Tunnel Wells:
Fourth Quarter 2015
(DON [RH GM reports])

Quarterly Groundwater
Monitoring Report,
Outside Tunnel Wells:
First Quarter 2016 (DON
[RH GM reports])

Quarterly Groundwater
Monitoring Report:
Outside Tunnel Wells:
First Quarter 2016 (DON
[RH GM reports])

Quarterly Groundwater
Monitoring Report,
Outside Tunnel Wells:
First Quarter 2016 (DON
[RH GM reports])

Halawa Deep Monitor
Well, Oahu (3-2253-
003): Fluctuations in the
Water Table, Top of
Transition Zone (TTZ),
and Midpoint of
Transition Zone (MPTZ)
From August 2000
through October 2016
(CWRM 2016)

Volcanic Aquifers of
Hawai‘i—Hydrogeology,
Water Budgets, and
Conceptual Models
(Izuka et al. 2016)

Specific Yield—
Compilation of Specific
Yields for Various
Materials (Johnson
1967)
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Groundwater Characteristics Data

Major lon/
Ground- Water Specific Cation
water TDS/ Dissolved | Temper- | Conduc- Concen-
(Reference) Elevation | Turbidity pH Oxygen ature tance Salinity trations

Numerical Simulation of . — — — — . . —
the Effects of Low-
Permeability Valley-Fill
Barriers and the
Redistribution of
Ground-Water
Withdrawals in the Pearl
Harbor Area (Oki 2005)

Effects of Groundwater . — — — — . . —
Withdrawal on Borehole
Flow and Salinity
Measured in Deep
Monitor Wells in
Hawai‘i—Implications for
Groundwater
Management (Rotzoll
2010)

. data provided
— no data

2.1.3.1 GROUNDWATER ELEVATION

Water levels measured in monitoring wells directly beneath the Facility’s fuel storage tank indicate
that the water table typically ranges in elevation from 17.0 to 21.9 ft msl. The ground surface at the
fuel storage tanks is approximately 420-560 ft msl; thus, the water table lies approximately 400-
540 ft bgs. Beneath the fuel storage tanks, the water table lies approximately 100 ft below the bottom
of the tanks. The bottoms of the tanks and the groundwater beneath the Facility are deeper than the
adjacent valley floors (the low points of which are indicated by the elevations of the streams
projected onto Red Hill, as shown on Figure 9).

In May 2015, the USGS conducted a pumping test of BWS Halawa Shaft, which included
monitoring of the Red Hill groundwater monitoring network. Due to difficulties in retrieving data
from the USGS website, only a partial set of raw data from that test has been obtained by the
Navy/DLA. Further coordination with USGS will be required to obtain all relevant data, and once
the full data set is compiled, the Navy/DLA plan to perform a full data evaluation and include those
data in the updated groundwater flow model.

To the northwest of the Facility, the BWS Halawa Shaft is a major municipal drinking water source
for southern O‘ahu. The regional groundwater pumping test in May 2006 showed that pumping of
Navy Supply Well 2254-01 for approximately 1 week at above-average rates (approximately
10-18 mgd) increased the drawdown substantially near the pumping well and created a hydraulic
capture zone along the Red Hill Shaft infiltration gallery. This pumping increased the southwesterly
gradient in the Facility area, but no response was noted in the Halawa Deep Monitor Well
(HDMW2253-03) located north of the Facility (Figure 2). Other wells monitored near the Facility
did show a clear hydraulic response to pumping of Navy Supply Well 2254-01.

Since 2007, groundwater level measurements are available from the Red Hill monitoring wells

(Appendix B). Beginning in June 2008, quarterly or monthly depth to groundwater data are available
for RHMWO1 through RHMWO05 and RHMW2254-01. Quarterly data are also available for
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OWDFMWO01 and HDMW2253-03 beginning August 2009. Data from the more recent wells
RHMWO06 and RHMWO07 are available beginning in October 2014, and from RHMWO08 and
RHMWO09 beginning in October 2016. Water levels were also measured in these wells on
November 18, 2016 after an extended period when the Red Hill Shaft was not pumping. Farther
away from the Facility, water levels in other wells in the model domain have also been measured at
various times by other agencies, including the USGS and the BWS.

During May 2015, the USGS and BWS conducted a pumping test of the BWS Halawa Shaft while
collecting water level elevations in a number of monitoring wells. For that test, the normal BWS
Halawa Shaft pumping of approximately 6 mgd was stopped during the period of May 8-13, 2015.
Afterward, the Halawa Shaft was pumped at a much higher rate, approximately 14 mgd, for the
period of May 14-20, 2015. The pumping rate decreased starting on May 21 to approximately
9 mgd, held steady at approximately 6 mgd during May 23-28, but then declined on May 30 to
approximately 2 mgd. Thereafter, the Halawa Shaft pumping rate resumed at the rate of
approximately 6 mgd through mid-June of 2015.

Red Hill Shaft pumping rates are not contained in the data set currently available for the period prior
to May 22, 2015. The data recorded starting May 22 show Red Hill Shaft pumped at approximately
7-12 mgd until the pump stopped at 08:00 hours on May 22. The pump remained off until 09:30 on
May 23, 2015 and then pumping resumed at approximately 6-7 mgd until approximately
16:20 hours, until it was stopped again approximately 21:00 on May 23, 2015. After that time on
May 23, Red Hill shaft pumping resumed at approximately 7 mgd until approximately 01:20 on
May 24, 2015. For the remainder of May, Red Hill Shaft pumping was stopped for periods of
3-15 hours on a daily basis with intervening periods of pumping at rates varying from approximately
7 to 14 mgd on those days.

During May 2015, water levels were measured frequently at a number of monitoring wells in the
area, including: BWS Halawa Valley well, OWDFMWO01, RHMW04, RHMW07, BWS DH43
2253-02, TAMC MW?2, and Moanalua Well 3-2153-05. The Navy/DLA currently has the May 2015
data from these wells, but it is not known whether the USGS or BWS has completed an analysis of
the data or has prepared a report describing the pumping test and results. Pumping of water supply
wells other than the Halawa Shaft during May 2015, including the Red Hill Shaft, may have affected
water levels in the Red Hill monitoring wells.

A set of synoptic groundwater level measurements were collected on November 18, 2016 from the
Facility wells. The data are presented in Appendix A.3, Groundwater Data Table GW-61. Those
measurements are from a period in which Red Hill Shaft was not pumping.

2.1.3.2 GROUNDWATER PARAMETERS

During 2016, the most recent year in which groundwater parameters were routinely measured, the
average groundwater pH across the Red Hill monitoring network ranged from 6.31 to 8.75
(Table 2-8). Average groundwater temperature was relatively constant, with the difference between
the minimum (21.6° Celsius [C]) and maximum (26.1° C) values being less than 5° C. TDS levels,
specific conductance, and salinity were all greatest in well OWDFMWO0L1, while well RHMWO01
recorded the lowest average values for those same parameters. Finally, dissolved oxygen levels
varied from 0.66 mg/L at RHMWO02 to 7.86 mg/L at RHMW2254-01.
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Table 2-8: Average 2016 Groundwater Parameters

Total Water Specific
Water Dissolved Dissolved | Tempera- Conduc-
Elevation Solids Turbidity Oxygen ture tance Salinity

Well (ft msl) (g/L) (NTU) pH (mg/L) (°C) (uS/cm) (ppt)
RHMWO01 83.11 0.22 2.03 7.08 4.22 23.72 346.12 0.18
RHMWO02 85.74 0.33 0.80 6.43 0.66 23.61 512.20 0.24
RHMWO03 102.37 0.50 1.75 6.82 1.27 26.10 779.50 0.38
RHMWO04 293.61 0.28 1.02 6.60 7.24 22.99 399.28 0.31
RHMWO05 82.41 0.55 3.72 7.66 7.85 23.48 599.25 0.41
RHMWO06 240.55 1.04 2.14 6.91 5.58 23.85 1,627.00 0.83
RHMWO7 198.13 1.19 1.04 7.34 1.98 23.97 1,835.50 0.94
RHMWO0S8 # 292.07 0.54 0.00 8.73 4.53 25.38 837.00 0.40
RHMWOQ9 * 376.93 0.23 0.00 7.45 7.06 24.73 355.00 0.20
RHMW2254-01 81.01 0.28 0.38 7.20 7.86 21.61 468.50 0.22
HDMW2253-03 206.35 0.32 30.58 6.31 2.56 22.82 482.48 0.22
OWDFMWO01 119.92 2.54 13.50 8.75 3.80 25.13 3,931.00 2.07

Source: Red Hill Quarterly Groundwater Monitoring Reports for 2016 (DON [RH GM reports])
uS/cm  microsiemens per centimeter

°C degrees Celsius

g/L grams per liter

NTU nephelometric turbidity unit
ppt parts per trillion

 Average values are based on only two sampling events because these wells were installed in 2016.

Regionally and within the groundwater flow modeling area, groundwater occurs as a freshwater lens
floating on saltwater. According to the USGS, the upper part of this freshwater lens is derived from
local rainfall and irrigation over the past decades, below which is a cooler zone of older freshwater
that overlies a brackish-water transition zone and saltwater (Rotzoll 2010). The thickness of the
freshwater lens, which may be hundreds of feet or less in the Pearl Harbor area, depends on factors
including the amount of recharge, the hydraulic properties of the aquifer, water supply well pumping,
and the effectiveness of the caprock as a confining unit. In 2007, Rotzoll specified the base of the
2007 model as the bottom of the freshwater lens based on salinity data available at that time (DON
2007b; Rotzoll and El-Kadi 2007). Several agencies collect salinity profiles from deep monitoring
wells on a routine basis, including the HBWS, CWRM, and USGS. In 2010, the USGS published a
report evaluating the depth of the freshwater lens using hundreds of salinity profiles from deep
monitoring wells that penetrate through the transition zone between freshwater and saltwater, which
included seven deep monitoring wells located in the modeling area (Rotzoll 2010).

In addition to the USGS reports that are now available for the modeling area, quarterly water
sampling and laboratory analyses of the Red Hill monitoring wells conducted since 2007 by the
Navy/DLA have provided data to characterize the physical and chemical characteristics of the
groundwater. Groundwater temperature, pH, and specific conductance measurements are available
for each water sample collected in the field, including those taken from well locations unaffected by
the Facility. Laboratory analyses from the unaffected wells reflect naturally occurring concentrations
of chemical constituents. At some locations, however, additional petroleum-related constituents
contributed by the Facility have been detected at varying concentrations through time, as further
described in Section 2.3.3.
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214 Groundwater Recharge and Discharge

Information on groundwater recharge and discharge rates has been collected from available reports
and agency files regarding groundwater flow and recharge models, aquifer characteristics, and
meteorological records (Appendix A.3, Groundwater Data Tables GW-26 to GW-61). These data
include:

» Comprehensive recharge studies (e.g., USGS)

» Precipitation records

« Additional recharge sources

»  Spring discharge rate(s)

e Aquifer characteristics

e Water budget estimates (for average and drought conditions)

Table 2-9 summarizes the groundwater recharge and land use references and indicates what type(s)
of data each one provided.

Table 2-9: Groundwater Recharge References

Groundwater Recharge References

Water Water
Budget- Budget-
Precipita- Stream Spring Aquifer | Estimates - | Estimates -

tion Flow Discharge | Character- | Average Drought
Reference Records Records Records istics Conditions | Conditions

Phase Il Remedial Investigation, Red Hill — — — S, L — —
Oily Waste Disposal Facility (DON 2000)

Red Hill Bulk Fuel Storage Facility Final — — R — — —
Technical Report (DON 2007b)

Spatially Distributed Groundwater Recharge L, R — — — L,R L,R
for 2010 Land Cover Estimated Using a
Water-Budget Model for the Island of O‘ahu
(Engott et al. 2015)

National Water Information System: Mapper — L L — — —
(USGS 2017)

National Water Information System: Web L L — — — —
Interface — USGS Water Data for the Nation
(NWIS 2017)

Climate Data Online, Station Details for L — — — — —
Halawa Shaft 771.2, HI US (NCEI 2017)

Volcanic Aquifers of Hawai'‘i— R — — — R R
Hydrogeology, Water Budgets, and
Conceptual Models (Izuka et al. 2016)
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Groundwater Recharge References
Water Water
Budget- Budget-
Precipita- Stream Spring Aquifer | Estimates - | Estimates -
tion Flow Discharge | Character- | Average Drought
Reference Records Records Records istics Conditions | Conditions
Geohydrology of the Central Oahu, Hawaii, R — L — R —
Ground-Water Flow System and Numerical
Simulation of the Effects of Additional
Pumping (Oki 1998)
Numerical Simulation of the Effects of Low- R — — — R —
Permeability Valley-Fill Barriers and the
Redistribution of Ground-Water
Withdrawals in the Pearl Harbor Area,
Oahu, Hawaii (Oki 2005)
— no data
# Abbreviations:
L local data (within 5 miles of the Facility)
R regional data (i.e., island- or state-wide data)

S site-specific data

2.2 MONITORING WELL AND WATER SUPPLY DATA

2.2.1 Monitoring Well Data

Monitoring well data have been collected from available reports and agency files regarding such
information as well locations, purpose, dimensions, and screening interval (Appendix A.4, Well Data
Tables WELL-1 to WELL-6). These data include:

Well name

* Hawaii well index number

*  Well location

» Reference datum for each well location (e.g., North American Datum of 1983 [NAD83])

e Well use

» Date of installation

» Ground surface elevation (ft msl)

» Top of casing elevation (ft msl)

» Bedrock elevation (ft msl)

» Groundwater elevation (ft msl)

e Top and bottom of well screen interval (ft msl)

» Elevation and total depth of boreholes (ft msl)

« Borehole diameter (inches [in])

»  Well casing diameter (in)

Table 2-10 summarizes the groundwater monitoring well references, and indicates what type(s) of

data are provided in each.

2-28



1

Existing-Data Summary and Evaluation Report

March 5, 2017

for Groundwater Flow and CF&T Modeling

Revision 00 Red Hill Bulk Fuel Storage Facility, JBPHH, O‘ahu, Hl

Summary of Compiled

Existing Data

Table 2-10: Groundwater Monitoring Well References

Reference

Groundwater Well Data ®

Well
Location

Well Use

Well
Depth

Depth to
Ground-
water

Screened
Interval

Well
Diameter

Phase Il Remedial Investigation, Red Hill
Oily Waste Disposal Facility (DON 2000)

S

S

S

S

Red Hill Bulk Fuel Storage Facility
Investigation Report (Final) for Fleet
Industrial Supply Center (DON 2002b)

S

S

S

Red Hill Bulk Fuel Storage Facility Work
Plan (DON 2005)

Red Hill Bulk Fuel Storage Facility Final —
Work Plan Addendum (DON 2006a)

Well Abandonment Technical
Memorandum (DON 2006b)

Red Hill Bulk Fuel Storage Facility Draft
Groundwater Field Sampling Plan (DON
2007a)

Red Hill Bulk Fuel Storage Facility Final
Technical Report (DON 2007b)

Red Hill Bulk Fuel Storage Facility Final
Groundwater Protection Plan (DON 2008)

Type 1 Letter Report — Re-Evaluation of
the Tier 3 Risk Assessment/Groundwater
Model & Proposed Course of Action (DON
2010a)

Hawaii Well Index Table 2014-04-22
(Data.gov 2017)

S,LLR

S,LLR

S LR

S LR

Halawa Deep Monitor Well, Oahu (3-2253-
003): Fluctuations in the Water Table, Top
of Transition Zone (TTZ), and Midpoint of
Transition Zone (MPTZ) From August
2000 through October 2016 (CWRM 2016)

Plans for Construction of a Portion of
Interstate Route H-3, Halawa Quarry
Viaduct Makai Section (HDOT 1988)

Water Wells in the State of Hawai‘i (HIGP
2017)

S,LLR

Specific Yield—Compilation of Specific
Yields for Various Materials (Johnson
1967)

Geohydrology of the Central Oahu,
Hawaii, Ground-Water Flow System and
Numerical Simulation of the Effects of
Additional Pumping (Oki 1998)

S,L,R

Numerical Simulation of the Effects of
Low-Permeability Valley-Fill Barriers and
the Redistribution of Ground-Water
Withdrawals in the Pearl Harbor Area (Oki
2005)

S,L,R

S,.LLR
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Groundwater Well Data ®

Depth to
Well Well Ground- Screened Well
Reference Location Well Use Depth water Interval Diameter
Halawa Deep Monitoring Well Log (URS S S S — — S
Group 2000)
Final Summary of Drilling and S S S S — S
Hydrogeologic Conditions for Waimalu
Deep Monitor Well No. 2456-05 (URS
2006)
— no data
@ Abbreviations:
L local well (within 5 miles of, but not within, the Facility)
R regional well (> 5 miles from the Facility)
S site-specific well (for the Facility)
2211 RED HiLL GROUNDWATER MONITORING WELLS

Four groundwater monitoring wells (RHMWO01, RHMW02, RHMWO03, and RHMWO05) are located
within the Facility’s lower access tunnel, and sampling location RHMW2254-01 is located adjacent
to U.S. Navy Supply Well 2254-01 (Red Hill Shaft) (Figure 2).

Seven groundwater monitoring wells (RHMW04, RHMWO06, RHMW07, RHMW08, RHMW0Q9,
HDMW2253-03, and OWDFMWO01) are located outside of the Facility tunnel system (Figure 2):

RHMWO04, RHMWO06, and RHMWQ7 are located in the northern portion of the Facility,
along the road to the Navy Firing Range.

»  RHMWO0S8 is located to the west of the underground tanks and serves as a monitoring
point between the tanks and the supply water infiltration gallery. RHMWO9 is located to
the southwest of the tanks, and serves as an additional monitoring point between the
tanks and the infiltration gallery.

+ HDMW?2253-03 is located at the Halawa Correctional Facility (outside the Facility
boundaries).

« OWDFMWOL1 is located at the Navy’s former Oily Waste Disposal Facility (OWDF)
near Adit 3, west of Navy Supply Well 2254-01.

RHMWO06 and RHMWO07 (DON 2015a) and RHMWO08 and RHMWO09 (DON 2016a) were installed
in response to the Tank 5 release. Two additional groundwater monitoring wells are planned to be
installed in 2017 to further expand the monitoring network (DON 2016a), and there is an option to
install a third contingency well in 2017 or 2018, should it be deemed necessary.

2.2.1.2 MONITORING WELLS IN THE GROUNDWATER FLOW MODELING AREA

The primary groundwater flow modeling area contains seven groundwater monitoring wells
(Figure 17). The Honolulu BWS owns and operates wells 2153-05 (Moanalua Deep Monitoring
Well), 2153-09 (Moanalua Monitoring Well), 2255-33 (Halawa Shallow Observation Well), 2255-40
(Halawa Deep Observation Well), and 2355-14 (Ka*amilo Deep Monitor Well). The remaining two
wells, 2253-03 (Halawa Deep Monitor Well) and 2456-05 (Waimalu Deep Monitor Well) are owned
by the Hawai‘i DLNR CWRM. The deep monitoring wells extend below the basal aquifer into the
saltwater lens below, and are used to monitor chloride concentrations in groundwater.
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2.2.1.3 OTHER WELLS IN THE GROUNDWATER FLOW MODELING AREA

The remaining groundwater flow modeling area contains 185 documented wells (Figure 18), which
primarily serve, or have served, as either water supply wells or groundwater monitoring wells
(Appendix A.4, Well Data Table WELL-3). The most commonly cited well owners are BWS,
NAVFAC Hawaii, and the Oahu Sugar Company. Several groundwater wells within the model area
were installed prior to 1900, and may no longer be in use.
2.2.2 Water Supply Wells and Infiltration Tunnels

Water supply well and infiltration tunnel data have been collected from available reports and agency
files regarding well locations, purpose, dimensions, average pumping rates, and other information
(Appendix A.4, Well Data Table WELL-4). These data include:

o Well name

» Hawaii well index number

» Approximate well locations plotted on plotted on Figure 4 — Figure 7

» Reference datum for each well location (e.g., NAD83)

o Well use

» Date of installation

» Ground surface elevation (ft msl)

» Top of casing elevation (ft msl)

» Bedrock elevation (ft msl)

» Groundwater elevation (ft msl)

» Top and bottom of well screen interval (ft msl)

» Elevation and total depth of boreholes (ft msl)

» Borehole diameter (in)

»  Well casing diameter (in)

* Pump intake elevation (msl)

» Average pumping rate (mgd)

s Permitted pumping rate (mgd)

» Maximum sustainable pumping rate (mgd)

» Lateral extent of water tunnel (for infiltration galleries only) (ft)

» Pumping rate records January 2015—present, preferably monthly or more frequently

e Pump operation schedules January 2015—present, and plans for the foreseeable future

* Any other available historical pump operation records

Table 2-11 summarizes the water supply well references and indicates what type(s) of data each one
provided.
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1 Table 2-11: Water Supply Well and Infiltration Gallery References

Water Supply Well and Pump Data *

Maximum
Permitted
and/or
Sustain-
Depth to Average able
Well Well Ground- | Screened Well Pumping | Pumping
Reference Location | Well Use Depth water Interval | Diameter Rate Rate

Phase Il Remedial — S S S S — — —
Investigation (DON 2000)

Red Hill Bulk Fuel Storage — — S S S — — —
Facility Investigation Report
(Final) for Fleet Industrial
Supply Center (FISC) (DON
2002b)

Red Hill Bulk Fuel Storage — S S S S S — —
Facility Work Plan (DON
2005)

Red Hill Bulk Fuel Storage S — S — — S — —
Facility Final — Work Plan
Addendum (DON 2006a)

Well Abandonment Technical — — S S — — — —
Memorandum (DON 2006b)

Red Hill Bulk Fuel Storage S — S — S S — —
Facility Draft Groundwater
Field Sampling Plan (DON
2007a)

Red Hill Bulk Fuel Storage S — S S S S S S
Facility Final Technical
Report (DON 2007b)

Red Hill Bulk Fuel Storage S — — — — — — —
Facility Final Groundwater
Protection Plan (DON 2008)

Type 1 Letter Report — Re- S — — — — — — —
Evaluation of the Tier 3 Risk
Assessment/Groundwater
Model & Proposed Course of
Action (DON 2010a)

Hawaii Well Index Table S,L,R S,L,R S,L,R — S LR S LR S LR —
2014-04-22 (Data.gov 2017)
Halawa Deep Monitor Well, S S S S S S — —

Oahu (3-2253-003):
Fluctuations in the Water
Table, Top of Transition Zone
(TTZ), and Midpoint of
Transition Zone (MPTZ) From
August 2000 through October
2016 (CWRM 2016)

Plans for Construction of a — S S — S — — —
Portion of Interstate Route

H-3, Halawa Quarry Viaduct
Makai Section (HDOT 1988)

Water Wells in the State of S,LLR — — — — — — —
Hawai'‘i (HIGP 2017)
Specific Yield—Compilation S — — S S — — _

of Specific Yields for Various
Materials (Johnson 1967)
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Water Supply Well and Pump Data ?

Maximum
Permitted
and/or
Sustain-
Depth to Average able
Well Well Ground- | Screened Well Pumping | Pumping
Reference Location | Well Use | Depth water Interval | Diameter Rate Rate
Geohydrology of the Central S, LR — — — — — — —
Oahu, Hawaii, Ground-Water
Flow System and Numerical
Simulation of the Effects of
Additional Pumping (Oki
1998)
Numerical Simulation of the S,LLR — S,LLR — — — — S LR

Effects of Low-Permeability
Valley-Fill Barriers and the
Redistribution of Ground-
Water Withdrawals in the
Pearl Harbor Area (Oki 2005)

Halawa Deep Monitor Well S S S — — S — —
Log (URS Group 2000)
Final Summary of Drilling and S S S S — S — —

Hydrogeologic Conditions for
Waimalu Deep Monitor Well
No. 2456-05 (URS 2006)

— no data

# Abbreviations:
L local well (within 5 miles of, but not within, the Facility)
R regional well (> 5 miles from the Facility)
S site-specific well (for the Facility)

Nine water supply wells and infiltration galleries were identified within the groundwater flow
modeling area (Figure 16). The U.S. Army Garrison’s Directorate of Public Works owns wells
2153-07 (Tripler Army Medical Center [TAMC]-1) and 2153-08 (TAMC-2); BWS owns and
operates wells 2253-02 (Moanalua DH 43), 2354-01 (Halawa Shaft Well), and 2355-08 (Kalauao
T118); and NAVFAC Hawaii owns wells 2254-01 (Red Hill Navy Supply Well, also known as Red
Hill Shaft), 2254-02 (Halawa), and 2256-10 (Navy Aiea), in addition to the Red Hill Navy Supply
Well infiltration gallery. All of the water supply wells appear to have been installed during or prior
to 1963 (Appendix A.4, Well Data Table WELL-4).

Navy Supply Well 2254-01 is located approximately 2,600 ft seaward (“makai”) of the Facility’s
underground fuel storage tanks, and provides potable water to the JBPHH Water System, which
serves approximately 65,200 military customers. Naval Facilities Engineering Command
(NAVFAC) Hawaii operates Navy Supply Well 2254-01 and its associated infiltration gallery, which
extends across the water table to within 1,530 ft of the underground tanks.

Details of the construction of the Red Hill Water Tunnel are provided in the U.S. Navy Red Hill
Water-Development Tunnel Log by Harold T. Stearns (Stearns 1943), which is attached to a brief
transmittal letter from Mr. Stearns to Mr. O. E. Meinzer of the USGS dated January 18, 1943. The
log provides detailed sketches of the volcanic rock materials penetrated by the tunnel, and notations
of the groundwater inflows into sections of the tunnel during construction. The log’s notations also
include groundwater level elevations during pumping and non-pumping periods, but the
measurement point(s) for groundwater elevation measurements is not indicated.
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2.3 FACILITIES AND LAND USE DATA

2.3.1 Red Hill Fuel Storage Tanks

This subsection provides a description of Facility characteristics (e.g., the Facility fuel storage tanks)
within the groundwater flow modeling area (Appendix A.5, Facility Data Table FAC-1).

Table 2-12 summarizes the Facility fuel storage tank references, and indicates what type(s) of data
each one provided.

Table 2-12: Red Hill Storage Facility Fuel Storage Tank References

Fuel Storage Tank Parameter *
Past and
Current Confirmed
Reference Capacity Dimensions Contents Releases
Initial Phase |l Site Characterization Report, Fleet Industrial — — S —
Supply Center Bulk Fuel Storage Facility at Red Hill (DON
1999)
Phase Il Remedial Investigation, Red Hill Oily Waste Disposal — — S —
Facility (DON 2002b)
Red Hill Bulk Fuel Storage Facility Work Plan (DON 2005) — — S —
2011 Biennial Integrity Testing Reports of Bulk Field S S S —
Constructed Underground Storage Tanks, Naval Station Pearl
Harbor / Red Hill, Hawaii. Tanks 2, 3, 7, 8, 10, 11, 12, 15, 18,
20 (DON 2011)
2013 Biennial Leak Detection Testing Report of Bulk Field- S S S —
Constructed Underground Storage Tanks 2, 7, 8, 15 (DON
2013a)
Quarterly Groundwater Monitoring Reports for Inside Tunnel — — S —
Wells and Outside Tunnel Wells, Red Hill Bulk Fuel Storage
Facility 2005-2017 (DON [RH GM reports])
Plans for Construction of a Portion of Interstate Route H-3, S — S S
Halawa Quarry Viaduct Makai Section (HDOT 1988)
Summary of Site Information- Hawaiian Cement Halawa — — — L
Quarry (DOH 2016)
— no data
# Abbreviations:
L local data (within 5 miles of the Facility)
S site-specific data

The Facility was constructed by the U.S. Government in the early 1940s to support war efforts in the
Pacific during World War 1, and continues to be instrumental in storing and transporting fuel to
support the Navy’s mission. Prior to the early 2000s, several tanks stored Navy Special Fuel Oil
(NSFO), Navy Distillate, aviation gasoline (AVGAS), and motor gasoline (MOGAS). Currently, the
Facility’s fuel storage tanks currently contain Jet Fuel Propellant (JP)-5, North Atlantic Treaty
Organization (NATO)-grade F-24 jet fuel, and Marine Diesel Fuel (F-76). The fuel storage tanks,
fuel distribution piping, and associated access tunnels were installed in basalt with inter-bedded
volcanic tuff and breccia zones. The fuel storage tanks were constructed in two parallel rows.

Construction of the Facility began with excavation and removal of surface soil on the top of Red Hill
to expose the underlying basalt. Each tank pit was then blasted from the basalt, using a central
vertical tunnel and radial blast tubes. The upper dome shell was excavated first, and the upper dome
was field-constructed. The cavity for the tank barrel and lower dome was then blasted and excavated,
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and the remainder of the tank was field-constructed from the lower dome up. The tank lining was
constructed using ¥a-inch-thick, 5-ft by 12-ft steel plates welded together. Once the lower dome of
each tank was in place, a bed of concrete was placed below the bottom of the dome. A gap of
approximately 3.5-4 ft was maintained between the tank lining and the wall of the excavation, and
after installing steel reinforcing, concrete was poured into the gap (DON 2005, Appendix C). Upon
completion of each tank, small-diameter holes were drilled in the sides of the tank and through the
concrete bed. A 10-to-1 grout mixture was then injected into the surrounding bedrock at a pressure of
approximately 300 pounds per square inch to close seams and fractures in the tank and the
surrounding bedrock (DON 2002b).

During Tank 5 refilling operations following scheduled maintenance, a fuel release was discovered
on January 13, 2014, and the Navy immediately notified DOH and EPA of a loss of fuel. On
January 16, 2014, the Navy verbally notified DOH and EPA of a confirmed release from Tank 5. On
January 23, 2014, the Navy provided written notification to DOH. The Navy estimated the fuel loss
at 27,000 gallons. It was in response to this release that EPA Region 9 and DOH negotiated the AOC
for the Facility with the Navy/DLA (EPA Region 9 and DOH 2015).

Following the reported release, water samples were collected from Navy Supply Well 2254-01 and
the following BWS wells: Halawa Shaft, Halawa Wells, ‘Aiea Wells, ‘Aiea Gulch Wells, and
Moanalua Wells. Test results from Navy Supply Well 2254-01 and the BWS well samples indicated
that no petroleum constituents at concentrations requiring action had reached the drinking water
supply wells in the months following the release (RHSF Task Force 2014).

2.3.2 Historical Records Review of Neighboring Properties

A review of offsite contaminant sources was conducted by searching DOH Solid and Hazardous
Waste Branch (SHWB) Underground Storage Tanks (UST) / Leaking Underground Storage Tanks
(LUST) and Hazard Evaluation and Emergency Response (HEER) databases for records pertaining
to the Facility and neighboring properties. State databases included, but were not limited to: LUST,
Registered UST, SHWS (State Hazardous Waste Sites), SWF/LF (Solid Waste Disposal Facilities),
and SPILLS (Spills List). Freedom of Information Act inquiries were submitted to the DOH SHWB
and HEER Office to obtain the environmental records pertaining to these listings. Referenced
information provided in the DOH records is summarized in Table 2-13 (cited references are
presented in the table’s notes), and locations are depicted on Figure 21. Available compiled data are
presented in Appendix A.5, Facility Data Tables FAC-2 to FAC-4.
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Table 2-13: Historical Releases at Properties Neighboring the Red Hill Facility

Location
(DOH
Release No.) | Description Groundwater Monitoring Wells Chemistry Results Final Status
Red Hill A release was reported on April 15, 2008 in the Red Hill No groundwater monitoring wells | The sludge in the tank did not exceed the soil action DOH sent a letter on
Mauka Mauka Neighborhood on the Aliamanu Military Reservation, | were installed since the release levels (SALs) of any RCRA metals. The most September 16, 2008 for No
Neighborhood | immediately north of the intersection of Tampa Drive and was most likely a spill from the contaminated portion of the stockpile soils contained | Further Action (NFA) despite a
(DOH SHWB | Forward Avenue. tank during excavation. a diesel concentration of 32,500 mg/kg and a gasoline | small volume of petroleum-
Release No. | Approximately 12 gallons of an unknown product were concentration of 96.2 mg/kg. No contaminants were contaminated soil remaining in
080025) released during excavation of a 500-gallon UST, which was detected in the soil surrounding the tanks (Tetra Tech | the subsurface (DOH 2008c).
discovered during a redevelopment project. There were no 2008).
existing records of the UST prior to its discovery, and the
UST was not leaking. The redevelopment contractor removed
the UST, and Tetra Tech was contracted to sample the UST'’s
contents, the excavated soil, and the soil around the tank
(Tetra Tech 2008).
Halawa A Foster Village resident reported oil contamination and dead | Twenty-three soil borings were During the 1992-1993 rainy season, TPH-g was not | In August 1993, monitoring the
Correctional | fish in Halawa Stream in May 1988. A UST located in the drilled in six areas; 16 of those detected, but TPH-d ranged from non-detectable site was discontinued based
Facility — south end of the Halawa Correctional Facility medical unit borings were converted into concentrations to 59 mg/L in one of the wells. on the results of the last
Medium was discovered to be leaking into Halawa Stream. groundwater monitoring wells. Benzene and total xylenes were also measured at Dames and Moore quarterly
Security Approximately 2,000 gallons of diesel fuel were recovered by | Quarterly groundwater monitoring | concentrations ranging from non-detectable to groundwater monitoring report.
Prison: May | ojl/water separators in the South Halawa Stream, the North was conducted between August 0.22 mg/L and 0.11 mg/L, respectively. DOH did not | Records of this incident are
1988 UST Tributary Stream, and the underground pipeline in 1988. The | 1992 and May 1993. have any guidelines on TPH-g or TPH-d at the time of | not available after 1993. NFA
Leak Release | UsT and pipes had been leaking for an unknown period. Two publication (Dames and Moore 1993). Status was granted in 2000
(DOH SHWB | giljwater separators were installed in 1989 and collected according to DOH SHWB
Release No. | approximately 500 gallons of diesel by 1991 (Dames and records (DOH 2015a).
880020) Moore 1991).
Halawa A release at the Halawa Correctional Facility — Medium One existing groundwater Results of chemical analyses following the discovery | The UST closure report
Correctional Security Prison occurred in April 1999. Two gasoline USTs monitoring well 10 ft from tank M-1 | of the release were as follows (EKNA 1999): recommended that further
Facility — (M-1 and M-2) and a smaller diesel UST (M-3) were located | was inspected after the release o TPH-d was detected in concentrations greater than | &ction should be taken to
Medlu_m in the parking area adjacent to ?he prison wall in the western | was discovered. the MRL in most of the soil samples but less than monitor the_sne (EKNA 1999).
Security | portion of the facility. Another diesel tank was located inside the DOH Tier | Action Level. TPH-d was also found | However, since the technique
Prison: April | the prison compound adjacent to the prison wall opposite of in all of the water samples greater than the MRL. | used to test the soil may have
1999 UST tanks M-1 to M-3. « TPH-q was recorded above the MRL for one soil caused false positives, DOH
Excavation Petroleum odors in the soil and the piping systems were sam ?e below the action level and two water deemed the soil contamination
Release observed during the excavation of the USTs. A sheen was sampl b : negligible. The water
S . ples above the action level. o
(DOH SHWB | also observed on the groundwater inside of the pit. USTs and . . contamination was also
Release No. | piping were observed after excavation and did not show any ¢ BTEX was encountered in one soil sample. It was | deemed negligible since the
990204) sign of damage or leakage despite the odor. Soil samples encountered in two water samples at a water was perched water and
from the excavations and water samples from the tank pits concentration above the MRL, with benzene and | not actually from the water
and one groundwater monitoring well were collected (EKNA toluene above the action level. table under the site. Samples
1999). e Total lead was not detected in any samples. from existing groundwater
e PAHSs were not detected in any soil samples but monitoring wells did not have
were detected in four water samples above the any detects. The contractor,
MRL, and with two above the action level. EKNA, wrote a letter to DOH
) in April 2000 requesting a NFA
e MtBE was encountered in three samples above the status. It was accepted in May
MRL and action level. 2000 (DOH 2000b)
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(DOH

Release No.) | Description Groundwater Monitoring Wells Chemistry Results Final Status

Halawa A diesel and a gasoline UST were excavated at the Halawa | Three wells were installed around | Results of chemical analyses following the discovery | Because no detects were
Correctional | Correctional Facility — High Security Prison. The tanks were | both the gasoline UST site and the | of the release and after excavation of the area were found after the

Facility — High | located approximately 30 ft from the eastern wall of diesel UST site following the as follows (MFA 1999): overexcavation, NFA was
Security module A. extraction of soil borings. No o Initial samples collected from around the gasoline | fécommended in December
Prison The diesel UST was removed on February 28, 1994, and product was found in any of these UST had detects of TPH-g and BTEX. Only 1999. It was accepted by DOH
(DOH SHWB | eight holes were discovered. The gasoline UST was wells during subsequent sampling benzene and ethylbenzene were detected above | in August 2000 (DOH 2000a).
Release No. |excavated a week later; no holes were visible but minor and gauging. DOH EALs. Samples from the groundwater

000091) rusting was observed. Product was noted on the water showed no TPH-g or BTEX above laboratory

surface within the excavation. No product was observed after
removal of the contaminated backfill material (MFA 1999).

MRLs.

o [nitial samples from the diesel tank indicated the
presence of TPH-d, benzene, ethylbenzene, and
xylenes. Samples from groundwater indicated the
presence of ethylbenzene, xylenes, and
fluoranthene. None of the tested analytes was
above DOH EALs.

¢ No detects occurred in soil and groundwater
samples following the overexcavation.
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(DOH
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City and The City and County of Honolulu (CCH) Halawa Bus Facility | Groundwater Data: Groundwater Chemistry results by DOH Release ID: Releases 980246, 990045,
County of is located at 99-999 lwaena Street, in Halawa Valley. was believed to be at a depth of o Release 980246: TPH-d, benzene, ethylbenzene, 030021, and 030024 are being
Honolulu Between 1998 and 2003, 15 USTs containing diesel, approximately 120-150 ft bgs; acenaphthene, and naphthalene were detected managed in place by an
Halawa Bus | gasoline, waste oil, and mineral spirits were excavated and however, there were concerns above EALs in soil samples collected from the Environmental Protection
Facility rem0\t/eéj én a setr;]es of C|?S.Ltj'l'e athl(;)Es.SE\\//\;aBr(LeJlga_\rsgs V\{_ere E\bout perchled ?QUIfe'I’S tthat mtay impacted trench area (Kimura Intl. 1999, 2003d). glloet)nee;geAment IP‘Ian (Mtl':A .
DOH SHwWB | reported during these activities; ection, e seasonal or transient in nature. . . Annual inspections o
(Release No. | providing facility oversight, assigned these releases the During the removal of the waste y Rsleasi 990045: Ace_?aphth;ane Wﬁs deéefcted h the concrete pad above the
980246, following ID numbers: 980246, 990045, 030020, 030021, and | thinner UST (Release 990045), above the EALS}T. SOl Slamlplesggo i‘;ﬁ d fom the | area of contamination are
030021, 030024. what was believed to be a perched Iea);g?\(ljzttlggt:(ljteat( Iéry;;aag(t)\'/e the)E ALs i-n ::I)?IS conducted. Release 030020
990045, « Releases 980246 and 030021 represented an area of aquifer was encountered at 6.25 ft samples collected from the overexcavation site received a NFA status in 2004
030020, petroleum-impacted soil located beneath the former pump | 0gs. The water exhibited an oily (MFA 2007) (DOH 2004a).
030024) islands, originating from leaks in the piping between the sheen, although a water sample o i )
islands, a waste oil UST and oiliwater separator, and the | collected from the pit exhibited * Release 030020: Waste oil and antifreeze
UST farm immediately to the southwest (Kimura Intl. 1999, | hon-detectable levels of TPH-g constituents were detected in soil samples
2003c). and oil (Kimura Intl. 2000). During collec_ted from the excavation S|te_, but all
e Rel 990045 repr nted an ar . naphthen a second investigation' constituents were below EALs (Klmura Intl.
Rejease S9U04o represented an area of acenaphtnene approximately 700 gallons of water 2003b).
impacted soil bellev_ed to have originated from a were pumped from the excavation. | « Release 030021: TPH-d was detected in soil
250-gallon waste thinner UST to the northeast of the No recharge was observed. The | lected f the UST site ab th
former pump islands (Kimura Intl. 2000). g ’ sampies coected from the ST site above the
only other time groundwater was EALs after the initial excavation and
. Releas_e 030020 was associgted wi;h a waste oil pST and | encountered was during a 2004 overexcavation (Kimura Intl. 2003c).
eparcdy selow EALS (e 3003 e g "*% | + Release 030026 Pt and uoramnenc were
* Release 030024 was associated with a motor oil UST and | 980246, 990045, and 030021). Of Hztlg\cl\tlg Bisol\zlgcility Etlnr:t:, r%g%l V?,?,el:gtss-gopr};)itng
torque oil UST that were located just past the northeast | five borings in the area advanced had surfaced (Kimura Intl. 2003a).
corner of the maintenance building (Kimura Intl. 2003a). to 30-51.5 ft bgs, only one
encountered groundwater, at 38 ft
bgs. Recharge was reportedly
slow. The boring was converted to
a well, and samples obtained from
it showed concentrations of MtBE
exceeding DOH Tier 1
groundwater action levels (MFA
2007).
Hawaiian In January 1991, four USTs were excavated from the — TPH-d, organic lead, and benzene were found in After September 1992,
Cement Hawaiian Cement Company. concentrations above the DOH cleanup goals. sampling showed no detects,
Concrete and | staining and petroleum releases were detected below the Excavated soil was stockpiled and sampled, with and NFA was recommended
Aggregates: | USTs. Samples were collected from the excavation pits TPH-d, benzene, toluene, xylene, and ethylbenzene | by the contractors, the Fuel QOil

January 1991
UST
Excavation
Release
(DOH SHWB
Release No.
910044)

(Unitek 1994).

detected in the soil samples. After 15 months of
aeration of the stockpiled soil, soil samples had no
detects of petroleum constituents (FOPCO 1992).

Polishing Company of Hawaii
and Unitek Environmental
Consultants, Inc. A NFA status
was granted by DOH in 1995
(DOH 1995).
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(DOH
Release No.) | Description Groundwater Monitoring Wells Chemistry Results Final Status
Hawaiian On December 5, 2006, an alarm condition relating to a diesel | — Initial soil samples indicated detects above the DOH | The contractor, EnviroServices
Cement UST was discovered at the Hawaiian Cement Halawa Valley Tier 1 SALs. July 2007 sampling results showed & Training Center, LLC,
Concrete and | Quarry. detections of TPH-d at 120 mg/kg, but did not indicate | recommended NFA in August
Aggregates: | Diesel fuel in the sump above the UST was observed, and any contamination above DOH SALs (ETC 2007). 2007. DOH granted NFA
December the primary and secondary piping was replaced. Excavation status in December 2007
2006 UST activities to remove the petroleum-impacted soil were (DOH 2007).
Release conducted in March 2007, but visual and olfactory
(DOH SHWB | observations noted that petroleum was still present.
Release No. | Additional excavation activities were performed in July 2007,
070013) and soil samples confirmed that there were no constituents

above DOH SALs (ETC 2007).
Tripler On October 31, 1991, a 550-gallon waste oil UST (Tank 10) | — The primary contaminants found in the soil samples at | DOH granted NFA status for
Hospital: and two 1,000-gallon gasoline USTs (Tanks 9A and 9B) were Tank 10 were oil and heavy metals that exceeded Tanks 9A and 9B in October
October 1991 | removed in front of Building 113 Motor Pool Fuel Station at DOH cleanup goals at the time of the excavation. 1997 based on the initial tank
Building 113 | Tripler Army Medical Center. A UST closure report was Organic lead was found in all samples from Tanks 9A | removal report and two follow-
UST prepared in June 1992. and 9B (Rubeck 1992a,b). up letters (DOH 1997). DOH
Excavation | 5oil samples collected from under and around Tank 10 granted NFA status for
Releases indicated petroleum leakage had occurred at the site. Free Tank 10 in a February 1999
(DOH SHWB | product was observed floating on water during the excavation letter that referred to the
Release No. | of Tanks 9A and 9B (Rubeck 1992a,b). June 1992 report as
920056, justification (DOH 1999).
920083)
Tripler Two gasoline USTs (TAMC-145-1 and TAMC 145-2) were In 2002, 16 boreholes were 1998 Chemical Analysis: The site was designated to be
Hospital: excavated from the Tripler Army Medical Center on advanced to determine the extent |  BTEX results were above the DOH Tier 1 criteria used as a green space, and

October 1998
UST
Excavation
Release
(DOH SHWB
Release No.
990036)

Krukowski Road during October 20-30, 1998.

TAMC-145-2 showed no signs of leakage, but TAMC-145-1
had a hole at the bottom where gasoline had leaked out onto
the soil below. Several gallons of gasoline were present
beneath TAMC-145-1. Samples were collected from soil
around the tanks, and the area of suspected contamination
was overexcavated. Contamination around TAMC-145-2 may
have been attributed to an adjacent UST that was previously
removed (TAMC-145-3), prompting the overexcavation of the
area around both former USTs. Excavation of the site was
again performed in February 2012 before closure (Weston
2012).

of contamination at the site. Two
plumes of BTEX constituents were
identified. In 2008, 26 boreholes
(8 of which were converted into
monitoring wells) were advanced
throughout the site, and
groundwater was sampled. In
2010, 20 more soil borings were
advanced, and groundwater was
sampled. The monitoring wells
were abandoned in March 2012
(Weston 2012).

for both of the tank confirmation sample results.
TPH-g did not exceed DOH criteria.

o After overexcavation, TAMC-145-2 met DOH

criteria for clean closure, but TAMC-145-1 still had
exceedances of BTEX.

e Samples collected from the area around the
pipeline met criteria for clean closure.

2012 Chemical Analysis (Weston 2012):

o COPCs were detected well above EALs in
excavated soil.

e Only one of the soil samples from the excavated
pits contained COPCs above EALs.

o tert-Butyl alcohol was found at an estimated
concentration above EALs in one of the water
samples from rainwater accumulated in the pits.
No other constituents were detected above EALSs.

DOH granted NFA with
restrictions status in
December 2012. Petroleum
remains on the site, but it has
been removed to a practicable
extent (DOH 2012).
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(DOH
Release No.) | Description Groundwater Monitoring Wells Chemistry Results Final Status
Tripler A former waste oil storage UST (UST-137-4) in front of For the UST-137-4 release, the At UST-137-4, total recoverable petroleum NFA status was granted for
Hospital: Building 137 at Tripler Army Medical Center was removed installation of wells was reasoned | hydrocarbons were detected in two soil samples and | UST 137-4 in June 2005
February from February to May 2000. A spill occurred in September to be unnecessary due to the low | a water sample, which indicates that a release has because laboratory analysis
2000 Building | 2000 at the same site. TPH levels and perched water occurred from the tank sometime in the past. All showed that all detects were
137 UST No visual or olfactory indication of a release was observed found at the site in the September | residual hydrocarbons in the soil were below action well below DOH Tier 1 action
Excavation during the UST-137-4 removal. Water was observed at 7.6 ft | 2000 report (ECC 2000). However, | levels (ECC 2000). Further testing of groundwater levels (DOH 2005). UST 137-1
Release and | pgs at the bottom of the extraction pit, but there was no DOH requested that two wells be | and soil in 2004 did not indicate presence of was granted NFA status in
Spills evidence of contamination. Soil and water samples were installed at the former UST site in | significant petroleum contamination above action December 2002 since there
(DOH SHWB | taken for confirmation (ECC 2000). A spill occurred at USTs | order to determine if there is a levels (Environet 2005). were no detects in the soil
Release No. | 137-1 and 137-2 on two separate occasions while being filled | Perched groundwater lens at- The fuel spill sample results were not above the DOH | Samples (DOH 2002). UST
000095, (Nexus 2001). approximately 7.6 ft bgs and if Tier 1 cleanup levels except for fluoranthene in one. | 137-2 was granted NFA status
000074) petroleum contamination exists in | samples collected a year later in July 2001 indicated | in February 2004 because
the groundwater (Environet 2005). that all COPCs were below Tier 1 levels (Nexus later testing showed that there
Groundwater was not sampled for | 2001). were no longer any COPCs in
the spills. the soil (DOH 2004b).
Tripler On June 19, 2003, a single-walled UST and a 55-gallon drum | A NFA letter indicates that a TPH concentrations above the method detection limit | A NFA letter for a UST at
Hospital: June | were removed 125 ft northwest of Building 125 at Tripler groundwater monitoring well was but below the DOH Tier 1 SAL were detected. Lead former Building 125 from July
2003 Building | Army Medical Center. installed at the site and closed in was also detected, which exceeded the DOH Tier 1 2008 exists, but no
125 UST The contents of the UST were unknown, and the drum was 2007. No other documentation SAL in two samples (Environet 2004). documentation mentioned in
Excavation most likely used to store dry cleaning solvent. Confirmation about this release is available. It is the letter is available (DOH
Release soil samples were collected from the site (Environet 2004). unclear whether or not the NFA 2008Db).
(DOH SHWB letter pertains to this release (DOH
Release No. 2008b).
040034)
Animal The animal quarantine station is located on Halawa Valley — Initial tar samples had detects of acetone, barium, A NFA status was granted in
Quarantine Road in ‘Aiea. The parcel of land where the station is located cadmium, chromium, and lead under regulatory August 2006 based on the fact
Station was previously owned by the Navy during the 1940s and standards. Samples taken in 2004 detected TPH-0 in | that the chemical analyses of
(no release 1950s before the State of Hawai'i acquired it in 1968. three of the soil samples but did not exceed the SAL. | the tar substance did not pose
number An unknown tar-like substance was found at several locations The petroleum sample indicated high levels of TPH-o0 | a threat to human health, site
indicated) seeping through the asphalt of the DOH Vector Control above SALs as well as 1-methylnaphthalene, soil, or groundwater. The final
Parking Lot adjacent to the Hawai‘i Department of Agriculture 2-methylnaphthalene, fluorine, phenanthrene, pyrene, | decision was to leave the tar-
Laboratory/Office Building. An initial investigation of the and chrysene, which do not have SALs (Kimura Intl. | like substance in place and
substance happened in June 2003 where various COPCs 2004b). conduct surface removal or
were found. Fifteen soil borings were installed around the disposal as necessary (DOH
surface release. Personnel interviews indicated that tar had 2006).
been leaking from 5 years prior to the investigation (most
likely from around 1999) and that the area was once used as
a dumping ground (Kimura Intl. 2004a,b).

2-40



Existing-Data Summary and Evaluation Report

March 5, 2017 for Groundwater Flow and CF&T Modeling Summary of Compiled

Revision 00 Red Hill Bulk Fuel Storage Facility, JBPHH, O‘ahu, Hl Existing Data
Location

(DOH

Release No.) | Description Groundwater Monitoring Wells Chemistry Results Final Status

Grace Pacific

Three USTs were removed from Grace Pacific's Halawa

Three borings, two of which were

TPH-d and TPH-0 were detected above DOH Tier 1

A NFA status was requested

Corporation location from January through March 1997. turned into groundwater monitoring | Action Levels during initial sampling. During quarterly | by the contractor, ESI, in their
(DOH HEER | Stained soil was observed on the side walls of the wells, were constructed as part of | and semiannual sampling from 2002 to 2006, only First Quarter 2010 Status
Case No. excavation, and heavy rains filled the excavation with the September—October 1998 PCBs and benzo(a)pyrene were detected at Report (ESI 2010). DOH

970403-0000)

rainwater. Soil and water (most likely runoff and not
groundwater) samples were collected. The pit was
overexcavated following receipt of analytical results. A
Phase Il environmental assessment was conducted in June
and November 1997, which involved the construction of
boreholes. An additional environmental assessment was
conducted in September—October 1998. After a sheen was
observed in the monitoring wells, free product recovery was
conducted from 1998 to 2000.

Four trenches were excavated in the area of the former UST
excavation between November 2000 and January 2001. It
was discovered that petroleum contamination was only
confined to shallow depths. The area of the former tank pit
was excavated between January 2001 and February 2001.
There were reports of free product in the groundwater that
was recovered, but no records of soil or water sampling are
available. The excavation was only partially backfilled.

In November 2001, the pit was overexcavated, and a well
surrounded by petroleum-stained soil was encountered. The
pit was backfilled and paved over. In January 2002, a trench
was dug near the office building where excavation did not
occur, and free product was found floating on groundwater.
Quarterly groundwater sampling commenced beginning
October 2002 and was reduced to semiannual monitoring
starting in November 2003. No contaminants were above the
action level since January 2004 (ESI 2010).

assessment. In February 2002,
seven borings were drilled, and six
groundwater monitoring wells were
installed at the former pit location
and near the area of the shallow
trench dug in January 2002. Five
wells were abandoned in 2006
after no constituents were
detected since 2003. Product
recovery continued in MW-1a from
2002 through 2009 (ESI 2010).

concentrations above DOH action levels on one or
two occasions. All constituents were below DOH
action levels since January 2004 (ESI 2010).

responded with a letter from
January 2013 stating that free
product recovery efforts are no
longer necessary, MW-1
should be closed, and the
DOH will require a brief
Environmental Hazard
Evaluation / Environmental
Hazard Management Plan. No
subsequent communications
or reports are available (DOH
2013).

U.S. Coast USTs were removed from Kia'i Kai Hale Exchange Station off | — In the 1998 excavation, only benzene exceeded DOH | A NFA status was granted for
Guard of Icarus Way in 1998 and 2007. EALs in the soil samples from the excavation pit. After | the 1998 release in October
Service Staining and elevated PID levels were observed in the soil the site was excavated once more to remove 1999 and for the 2007 closure
Station after the 1998 tank removals. The area was tested then contaminated soil, all sample results were below DOH | in May 2008 (DOH 1999,
(DOH SHWB | overexcavated to remove the contaminated soil. Testing after EALs (WMF 1998). 2008a).

Release No. | overexcavation showed that the site did not appear to be In the 2007 excavation, xylenes and toluene were

080033, impacted by petroleum (WMF 1998). detected but not above DOH EALs (HIES 2008).

920180) Soil sampling was performed following another UST removal

in 2007. There were no signs of staining, and the UST did not
show any damage (HIES 2008).
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Alert Alarm In May 2000, a UST was removed from the Sentinel Silent — No chemicals exceeded method detection limits in the | A NFA status was granted in
(DOH SHWB | Alarm Company property located in Halawa. soil borings (ETC 2000). April 2001 according to the
Release No. | A 2-inch-diameter hole was discovered at the fill end of the DOH SHWB UST database
000081) UST, and a black product was observed floating in the (DOH 2015b).

groundwater at the bottom of the excavation pit. The
petroleum-impacted soil was overexcavated, and soil borings
showed that the contaminant plume did not extend beyond
the excavation limits. Groundwater was not observed after
the initial excavation, which made it unlikely that the
groundwater in the area had been impacted by the petroleum
(ETC 2000).

— groundwater monitoring not performed

BTEX benzene, toluene, ethylbenzene, and xylenes
EAL Environmental Action Level

ID identification

MRL method reporting limit

MtBE methyl tertiary-butyl ether

NFA no further action

PAH polynuclear aromatic hydrocarbon
PCB polychlorinated biphenyl

PID photoionization detector

SAL soil action level

TPH-d total petroleum hydrocarbons — diesel range organics
TPH-g total petroleum hydrocarbons — gasoline range organics
TPH-o total petroleum hydrocarbons — residual range organics (i.e., TPH-oil)

TABLE 2-13 REFERENCES:

Database sources:

Department of Health, State of Hawai‘'i (DOH). 2015a. HEER Emergency Response Lookup Spreadsheet (Updated 05/31/2015). Hazard Evaluation and Emergency Response Office, May 31, 2015. Web-
accessed February 2, 2016.

. 2015b. UST LUST Data File September 2015. Solid and Hazardous Waste Branch, September 4, 2015. Web-accessed February 2, 2016.

. 2016. HEER Sites of Interest Lookup Spreadsheet (Updated 01/22/2016). Hazard Evaluation and Emergency Response Office, January 22, 2016. Web-accessed February 2, 2016.

References cited:

Dames and Moore. 1991. Site Characterization: Halawa Medium Security Facility, Halawa Valley, Oahu, Hawaii. October.

. 1993. Annual Report, Including Fourth Quarter Monitoring Data, Groundwater Monitoring Program, Halawa Medium Security Facility, Halawa Valley, Oahu, Hawaii. July.

Department of Health, State of Hawai‘i (DOH). 1995. Subject: Hawaiian Cement Concrete & Aggregates Division, 99-1100 Halawa Valley Street, O‘ahu, Hawai'i. Letter from S. Y. K. Chang, Solid and
Hazardous Waste Branch, to K. S. Hashimoto, Hawaiian Cement — Concrete/Aggregate Division. January 25.

. 1997. Subject: Tripler Army Medical Center, Bldg. 113, Facility ID 9-202550/Release ID 920083. Letter from S. Y. K. Chang, Solid and Hazardous Waste Branch, to S. H. Ozoa, Environmental

Division — APVG-GWV, Directorate of Public Works. October 22.

. 1999. Subject: USCG Kia'i Kai Hale Exchange Gas Station, 1217-D Icarus Way, Honolulu, Facility ID 9-101799/Release ID 980224. Letter from S. Y. K. Chang, Solid and Hazardous Waste

Branch, to H. Soong USCG Exchange — Sand Island, ICS Honolulu. October 5.

. 2000a. Subject: Halawa High Security, Correctional Facility, 99-902 Moanalua Road, Aiea, Facility ID 9-202399/Release ID 000091. Letter from S. Y. K. Chang, Solid and Hazardous Waste

Branch, to M. Yamabe, State of Hawaii Department of Accounting and General Services Division of Public Works Project Management Branch. August 9.

2-42



N o e el o vl e e
OO 0O~ OOUT BW N OW® 00~ OUT AW N

N NN
w N~

WN NN DN N
OO oON OO B~

W ww
w N~

W W w
~Nool b~

38

Existing-Data Summary and Evaluation Report
March 5, 2017 for Groundwater Flow and CF&T Modeling Summary of Compiled
Revision 00 Red Hill Bulk Fuel Storage Facility, JBPHH, O‘ahu, Hl Existing Data

. 2000b. Subject: Halawa Medium Security, Correctional Facility, 99-902 Moanalua Road, Aiea, Facility ID 9-202153/Release ID 880020 & 990204. Letter from S. Y. K. Chang, Solid and Hazardous

Waste Branch, to J. Borders, Department of Public Safety. May 22.

. 2002. Subject: Tripler Army Medical Center Building 137, UST 137-1, Honolulu, Facility ID 9-102014/Release ID 010002. Letter from S. Y. K. Chang, Solid and Hazardous Waste Branch, to F. A.

Quintana Director of Public Works, Headquarters, U.S. Army Garrison, Schofield Barracks, Hawaii. December 3.

. 2004a. Subject: Former Halawa Bus Facility — No Further Action, Leaking Underground Storage Tanks, Facility ID No. 9-200151/Release ID N0.030020. Letter from S. Y. K. Chang, Solid and

Hazardous Waste Branch, to T. E. Steinberger, City and County of Honolulu, Department of Design and Construction. November 12.

. 2004b. Subject: Tripler Army Medical Center Building 137, TK137-1, TK137-2, Honolulu, Facility ID 9-102014/Release ID 000095. Letter from S. Y. K. Chang, Solid and Hazardous Waste Branch,

to F. A. Quintana Director of Public Works, Headquarters, U.S. Army Garrison, Schofield Barracks, Hawaii. February 20.

. 2005. Subject: Tripler Army Medical Center Building 137, UST 137-4, Honolulu, Facility ID 9-102014/Release ID 000074. Letter from S. Y. K. Chang, Solid and Hazardous Waste Branch, to A.

Goo Director of Public Works, US Army Garrison, Hawaii. June 20.

. 2006. Subject: No Further Action Determination for Tar-Like Material Beneath Vector Control Facility Parking Lot. Letter from K. E. Kawaoka, Hazard Evaluation and Emergency Response Office

to E. Y. W. Lau, Public Works Administrator, State of Hawaii Department of Accounting and General Services — Division of Public Works. August 7.

. 2007. Subject: Hawaiian Cement Halawa Quarry, 99-1100 Halawa Valley Street, Aiea, Oahu, Facility ID No. 9-201459/Release ID No. 070013. Letter from S. Y. K. Chang, Solid and Hazardous

Waste Branch, to D. Wurlitzer, Environmental Engineering, Hawaiian Cement. December 12.

. 2008a. Subject: Kiai Kai Hale Exchange Service Station, 1217-D Icarus Way, Facility ID No. 9-101799/Release ID No. 080033. Letter from S. Y. K. Chang, Solid and Hazardous Waste Branch, to

S. Washburn Facilities Engineering Officer, USCG Integrated Support Command Honolulu. May 27.

. 2008b. Subject: No Further Action Required at the Former Bldg. 125 Underground Storage Tank, Tripler Army Medical Center. Letter from K. E. Kawaoka, Hazard Evaluation and Emergency

Response Office to A. K. L. Goo, Director of Public Works, United States Army Garrison, Hawaii. July 23.

. 2008c. Subject: Red Hill Mauka Neighborhood, Facility ID No. 9-103859/Release ID No. 080025. Letter from S. Y. K. Chang, Solid and Hazardous Waste Branch, to B. Zehr, Actus Lend Lease.

September 16.

. 2012. Subject: Tripler Army Medical Center, Buildings 144/145, Facility ID No. 9-101505/Release ID N0.990036. Letter from S. Y. K. Chang, Solid and Hazardous Waste Branch, to C. Nelson

Directorate of Public Works, Department of Army. December 21.

. 2013. Subject: Review of: First Quarter 2010 Quarterly Status Report & Closure Assessment 99-1300 Halawa Valley Street Aiea, Hawaii dated June 22, 2010 by ESI. Letter from S. P. Mow,
Hazard Evaluation and Emergency Response Office, to R. Creps, Grace Pacific Corporation. January 14.

Edward K. Noda and Associates, Inc (EKNA). 1999. Closure Report: Halawa Medium Security Facility, Existing UST Closure Actions, 99-902 Moanalua Road, Aiea, Hawaii, 96701. Prepared for State of
Hawaii, Department of Accounting and General Services Division of Public Works. June.

Environet, Inc. 2004. Draft Underground Storage Tank Closure Report for UST TAMC125, Tripler Army Medical Center, Oahu, Hawaii, HDOH ID Unknown. Prepared for U.S. Army Corps of Engineers.
January.

. 2005. Site Characterizations/ Sampling of Former Underground Storage Tank (UST) Sites at Various Locations on Oahu, Hawaii, Tripler Army Medical Center UST TAMC 137-4. Prepared for U.S.
Army Corps of Engineers, Honolulu Engineer District. January.

Environmental Chemical Corporation (ECC). 2000. Removal of Underground Storage Tank TAMC 137-4, Building 137, Tripler Army Medical Center, Oahu, Hawaii. Prepared for Department of Army
Headquarters, United States Army Garrison, Hawaii. September.

Environmental Science International (ESI). 2010. First Quarter 2010 Quarterly Status Report & Closure Assessment, Grace Pacific Corporation Halawa Valley Facility, 99-1300 Halawa Valley Street, Aiea,
Hawaii. Prepared for Grace Pacific Corporation Honolulu, Hawaii. June.

EnviroServices & Training Center, LLC (ETC). 2000. Underground Storage Tank Closure and Release Response Report for Sentinel Silent Alarm Company, Inc. 99-1036 Iwaena St. Aiea, Hawaii 96701.
Prepared for M. Nakai Repair Service, Ltd. September.

. 2007. Release Response Activities Report, Subsurface Petroleum Release, Hawaiian Cement, 99-1100 Halawa Valley Street, Aiea, Hawaii, 96701, Facility ID 9-201459/Release ID 070013.
Prepared for Hawaiian Cement. August.

Fuel Qil Polishing Company of Hawaii, Inc. (FOPCO). 1992. Soil Sampling, and Soil Characterization, Hawaiian Cement, Halawa Facility, Hawaii. Prepared for Hawaiian Cement. September.

Hawaii International Environmental Services, Inc. (HIES). 2008. Demolish Gas Station at KKH Closure Report. Prepared for United States Coast Guard Civil Engineering Unit, Honolulu, Hawaii. March.

Kimura International, Inc. 1999. Long Term Release Response Report for Halawa Bus Facility, 99-999 Iwaena Street, Halawa, Oahu, Hawaii. Prepared for M. Nakai Repair Service, Ltd. January.

. 2000. Release Response Report: City & County of Honolulu, Halawa Bus Facility, 99-999 lwaena Street, Honolulu, Hawaii. Prepared for Fuel Oil Polishing Company, Inc. August.

. 2003a. T-8 and T-9 Underground Storage Tank Closure Report: Halawa Corporation Yard, 99-999 lwaena Street, Honolulu, Hawaii. Prepared for Fuel Oil Polishing Company, Inc. June.

. 2003b. T-10 and T-15 Underground Storage Tank Closure Report: Halawa Corporation Yard, 99-999 lwaena Street, Honolulu, Hawaii. Prepared for Fuel Oil Polishing Company, Inc. June.
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. 2003c. Underground Storage Tank #12 and Oil/Water Separator #16 Closure Report: Halawa Corporation Yard, 99-999 Iwaena Street, Honolulu, Hawaii. Prepared for Fuel Oil Polishing Company,

Inc. July.

. 2003d. Underground Storage Tank Closure Report: Halawa Corporation Yard, 99-999 lwaena Street, Honolulu, Hawaii. Prepared for Fuel Oil Polishing Company, Inc. November.

———. 2004a. Limited Phase | Environmental Site Assessment: Department of Agriculture, 99-941 Halawa Valley Road, Aiea, Hawaii, 96701. Alpha Engineers, Inc. March.

. 2004b. Subsurface Investigation: Department of Agriculture, 99-941 Halawa Valley Road, Aiea, Hawaii, 96701. Alpha Engineers, Inc. April.

Masa Fujioka & Associates (MFA). 1999. Long Term Release Response Report, DOH Facility ID 9202399, State of Hawaii, Department of Public Safety, Halawa High Security Correctional Facility, 99-902
Moanalua Road, Aiea, Oahu, Hawaii. December.

. 2006. Exposure Prevention Management Plan, Halawa Corporation Yard, Tank T-8 and T-9, Facility ID 9-200151, Release ID 030024. May.

. 2007. Release Response Report, 99-999 Iwaena Street, Honolulu, Hawaii, Facility ID No. 0-200151, Release IDs No’s 980246, 990045, and 030021. January.

Nexus Environmental Group, Inc. 2001. Final Report for Excavate, Transport, and Dispose Diesel Contaminated Soil, Building T-137 Tripler Army Medical Center Hawaii. Prepared for U.S. Army Garrison,
Hawaii Directorate of Contracting. November.

Rubeck Engineering and Construction, Inc. 1992a. Tank Removal Interim Environmental Summary Report for United States Army Tripler Army Medical Center, Oahu, Hawaii Tank No.9A & 9B — Bldg 113,
DOH Facility ID No: 9-202550. June.

. 1992b. Tank Removal Interim Environmental Summary Report for United States Army Tripler Army Medical Center, Oahu, Hawaii Tank No.10 — Bldg 113, DOH Facility ID No: 9-101504. June.

Tetra Tech, Inc. 2008. Underground Storage Tank Closure Report, Red Hill Mauka Housing Area, Aliamanu Military Reservation, Oahu, Hawaii. Prepared for Army Hawaii Family Housing, LLC, Aliamanu,
Hawaii. July 14.

Unitek Environmental Consultants Inc. (Unitek). 1994. Environmental Assessment at Hawaiian Cement Co. 99-1100 Halawa Valley Road, Aiea, Hawaii. Prepared for M. Nakai Repair Services, LTD.
November.

Weston Solutions, Inc. (Weston). 2012. Final Remedial Action Completion Report CCTAMCO0001 TAMC 144-145 UST Site. Hawaii Phase Il, Compliance Related Cleanup, Oahu, Hawaii. Prepared for
U.S. Army Environmental Command: West Oversight Branch and the Office of the Garrison Commander, U.S. Army Garrison, Hawaii. July.

WMF Hawaii. 1998. Underground Storage Tank Closure: United States Coast Guard Kia'i Kai Hale Exchange, 1217-D Icarus Way, Moanaloa, Hawaii 96819. Prepared for Neil Nakai, Inc, September.
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Joint Base Pearl Harbor-Hickam Water System

This subsection provides information on characteristics of the JBPHH Water System (Appendix A.5,
Facility Data Table FAC-5).

Table 2-14 summarizes the JBPHH Water System characteristics references, and indicates what
type(s) of data each one provided.

Table 2-14: JBPHH Water System References

Reference

JBPHH Water System Characteristics

Population
Served

Water
Sources

Pumping
Information

Water
Storage
Information

Water
Treatment
Information

System
Demand

Interim Update, Red Hill
Bulk Fuel Storage Facility
Final Groundwater
Protection Plan (DON 2014)

. data provided

2.3.4 Land Use

This subsection provides information on land use, including land cover type and parameters
(Appendix A.5, Facility Data Tables FAC-6 and FAC-7).

Table 2-15 summarizes the land use references, and indicates what type(s) of data each one provided.

Table 2-15: Land Use References

Reference

Land Use Parameters

Land Cover
Categories

Fraction(s)
of Aquifer

Irrigation
Information

Crop
Coefficient

Canopy
Capacity

Fog-Catch
Efficiency

Spatially Distributed
Groundwater Recharge for
2010 Land Cover Estimated
Using a Water-Budget
Model for the Island of
O‘ahu, Hawai'‘i (Engott et al.
2015)

Volcanic Aquifers of Hawai'i-
Hydrogeology, Water
Budgets, and Conceptual
Models (Izuka et al. 2016)

— no data
. data provided

2.4 CHEMICAL DATA

This subsection provides a description of the existing chemical groundwater data available for the
groundwater flow and CF&T modeling area: chemical of potential concern (COPC) concentrations,
natural attenuation parameter (NAP) concentrations, chemical transport characteristics, and the
chemical composition of the fuels, especially JP-8, stored in the underground storage tanks.
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24.1 Groundwater COPC Concentrations

Groundwater COPC concentrations have been collected from available groundwater monitoring and
groundwater protection plan reports going back to 2005 (DON 2010b) (Appendix A.6, Chemistry
Data Tables CHEM-1 to CHEM-22). The COPCs for the groundwater flow modeling area include:

» Benzene, toluene, ethylbenzene, and xylenes (BTEX)

» Total petroleum hydrocarbons — diesel range organics (TPH-d)

e Total petroleum hydrocarbons — gasoline range organics (TPH-g)

» Total petroleum hydrocarbons — residual range organics (i.e., TPH-oil) (TPH-0)
* Naphthalene

» 1-Methylnaphthalene

» 2-Methylnaphthalene

» 1,2-Dichloroethane

» 1,2-Dibromoethane (i.e., ethylene dibromide or EDB)

e Phenol

»  2-[2-methoxyethoxy]-ethanol

The current analytical suite of COPCs for the quarterly groundwater sampling events is TPH-g,
TPH-d, TPH-0, BTEX, 1-methylnaphthalene, 2-methylnaphthalene, naphthalene, lead scavengers
(1,2-dichloroethane and 1,2-dibromoethane), and fuel additives (phenol and 2,[2-methoxyethoxy]-
ethanol). Lead scavengers are expected to be analyzed for a minimum of 1 year of sampling events,
and may be dropped if not detected, per the February 4, 2016 scoping completion letter (EPA Region
9 and DOH 2016).

Table 2-16 summarizes the groundwater COPC references, including quarterly groundwater
monitoring reports, and indicates which COPCs were included in each reference. Well locations are
shown on Figure 2. Concentration charts are presented in Appendix C for the COPCs to be included
in the groundwater modeling effort: TPH-g, TPH-d, TPH-0, 1-methylnaphthalene,
2-methylnaphthalene, and naphthalene.

In 2005, Dawson Group, Inc. began collecting groundwater samples to monitor the groundwater at
monitoring well RHMWO01 and sampling point RHMW2254-01 (installed adjacent to Navy Supply
Well 2254-01). Samples were analyzed for TPH-g, TPH-d, TPH-0, BTEX, methyl tertiary-butyl
ether (MtBE), 1,2-dibromoethane, 1,2-dichloroethane, full analyte list polynuclear aromatic
hydrocarbons (PAHS), total lead (during the first two quarterly events), and dissolved lead (during
the last two quarterly events).

During 2005 to 2006, The Environmental Company (TEC) collected groundwater samples during
two sampling events as part of a site investigation. Groundwater was collected from monitoring
wells RHMWO01, RHMW02, RHMW03, and RHMWO04, and sampling point RHMW2254-01.
Samples were analyzed for TPH-g, TPH-d, full analyte list volatile organic compounds (VOCs), full
analyte list PAHSs, dissolved lead, and NAPs.
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During 2006 to 2007, TEC continued the groundwater monitoring during two 2006 semiannual
events and three 2007 semiannual events. Groundwater samples were collected from RHMWO01 and
RHMW?2254-01 during the first 2006 semiannual event, and were also collected from RHMW02 and
RHMWO3 during the subsequent events. Samples were analyzed for TPH-g, TPH-d, VOCs, PAHS,
and dissolved lead.

In 2008, the groundwater monitoring network at the Facility consisted of three monitoring wells
(RHMWO01, RHMWO02, and RHMWO03), which split the underground tank area into three monitoring
zones, and the sampling point RHMW2254-01. As part of the contemporary GWPP for the Facility
(DON 2008), these three wells plus RHMW2254-01 were sampled quarterly for TPH-d, TPH-g,
BTEX, MtBE, PAHSs, and dissolved lead.

By 2009, the Facility’s groundwater monitoring network had expanded to eight monitoring
wells/sampling points: RHMWO01, RHMW02, RHMW03, RHMW04, RHMW05, RHMW2254-01,
HDMW?2253-03, and OWDFMWO01 (DON 2010b). At this time, the analytical suite for each
quarterly sampling event included TPH-d, TPH-g, VOCs, PAHS, and dissolved lead.

At present, the Facility’s groundwater monitoring network includes 12 groundwater monitoring
wells/sampling points: five located within the Facility tunnels (RHMWO01, RHMW02, RHMWO03,
RHMWO05, and RHMW2254-01), and seven located outside of the tunnels (RHMWO04, RHMWO06,
RHMWO07, RHMWO08, RHMW09, HDMW2253-03, and OWDFMW01).

As of September 2016, two additional groundwater monitoring wells had been added to the Facility’s
groundwater monitoring network: RHMWO08 and RHMWQ9, located approximately 500 ft west and
south, respectively, of the lower end of the tank farm (Figure 2). Two additional new wells to the
south and north of the tank farm (RHMW10 and RHMW11, respectively) are scheduled for
installation in the coming months, and a third contingent well (RHMW12) may be installed
depending on subsurface conditions encountered during installation of RHMW11.
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Table 2-16: Site-Specific Groundwater COPC Concentration References

) COPC
5
s
I
<
o
2| 2 0 =
s | o | 2T X
2 v | 5|5 | 8|2 2
(7] < @ @ = =) o
© S % E‘ E‘ EED © k=
S 12/ 38|8 vs|o|o|s| & |&|28|5 |38
N g =, S T T T | § [} [} o = = 0
i i § 5 £ | s|ala a|&|=|=|& ]2 & Remark
Reference Sampling Period 3 = i 2 g g g 2 3 & S| & o & emarks
Red Hill Bulk Fuel Storage Facility Final Technical September 2005 . . . . . . — . . . . — | —
Report (DON 2007) and July 2006
Red Hill Bulk Fuel Storage Facility Final September 2005 . . . . . . — . . . — | = | = | —
Groundwater Protection Plan (DON 2008) — March 2007
Type 1 Letter Report — Re-evaluation of the Tier 3 January — March . . . . . . — . . . . — | = | —
Risk Assessment/Groundwater Model & Proposed 2010
Course of Action (DON 2010a)
Tank 5 Initial Release Response Report (April January — March . . . . . . — . . . . — | — | — QOutside-tunnel wells
2014) (DON [RH RR reports]) 2013
Final Project Procedures Manual, U.S. Navy January — March . . . . . . — . . . . — | = | — Outside-tunnel wells
Environmental Restoration Program (DON 2015b) 2015
Tank 5 Quarterly Release Response Report July — September . . . . . . — . . . . — | — | — Inside-tunnel wells
(January 2015) (DON [RH RR reports]) 2015
Draft Monitoring Well Installation Report, Red Hill July — September . . . . . . . . . . . — | = | = Outside-tunnel wells
Fuel Storage Facility, Joint Base Pearl Harbor- 2015
Hickam, Oahu, Hawaii (DON 2015a)
Quarterly Groundwater Monitoring Report, Inside 2005 — Present . . . . . . . . . . . . . . Inside-tunnel wells; phenol and
Tunnel Wells (DON [RH GM reports]) 2(2-methoxyethoxy)-ethanol were
analyzed starting Fourth Quarter 2016
Quarterly Groundwater Monitoring Report, Outside 2005 - Present . . . . . . . . . . . . . . Outside-tunnel wells; phenol and
Tunnel Wells (DON [RH GM reports]) 2-(2-methoxyethoxy)-ethanol were
analyzed starting Fourth Quarter 2016

— no COPC data provided
. specific COPC data provided
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2.4.2 Groundwater NAP Concentrations

Groundwater NAP concentrations have been collected from available groundwater monitoring and
groundwater protection plan reports dating back to 2005 (Appendix A.6, Chemistry Data Tables
CHEM-23 to CHEM-34). The NAPs for the groundwater flow modeling area include:

* Methane

* Ferrousiron

* Nitrate

s Sulfate

e Chloride
e Alkalinity

» Dissolved Oxygen

Major ion and cation groundwater concentrations, including nitrate, sulfate, and chloride, were
analyzed for from perched and basal groundwater samples during the Red Hill OWDF Phase Il
Remedial Investigation (DON 2000). During a natural attenuation study, the results of which are
summarized in the Red Hill Bulk Fuel Storage Facility Final Technical Report (DON 2007b),
groundwater samples were analyzed for nitrate, ferrous iron, sulfate, methane, chloride, and
dissolved oxygen. Finally, groundwater analysis conducted during July and August 2016 measured
concentrations of nitrate, sulfate, and chloride (SOEST 2016). Table 2-17 summarizes the
groundwater NAP references, including quarterly groundwater monitoring reports, and indicates
which NAPs were included in each reference.

Table 2-17: Site-Specific Groundwater NAP Concentration References

NAP
Ferrous Dissolved
Reference Methane Iron Nitrate Sulfate | Chloride | Alkalinity Oxygen
Phase Il Remedial Investigation, Red — — . . . — .
Hill Oily Waste Disposal Facility (DON
2000)
Red Hill Bulk Fuel Storage Facility . . . . . . .
Final Technical Report (DON 2007b)
Water Geochemistry Results to Date; — — . . . — .
RHMWO04, RHMWO06, RHMWO07,
DKMWO02, and OWDFMWO01 (SOEST
2016)
— no NAP data provided
. specific NAP data provided

SOEST School of Ocean and Earth Science and Technology, University of Hawai'i
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1 243 COPC and NAP Transport Characteristics

2 COPC and NAP transport characteristics have been collected from risk assessment reports and
3 various reference materials (e.g., Merck Index) (Appendix A.6, Chemistry Data Tables CHEM-35 to
4  CHEM-37). The transport characteristics compiled for the COPCs and NAPs include:

5 e Molecular weight

6 » Density

7 » Solubility

8 e Partition coefficient

9 e Soil mobility
10 » Degradation rate(s)

11  Table 2-18 summarizes the COPC and NAP transport characteristic references, and indicates which
12 transport characteristics each one provided.

13 Table 2-18: COPC and NAP Transport Characteristic References

Transport Characteristic

- 5 o

5 S T

2 £ &

= S| & &

© 2 c 2 <

3 2 = S o o

8 G 2 = = g

£ c 2 = = o
Reference 2/ 8131 & &8 8 Basis
Type 1 Letter Report — Re-Evaluation of the Tier 3 Risk . — . . — — Literature search
Assessment/Groundwater Model & Proposed Course of
Action (DON 2010a)
International Chemical Safety Cards - Chemical Names . . . . . . NIOSH
(NIOSH 2017)
ChemSpider - Chemical Structure Database (ChemSpider . . . . . . Royal Society of
2017) Chemistry
Safety Data Sheet (SDS) Search and Product Safety . . . . . . Sigma-Aldrich
Center (Sigma-Aldrich 2017)
CAMEO Chemicals - Database of Hazardous Materials . . . . . . NOAA CAMEO
(NOAA 2017) Chemical Database
PubChem - Bioassay, Substance, and Compound . . . . . . PubChem
Database (NCBI 2017)
The Merck Index Online (RSC 2017) . . . . . . Merck Manual
Hazardous Wastes: Sources, Pathways, Receptors (Watts . . . . . — Literature Search
1998)
Agency for Toxic Substances and Disease Registry . . . . . . ATSDR
(ATSDR)
Chemical Parameters, EPA Regional Screening Levels, . . . . . . EPA RSLs
May 2016 (EPA 2016)

14 — no specific COPC/NAP transport parameters provided
15 . specific COPC/NAP transport parameters provided

16 ATSDR Agency for Toxic Substances and Disease Registry

17 CAMEO Computer-Aided Management of Emergency Operations
18 NIOSH  National Institute for Occupational Safety and Health

19 NOAA  National Oceanic and Atmospheric Administration

20 RSL regional screening level
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