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EXECUTIVE SUMMARY

Under the Installation Restoration Program (IRP), which was organized by the Department of Defense
(DOD) to identify and correct environmental concerns at DOD facilities, the Navy, in agreement with the
United States Environmental Protection Agency (EPA), and in consultation with the State of New Jersey
Department of Environmental Protection (NJDEP), is in the process of performing a remedial investigation
and feasibility study (RI/FS) at 27 former known or suspected waste disposal sites at Naval Weapons
Station, Earle (NWS Earle). The primary objective of the program at NWS Earle is to identify and correct
potential risk to human health and the environment. At this stage of the program at NWS Earle, the Navy
desires to identify priority sites where immediate action can or must be taken and proceed with remediation.
The Navy also wants to identify sites at which no significant human health or ecological risk exists so that

these sites can be returned to beneficial use and available funds can be channeled toward site cleanups.

Brown & Root (B&R) Environmental, a division of Halliburton NUS Corporation, under the Comprehensive
Long-Term Environmental Action - Navy (CLEAN) Program, Contract Number N62472-90-D-1298, was
assigned to perform the field investigation activities presented in the Remedial Investigation Work Plan for
Naval Weapons Station Earle, June 1995 (Rl work plan) and to prepare a éomprehensive report
documenting the RI of 27 sites at NWS Earle, considering all the investigative results compiled to date.

This report addresses the RI activities at 27 sites located within and immediately adjacent to NWS Earle
and presents the results of the field work, data collection and validation, the human health risk assessment,
and the preliminary ecological risk assessment (where completed) for the 27 sites. Twenty-five of the
27 sites were investigated previously under preliminary assessment (PA) or site inveétigation (Sl) work.
The two sites not previously addressed are included in the current Rl to expedite investigation efforts and

move all the sites toward remedial action or removal from further consideration in a timely fashion.

Between May and December 1995, the following field activities were conducted at RI sites presented in
Table ES-1.

. Soil gas surveying and analysis at 190 locations.
. Sampling and analysis of subsurface soil collected from 46 soil borings.
. Drilling and installation of 28 permzanent monitoring wells.
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TABLE ES&-1
LIST OF REMEDIAL INVESTIGATION SITES
NWS EARLE, COLTS NECK, NEW JERSEY

SITE NO. SITE NAME IMPACT INVESTIGATED

01 Site 1, Ordnance Denmilitarization Site Open burning of explosives
02 Site 2, Active Ordnance Demilitarization Site Open burning of explosives
03 Site 3, Landfill Southwest of "F" Group Domestic and industrial waste disposal
04 Site 4, Landfill West of "D" Group Wastes burned in trenches
05 Site 5, Landfill West of Army Barricades Domestic and industrial waste disposal
06 Site 6, Landfill West of Normandy Road Lumber, glass, paper, and paint wastes
07 Site 7, Landfill South of "P" Barricades Shipping containers and shop wastes
09 Site 9, Landfill South of "P" Barricades Lumber and construction debris
10 Site 10, Scrap Metal Landfill Demilitarized munitions and cases
11 Site 11, Contract Ordnance Disposal Area Ordnance disposal and fire training
12 Site 12, Battery Storage Area Forklift battery storage
13 Site 13, Defense Property Disposal Office Yard | Scrap metals and battery'disposal
14 Site 14, Mercury Spill Small mercury spill
15 Site 15, Sludge Disposal Site Oily bilge sludge disposal
16 Site 16, EPIC Site F (Roundhouse) Leaking underground diesel line
17 Site 17, Landfill Scrap wood, metal, and paint waste
19 Site 19, Paint Chip and Sludge Disposal Site Paint chip and paint sludge disposal
20 Site 20, Grit Blasting Area at Building 544 Spent blasting grit storage
22 Site 22, Paint Chip Disposal Area Paint wastes on surface
23 Site 23, Paint Disposal Area Paint wastes

24/25 Site 24, Closed Pistol Range Projectile impact zone

24/25 Site 25, Closed Pistol Range Projectile impact zone.
26 Site 26, Explosive "D" Washout Area Explosive washout disposal
27 Site 27, Projectile Refurbishing Area Paint wastes
L Epic Site L, MSC Van Parking Area Scrap stored on ground
29 Site 29, PCB Spill Site PCBs - confirmation of cleanup
Q Epic Site Q, Fire Fighting School Accelerants from fire simulation
BG Background sample location -

(Note: This list contains the 21 sites investigated in the summer and the 6 sites investigated; in December

of 1996)
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. Installation of dedicated low-flow well purge/sampling pumps in 86 monitoring wells.

. Sampling and analysis of groundwater from 88 permanent monitoring wells.

g Measurement of static-water levels in 88 permanent monitoring wells.

. Execution of hydraulic conductivity studies at nine permanent monitoring wells,

. Sampling and analysis of groundwater from 23 hydropunch locations.

. Excavation of 16 test pits.

. Sampling and analysis of surface soil collected at 39 locations.

. Sampling and analysis of surface water collected at 38 locations.

. Sampling and analysis of sediment samples collected at 49 locations.

. Surveying of the horizontal locations and vertical elevations of soil gas survey grid corners,

soil borings, monitoring wells, hydropunch locations, test pits, surface soil sample locations,
surface water sample locations, sediment sample locations, and confirmation/correction of
previous survey work.

. Sampling and analysis of septic tank contents.
. Sampling, analysis, and disposal of investigation-derived waste (IDW).
. Sampling and analysis of Building C-33 floor sweepings.

The data resulting from the field activities were compiled, scientifically validated per EPA Region i
guidelines, and analyzed with respect to

. Nature and extent of contamination.

. Comparison to regulatory applicable and relevant or appropriate requirements (ARARSs)
and to be considered (TBCs).

. Fate and transport of compounds in the environment.
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. Human health risk assessment guidelines.
. Ecological risk assessment guidelines.

The Navy has been performing investigation activities at areas of potential environmental concern at NWS
Earle since approximately 1982. Investigation report documents include the Draft Report for Naval Weapons
Station Earle, Colts Neck, New Jersey, Installation Restoration Program Phase Il Confirmation Study, dated
September 1986; the Draft Report of Current Situation and Draft Plan of Action, dated December 1988; a Draft
Phase Il Site Inspection Study for Naval Weapons Station Earle, Colts Neck, New Jersey, dated
February 1993; and a final version of the S report, dated December 1993. An IRP Phase Il site inspection
work plan was also prepared in September 1991. The Installation Restoration Program Remedial
Investigations/Feasibility Study for 11 Sites at NWS Earle, Colts Neck, New Jersey, Volumes 1 to 3 was
completed in September 1993.

In general, previous investigations have shown relatively high concentrations of metals in groundwater due to
turbidity (solids) in the samples. For this investigation, the Navy installed dedicated, low-flow groundwater
pumps in each of the sampled monitoring wells (where water levels were sufficient to submerge the entire
pump). The pumps were constructed of inert materials and were laboratory certified to be c;ontaminant free.
A low-flow sampling procedure that was developed by EPA was followed to ensure minimal disturbance of the
groundwater in the monitoring well during sampling. With a few exceptions, analyses of samples collected
using this new procedure showed correspondingly lower metals concentrations in most monitoring well
samples, as well as a reduction in spurious high metals readings that were previously encountered.

Human health risk assessment was carried out in accordance with current EPA risk assessment guidance
(EPA, 1989a; EPA, 1991a) to evaluate the NWS Earle Rl data. The objectives of the risk assessment are to
estimate the actual or potential risks to human health resulting from the presence of contamination in surface
soil, subsurface soil, sediment, groundwater, and surface water and to provide the basis for determining the
need for remedial measures for these media in the FS.

Section 2.4 of the RI report describes in detail the procedure followed. In several instancés, the results of the
human health risk assessment were biased either high or low based on the nature of the data used as inputs.
This uncertainty arose due to the conflicting needs of the RI to provide high quality data on which to base a
feasibility study or plan an interim removal action (e.g., at sites 19, 23, 24/25 and 27). The specific results of
the risk assessment and the uncertainties to which any specific site results are subject are presented and
discussed in the site-specific section. Table ES-2 presents a summary of the risk assessment results. These
results should be considered along with the site-specific discussion of uncertainties to draw conclusions
regarding human health risks related to the site.
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Screening-level ecological risk assessments were conducted at RI sites to investigate potential risks to
ecological receptors from contaminants associated with NWS Earle. Site characterizations were composed
for each RI site, with emphasis on the habitats on and near each site and potential ecological receptors that
may utilize the RI site areas, and each site's relation to its watershed and other RI sites was discussed.
Contaminant sources, migration pathways, and exposure routes were also evaluated on a site-specific basis.
All contaminants detected in samples collected in relevant media during this Rl and previous studies at each
site were considered preliminary contaminants of potential concern, thereby eliminating selective use of the
data as a cause of uncertainty as it was in the human health risk calculations. Maximum concentrations of
preliminary contaminants of potential concern in each applicable medium were used as conservative exposure
point contaminant concentrations and screened against ecological screening levels that are protective of
ecological receptors. The ratio of the exposure point concentration to the screening level is called the hazard
quotient, which served as the basis of quantitative assessment of potential ecological risks associated with
each site. Potential adverse ecological effects were considered possible, and the contaminant was retained
as a final contaminant of potential concern, when the hazard quotient exceeded one; but, additional evaluations
were conducted to investigate whether ecological receptors were actually at risk, as described in section 2.6
of the Rl report. Data and information from this Rl and previous reports not used in quantitative assessment
due to questionable data quality, or other site-specific data limitation such as g_roundwater data, were
discussed qualitatively at each site. The uncertainties associated with the ecological risk assessment and their
implications for risk management were also addressed.

Potential ecological risks associated with NWS Earle Rl sites generally were relatively low. Recommendations
for additional study or corrective action based on ecological risks were generally in agreement with
recommendations resulting from the human health risk assessment, such as the application of additional
surface soil at landfills with sparse cover material. However, ecological risks were nmoderate or moderately
high at some sites (Table ES-3), and current data are insufficient to adequately characterize potential risks.
Additional sampling appears to be necessary at Mainside area Sites 3 and 13 to better gauge the extent of
off-site contaminant impacts. Also, additional sampling appears to be needed at two Waterfront area sites,
Sites 6 and 17. These sites are located adjacent to a tidal marsh, and contaminant concentrations detected
in surface water and sediment in the marsh next to these sites were significantly elevated, as were potential
ecological risks. Since other potential contaminant sources, including RI study éites, exist near the marsh,
additional samples are needed to fully assess the nature and extent of contamination in the marsh watershed.

Potential ecological risks were assessed for each watershed on the base. This was performed since individual
sites, or groups of sites, may contribute contaminants into the watershed in which they are located. Five
watersheds were assessed in the Mainside area, and two were assessed in the Watexrfront area. Similar to
the individual site assessments, habitats and ecological receptors in each watershed were investigated, along
with watershed-specific contaminant sources, migration pathways, and exposure routes. Hazard quotients
were also calculated for contaminants detected in surface water and sediment sam ples collected in each
watershed.
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Potential risks associated with watershed-specific surface water and sediments were also relatively low (Table
ES-4). Contaminant concentrations and related potential risks were insignificant in Pine Brook, Mine Brook,
Hockhockson Brook, Mingamahone Brook, and Shark River watersheds in the Mainside area, although not
all classes of contaminants were analyzed for in some watershed sediment samples. In the Wagner Creek
watershed located in the Waterfront area, elevated levels and moderately high potential risks were present for
some metals, although the contaminant source is currently not defined. Metals concentrations may be
naturally elevated in that area. In the Ware Creek watershed, also located in the Waterfront area, elevated
concentrations of metals and significant potential risks were present, but samples were taken upstream of the
tidal marsh mentioned above, in what is essentially an urban environment. Additional watershed samples
appear to be necessary in and around the marsh, in conjunction with additional samples recommended for
Sites 6 and 17, to fully characterize potential ecological risks from contaminants in the marsh area.

Based on the evaluation of the large volume of data, it can be stated that past activities and waste disposal
practices at NWS Earle have resulted in little apparent adverse impact to human health and the environment.
Action is being taken by the Navy this year to mitigate environmental impacts at the sites where there is
significant concern, namely Site 16 where free-product diesel fuel was released and is floating on groundwater;
Site 26 where trichloroethene products were found in groundwater; and a few sites, such as Sites 23, 22, 19,
and several of the former landfill areas, where improper disposal practices were performed.

In light of the overall results and the mitigating actions by the Navy this year, it is concluded that, in general,
the NWS Earle Facility presents little adverse impact to human health and the environment.
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TABLE ES-2
SUMMARY OF HUMAN HEALTH RISKS
NWS EARLE, COLTS NECK, NEW JERSEY

SITE GROUNDWATER SURFACE SUBSURFACE SOIL SURFACE SOIL SEDIMENT
NUMBER WATER
FUTURE FUTURE FUTURE FUTURE FUTURE FUTURE CURRENT FUTURE
RESIDENTIAL INDUSTRIAL RECREATIONAL RESIDENTIAL | INDUSTRIAL | RESIDENTIAL | INDUSTRIAL | RECREATIONAL
RECEPTORS* EMPLOYEE CHILD RECEPTORS* | EMPLOYEE | RECEPTORS* | EMPLOYEE CHILD

01

02 HI NE - - . NE NE _

03 HI NE - - - - - NE
04 HI NE NE - - . B NE
05 HI NE - - - - - -

06 HI NE NE - - - - NE
07 HI NE - - - - - NE
09 - - - - - - - -

10 NE NE - - - - - .

1 NE NE - - - - - .

12 - - - - - LEAD NE NE
13 HI, CA HI NE - - - - NE
14 - - - - - - - -

15 - - NE NE NE NE NE NE
16 HI, CA HI, CA - HI, CA HI HI, CA HI NE
17 NE NE NE - - NE NE NE
19 HI NE NE NE NE - - NE
20 - - - NE NE NE NE NE
22 - - - NE NE - - NE
23 HI, CA Hi NE CA NE - - NE
24 - - - NE NE - - .

25 - - - NE NE . ; ]

26 HI HI - NE NE - - -

27 - - - NE NE - - -
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TABLE ES-2
SUMMARY OF HUMAN HEALTH RISKS
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 2 OF 2
SITE GROUNDWATER SURFACE SUBSURFACE SOIL SURFACE SOIL SEDIMENT
NUMBER WATER
FUTURE FUTURE FUTURE FUTURE FUTURE FUTURE CURRENT FUTURE
RESIDENTIAL INDUSTRIAL RECREATIONAL RESIDENTIAL | INDUSTRIAL | RESIDENTIAL | INDUSTRIAL | RECREATIONAL
RECEPTORS* EMPLOYEE CHILD RECEPTORS* | EMPLOYEE | RECEPTORS* | EMPLOYEE CHILD

Q NE NE - NE NE - - NE
WS - - NE -

NOTE: Media was not included in quantitative risk calculations&-)
CA - Cancer risks exceed 1E-04 for this receptor.
HlI - Hazard Index exceeds 1.0 for this receptor.
NE - No exceedances occurred for this receptor.

- Non-cancer risk applies to child resident only; cancer risk represents lifetime (child plus adult) exposure.
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TABLE ES-3
SUMMARY OF SITE-SPECIFIC ECOLOGICAL RISK ASSESSMENTS
NWS EARLE, COLTS NECK, NEW JERSEY

Risite | Potential Ecological Risks (Applicable Media) Recommendations
Site 1 Surface soil: Low No further action
Terrestrial plants: Low to moderate for some
metals
Site 2 Surface soil: Low No further action
Terrestrial plants: Low to moderate for some
metals
Site 3 Sediments: Moderate for aluminum and some Additional sediment sampling to investigate extent of
PAHSs contamination in wetlands. Additional surface soil
sampling to investigate potential off-site migration via
overland runoff/erosion.

Site 4 Surface water: Low Additional soil cover should be placed on exposed areas of

Sediment: Low the landfill to promote plant growth and prevent erosion.

Site 5 Surface soil: Low No further action

Terrestrial plants: Low
Site 6 Surface water: Low Additional surface water and sediment samples should be
Sediment: Moderate to moderately high for taken further into the marsh to investigate the extent of
organics, mainly PAHs and pesticides contaminant impacts. Additional surface soil samples
should be taken at the landfill toe to investigate potential
runoff/erosion of contaminants. These samples should be
integrated with additional samples from nearby sites.

Site 7 Sediments: Low Additional soil should be placed on bare areas on the
landfill to promote plant growth and prevent erosion

Site 9 Investigated as part of Wagner Creek watershed | See Wagner Creek watershed assessment

assessment
Site 10 Surface water: Low Additional soil cover could be placed on bare areas of the
Sediments: Low landfill to promote plant growth and prevent erosion.

Site 11 Subsurface soil: Low Additional surface soil samples could be taken to delineate
the extent of surface soil contamination, but the collection
of these additional samples or remediation at the site is
undesirable due to the presence of a federally-threatened
plant.

Site 12 Sediments: Low to moderate No further action; additional samples are recommended at
nearby sites that will further characterize potential Site 12
contaminant inputs to the nearby marsh.

Site 13 Surface water: Moderate for silver Additional samples taken downstream in the drainage area

Sediment: Moderately high for silver and PCBs could be collected to investigate potential downstream
migration, although no current evidence suggests this is
occurring. Additional soil should be placed on bare areas
of the landfill to promote plant growth and prevent erosion.

Site 15 Surface Water: Low No further action

Sediment: Low to moderate for aluminum and

some PAHs

Surface soils: Low

Terrestrial plants: Moderate for aluminum

Site 16 Sediments: Low Removal of floating product on water table to prevent

discharge of organic contaminants to nearby wetlands.

Navy\5803\SITES\105016
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TABLE ES-3

SUMMARY OF SITE-SPECIFIC ECOLOGICAL RISK ASSESSMENTS
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 2 OF 2
Risite | Potential Ecological Risks (Applicable Media) Recommendations
Site 17 Surface water: Moderate for some metals Additional surface water and sediment samples should be
Sediment: Moderate to moderately high for taken further into the adjacent marsh to investigate the
some metals, pesticides, and PAHs extent of potential contaminant impacts. Additional surface
Surface soil: Low soil samples should be taken at the landfill toe to
investigate potential runoff/erosion. These samples should
be integrated with additional samples from nearby sites.
Site 19 Sediments: Moderately high for several metals Removal of sediments in the drainage ditch leading to the
stream and wetlands.
Site 20 Sediments: Low No further action
Site 22 Sediments: Moderate for some PAHs Limited removal of sediments and surface soils behind
Surface soil: Low Building D-2 to prevent erosion and runoff of contaminants
Site 23 Surface water: Low to moderate for some Limited removal of contaminated soils near RI sample 23
metals SB 04 to prevent erosion and runoff of contaminants into
Sediment: Low the drainage swale.
Site 24/25 Subsurface soil: Low No further action
Site 26 Sediment: Low No further action
Surface soil: Low
Site 27 Sediment: Moderate for some metals Limited removal of paint chips and associated soil to
prevent erosion and runoff of metals
Site 29 Surface soils: Low No further action
Epic L Surface soils: Low to moderate for some PAHs At present, no further action. Additional surface soil and
Terrestrial plants: Low sediment samples should be taken to fully characterize
potential risks if the site is abandoned and receptor use
increases.
Epic Q Sediments: Low to moderate for pyrene No further action

Navy\5803\SITES\105016
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TABLE ES+4

SUMMARY OF WATERSHED-SPECIFIC ECOLOGICAL RISK ASSESSMENTS
NWS EARLE, COLTS NECK, NEW JERSEY

Watershed

Potential Ecological Risks
(Applicable Media)

Recommendations

Pine Brook

Surface water: Low
Sediment: Low

No further action

Hockhockson Brook

Surface water: Low
Sediment; Low

No further action

Mine Brook

Surface water: Low
Sediment: Low

SVOCs were not analyzed for in sediments.
Additional sediment samples may be collected and
analyzed for SVOCs, but do not appear to be
completely warranted since no potential source of
SVOCs is apparent.

Mingamahone Brook

Surface water: Low to moderate for some
metals
Sediment: Low

No further action

Shark River Surface water: Low No further action
‘ Sediment: Low to moderate for some
pesticides
Wagner Creek Surface water: Moderately high for some The source of metals to the stream where the
metals, mainly aluminum and lead watershed samples were taken is unclear. Site 9
Sediment: Low to moderate for some is located several hundred feet north/northwest of
metals, mainly aluminum and lead the watershed sampling sites in the stream.
Overland runoff does not appear to be occurring
from Site 9 to the stream. Groundwater samples
may be taken to investigate potential groundwater-
to-surface water contaminant migration, but
concentrations of metals in the area may be
naturally elevated.
Ware Creek Surface water: Low to moderate for some | Additional surface water and sediment samples

metals
Sediment: Low to moderate for some
metals

are necessary further downstream in the
watershed. In particular, additional samples are
needed in the tidal marsh adjacent to some
Waterfront RI sites. These samples should be
integrated with additonal samples recommended
at Waterfront sites 6 and 17.
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ES-11




SECTION PAGE
EXECUTIVE SUMMARY . ... ... ittt ittt ittt ittt tst e eanaaanrennnas ES-1
1.0 INTRODUCTION ................ et ettt a e ie i 11
1.1 PURPOSE AND SCOPE . ... ... . e 1-1
1.2 FACILITY LOCATION . . . . 1-1
1.3 FACILITY MISSION . . .. e 1-2
1.4 PREVIOUS INVESTIGATIONS . ... ... .. . . 1-2
1.5 WETLANDS DELINEATION . . ... . 1-5
2.0 INVESTIGATIONSUMMARY .. ... .ttt ittt ittt et eae s tnerennnna 21
2.1 SUMMARY OF ACTIVITIES . .. ... . . e 2-1
2.1.1  Subsurface Investigations . .. ......... .. .. ... 2-2
212 Surface Soil Sampling .. ... ... .. 2-15
2.1.3 Surface Water Sampling . . . ... ... .. ... 2-15
214 Sediment Sampling . ......... .. ... 2-15
215 SUNVEYING . . .. 2-21
2.1.6 Sampling of Septic Tank Contents . . . ....... ... ... ... ........... L 2-21
217 WasteHandling . ...... ... ... ... 2-21
2.1.8 Floor Sweepings Sampling .. ............ . . ... ... .. 2-22
2.1.9 General Sampling Operations .. ........... ... ... .. .. ... ... .... 2-22
2110 Sample Handling .. ......... ... . ... 2-25
22 NATURE AND EXTENT OF CONTAMINATION . .. ... ... ... .......... 2-27
2.3 FACILITY-WIDE CONTAMINANT FATE AND TRANSPORT .......... L 2-27
2.3.1 Physical and Chemical Properties . ............ ... ... . ... ........ 2-28
2.3.2 Contaminant Persistence . ............... ... . ... ... 2-33
2.3.3 Contaminant Migration Routes . . . . ............. ... . ... ... .. ... ..... 2-36
2.4 HUMAN HEALTH RISK ASSESSMENT APPROACH .. ............... ... 2-37
241 DataEvaluation . ...... ... ... ... ... 2-39
242 Toxicity Assessment . . . .. .. ... 2-44
2.43 Exposure Assessment ... ... ... 2-55
244 Risk Characterization . ... ... ... .. .. . .. . . ... ... 2-81
245 Risk Assessment Uncertainties ... .......... ... ... . ... ... .. ... ..., 2-83
246 Amended Risk Assessment . . .......... . ... ... ... 2-96
25 QUALITY ASSURANCE/QUALITY CONTROL RESULTS ................. 2-96
251 Field Quality Control Blanks . ... ... ... ... .. ... ... ... . ... ... .. .. 2-96
2.5.2 Discussion of Field Quality Control Blank Impact .. ..................... 2-96
2.5.3 Field Duplicate Precision . .......... .. .. . .. . . . .. ... ... 2-99
2.5.4 Laboratory Quality Control Analyses . ........... ... .. ... . ... ... ...... 2-99
255 Parameters .. ... .. ... 2-100
25,6 Summary of the Data Validation ............ ... ... ... .......... 2-106
2.6 ECOLOGICAL RISK ASSESSMENT APPROACH .. ... ... ............. 2-107
2.6.1 Preliminary Problem Formulation and Ecological Effects Characterization . . . . . 2-107
2.6.2 Preliminary Exposure Assessment and Risk Characterization . . . ... ... ... .. 2-118
2.6.3 Uncertainties Analysis . ........ ... . .. . . ... ... 2-124
264 SUMMANY . .. ... 2-127
2.7 ARARSs or Criteria to Be Considered (TBCs) . .. ....................... 2-128
REFERENCES . . . . . 2124
D-i32

TABLE OF CONTENTS

NAVY\5803\SITES\105016 i



TABLE OF CONTENTS (continued)

SECTION PAGE
3.0 FACILITY-WIDE ENVIRONMENTAL SETTING . .........iiiittinnnnnnnnnnnnnn 31
3.1 CLIMATE AND METEOROLOGY . ... ... ... i 341
3.2 TOPOGRAPHY . . . 3-1
3.3 SURFACE WATER HYDROLOGY . .. ... 3-2
34 GENERAL GEOLOGY . ... ... . s, 3-2
3.41 Regional Geologic Setting . . . ............ ... . ... ... 3-2
3.4.2 Surficial Deposits . . . .. ... 3-3
3.4.3 Cretaceous to Miocene Coastal Plain Formations . ....................... 3-7
3.5 SOILS . . ., 3-12
3.6 HYDROGEOLOGY . . . .. e e 3-12
3.6.1  Aquifer Classification . ............ ... . ... .. . . ... 3-18
3.6.2 Hydrogeologic Units . . .......... ... ... . .. . ... 3-18
3.6.3 Hydraulic Conductivity . .............. . ... . . ... 3-23
3.7 WATER SUPPLY . . . 3-25
371 Private Wells . . .. ... 3-25
3.7.2 Municipal Water System . ... ......... ... ... 3-30
3.8 POPULATION AND LAND USE . .......... ... ... .. . . . . . . .. 3-30
3.8.1 Population . . ...... . ... . 330
3.82 Surrounding LandUse ............ ... ... ... ... ... ... . 3-30
3.9 ECOLOGY ... ., 3-31
4.0 SITE1: ORDNANCE DEMILITARIZATION SITE . ... ... iitiitiieeiiinneennns 41
4.1 SITE BACKGROUND AND PHYSICAL SETTING .. ...................... 4-1
4.2 PREVIOUS INVESTIGATIONS .. ... ... ... .. . .. .. 4-1
4.3 RIFIELD INVESTIGATIONS . . . . ... .. . 4-1
4.3.1  Hydropunch Groundwater Sampling . ................................. 4-3
4.3.2 Soil Borings and Subsurface Soil Sampling .. .................. ... .. ... 4-3
4.3.3 Permanent Monitoring Well Installation, Static-Water-Level Measurements,
and Groundwater Sampling . . .. ........... ... ... 4-7
434 SlugTesting . ..... ... 4-13
4.4 SITE CHARACTERISTICS ... ... . . i, 4-13
441 Geology .. ... 4-13
442 Hydrogeology . . ... ... 4-13
45 NATURE AND EXTENT OF CONTAMINATION ... ..................... 4-16
4.5.1 Subsurface Soil .......... .. ... ... 4-16
452 Groundwater ........... ... ... 4-16
4.6 CONTAMINANT FATE AND TRANSPORT . ............... ... 4-29
4.6.1 Detected Chemicals and Transport Potential . ..................... ... . 4-30
46.2 Contaminant Persistence ............ ... .. ... . . ... ... .. . . . . ... ... 4-31
4.6.3 Observed Chemical Contaminant Trends . ............................ 4-31
46.4 Conclusions . ............ ... 4-32
4.7 BASELINE RISK ASSESSMENT . . .. ... ... ... ... .. .. .. ... 4-33
4.7.1 Risk Characterization .................. .. ... . . .. ..., 4-33
472 ConClusions . ............ ... 4-55
4.8 ECOLOGICAL RISK . . . .. 4-55
4.8.1 Habitat Types and Ecological Receptors .. ........................... 4-55
4.8.2 Ecological Effects Assessment . ............ ... ... . . ... ... . . . ...... 4-60
4.8.3 Preliminary Exposure Assessment . ... ............. .. ... 4-60
4.8.4 Risk Characterization .. ............ .. .. . . . . ... .. ..., 4-60
485 Summary and Conclusion . ................ . ... ... ... 4-63

NAVY\5803\SITES\105016 iii



SECTION

4.9
4.91
492

5.0 SITE 2:
5.1
5.2
5.21
522
5.2.3
5.3
5.31
5.3.2
5.4
5.4.1
5.4.2
5.5
5.5.1
55.2
5.6
5.6.1
5.6.2
5.6.3
5.6.4
5.7
571
5.7.2
5.8
5.8.1
5.8.2
583
584
585
5.9
5.9.1
5.9.2

6.0 SITE 3:

6.1

6.2

6.2.1
6.2.2
6.2.3
6.3

6.3.1
6.3.2
6.3.3

6.3.4
6.4

TABLE OF CONTENTS (continued)

PAGE
EVALUATION AND RECOMMENDATIONS . ...... ... ... ... .. ........ 4-64
Evaluation Summary ... .. e e e e e e e e 4-64
Recommendations .. .... ... ... ... ... ... 4-64
ACTIVE ORDNANCE DEMILITARIZATIONSITE .............c00vvenn.. 5-1
SITE BACKGROUND AND PHYSICAL SETTING .. ...................... 5-1
PREVIOUS INVESTIGATIONS . ... .. .. . e 5-1
Summary of Activities and Results . . ... ... ... ... L 5-1
Summary of Conclusions . ........ ... ... 5-3
Data Gaps . . . ... .. 5-3
RI FIELD INVESTIGATIONS . . . . . . e 5-3
Static-Water-Level Measurements and Groundwater Sampling . ... ........... 5-4
Surface Soil Sampling .. ... ... 5-4
SITE CHARACTERISTICS .. ... .. e 5-7
GeOlOgY . . . 5-7
Hydrogeology . . . .. ... .. 5-7
NATURE AND EXTENT OF CONTAMINATION . ....................... 5-10
Surface Soils . . .. ... . 5-10
Groundwater . ... ... ... ... 5-10
CONTAMINANT FATE AND TRANSPORT .. ........ ... ... ......... 5-28
Detected Chemicals and Transport Potential .. ........................ 5-29
Contaminant Persistence ... ......... ... ... ... . . ... ... 5-29
Observed Chemical Contaminant Trends . . ........................... 5-30
CoNCIUSIONS . . . . .. 5-31
BASELINE RISK ASSESSMENT . . . ... . ... . . . . .. 5-31
Risk Characterization . ............ ... ... . . . ... . . . .. 5-34
CoNCIUSIONS . . . . .. 5-47
ECOLOGICAL RISK . . . ... e 5-50
Habitat Types and Ecological Receptors . . ......... ... ... ........... 5-50
Ecological Effects Assessment ... ........ ... ... .. ... ... .. ... . ... ... 5-51
Preliminary Exposure Assessment . . ............. . ... . ... ... .. ..., .. 5-52
Risk Characterization . ........... ... .. .. ... . . . . . . . 5-52
Summary and Conclusions . . ............ ... ... 5-52
EVALUATION AND RECOMMENDATIONS .. ...... ... ... ... ........ 5-56
Evaluation Summary ... ... .. ... 5-56
Recommendations . ........... ... . ... . . ... 5-56
LANDFILL SOUTHWESTOF "F"GROUP .. ..........cciitiiennnennnn 6-1
SITE BACKGROUND AND PHYSICAL SETTING .. ...................... 6-1
PREVIOUS INVESTIGATIONS . . . ... ... . . . . . 6-1
Summary of Activities and Results . . . . ........... ... ... . ... 6-1
Summary of Conclusions . ........... ... .. ... 6-3
Data Gaps . . . ... . 6-3
RIFIELD INVESTIGATIONS . . . ... ... i 6-3
S0l Gas SUIVEY . . . . ... 6-3
Test Pit . ... 6-4
Permanent Monitoring Well Installation, Static-Water-Level
Measurements, and Groundwater Sampling . ........................... 6-7
Wetlands Surface Soil Sample .. .................. [ 6-9
SITE CHARACTERISTICS . .. ... .. . . . . e, 6-11

NAVY\S803\SITES\105016 iv



TABLE OF CONTENTS (continued)

SECTION PAGE
B.4.1  GEOIOGY . ..t 6-11
6.4.2 Hydrogeology . ............ e 6-11
6.5 NATURE AND EXTENT OF CONTAMINATION . ......... .. ... .. ... .... 6-14
6.51 Sediment................... e 6-14
6.5.2 Groundwater . ... ... ... 6-14
6.6 CONTAMINANT FATE AND TRANSPORT ... ... ... .. i, 6-25
6.6.1 Detected Chemicals and Transport Potential . ......................... 6-25
6.6.2 Contaminant Persistence ............. . . .. ... ... 6-26
6.6.3 Observed Chemical Contaminant Trends . .. ............. ... ... ...... 6-27
6.6.4 CONCIUSIONS . . . . . ... e 6-27
6.7 BASELINE RISK ASSESSMENT . . ... ... . . . i, 6-28
6.7.1 Risk Characterization ............ ... .. .. .. .. . . . 6-28
B.7.2 CONCIUSIONS . . . . . ... 6-41
6.8 ECOLOGICAL RISKS . . . ... e 6-42
6.8.1 Habitat Types and Ecological Receptors . ... ....... ... ... ... ... ..... 6-42
6.8.2 Ecological Effects Assessment .. ....... .. ... ... ... . .. . 6-46
6.8.3 Preliminary Exposure Assessment . . .. ............ ... .. . L L ... 6-46
6.8.4 Risk Characterization .......... ... ... ... .. ... ... ... ............. 646
6.8.5 Summaryand Conclusions . ............. .. ... ... 6-46
6.9 EVALUATION AND RECOMMENDATIONS . ...... ... ... .. ... ........ 6-49
6.9.1 Evaluation Summary ... ....... ... ... 6-49
6.9.2 Recommendations . . ... ...... ... ... 6-49

7.0 SITE4: LANDFILLWESTOF"D" GROUP ....... ...t iiiirirnnrnnrnnrnnns 71
71 SITE BACKGROUND AND PHYSICAL SETTING . .. ... ... ... ......... 7-1
7.2 PREVIOUS INVESTIGATIONS . . .. .. . . . e 7-1
7.2.1 Summary of Activities and Results . . ... ... ... . L L 7-3
7.22 Summaryof Conclusions . ............ . ... ... 7-3
723 DataGaps ... ... e 7-3
7.3 RIFIELD INVESTIGATIONS . . ... ... e 7-4
7.3.1 Hydropunch Groundwater Sampling . . ... ...... ... .. .. .. . . ... .. 7-4
7.3.2 Surface Water and Sediment Sampling . ............ ... ... . ... . ... 7-5
7.3.3 Permanent Monitoring Well Installation, Static-Water-Level

Measurements, and Groundwater Sampling . ........................... 7-8
7.4 SITE CHARACTERISTICS ... ... . e 7-12
741 GeEOIOGY .. ..o 7-12
7.42 Hydrogeology .. ... ... .. e 7-12
7.5 NATURE AND EXTENT OF CONTAMINATION .. ......... ... ... ....... 7-15
7.51 Sediment . . ... ... .. 7-12
7.5.2 Groundwater . ... ... ... 7-22
7.5.3 Surface Water .. ... .. .. .. .. 7-29
7.6 CONTAMINANT FATE AND TRANSPORT . ... .. ... ... .. 7-36
7.6.1 Detected Chemicals and Transport Potential . ......................... 7-36
7.6.2 Contaminant Persistence ......... ... ... . . .. .. ... ... 7-37
7.6.3 Observed Chemical Contaminant Trends .. ... ........... ... ... ....... 7-37
7.6.4 CONCIUSIONS . . . .. . e e e e e e 7-38
7.7 BASELINE RISK ASSESSMENT . .. ... ... ... .. . i 7-39
7.7.1 Risk Characterization ......... ... ... . . .. . .. 7-39
772 Conclusions .............. e 7-55
7.8 ECOLOGICAL RISKS . . .. ... e 7-58

NAVY\5803\SITES\105016 Y,



SECTION

7.8.1
7.8.2
7.8.3
7.8.4
7.8.5
7.9

7.9.1
7.9.2

8.0 SITE &:
8.1
8.2
8.2.1
8.2.2
8.2.3
8.3
8.3.1
8.3.2
8.4
8.4.1
8.4.2
8.5
8.5.1
8.6.2
8.6
8.6.1
8.6.2
8.6.3
8.6.4
8.7
8.71
8.7.2
8.8
8.8.1
8.8.2
8.8.3
8.8.4
8.8.5
8.9
8.9.1
8.9.2

9.0 SITE 6:
9.1
9.2
9.2.1
922
9.23
9.3
9.31
9.3.2

TABLE OF CONTENTS (continued)

PAGE
Preliminary Problem Formulation and Ecological Effects Characterization . ... .. 7-58
Preliminary Exposure Assessment and Risk Characterization . . ... .......... 7-60
Summary and Conclusions . . .. ... . ... 7-60
Risk Characterization . ... ... e 7-60
Summary and Conclusions . ... ......... . ... 7-60
EVALUATION AND RECOMMENDATIONS .. ........ ... ....... ... .... 7-64
Evaluation Summary ... ... ... .. ... 7-64
Recommendations . ... .. ... ... .. .. ... ... 7-65
LANDFILL WESTOF ARMYBARRICADES ...........c.iiiiiiennnens 8-1
SITE BACKGROUND AND PHYSICAL SETTING .. ...... ... . ... ... .. 8-1
PREVIOUS INVESTIGATIONS . . .. ... 8-1
Summary of Activities and Results . . .. ... ... ... 8-3
Summary of Conclusions . .. ...... ... ... 8-3
Data Gaps . . . . oo 8-3
RIFIELD INVESTIGATIONS . . . . ... ... S 8-3
Hydropunch Groundwater Sampling . . . .......... ... .. ... . ... ... . ... 8-4
Static-Water-Level Measurements and Groundwater Sampling . .. ... ... I 8-4
SITE CHARACTERISTICS . .. ... . e 8-9
GOIOgY . . i 8-9
Hydrogeology . . . ... .o oo 8-10
NATURE AND EXTENT OF CONTAMINATION . ....... ... ... . ... . ... 8-10
Groundwater . ... ... ... 8-10
Organics in Groundwater . .......... ... ...t 8-18
CONTAMINANT FATE AND TRANSPORT .. ... ... . . i 8-24
Detected Chemicals and Transport Potential ... ....................... 8-24
Contaminant Persistence . ....... ... ... . ... .. ... 8-25
Observed Chemical Contaminant Trends ... .............. ... ... ...... 8-25
CONCIUSIONS . . . .. . .. e 8-26
BASELINE RISK ASSESSMENT . . . .. ... .. 8-26
Risk Characterization . ... ....... ... . .. . . . . .. . 8-28
CONCIUSIONS . . . . .. . e 8-34
ECOLOGICAL RISK ASSESSMENT . .. ... ... .. i 8-37
Preliminary Problem Formulation and Ecological Effects Characterization . .. . .. 8-37
Ecological Effects Assessment . .. ... ... .. ... ... . 8-40
Preliminary Exposure Assessment . . .. ............ ... .. .. . .. 8-40
Risk Characterization .................... ... . ... ........ e 8-41
Summary and Conclusions . . ........ .. ... 8-41
EVALUATION AND RECOMMENDATIONS . .. ... ... ... . ... ... .. ... 8-42
Evaluation Summary . ... ... .. ... 8-42
Recommendations ... ... ... .. .. .. .. ... 8-42
LANDFILL WESTOF NORMANDYROAD ...........ciiiiiinnnnnnennn 9-1
SITE BACKGROUND AND PHYSICAL SETTING .. ...... ... .. ... ....... 9-1
PREVIOUS INVESTIGATIONS . . . .. .. e 9-1
Summary of Activities and Results . . . .. ... ... ... ... L o 9-1
Summary of Conclusions . . .. ... ... ... 9-1
Data Gaps (Objectives of Remedial Investigation .. ...................... 9-1
RIFIELD INVESTIGATIONS . . . . .. e 9-3
Surface Water Sampling . . . . ... . ... ... 9-4
Sediment Sampling . .. ... ... 9-4

NAVY\5803\SITES\105016 Vi



SECTION

10.0

9.3.3
9.4

9.41
942
9.5

9.5.1
9.5.2
953
9.6

9.6.1
9.6.2
9.6.3
9.6.4
9.7

9.71
9.7.2
9.8

9.8.1
9.8.3
9.8.4
9.8.5
9.9

9.9.1
9.9.2

SITE 7:
10.1
10.2
10.2.1
10.2.2
10.2.3
10.3
10.3.1
10.3.2
10.3.3
10.4
10.4.1
10.4.2
10.5
10.5.1
10.5.2
10.6
10.6.1
10.6.2
10.6.3
10.6.4
10.7
10.7.1
10.7.2
10.8

TABLE OF CONTENTS (continued)

PAGE
Static-Water-Level Measurements and Groundwater Sampling . . . ............ 9-4
SITE CHARACTERISTICS . . ... . e e 9-7
GEOIOGY . . 9-7
Hydrogeology . . .............. e 9-7
NATURE AND EXTENT OF CONTAMINATION ... ... ... ... ... ... ... ... 9-7
Sediment . . . .. 9-7
GroUNAWALEr . . . . o ot e 9-19
Surface Water . . ... ... 9-27
CONTAMINANT FATE AND TRANSPORT .. ... ... . ... ... ... ... . ... 9-33
Detected Chemicals and Transport Potential . ......................... 9-33
Contaminant Persistence . ............ . .. .. .. 9-34
Observed Chemical Contaminant Trends ... .......................... 9-34
CONCIUSIONS . . . . ot e e 9-34
BASELINE RISK ASSESSMENT . . . ... ... ... i 9-35
Risk Characterization ... ... ... ... . .. . . . 9-35
CONCIUSIONS . . . . e 9-52
ECOLOGICAL RISKS . . . . . e 9-53
Habitat Types and Ecological Receptors . ............................ 983
Preliminary Exposure Assessment . . .. ............. .. ... 9-57
Risk Characterization ... ...... ... ... .. . . .. .. . . 9-57
Summary and Conclusion . . ... ... ... 9-58
EVALUATION AND RECOMMENDATIONS . . ... ... ... ... ... ... ... ... 9-59
Evaluation Summary . .......... . ... ... 9-59
Recommendations . . ... ... ... ... i 9-59
LANDFILL SOUTHOF"P"BARRICADES ............ciititiinnnnnnn 101
SITE BACKGROUND AND PHYSICALSETTING . ........ ... ... ........ 10-1
PREVIOUS INVESTIGATIONS . . .. ... . . . i 10-1
Summary of Activities and Results . . . . ... ... ... o o 10-1
Summary and Conclusion .. ... .. ... 10-3
Data Gaps (Objectives of Remedial Investigation ....................... 10-3
RIFIELD INVESTIGATIONS . . . . ... e 10-3
Static-Water-Level Measurements and Groundwater Sampling . ... .......... 104
Sediment Sampling . ... .. ... ... 10-4
Surface Water Sample . . ... ... .. . . .. 10-7
SITE CHARACTERISTICS . .. .. .. e 10-7
GEOIOGY . . o 10-7
Hydrogeology . . . . . . oot 10-7
NATURE AND EXTENT OF CONTAMINATION .. ....... ... ... ... ..... 10-10
Sediment . ... ... 10-10
Groundwater . .. .. ... .. 10-10
CONTAMINANT FATE AND TRANSPORT . ... ... .. .. ... .. .. ... ... 10-23
Detected Chemicals and Transport Potential . ........................ 10-23
Contaminant Persistence .. .......... .. ... . .. .. ... 10-24
Observed Chemical . ... ....... . ... ..t 10-24
CONCIUSION . . . . . 10-25
BASELINE RISK ASSESSMENT . . . ... .. ... e 10-26
Risk Characterization . ... ... ... ... ... .. . .. . .. 10-20
CONCIUSIONS . . . . . . . 10-38
ECOLOGICAL RISKS . . . ... e 10-41

NAVY\5803\SITES\105016 vii



TABLE OF CONTENTS (continued)

SECTION PAGE
10.8.1 Habitat Types and Ecological Receptors . ... ........................ 10-41
10.8.2 Ecological Effects Assessment .. ......... . ... .. .. .. 10-42
10.8.3 Preliminary Exposure Assessment . . . ........... ... 10-43
10.8.4 Risk Characterization ... ...... ... . . ... 10-43
10.8.5 Summary and CONCIUSION . . . ... .. .. ..\t 10-43
10.9 EVALUATION AND RECOMMENDATIONS ... ... ... ... ... ... .. .... 10-46
10.9.1 Evaluation Summary . ...... ... ... .. 10-46
10.9.2 Recommendations . . ... . ... ...t 10-46

11.0 - SITE 9: LANDFILL SOUTHOF "P"BARRICADES ............c.ciiiitnnnnn. 111
11.1  SITE BACKGROUND AND PHYSICAL SETTING .. ........ ... .......... 11-1
11.2  PREVIOUS INVESTIGATIONS . ... ... . 111
11.2.1 Site Background and Physical Setting . ....................... ... . ... 11-1
11.2.2 Summary and Conclusion . . .......... ... . . ... 11-1
11.2.3 Data Gaps (Objectives of Remedial Investigation .. ..................... 111
11.3 REMEDIAL INVESTIGATION SAMPLING ACTIVITIES ... ................ 11-1
11.3.1 Test Pits . . . ... 11-3
11.3.2 Surface Water and Sediment Sampling . ........................ S 114
11.4 SITE CHARACTERISTICS .. . ... . . e 11-4
11.4.1 GEOIOGY . . . 11-4
11.4.2 Hydrogeology . . . . ..o oottt 11-5
11.5 NATURE AND EXTENT OF CONTAMINATION . ............ .. ... ....... 11-5
11.5.1 Sediment . . . ... ... 11-5
11.5.2 Surface Water . . ... ... . ... 11-6
11.6 EVALUATION AND RECOMMENDATIONS .. ... ... ... . ... . ... ... ... 11-6
11.6.2 Recommendations . .......... ... .. ... .. 11-6

120 SITE10: SCRAPMETALLANDFILL ....... ..t iiiiiiiiiiiiiiaiiiaannnnnns 121
12.1  SITE BACKGROUND AND PHYSICAL SETTING .. ..................... 1241
12.2  PREVIOUS INVESTIGATIONS .. ... .. . 1241
12.2.1 Summary of Activities and Results . . . ... ... ... ... o oo 12-1
12.2.2 Summary of Conclusion . ... ... ... ... . ... 12-3
12.2.3 Data Gaps (Objectives of Remedial Investigation . ................... ... 12-3
12.3 RIFIELD INVESTIGATIONS . . . . . .. e 124
12.3.1 Static-Water-Level Measurements and Groundwater Sampling ... ... ........ 124
12.4 SITE CHARACTERISTICS ... ... ... i i 12-7
12.4.1 GEOIOGY . . o 12-7
12.4.2 Hydrogeology . . . . . .o oottt 12-7
12.5 NATURE AND EXTENT OF CONTAMINATION ... ... ... ... ... ....... 12-10
12.5.1 Groundwater . .. ... ... ... 12-10
12.6 CONTAMINANT FATE AND TRANSPORT .......... ... ... .. .. ... ... 12-18
12.6.1 Detected Chemicals and Transport Potential . ........................ 12-18
12.6.2 Contaminant Persistence . ........... ... . .. .. .. . ... i - 12-18
12.6.3 Observed Chemical Contaminant Trends .. ............... ... ... ..... 12-18
12.6.4 CONCIUSIONS . . . . . . . ittt 12-19
12.7 BASELINE RISK ASSESSMENT . . . ... ... . i 12-19
12.7.1 Risk Characterization ... ... ... ... .. . . .. . . . .. . 12-19
12.7.2 CONCIUSIONS . . . . . .. e 12-26
12.8 ECOLOGICAL RISK . . ... 12-27
12.8.1 Preliminary Problem Formulation . . . ....... ... ... ... .. ... .. ... .. ... 12-27

NAVY\5803\SITES\105016 viii



TABLE OF CONTENTS (continued)

SECTION PAGE
12.8.2 Ecological Effects Assessment ... ...... ... ... ... ... . ... ... . ... ... 12-29
12.8.3 Preliminary Exposure Assessment . . .. ........... .. ... ... ... .. ... 12-29
12.8.4 Summary and Conclusion . .. ............. .. .. ... 12-30
12.9 EVALUATION AND RECOMMENDATIONS . ... ... ... .................. 12-31
12.9.1 Evaluation Summary . ... ... ... ... 12-31
12.9.2 Recommendations ........... ... ... . ... ... 12-31

13.0 SITE 11: CONTRACT ORDNANCE DISPOSALAREA ..............cciivivnnn. 131
13.1  SITE BACKGROUND AND PHYSICAL SETTING ... .................... 13-1
13.2  PREVIOUS INVESTIGATIONS . . ... ... . . . i 13-1
13.2.1 Summary of Activities and Results . . .. ....... ... ... .. . ... .. ... ... ... 1341
13.2.2 Summary of Conclusions .. . ... ... ... ... 13-3
13.23 Data Gaps . . . .. oo 13-3
13.3  RIFIELD INVESTIGATIONS . . . . . ... i 13-3
13.3.1 Static-Water-Level Measurements and Groundwater Sampling .. ........... 13-3
13.4 SITE CHARACTERISTICS ... ... ... . e 134
13.4.1 Geology . ... ... 134
13.4.2 Hydrogeology . . . ... .. 137
13.56 NATURE AND EXTENT OF CONTAMINATION . ....................... 13-7
13.6.1 Groundwater . ... ... ... 13-7
13.6 CONTAMINANT FATE AND TRANSPORT ... ....... ... ... ... 13-15
13.6.1 Detected Chemicals and Transport Potential . ........................ 13-15
13.6.2 Contaminant Persistence ............. .. ... . ... . ... . ... . ... . ..., 13-15
13.6.3 Observed Chemical Contaminant Trends . ........................... 13-16
13.6.4 CONCIUSIONS . . . . ... .. 13-16
13.7 BASELINE RISK ASSESSMENT ... ... ... ... ... . . . . 13-17
13.7.1 Risk Characterization . .............. ... ... ... ... ... . ... . ... .... 13-17
13.7.2 CONCIUSIONS . . . . . ... 13-22
13.8  ECOLOGICALRISKS . .. ... e e 13-24
13.8.1 Habitat Types and Ecological Receptors . ........................... "13-24
13.8.2 Summary and Conclusions . . ............... . ... ... 13-27
13.9 EVALUATION AND RECOMMENDATIONS . ......................... 13-27
13.9.1 Evaluation Summary . ............ ... .. 13-27
13.9.2 Recommendations . .......... ... ... ... . ... ... 13-28

14.0 SITE12: BATTERY STORAGE AREA ... ... . ... ... it iiiirritrrennnrneenns 141
141 SITE BACKGROUND AND PHYSICAL SETTING ....................... 14-1
142 PREVIOUS INVESTIGATIONS . .. .. ... ... i, 1441
14.2.1 Summary of Activities and Results . . . ........ ... ... .. ... ... ... ... .. 14-3
14.2.2 Summary of Conclusions ... ........... ... ... 14-3
423 DataGaps .. ... 14-3
14.3 RIFIELD INVESTIGATIONS . . . . ... i 14-3
14.3.1 Surface Soil Sampling . ... ... ... . 14-3
14.3.2 Sediment Sampling . ... ... ... ... 14-4
14.4  SITE CHARACTERISTICS . ... .. . . i 14-4
14.41 Geology . ........ . 144
14.4.2 Hydrogeology . . . . . ..ottt 144
14.5 NATURE AND EXTENT OF CONTAMINATION ... ... ... ... .......... 14-5
1451 Surface Soils . . ... ... ... ... 14-5
14.5.2 Sediment ....... e e e 14-12

NAVY\5803\SITES\105016 ix



TABLE OF CONTENTS (continued)

SECTION PAGE
146 CONTAMINANT FATE AND TRANSPORT . ...... ... ... ... ... ..... 14-12
14.6.1 Detected Chemicals and Transport Potential . ........................ 14-18
14.6.2 Contaminant Persistence . ......... ... . ... ... 14-18
14.6.3 Observed Chemical Contaminant Trends . . ... .......... ... ... ....... 14-19
14.6.4 CONCIUSIONS . . . . . . .. . .. 14-19
147 BASELINE RISK ASSESSMENT . .. ... .. ... . i 14-20
14.7.1 Risk Characterization . ... .. ... ... .. .. . .. . . . . 14-20
14.7.2 CONCIUSIONS . . . . . . 14-29
14.8 ECOLOGICAL RISKS . . . ... i 14-32
14.8.1 Preliminary Problem Formulation and Ecological Effects ................. 14-32
14.8.2 Preliminary Exposure Assessment and Risk Characterization . .. ... ........ 14-36
14.8.3 Summary and ConCluSions . . . . ... ... ... 14-39
149 EVALUATION AND RECOMMENDATIONS ... ..... ... ... ... ........ 14-40
14.9.1 Evaluation Summary . ..... ... .. ... 14-31
14.9.2 Recommendations . .. ... ...... ... . ... 14-33

15.0 SITE 13: DEFENSE PROPERTY DISPOSALOFFICEYARD .............0vaun 151
15.1  SITE BACKGROUND AND PHYSICAL SETTING .. ................ ST 15-1
156.2 PREVIOUS INVESTIGATIONS ... ... .. . e 15-1
15.3 RIFIELD INVESTIGATIONS . . . . . ... e 15-1
15.3.1 Test Pits . . .. ... . 15-3
16.3.2 Surface Water Sampling . . . ... .. .. . 15-3
156.3.3 Sediment Sampling . . .. ... ... 15-4
15.3.4 Permanent Monitoring Well Installation, Static-Water-Level

Measurements, and Groundwater Sampling . . ........... ... . ... ...... 15-4
15.3.5 Slug Tests . ... .. . 15-8
16.4 SITE CHARACTERISTICS ... ... .. . . e 15-8
15.4.1 GeOlOgY ... .o i 15-8
16.4.2 Hydrogeology . . . .. ..ottt 15-8
156.5 NATURE AND EXTENT OF CONTAMINATION .. ........ ... ......... 15-10
16.5.1 Sediment . . ... .. ... 15-10
15.5.2 Groundwater . ... ... ... ... 15-19
16.5.3 Surface Water . ... ... ... ... 15-26
16.6 CONTAMINANT FATE AND TRANSPORT .. ... . ... ... ... . ...... 15-26
15.6.1 Detected Chemicals and Transport Potential . ........................ 15-30
15.6.2 Contaminant Persistence .......... ... ... . . .. . ... . 15-31
15.6.3 Observed Chemical Contamiinant Trends . .. .......... ... ... ....... 15-31
15.6.4 CONCIUSIONS . . . . . . .. e e e 15-33
15.7 BASELINE RISK ASSESSMENT . . . ... ... . ... 15-33
15.7.1 Risk Characterization ... ....... ... ... .. . .. . . . ... 15-37
15.7.2 CONCIUSIONS . . . . . . ot e 15-43
156.8 ECOLOGICAL RISKS . . .. ... e 15-49
15.8.1 Habitat Types and Ecological Receptors . .. ......... .. ... ... ... ..... 15-49
15.9 EVALUATION AND RECOMMENDATIONS ... ... ... .. ... ... ....... 15-49
15.9.1 Evaluation Summary .. ... ... ... ... 15-49
15.9.2 Recommendations . .. ........ .. .. ... 15-50

16.0 SITE14: MERCURY SPILL .. ... ... .. it ittt e ieennanrenas 16-1
16.1  SITE BACKGROUND AND PHYSICALSETTING .. ..................... 16-1
16.2 PREVIOUS INVESTIGATIONS . . ... . ... . e 16-1

NAVY\5803\SITES\105016 X



TABLE OF CONTENTS (continued)

SECTION PAGE
16.3 REMEDIAL INVESTIGATION SAMPLING ACTIVITIES ... ................ 16-1
16.3.1 Floor Sweepings . ... ... . ... e 16-1
16.4  SITE CHARACTERISTICS ... ... ... . e 16-3
1641 Geology ................... e 16-3
16.4.2 Hydrogeology . . . .. ... ... . e 16-3
16.5 NATURE AND EXTENT OF CONTAMINATION . ....................... 16-3
16.5.1 Floor SWeepiNgsS . . . ... .. it 16-3
16.5.2 INOrganiCs . . ... ... .. e 16-3
16.5.3 Miscellaneous Parameters . ............. ... ... ... ... . ... .. .. ... .. 16-4
16.5.4 CONCIUSIONS . . . . . . ... e 16-4
16.6 EVALUATION AND RECOMMENDATIONS ... ...... ... ... ... .. ... .... 16-4
16.6.1 Evaluation Summary . ........ ... .. ... 164
16.6.2 Recommendations . .......... ... ... .. .. .. ... 164

17.0 SITE15: SLUDGEDISPOSAL SITE ...... ...ttt iiitiiiinreennrennennnns 171
17.1  SITE BACKGROUND AND PHYSICAL SETTING . ...................... 17-1
17.2 PREVIOUS INVESTIGATIONS . ... ... .. . i 17-1
17.2.1 Summary of Activities and Results . . . . ....... ... ... ... ... .. ... ... L. 1741
17.2.2 Summary of Conclusions . .. ............ .. ... .. 17-1
17.2.3 Data Gaps . . . ... .. 17-3
17.3  RIFIELD INVESTIGATIONS . . . ... ... e 17-3
17.3.1 Surface Water Sampling . . ... ... ... ... . ... 17-3
17.3.2 Sediment Sampling ... ...... ... ... 17-4
17.3.3 Surface Soil Sampling .. ....... ... .. . ... 17-4
17.3.4 Subsurface Soil Sampling (Hand Augering) . .......................... 174
17.4 SITE CHARACTERISTICS ... .. ... . . . i 17-5
17.41 Geology ....... e e e 17-5
17.42 Hydrogeology . . . ... . i 17-5
17.5 NATURE AND EXTENT OF CONTAMINATION . ....................... 17-5
17.6.1 Surface Soils . . .. ... . . 17-5
17.6.2 Subsurface Soils . .......... ... . ... 17-8
17.5.3 Sediment . . . .. ... 17-12
17.6.4 Surface Water . ... . ... . . . .. .. 17-31
17.6 CONTAMINANT FATE AND TRANSPORT . ..... ... ... ... ... ... ... ... 17-31
17.6.1 Detected Chemicals and Transport Potential . ........................ 17-36
17.6.2 Contaminant Persistence ............ ... ... ... .. ... .. . ... ... ... 17-36
17.6.3 Observed Chemical Contaminant Trends ... ......................... 17-37
17.6.4 CONCIUSIONS . . . . . ... 17-37
17.7 BASELINE RISK ASSESSMENT . . . ... ... .. .. . . 17-38
17.7.1 Risk Characterization ............ ... ... ... . . . . . . .. ... 17-43
17.7.2 ConClusiONS . . . .. ... ... e, 17-65
17.8 ECOLOGICAL RISKS . . . ... .. e, 17-65
17.8.1 Habitat Types and Ecological Receptors ... ......... ... ... .......... 17-65
17.8.2 Ecological Effects Assessment ... ........ .. .. ... .. .. .. ... ... ... .. 17-69
17.8.3 Preliminary Exposure Assessment . . .. ....... ... ... ... .. ... ... ... 17-69
17.8.4 Risk Characterization ... ..... ... .. .. ... . ... .. . .. . ... 17-69
17.8.5 Summary and Conclusions .. ............ ... . ... ... ... 17-73
17.9 EVALUATION AND RECOMMENDATIONS ... ... ... ... ... ... ..... 17-77
17.9.1 Evaluation Summary ... ...... ... .. ... 17-77

NAVY\5803\SITES\105016 Xi



TABLE OF CONTENTS (continued)

SECTION PAGE
18.0 SITE16: EPIC SITEF (ROUNDHOUSESITE) . ... ... iiiititieiniinnnnnennns 18-1
18.1  SITE BACKGROUND AND PHYSICAL SETTING . ... ................... 18-1
18.2 PREVIOUS INVESTIGATIONS .. ... ... .. . . . i, 18-3
18.3 RIFIELD INVESTIGATIONS . ............... e 18-3
18.3.1 Soil Gas Survey . .. ... ... 18-3
18.3.2 Soil Borings and Subsurface Soil Sampling ... .......... ... ... . ... ... 18-10
18.3.3 Surface Soil Sampling . ......... .. ... .. 18-11
18.3.4 Sediment Sampling . ....... ... .. ... ... 18-11
18.3.5 Permanent Monitoring Well Installation, Static-Water-Level
Measurements, and Groundwater Sampling .. ........................ 18-15
18.3.6 Slug Tests . .. .. ... .. 18-19
18.4 SITE CHARACTERISTICS ....... ... ... ............ e 18-19
18.4.1 GeOlOgY . ... 18-19
18.4.2 Hydrogeology . . .. ... . 18-19
18.5 NATURE AND EXTENT OF CONTAMINATION . ...................... 18-21
18.6.1 Surface Soils . . .. ... .. 18-21
18.6.2 Subsurface Soils ... ... ... 18-30
18.5.3 Sediment . . . . ..., 18-48
18.5.4 Groundwater . ... ... ... .. ... 18-55
18.6 CONTAMINANT FATE AND TRANSPORT .. ...... ... ... ... ......... 18-64
18.6.1 Detected Chemicals and Transport Potential . ........................ 18-64
18.6.2 Contaminant Persistence ... .......... ... .. ... . ... ... .. ... . 18-66
18.6.3 Observed Chemical Contaminant Trends . ........................... 18-66
18.6.4 CONCIUSIONS . . . . .. ... 18-67
18.7 BASELINE RISK ASSESSMENT . ..... ... ... ... ................... 18-68
18.7.1 Risk Characterization . ...... ... .. ... . .. .. ... . . ... 18-68
18.7.2 Conclusions . . .. ... . ... 18-91
18.8 ECOLOGICALRISK . . ... . s 18-93
18.8.1 Preliminary Problem Formulation and Ecological Effects Characterization . . . . . 18-93
18.8.2 Preliminary Exposure Assessment and Risk Characterization . ... .......... 18-94
18.8.3 Summary and Conclusions ........................... ... .. ... ... 18-95
18.9 EVALUATION AND RECOMMENDATIONS .......................... 18-98
18.9.1 Evaluation Summary .............. ..., 18-98
18.9.2 Recommendations . ........... ... ... ... ... .. 18-98
19.0 SITE17: LANDFILL ... . ittt ittt ittt ittt e ettt inennnnns 19-1
19.1  SITE BACKGROUND AND PHYSICAL SETTING .. ..................... 1941
19.2 PREVIOUS INVESTIGATIONS . .. ... ... .. ... . .. 19-1
19.2.1 Summary of Activities and Results . . . . ........ ... ... . ... .. ... . ... ... 19-1
19.2.2 Summary of Conclusions ... ........... . ... ... ... 19-1
1923 DataGap ......... .. 19-3
19.3 RIFIELD INVESTIGATIONS . . . . ... ... . 19-3
19.3.1 Surface Water Sampling . . . ... ... .. .. 19-4
19.3.2 Sediment Sampling ... ... ... ... 194
19.3.3 Permanent Monitoring Well Installation, Static-Water-Level
Measurements, and Groundwater Sampling .. ......................... 19-5
19.3.4 Surface Soil Sampling . ......... ... .. 19-7
19.4  SITE CHARACTERISTICS ... ... . . . e, 19-8
19.4.1 Geology .. ... 19-8
19.4.2 Hydrogeology . . . ... 19-9

NAVY\5803\SITES\105016 Xii



TABLE OF CONTENTS (continued)

SECTION PAGE
19.5 NATURE AND EXTENT OF CONTAMINATION .. ... .................... 19-9
19.5.1 Surface Soils . . ... .. e 19-9
19.5.2 Sediment . .. ... .. e 19-16
19.5.3 Groundwater ................ e e 19-27
19.5.4 Surface Water . ... ... . . .. ... 19-27
19.6 CONTAMINANT FATE AND TRANSPORT .......................... 19-34
19.6.1 Detected Chemicals and Transport Potential . ........................ 19-34
19.6.2 Contaminant Persistence ........... ... ... . .. ... ... ... 19-39
19.6.3 Observed Chemical Contaminant Trends .. .......................... 19-40
19.6.4 CONCIUSIONS . . . . .. ... e e 19-40
19.7 BASELINE RISK ASSESSMENT . . ... ... .. ... . .. . . 19-41
19.7.1 Risk Characterization .. ........ ... .. ... ... . ... .. 19-41
19.7.2 CONCIUSIONS . . . . .. . e 19-64
19.8 ECOLOGICALRISKS . .. ... .. . e 19-65
19.8.1 Habitat Types and Ecological Receptors . ... ....... ... .. ... ........ 19-53
19.8.2 Ecological Effects Assessment . .. ......... . ... . ... . . ... . .. 19-69
19.8.3 Preliminary Exposure Assessment . . . ........ .. ... ... ... ... ... ... 19-69
19.8.4 Risk Characterization .......... .. ... .. . .. ... . ... .. .. .. 19-69
19.8.5 Summary and Conclusion . ... ....... ... . . .. ... 19-74
19.9 EVALUATION AND RECOMMENDATIONS ... ... .. ... .............. 19-78
19.9.1 Evaluation Summary . ....... ... .. 19-78
19.9.2 Recommendations . ............. ... .. ... ... 19-78

20.0 SITE 19: PAINT CHIP AND SLUDGE DISPOSALAREA ....................... 20-1
20.1 SITE BACKGROUND AND PHYSICAL SETTING . .. .................... 20-1
20.2 PREVIOUS INVESTIGATIONS . .. .. ... . .. i 20-1
20.3 RIFIELD INVESTIGATIONS . . . . ... ... . e 20-1
20.3.1 Surface Water Sampling . ... ... ... ... . . 20-3
20.3.2 Sediment Sampling .. ... ... .. ... ... 20-3
20.3.3 Surface and Subsurface Soil Sampling . . ... ........ ... .. ... ... ... .... 204
20.3.4 Permanent Monitoring Well Installation, Static-Water-Level

Measurements, and Groundwater Sampling .. ......................... 20-4
204 SITE CHARACTERISTICS ... ... ... . e 20-9
20.4.1 GeO0lOGY . .. .t 20-9
20.4.2 Hydrogeology . ......... ... 20-10
20.5 NATURE AND EXTENT OF CONTAMINATION .. ........ ... ... ....... 20-10
20.5.1 Subsurface Soils . ........ ... ... 20-10
20.5.2 Sediment . . . ... .. 20-19
20.5.3 Groundwater . .. .. ... .. ... 20-25
20.5.4 Surface Water . ......... ... .. ... 20-25
20.6 CONTAMINANT FATE AND TRANSPORT . ... .. ... .. ... ... ... ..... 20-33
20.6.1 Detected Chemicals and Transport Potential . ........................ 20-33
20.6.2 Contaminant Persistence ........... ... .. .. . .. .. ... ... ... 20-34
20.6.3 Observed Chemical Contaminant Trends ... ......................... 20-35
20.6.4 ConCIUSIONS . . . . .. ... 20-36
20.7 BASELINE RISK ASSESSMENT ... ... .. ... ... . .. ... ... . ... . ... .. 20-37
20.7.1 Risk Characterization .. ............... ... .. .. ... ... ... . ... .. ... 20-37
20.7.2 CONCIUSIONS . . . .. . . e 20-37
20.8 ECOLOGICAL RISK ASSESSMENT .. ... ... ... ... .. ... . ... . .. ... 20-57
20.8.1 Preliminary Problem Formulation and Ecological Effects Characterization . . . .. 20-57

NAVY\5803\SITES\105016 xiii



TABLE OF CONTENTS (continued)

SECTION PAGE
20.8.2 Preliminary Exposure Assessment . . . .......... . ... 20-59
20.9 EVALUATION AND RECOMMENDATIONS . ....... ... ... ... ....... 20-60
20.9.1 Evaluation Summary ... ... ... 20-60
20.9.2 Recommendations ......... e 20-60

21.0 SITE 20: GRIT BLASTING AREAATBUILDING 544 .................cccvuunn 211
21.1  SITE BACKGROUND AND PHYSICAL SETTING .. ..................... 21-1
21.2  PREVIOUS INVESTIGATIONS . . ... . .. 21-1
21.2.1 Summary of Activities and Results . . . ........ ... ... .. ... ... 211
21.2.2 Summary of Conclusions . . ........ ... ... ... 21-3
2123 Data Gaps . . . . ..o 21-3
21.3 RIFIELDINVESTIGATIONS . . . . .. ... 21-3
21.3.1 Subsurface Soil Sampling . . ......... ... . 21-4
21.3.2 Surface Soil Sampling ... ... ... 214
21.3.3 Sediment Sampling . ... ...... ... ... 214
21.34 SepticTank Sample . ... ... ... . . . . . 21-7
214 SITE CHARACTERISTICS . ... . ... e 21-7
2141 GeOIOgY . . . it . 21-7
21.4.2 Hydrogeology . . . . ... ..o 21-8
21.5 NATURE AND EXTENT OF CONTAMINATION ... ..................... 21-8
2151 Surface SOils . . . .. ... 21-8
21.6.2 Subsurface Soils . ... ... ... . 21-14
2153 Sediment . ... ... ... e 21-14
21.5.4 Aqueous Water ... .. ... .. .. ... 21-26
21.6 CONTAMINANT FATE AND TRANSPORT . ......... ... ... .......... 21-27
21.6.1 Detected Chemicals and Transport Potential . ........................ 21-27
21.6.2 Contaminant Persistence ... ......... ... ... ... .. . ... .. ..., 21-27
21.6.3 Observed Chemical Contaminant Trends . ........................... 21-28
21.6.4 Conclusions ......... e e e e 21-29
21.7 BASELINE RISK ASSESSMENT . .. ... ... .. ... . .. 21-30
21.7.1 Risk Characterization . ........... ... ... .. ... .. . . ... . ... 21-30
21.7.2 CONCIUSIONS . . . . .. 21-47
21.8 ECOLOGICALRISKS . . . ... e 21-48
21.8.1 Habitat Types and Ecological Receptors .. .......................... 21-48
21.8.2 Summary and Conclusion . . ........... ... .. ... 21-51
219 EVALUATION AND RECOMMENDATIONS .......................... 21-51
21.9.1 Evaluation Summary ... ....... .. .. ... 21-51
21.9.2 Recommendations .............. ... . . ... .. ... 21-52

22.0 SITE 22: PAINT CHIP DISPOSALAREA ......... ... iiiiiiiiiienannnnnns 221
22.1 SITE BACKGROUND AND PHYSICAL SETTING ... .................... 22-1
222 PREVIOUS INVESTIGATIONS . .. ... .. . e 22-1
22.2.1 Summary of Activities and Results . . . . ......... . ... ... .. L. 2241
2222 Summary of Conclusions ... .......... ... . ... 22-3
22.2.3 Data Gaps (Objectives of Remedial Investigation) . ... ................... 22-3
22.3 REMEDIAL INVESTIGATION SAMPLING ACTIVITIES . .................. 22-3
224 SITE CHARACTERISTICS . ... ... . . . e 224
2241 Geology .......... ... [ 22-4
2242 Hydrogeology . . . . . ..ot i  e 22-4
22.5 NATURE AND EXTENT OF CONTAMINATION . ... ... ... ............ 224

NAVY\5803\SITES\105016 Xiv



SECTION

23.0

22.5.1
225.2
226

2261
2262
22.6.3
2264
227

22.71
22.7.2
22.8

22.8.1
2282
22.8.3
22.84
22.8.5
22.9

22.91
2292

231
23.2
23.21
2322
23.2.3
23.3
23.3.1
23.3.2

23.3.3
23.34
23.3.5
23.4

23.41
2142
235

23.51
23.5.2
23.5.3
23.5.4
23.6

23.6.1
23.6.2
23.6.3
23.6.4
23.7

23.7.1
23.7.2
23.8

TABLE OF CONTENTS (continued)

Subsurface Soil . .. ... ...
Sediment . . ...,
CONTAMINANT FATE AND TRANSPORT .. ... ... ... .. .. .. ...
Detected Chemicals and Transport Potential ... ......................
Contaminant Persistence . ... ... ... .. . . ... ...

CoNCIUSIONS . . . . . ..
BASELINE RISK ASSESSMENT . . ... ... ... ..
Risk Characterization . ....... ... ... . . ... . .. . .. .
ConClIUSIONS . . . . ...
ECOLOGICAL RISKS . . . .. e
Preliminary Problem Formulation . ... ....... . ... . ... ... ... .....
Ecological Effects Assessment .. ... ...... ... .. ... ... . ..
Preliminary Problem Formulation . . . ....... ... ... ... ... ............
Risk Characterization . ......... ... ... . .. . .. .. .
Summary and Conclusions . . . .......... ...
EVALUATION AND RECOMMENDATIONS .. .......... ... ..........
Evaluation Summary . ...... ... ... -
Recommendations . . ... ... ... ... ...

Summary of Activities andResults . . . ....... ... ... ... .. .. .. L.
Summary of Conclusions .. ....... ... ... ... ... .. ...
Data Gaps (Objectives of Remedial Investigation) . .. ....................
RI FIELD INVESTIGATIONS . . . . .. i
Soil Borings and Subsurface Soil Sampling . ............... .. ... .. ....
Permanent Monitoring Well Installation, Static-Water-Level

Measurements, and Groundwater Sampling .. .........................
Slug Tests . . ... . e
Surface Water Sampling . ........ ... . . . ...
Sediment Sampling ... ......... ... ..
SITE CHARACTERISTICS . ... ... e
GeOlOgY . ..
Hydrogeology . . . ... ... . e
NATURE AND EXTENT OF CONTAMINATION . ......................
Subsurface Soils . .. ... ..
Sediment . . ... e

CONTAMINANT FATE AND TRANSPORT . ... ... ... ... ... . ... .......
Detected Chemicals and Transport Potential . ........................
Contaminant Persistence . ............ ... .. ... .. .. ... .. .. . ...

NAVY\5803\SITES\105016 XV



SECTION

24.0

25.0

23.81
23.8.2
23.8.3
23.8.4
23.8.5
23.9

23.9.1
23.9.2

TABLE OF CONTENTS (continued)

Habitat Types and Ecological Receptors ... ...... e
Ecological Effects Assessment .. ........ ... ... . ... .,
Preliminary Problem Formulation . ... ..... ... ... . ... ... .. ... ... ...
Risk Characterization . ... ... e
Summary and Conclusions . .. ... ..
EVALUATION AND RECOMMENDATIONS .. ........... .. ...........
Evaluation Summary .. ... . ...
Recommendations . ... .. ... . .. ...

SITES 24/25: CLOSEDPISTOLRANGES . ... ... ittt it

241
242
2421
2422
2423
243
2431
244
2441
2442
24.5
2451
2452
246
24.6.1
246.2
24.6.3
246.4
247
24.7.1
24.7.2
24.8
24.8.1
249
2491
249.2

SITE 26: EXPLOSIVE "D" WASHOUT AREA

251
25.2
253
25.31
25.3.2
25.3.3

25.4
25.4.1
25.4.2
255
2551

SITE BACKGROUND AND PHYSICAL SETTING .. .................. ...
PREVIOUS INVESTIGATIONS . ... .. .. . . i
Summary of Activities and Results . . . .. ... ... L o
Summary of Conclusions . . . ... ... ..
DataGaps . . ... e
RIFIELD INVESTIGATIONS . . . .. ... e
Soil Borings and Subsurface Soil Sampling . ....... ... .. ... .. .. ... ..
SITE CHARACTERISTICS . ... . .. e .
Geology ..................... e
Hydrogeology . . . ... ... . e
NATURE AND EXTENT OF CONTAMINATION ............. ... ........
Subsurface Soils . .. ... ...
Subsurface Soils - Site 25 . . . . .. ...
CONTAMINANT FATE AND TRANSPORT ... ... ... ... .. .. .. ... .....
Detected Chemicals and Transport Potential .. .......................
Contaminant Persistence ... ....... ... . ... . .. .. .. ...
Observed Chemical Contaminant Trends .. ..........................
Conclusions ... ....... ... ... ... ... e
BASELINE RISK ASSESSMENT . . .. ... ... . .. ... ..
Risk Characterization . .......... ... ... . . . . . . . .
ConClUSIONS . . . . ... e
ECOLOGICAL RISKS . . ... .. e
Habitat Types and Ecological Receptors . .. .........................
EVALUATION AND RECOMMENDATIONS ... ...... ... ... .. ... .......
Evaluation Summary .. ..... ... . . ...
Recommendations .. ... ... ... ... .. .. ...

SITE BACKGROUND AND PHYSICAL SETTING . . .....................
PREVIOUS INVESTIGATIONS . .. ... .. . e
RI FIELD INVESTIGATIONS . . . . . .. e
Soil Gas Survey . . .. ..
Soil Borings and Subsurface Soil Sampling . ......... ... ... ... ... ..
Permanent Monitoring Well Installation, Static-Water-Level

Measurements, and Groundwater Sampling ... ........... ... ... .......
SITE CHARACTERISTICS . ... ... i
GeOIOgY . . .
Hydrogeology . . . ... ... .
NATURE AND EXTENT OF CONTAMINATION ... ....................
Subsurface Soils . . ... ... ..

NAVY\5803\SITES\105016 XxVi



TABLE OF CONTENTS (continued)

SECTION PAGE
2552 Groundwater .............. ... 25-14
25.6 CONTAMINANT FATE AND TRANSPORT .. .............. .. ... ... .. 25-25
25.6.1 Detected Chemicals and Transport Potential .. ............ .. ... .. . 25-25
25.6.2 Contaminant Persistence ....... e 25-26
25.6.3 Observed Chemical Contaminant Trends . . .................. ... .. . . 25-26
25.6.4 ConClUSIONS . ... ... .. ... 25-27
25.7 BASELINE RISK ASSESSMENT ... ............. i 25-27
25.71 Risk Characterization . ......... ... ... ... .. ... . . ... ... . ... .. . 25-30
2572 CONCIUSIONS . ... ... ... . 25-40
25.8 ECOLOGICAL RISK ASSESSMENT .. ................... ... ... ... .. 25-40
25.8.1 Preliminary Problem Formulation and Ecological Effects Characterization . . . . . 25-40
25.9 EVALUATION AND RECOMMENDATIONS . ............. e 25-43
25.9.1 Evaluation Summary . .......... ... 25-43
25.9.2 Recommendations ...................... ... .. ... .. .. 25-43

26.0 SITE 27: PROJECTILEREFURBISHINGAREA . . . .......ooviinenn i, 26-1
26.1  SITE BACKGROUND AND PHYSICAL SETTING . .. .............. ... . 26-1
26.2 PREVIOUS INVESTIGATIONS .. ... ... ... 26-1
26.3 REMEDIAL INVESTIGATION SAMPLING ACTIVITIES ... ........ .. ... . 26-1
26.3.1 Soil Borings and Subsurface Soil Sampling .. .............. ... ... .. 26-3
26.3.2 Subsurface Soil Sampling (Hand Augering) . ................. ... ... . . 26-3
264 SITECHARACTERISTICS . ................ ... 26-4
26.41 Geology . ... 26-4
2642 Hydrogeology .. ................ ... ... 26-4
26.5 NATURE AND EXTENT OF CONTAMINATION . .............. ... .. .. . 26-4
26.5.1 Subsurface Soils .. ............ ... 26-4
26.6 CONTAMINANT FATE AND TRANSPORT . ................... ... ... 26-14
26.6.1 Detected Chemicals and Transport Potential . ................ ... .. . 26-14
26.6.2 Contaminant Persistence ................... .. ... .. . .. .. .. . .. . 26-15
26.6.3 Observed Chemical Contaminant Trends .. .................. .. .. . 26-15
26.6.4 Conclusions . ................ ... 26-15
26.7 BASELINE RISK ASSESSMENT ... ................. ... ... ... .. . 26-16
26.7.1 Risk Characterization . ............ ... ... .. ... .. ... . . ... . .. 26-16
26.7.2 CONCIUSIONS . . ... ... ... ... . 26-23
26.8 ECOLOGICALRISK ... ........ ... . 26-23
26.9 EVALUATION AND RECOMMENDATIONS .. ................ ... . 26-25
26.9.1 Evaluation Summary . .......... ... 26-25
26.9.2 Recommendations ...................... ... ... .. .. . ... 26-25

27.0 SITE29: PCB SPILL SITE ... ..ottt ittt ittt e e e e, 271
271 SITE BACKGROUND AND PHYSICAL SETTING . .. .............. ... . 27-1
27.2  PREVIOUS INVESTIGATIONS .. ................. . . . . . ... ... 271
27.2.1 Summary of Activites and Results ... . . ............ ... .. ... .. . . 27-1
27.22 Summary of Conclusions . ........... .. ... . ... . . .. .. .. ... . .. . 27-3
27.2.3 Data Gaps (Objectives of RI) .. ................... ... .. .. ... ... 27-3
27.3 RIFIELD INVESTIGATIONS .. ... ... ... ... 27-3
27.3.1 Soil Borings and Subsurface Soil Sampling . ............. .. .. ... . .. 274
27.3.2 Permanent Monitoring Wells, Static-Water-Level Measurements, and

Groundwater Sampling . ............ ... ... .. .. ... 27-4
274 SITECHARACTERISTICS ... ... ... . 279

NAVY\5803\SITES\105016 xvii



SECTION PAGE
2741 Geology . ... ... 27-9
27.4.2 Hydrogeology . . . . .o 27-8
27.5 NATURE AND EXTENT OF CONTAMINATION . ........ .. ... ......... 27-10
27.51 Subsurface Soil ......... .. ... ... ... S 27-10 -
27.5.2 Groundwater . . ... ... .. ... 27-10
276 CONTAMINANT FATE AND TRANSPORT ... ... .. ... ... .. 27-21
27.6.1 Detected Chemicals and Transport Potential . ........................ 27-21
27.6.2 Contaminant Persistence . .......... . .. .. ... .. i 27-22
27.6.3 Observed Chemical Contaminant Trends .. .......................... 27-22
27.6.4 CONCIUSIONS . . . . . ... 27-23
27.7 BASELINE RISK ASSESSMENT . . . ... .. .. e 27-24
27.7.1 Risk Characterization . .. ......... ...ttt 27-24
27.7.2 CONCIUSIONS . . . ..ottt e 27-39
27.8 ECOLOGICAL RISK . . .. e e e e 27-40
27.8.1 Habitat Types and Ecological Receptors . .. ......................... 27-40
27.8.2 Summary and Conclusions . . .......... ... ... 27-43
27.9 EVALUATION AND RECOMMENDATIONS ... ... .. ... ... . ... 27-44
27.9.1 Evaluation Summary . ........ ... 27-44
27.9.2 Recommendations . .. ... .... ... ...ttt 27-44

28.0 EPICSITEL: MSCVANPARKING LOT ........iitiiireennnsnnnnnnsnnsnns 281
28.1 SITE BACKGROUND AND PHYSICAL SETTING ... ........ .. .......... 2841
28.2 PREVIOUS INVESTIGATIONS . . ... ... e 28-1
28.2.1 Summary of Activities and Results . . . .. ...... .. ... o L 28-1
28.2.2 Summary of CONCIUSIONS . . . .. ... ... it 28-1
2823 Data Gaps . . .. ... 28-1
28.3 RIFIELD INVESTIGATIONS . . . ... e 28-1
28.4 SITE CHARACTERISTICS . .. ... e 28-4
28.4.1 GEOIOGY . . . 28-4
28.4.2 Hydrogeology . . .. ...t 28-4
28.5 NATURE AND EXTENT OF CONTAMINATION ... ... ... ... ... ... ... 28-5
28.5.1 Surface SoilS . . . ... . ... 28-5
28.6 CONTAMINANT FATE AND TRANSPORT . ... ... ... ... 28-17
28.7 BASELINE RISK ASSESSMENT . . . . ... . ... i 28-17
28.7.1 Risk Characterization . ... ... ..... ...ttt 28-17
28.7.2 CONCIUSIONS . . . . .ottt e e 28-26
28.8 ECOLOGICALRISK .. ... ... ... ... ...... e 28-26
28.8.1 Preliminary Problem Formulation . . . ......... ... ... .. ...... ... ..... 28-26
28.8.2 Preliminary Exposure Assessment . . . ............. . . ... 28-30
28.8.3 'Risk Characterization . . ... ... ... .. ... 28-30
28.8.4 Summary and CONClUSIONS . . . .. ... ... ... 28-35
28.9 EVALUATION AND RECOMMENDATION .. ... ... ... . . ............. 28-36
28.9.1 Evaluation Summary . ......... .. ...t 28-36
28.9.2 Recommendations . ... ...... ... .. ... 28-36

290 EPICSITEQ:FIREFIGHTINGSCHOOL ........cctiiitiiiinrrnennnnannnnss 29-1
29.1 SITE BACKGROUND AND PHYSICAL SETTING . .. ......... ... ... .... 29-1
28.2 PREVIOUS INVESTIGATIONS . .. ... . e 29-1
29.2.1 Summary of Activities and Results . . . .. ....... ... o o oL 29-1
29.2.2 Summary of CoNCluSIONs . . ... ... ... ... 29-1

TABLE OF CONTENTS (continued)

NAVY\5803\SITES\105016 Xviii



SECTION

30.0

29.23
29.3

29.3.1
29.32
29.3.3
294

29.41
2942
295

29.5.1
29.5.2
29.6

29.6.1
29.6.2
29.6.3
2964
29.7

29.7.1
20.7.2
29.8

29.8.2
29.8.3
29.8.4
29.8.5
29.9

29.9.1
29.9.2

TABLE OF CONTENTS (continued)

Data Gaps . . . . ... ..
RIFIELD INVESTIGATIONS . . . .. e
Hydropunch Groundwater Sampling . . . .. ....... .. ... ...... ... .. .....
Sediment Sampling .. . ... ... ..
Soil Boring and Sampling . . . ... ...
SITE CHARACTERISTICS . ... . ... e
GeOIOgY . . .
Hydrogeology . . .. ... ..
NATURE AND EXTENT OF CONTAMINATION . .......................
Subsurface Soils . . .. ... ..
Sediment . . .. ... ..

CONTAMINANT FATE AND TRANSPORT . .........................

Detected Chemicals and Transport Potential . ........................

Contaminant Persistence .. ......... ... ... .. . . ... ... ...

Ecological Effects Assessment ... ...... .. ... ... .. ... ...
Preliminary Assessment ... ... ... ... .. ...
Risk Characterization . .... ... ... .. ... ... .. .. . .. . . . .
Summary and Conclusions . . .. ........ ... ...
EVALUATION AND RECOMMENDATIONS . .. .......................
Evaluation Summary . ......... ... . ...
Recommendations . ........... ... .. ..

WATERSHED SITES ......... ..ttt ettt enanananens

30.1
30.1.1
30.1.2
30.2
30.2.1
30.2.2
30.3
30.3.1
30.3.2
30.3.3
30.3.4
30.4
3.5
30.5.1
30.5.2
30.5.3
30.5.4
30.5.5
30.5.6
30.5.7

WATERSHED SAMPLING . . . ... .
Mainside . ... ... .
Waterfront . . . ... ..
NATURE AND EXTENT OF CONTAMINATION - WATERSHED SAMPLES . . ..
Sediment . .. ...

CONTAMINANT FATE AND TRANSPORT - WATERSHED SAMPLES ... ...
Detected Chemicals and Transport Potential ... ......................
Contaminant Persistence . ... ...... ... .. . ... ...,
Observed Chemical Contaminant Trends . . ... .......................
CONCIUSIONS . . . . . . . e,
BASELINE RISK ASSESSMENT - WATERSHED SAMPLES . .. ...........
ECOLOGICAL RISK ASSESSMENT . . ... ... ... . . . . ..
Pine Brook Watershed Assessment . ... ........ ... ... . . ... .. . ... ...
Shark River Watershed Assessment . ... ... ... ... ... ... .. .. ... ... ...
Hockhockson Brook Watershed Assessment . . . . ......................
Mingamahone Brook Watershed Assessment . .. ......................
Mine Brook Watershed Assessment . . . . ........ ... ... ... .. ... . .....
Ware Creek Watershed Assessment . .. ........ ... .. ... ... ........

NAVY\5803\SITES\105016 Xix



TABLE OF CONTENTS (continued)

SECTION PAGE
310 BACKGROUND .. .........¢tiititiiiiiittennensnnereseenseenannnnnnns 3141
31.1  BACKGROUND SAMPLING . .. ... ... e 31-1
31.1.1 Background Sample Location 1 .. ... ... ... .. ... . ... ... L. 311
31.1.2 Background Sample Location 2 . .. ....... .. .. . ... .. 31-6
31.1.3 Background Sample Location 3 . ... ... ... ... ... ... 31-9
31.1.4 Background Sample Location 4 .. ... ... ... ... .. ... ... ... 31-11
31.2 BACKGROUND WELL GEOLOGY . ... ... ... . ... 31-13
31.3 BACKGROUND GROUNDWATER STATISTICAL ANALYSIS ............. 31-14
31.4 BASELINE RISK ASSESSMENT - BACKGROUND SAMPLES ............ 31-16
31.5 BACKGROUND SUBSURFACE SOIL STATISTICAL ANALYSIS ........... 31-16

NAVY\5803\SITES\105016 XX



TABLES

NAVY\5803\SITES\105016 ii

NUMBER PAGE
1-1 Wetland Legend .. ... ... . ... 1-6
2-1 Soil Gas Sampling Summary . ....... ... 2-5
2-2 Soil Borings and Subsurface Soil Sampling ... .................... .. ... .. . . 2-6
2-3 Hand Auger Locations and Subsurface Soil sampling Summary ... ......... ... .. . .. 2-7
2-4 Permanent Monitoring Wells and Groundwater Sampling Summary ... ...... ... .. .. 2-11
2-5 Hydropunch and Groundwater Sampling Summary .. ................ ... .. .. . .. 2-14
2-6 Surface Soil Sampling Summary .. ........ ... ... .. ... 2-16
2-7 Surface Water Sampling Summary . .................. .. ... . ... ... ... 2-17
2-8 Watershed Surface Water Sediment Sampling Summary . . ............. ... ... .. . 2-18
2-9 Sediment Sampling Summary .. ........ ... 2-20
2-10  Summary of Physical and Chemical Data for Chemicals of Potential Concern . . . .. .. .. 2-29
2-11  Dose-Response Parameters - Potential Chemicals of Concern (Organics) ... ... ... .. 2-45
2-12  EPA Weight of Evidence - Carcinogenic Classifications . ............ ... ... ... . 2-48
2-13  ARARS - Chemicals of Potential Concern (Organics) . .. ... .. e 2-49
2-14  Exposure Input Parameters - Soil Ingestion . .. .............. ... . . ... . ... . 2-63
2-15  Exposure Input Parameters - Soil Dermal . ................. ... . .. ... ... . . 2-65
2-16  Exposure Input Parameters - Soil Dust Inhalation . . . .............. ... ... .. . .. 2-68
2-17  Exposure Input Parameters - Sediment Ingestion . . ... ............. .. ... .. .. .. 2-70
2-18  Exposure Input Parameters - Dermal Contact with Sediment . . ... ......... .. . .. .. 2-71
2-19  Exposure Input Parameters - Groundwater Ingestion . . . . ... ......... .. .. .. . .. 272
2-20  Exposure Input Parameters - Dermal Contact with Groundwater . ............. .. .. 2-74
2-21  Exposure Input Parameters - Groundwater Inhalation . ............. . .. ... .. .. .. 2-78
2-22  Exposure Input Parameters - Surface Water Ingestion . ... .......... ... ... ... .. 2-79
2-23  Exposure Input Parameters - Dermal Contact with Surface Water . . ... ... ... .. . . 2-80
2-24  Decision Sequence for the Amended Risk Assessment . . ... ........... ... ... . . 2-92
2-25 SummaryofRejectedData........... ... ... ... ... .. . . . .. . . . ... . ... . 2-93
2-26  Summary of Field Quality Control Blank Results . . .. ... ............ ... .. .. . .. 2-98
2-27  Sediment Ecotox Threshold Values ... ......... ... .. ... .. .. . . . . . . . . . . .. .. 2-104
2-28  Surface Soil Ecotox Threshold Values . ... .............. ... .. ... . .. .. 2-114
2-29  Terrestrial Plant Ecotox Threshold Values .. ............... ... . ... . .. .. . . 2-116
2-30  Surface Soil Ecotox Threshold Values . .. ................... .. .. .. ... . 2-119
2-31  Terrestrial Plant Ecotox Threshold Values . ................. ... ... .. .. . 2-122
2-32  ARARSs - Chemicals or Potential Concern (Organics) . ..................... ... 2-129
3-1 New Jersey Coastal Plan Geologic and Hydrogeologic Units .. ................ .. .. 34
3-2 Site-Specific Geologic Formations . ... ......... ... ... ... .. . ... ... ... .. . 3-5
3-3 Prevalent Soils Series ... ...... .. ... ... ... ... .. 3-13
34 Site-Specific Soils ... ... ... 3-14
3-5 Summary of Estimated Hydraulic Conductivities by Well .. ....... ... .. .. .. .. . . . 3-16
3-6 Summary of Hydraulic Conductivities by Formation . . ... ....... ... .. .. .. . . . .. .. 3-17
3-7 Summary of Estimated Hydraulic Conductivities by Well ... ... ....... ... .. .. .. .. 3-23
3-8 Summary of Estimated Hydraulic Conductivities by Well ... .......... ... .. .. .. . . 3-26
3-9 Summary of Estimated Conductivities by Formation ... .......... . .. ... .. .. .. .. 3-27
4-1 HP GW Characteristics Summary .. ................... ... .. ... . .. .. ... .. . 4-5
4-2 Hydropunch Groundwater Analytical Results . ... .............. ... .. .. . . . .. .. . 4-6
4-3 Soil Boring Characteristics .. ........... .. ... ... ... ... . . . . .. ... ... ... 4-9
4-4 Monitoring Well Characteristics . ... ............. ... .. .. .. ... . . . . . . . . .. ... 4-11
4-5 State Water-Level Measurements .. .................. .. . . ... ... .. .. ... ... 4-13
4-6 Occurrence and Distribution of Inorganics in Subsurface Soil at Site 1 .. . ... ... ... .. 4-17
4-6a  Comparison of Subsurface Soil Analytical Data to ARARs and TBCs- Site 1. . .. ... ... 4-18
4-6b  Comparison of Subsurface Soil Explosives and Miscellaneous Parameters Data

to ARARsand TBCs - Site 1 . . ... ... . ... . . ... . .. . 4-19



TABLES (continued)

NUMBER PAGE
4-7 Occurrence and Distribution of Inorganics in Groundwater at Site 1 ... ... ... ... . . .. 4-24
4-7a  Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 1 . ... ....... 4-27
4-7b  Comparison of Groundwater Explosives and Miscellaneous Parameters Data to

ARARs and TBCs - Site 1 .. ... .. ... ... . 4-28
4-8 Occurrence and Distribution of Organics in Groundwaterat Site 1 .. ... ...... ... ... 4-25
49 Representative Concentration and Statistical Distribution of COPCs - Site 1,

Subsurface Soil . ......... ... 4-34
4-10  Representative Concentration and Statistical Distribution of COPCs - Site 1,

Groundwater . ... ... ... 4-35
4-11  Carcinogenic Risk to Future Industrial Receptors - Site 1, Subsurface Soil . .......... 4-43
4-12  Noncarcinogenic HQS, Future Industrial Receptors - Site 1, Subsurface Soil . ........ 4-44
4-13  Carcinogenic Risk to Future Industrial Receptors - Site 1, Groundwater . .. .......... 4-45
4-13a Central Tendency Carcinogenic Risk to Future Industrial Receptors - Site 1,

Groundwater . . ... .. .. 4-46
4-14  Noncarcinogenic HQS, Future Industrial Receptors - Site 1, Groundwater . .......... 4-47
4-15  Carcinogenic Risk to Future Residential Receptors - Site 1, Subsurface Soil . ........ 4-48
4-16  Noncarcinogenic HQS, Future Residential Receptors - Site 1, Subsurface Soil ... ... .. 4-49
4-17  Carcinogenic Risk to Future Residential Receptors - Site 1, Groundwater . . . . ... ... .. 4-50
4-17a Central Tendency Carcinogenic Risk to Future Residential Receptor .. ............. 4-51
4-18  Noncarcinogenic HQS, Future Residential Receptors - Site , Groundwater . .. ... ... .. 4-52
4-18a Central Tendency Carcinogenic Risk to Future Industrial Receptors - Site 1,

Groundwater . ... ... ... 4-53
4-19  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 1 . ... 4-57
4-19a Summary of Central Tendency Cancer Risk and Noncarcinogenic Hls - Site 1 ... ... .. 4-58
4-20 Surface Soil Contaminants of Potential Concern . . .. ............... . ... .. ... . 4-61
4-21  Terrestrial Plant Contaminants of Potential Concern . .. .............. ... ... ... . 4-62
5-1 Static-Water-Level Measurements . . .. .......... ... ... ... 5-5
5-1a  Monitoring Well Characteristics Summary .. ................. .. ... .. . . ... . ... 5-6
5-2 Occurrence and Distribution of Inorganics in Surface Soil atSite2 .. ... ........... 5-11
5-3 Occurrence and Distribution of Organics in Surface SoilatSite2 .. ............... 5-12
5-2a  Comparison of Surface Soil Analytical Data to ARARs and TBCs -Site 2 ... ......... 5-13
5-2b  Comparison of Surface Soil Miscellaneous Parameters Data to ARARs and TBCs - Site 2 5-16
5-3 Occurrence and Distribution of Organics in Surface Soil atSite2 . .............. .. 5-10
5-4 Occurrence and Distribution of Inorganics in Groundwater at Site 2 . . ... ......... .. 5-19
5-5 Occurrence and Distribution of Organics in GroundwateratSite 2 .. ... ... ......... 5-20
5-4a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 2 ... ........ 5-21
5-4b  Comparison of Groundwater Explosives Data to ARARs and TBCs -Site 2 .. ........ 5-26
5-6 Representative Concentration and Statistical Distribution of COPCs - Site 2,

Surface SOil . .. ... 5-32
5-7 Representative Concentration and Statistical Distribution of COPCs - Site 2,

Groundwater . .. ... ... 5-33
5-8 Carcinogenic Risk to Current Industrial Receptors - Site 2, Surface Soil . ............ 5-35
5-9 Noncarcinogenic HQS, Current Industrial Receptors - Site 2, Surface Soil . .......... 5-36
5-10  Carcinogenic Risk to Future Industrial Receptors - Site 2, Groundwater . .. .......... 5-37
5-11  Noncarcinogenic HQS, Future Industrial Receptors - Site 2, Groundwater . .......... 5-38
5-11a Central Tendency Noncarcinogenic HQS, Future Industrial Receptors - Site 2, . ... . ... 5-39
5-12  Carcinogenic Risk to Future Residential Receptors - Site 2, Surface Soil . ........... 5-41
5-13  Noncarcinogenic HQS, Future Residential Receptors - Site 2, Surface Soil . . ... ...... 5-42
5-14  Carcinogenic Risk to Future Residential Receptors - Site 2, Groundwater . . . .. ... .... 5-43
5-15  Noncarcinogenic HQS, Future Residential Receptors - Site 2, Groundwater . ......... 5-44
5-15a Central Tendency Noncarcinogenic HQS, Future Industrial Receptors - Site 2, ... ... .. 5-45
5-16  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 2 . ... 5-48

NAVY\5803\SITES\105016 ii



TABLES (continued)

NUMBER PAGE
5-16a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies, -

Site 2, . 5-49
5-17  Surface Soil Contaminants of Potential Concern Site 2 .. ... ........... ... ...... 5-53
5-18  Terrestrial Plant Contaminants of Potential Concern Site 2 ... .......... ... ...... 5-53
6-1 Soil Gas Sample Analysis Summary . . .......... ... ... 6-6
6-2 Monitoring Well Characteristics Summary . .................. ... ... . ... ...... 6-8
6-3 Static-Water-Level Measurements Summary .. ........ ... ... ... .. .. ... . ... 6-10
6-4 Occurrence and Distribution of Inorganics in SedimentatSite 3 . ................. 6-15
6-5 Occurrence and Distribution of Organics in SedimentatSite3 ................... 6-16
6-4a  Comparison of Sediment Analytical Data to ARARs and TBCs-Site 3. ............. 6-17
6-6 Occurrence and Distribution of Inorganics in Groundwater atSite 3 . ... ............ 6-21
6-7 Occurrence and Distribution of Organics in GroundwateratSite 3 ... .............. 6-22
6-6a Comparison of Groundwater Analytical Data to ARARs and TBCs -Site 3 .. ......... 6-23
6-8 Representative Concentration and Statistical Distribution of COPCs - Site 3,

Sediment ... ... 6-29
6-9 Representative Concentration and Statistical Distribution of COPCs - Site 3,

Groundwater . . ... ..., 6-30
6-10  Carcinogenic Risk to Future Industrial Receptors - Site 3, Groundwater .. ... .. 6-32
6-11  Noncarcinogenic HQS, Future Industrial Receptors - Site 3, Groundwater . .......... 6-33
6-12  Carcinogenic Risk to Future Residential Receptors - Site 3, Groundwater . . . ......... 6-34
6-12a Central Tendency Carcinogenic Risk to Future Residential Receptors - Site 3. .. ... ... 6-35
6-13  Noncarcinogenic HQS, Future Residential Receptors - Site 3, Groundwater . ......... 6-36
6-13a Central Tendency Carcinogenic Risk to Future Residential Receptors - Site 3. ... ... .. 6-37
6-14  Carcinogenic Risk, Wading, Future Recreational Receptors - Site 3, Sediment . ....... 6-38
6-15  Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 3, Sediment . . . .. 6-39
6-16  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 3 . ... 6-43
6-16a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicie

-Site 3 L. e 6-44
6-17  Sediment Contaminants of Potential Concern-Site 3 . ... ...................... 6-47
7-1 Hydropunch Groundwater Characteristics Summary ... ............ .. e 76
7-2 Landfill West of "D" Group . .. ... . 7-7
7-3 Monitoring Well Characteristics Summary .. ........ ... ... ... .. . . . . . . ....... 7-9
7-4 Static-Water-Level Measurements Summary .. ... ... ... ... L. 7-11
7-5 Occurrence and Distribution of Inorganics in SedimentatSite4 ... ............... 7-15
7-6 Occurrence and Distribution of Organics in SedimentatSite4 .. ................. 7-16
7-5a  Comparison of Sediment Analytical Data to ARARs and TBCs-Site 4 . ... .......... 7-17
7-8b  Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 4 . 7-19
7-7 Occurrence and Distribution of Inorganics in Groundwater at Site 4 . ... ............ 7-23
7-8 Occurrence and Distribution of Organics in Groundwater at Site 4 . . ... ... ......... 7-24
7-7a  Comparison of Groundwater Analytical Data to ARARs and TBCs -Site 4 . ... ....... 7-26
7-7b  Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 4 7-27
7-9 Occurrence and Distribution of Inorganics in Surface Waterat Site 4 . . ... ... .. .. ... 7-30
7-10  Occurrence and Distribution of Organics in Surface WateratSite 4 ... ............. 7-31
7-9a  Comparison of Surface Water Analytical Data to ARARs and TBCs - Site4 ... ....... 7-32
7-9b  Comparison of Surface Water Miscellaneous Parameters Data to ARARs and TBCs - Site 47-34
7-11  Representative Concentration and Statistical Distribution of COPCs - Site 4,

Sediment . .. 7-40
7-12  Representative Concentration and Statistical Distribution of COPCs - Site 4,

Groundwater . . ... ... 7-41
7-13  Representative Concentration and Statistical Distribution of COPCs - Site 4,

Surface Water . . . ... ... 7-42

NAVY\5803\SITES\105016 iii



TABLES (continued)

NUMBER PAGE
7-14  Carcinogenic Risk to Future Industrial Receptors - Site 4, Groundwater .. ....... ... 7-43
7-16  Noncarcinogenic HQS, Future Industrial Receptors - Site 4, Groundwater . .. ... .. ... 7-44
7-16  Carcinogenic Risk to Future Residential Receptors - Site 4, Groundwater . . . . ... ... .. 7-46
7-16a Central Tendency Carcinogenic Risk to Future Residential Receptors . . .......... .. 7-47
7-17  Noncarcinogenic HQS, Future Residential Receptors - Site 4, Groundwater . ... ... ... 7-48
7-18  Carcinogenic Risk, Wading, Future Recreational Receptors - Site 4, Sediment ... ... .. 7-50
7-19  Noncarcinogenic HQS, Future Recreational Receptors - Site 4, Sediment . .......... 7-51
7-20  Carcinogenic Risk, Wading, Future Recreational Receptors - Site 4, Surface Water . ... 7-52
7-21  Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 4, Surface Water . . 7-53
7-22  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 4 . ... 7-56
7-22a  Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies - Site 4 7-57
7-23  Surface Water Contaminants of Potential Concern-Site 4 .. ... ............... .. 7-61
7-24  Sediment Contaminants of Potential Concern-Site 4 . . ....................... . 7-62
8-1 Hydropunch Groundwater Characteristics Summary ... ......................... 8-5
8-2 Landfill West of Army Barricades . ............. ... .. .. ... .. . . .. ... 8-6
8-3 Static-Water-Level Measurements Summary . ... .......... ... . .. ... ..., 8-7
8-3a  Monitoring Wells Characteristics Summary . . ............ ... .. ........... ... .. 8-8
8-4 Occurrence and Distribution of Inorganics in Groundwater at Site 5 . . . ... .......... 8-13
8-5 Occurrence and Distribution of Organics in Groundwater at Site 5 . .. ... ...... ... .. 8-14
8-4a  Comparison of Groundwater Analytical Data to ARARs and TBCs-Site 5 . .......... 8-15
8-4b  Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 5 8-20
8-6 Representative Concentration and Statistical Distribution of COPCs - Site 5,

Groundwater . . . ... ... 8-27
8-7 Carcinogenic Risk to Future Industrial Receptors - Site 5, Groundwater . ... ... ... ... 8-29
8-8 Noncarcinogenic HQS, Future Industrial Receptors - Site 5, Groundwater .. ......... 8-30
8-9 Carcinogenic Risk to Future Residential Receptors - Site 5, Groundwater . . .. ... ... .. 8-32
8-9a  Central Tendency Carcinogenic Risk to Future Residential Receptors . ............. 8-35
8-10  Noncarcinogenic HQS, Future Residential Receptors - Site 5, Groundwater . ......... 8-27
8-10A Central Tendency Carcinogenic Risk to Future Residential Receptors . ............. 8-36
8-11  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 5 . ... 8-38
9-1 Static-Water-Level Measurements . . . .......... .. ... .. ... ... 9-5
9-1a  Monitoring Wells Characteristics Summary . . . ................ ... .. . . . . .. .. 9-6
9-2 Occurrence and Distribution of Inorganics in Sedimentat Site6 ... ... ............ 9-10
9-2a  Comparison of Sediment Analytical Data to ARARs and TBCs-Site 6 . . ... ......... 9-12
9-2b  Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs -

Site 6 . .. 9-14
9-3a  Comparison of Sediment Analytical Data to ARARs and TBCs-Site 6 . . . . .......... 9-11
9-3b  Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - . ... .. 9-14

Site 6 . .., 9-15
9-3 Occurrence and Distribution of Organics in Sediment at Site 6 . ... ............ ... 9-16
94 Occurrence and Distribution of Inorganics in Groundwater at Site 6 . . .. ............ 9-20
9-4a  Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 6 . .......... 9-22
9-4b  Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 6 9-24
9-5 Occurrence and Distribution of Organics in Groundwater at Site 6 . . ... ............ 9-21
9-6 Occurrence and Distribution of Inorganics in Surface Waterat Site 6 . .. ............ 9-28
9-6a Comparison of Surface Water Analytical Data to ARARs and TBCs - Site 6 .. ........ 9-29
9-6b  Comparison of Surface Water Miscellaneous Parameters Data to ARARs and TBCs - Site 6 . .
9-7 Representative Concentration and Statistical Distribution of COPCs - Site 6,

Sediment . ... 9-36
9-8 Representative Concentration and Statistical Distribution of COPCs - Site 6,

Groundwater . ... ... ... 9-37

NAVY\5803\SITES\105016 iv



" TABLES (continued)

NUMBER PAGE
9-9 Representative Concentration and Statistical Distribution of COPCs - Site 6,

Surface Water . . .. ... ... 9-38
9-10  Carcinogenic Risk to Future Industrial Receptors - Site 6, Groundwater . ... .... ... .. 9-40
9-10a Central Noncarcinogenic HQS, Future Industrial Receptors - Site 6, Groundwater . . . . . 9-43
9-12  Carcinogenic Risk to Future Residential Receptors - Site 6, Groundwater . . . . .. ... .. 943
9-12a Central Tendency Carcinogenic Risk to Future Industrial Receptors - Site 6 .. . ... .. .. 9-44
9-13  RME Noncarcinogenic HQS, Future Residential Receptors - Site 6, Groundwater . . . . . . 9-45
9-13a Central Tendency Carcinogenic Risk to Future Industrial Receptors - Site 6 .. ... ... .. 9-46
9-14  Carcinogenic Risk, Wading, Future Recreational Receptors - Site 6, Sediment .. ... ... 9-47
9-15  Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 6, Sediment . . . . . 9-48
9-16  Carcinogenic Risk, Wading, Future Recreational Receptors - Site 6, Surface Water .. .. 9-49
9-17  Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 6, Surface Water . . 9-50
9-18  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 6 .. .. 9-54
9-18a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies

-Site B L 9-55
10-1  Static-Water-Level Measurements . . .. ....... ... .. ... ... .. .. .. .. ... .. .. 10-5
10-1a Monitoring Wells Characteristics ... ........ ... ... ... .. ... ... .. .. ... .. .. .. 10-6
10-2  Occurrence and Distribution of Inorganics in SedimentatSite 7 . .......... .. .. . . 10-11
10-2a Comparison of Sediment Analytical Data to ARARs and TBCs-Site 7 . .. ... ... .. .. 10-12
10-2b Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 7 10-14
10-3  Occurrence and Distribution of Inorganics in Groundwater at Site 7 . . . ... ... . ... .. 10-17
10-3a Comparison of Groundwater Analytical Data to ARARs and TBCs -Site 7 .. .. .. ... . 10-19
10-3b Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 7 . 21
10-4  Occurrence and Distribution of Organics in Groundwater at Site 7 . . . ... ... . ... ... 10-14
10-5 Representative Concentration and Statistical Distribution of COPCs - Site 7,

Sediment . . ... 10-27
10-6  Representative Concentration and Statistical Distribution of COPCs - Site 7,

Groundwater . . ... ... . 10-28
10-7  Carcinogenic Risk to Future Industrial Receptors - Site 7, Groundwater . .. ... ... ... 10-30
10-8  Noncarcinogenic HQS, Future Industrial Receptors - Site 7, Groundwater . ... ... ... 10-31
10-9  Carcinogenic Risk to Future Residential Receptors - Site 7, Groundwater . . .. . ... . .. 10-32
10-10 Noncarcinogenic HQS, Future Residential Receptors - Site 7, Groundwater . . . . .. . . . 10-33
10-10a Central Tendency Noncarcinogenic HQS, Future Residential Receptors . .. ... ... ... 10-34
10-11 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 7, Sediment . . . . . .. 10-35
10-12  Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 7, Sediment . ... 10-36
10-13 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 7 . .. 10-39
10-14 Sediment Contaminants of Potential concern-Site 7 . . . ... . ........ .. .. .. . . . 10-44
12-1  Site 10 Static-Water-Level Measurement Summary . . ... .. ...... .. .. .. ... . .. . .. 12-5
12-1a Monitoring Wells Characteristics . ... ................ ... ... . . . . . . . ... ... 12-6
12-2 Occurrence and Distribution of Inorganics in Groundwater at Site 10 . . ... .. .. ... .. 12-11
12-2a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 10 . . . . . . . .. 12-12
12-2b  Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 102-15
12-3  Representative Concentration and Statistical Distribution of COPCs - Site 10,

Groundwater . .. ... ... 12-20
124  Carcinogenic Risk to Future Industrial Receptors - Site 10, Groundwater ... .... ... 12-22
12-5  Noncarcinogenic HQS, Future Industrial Receptors - Site 10, Groundwater . . . . . ... .. 12-23
12-6  Carcinogenic Risk to Future Residential Receptors - Site 10, Groundwater . . . . . .. . .. 12-24
12-7  Noncarcinogenic HQS, Future Residential Receptors - Site 10, Groundwater . . . . .. . . 12-25
12-8  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 10 .. 12-28
13-1  Static-Water-Level Measurements . ... ............... ... . . . . .. ... ... ... . .. 13-5
13-1a Monitoring Wells Characteristics . ... ............. . ... .. . .. . . . . . . ... . . 13-6

NAVY\5803\SITES\105016 v



TABLES (continued)

NUMBER PAGE
13-2  Occurrence and Distribution of Inorganics in Groundwater at Site 11 ... ... ... ... .. 13-10
13-3  Occurrence and Distribution of Organics in Groundwater at Site 11 . . . ... ... ... .. .. 13-9
13-2a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 11 .. .. ... .. 13-12
13-4  Representative Concentration and Statistical Distribution of COPCs - Site 11,

- Groundwater .......... ... L e 13-18
13-5  Carcinogenic Risk to Future Industrial Receptors - Site 11, Groundwater .. ......... 13-19
13-6  Noncarcinogenic HQS, Future Industrial Receptors - Site 11, Groundwater . . . . . .. ... 13-20
13-7  Carcinogenic Risk to Future Residential Receptors - Site 11, Groundwater . . . .. ... .. 13-22
13-8  Noncarcinogenic HQS, Future Residential Receptors - Site 11, Groundwater . . ... ... 13-23
13-9  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 11 .. 13-25
14-1  Occurrence and Distribution of Inorganics in Surface Soil at Site 12. . . . ... ... ... ... 14-6
14-2  Occurrence and Distribution of Organics in Surface Soil at Site 12 .. ... ........... 14-7
14-1a Comparison of Surface Soil Analytical Data to ARARs and TBCs - Site 12 . . . ... ... .. 14-8
14-3  Occurrence and Distribution of Inorganics in Sediment atSite 12. .. .. ... ......... 14-13
14-3a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 12 . . . . ... ... .. 14-15
14-4  Occurrence and Distribution of Organics in Sediment at Site 12 .. ... ............ 14-14
14-5 Representative Concentration and Statistical Distribution of COPCs - Site 12,

Surface Soil ... ... 14-21
14-6  Representative Concentration and Statistical Distribution of COPCs - Site 12,

Sediment . . ... 14-22
14-7  Carcinogenic Risk to Current Industrial Receptors - Site 12, Surface Soil . ... ....... 14-24
14-8  Noncarcinogenic HQS, Current Industrial Receptors - Site 12, Surface Soil ... ... ... 14-25
14-9  Carcinogenic Risk to Future Residential Receptors - Site 12, Surface Soil .. ........ 14-26
14-10 Noncarcinogenic HQS, Future Residential Receptors - Site 12, Surface Soil . . .. ... .. 14-27
14-10a Central Tendency Noncarcinogenic HQS, Future Residential Receptors - Site 12 . . . . . 14-28
14-11 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 12, Sediment . . . . .. 14-30
14-12  Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 12, Sediment ... 14-31
14-13 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 12 14-33
14-13a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies -
Site 12 . 14-34
14-14 Sediment Contaminants of Potential Concern-Site 12 ... ............ ... .. .. .. 14-37
16-1  Monitoring Well Characteristics .. ..................... . ... .. ... .. .. .. .. 16-5
15-2  Static-Water-Level Measurements . . .. ....................... ... ... . ... 16-7
16-3  Groundwater Sampling Summary .. ........... ... ... ..., 15-9
15-4  Occurrence and Distribution of Inorganics in Sediment at Site 13 . .. ... ... ... ... .. 15-13
15-4a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 13 . . . . . P, 15-15
15-4b  Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 13 . . . . .
16-5  Occurrence and Distribution of Organics in Sediment at Site 13 . ... ........... .. 15-14
15-6  Occurrence and Distribution of Inorganics in Groundwater at Site 13 .. ......... ... 15-20
15-6a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 13 ... ... ... 15-22

16-6b Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 13

15-7  Occurrence and Distribution of Organics in Groundwater at Site 13 . . ... .......... 15-21
15-8  Occurrence and Distribution of Inorganics in Surface Waterat Site 13 .. ... ... ... .. 15-27
15-8a Comparison of Surface Water Analytical Data to ARARs and TBCs - Site 13 .. .. .. .. 15-28
15-8b Comparison of Surface Water Miscellaneous Parameters Data to ARARs and TBCs -

Site 13 .
15-9  Occurrence and Distribution of Organics in Surface Waterat Site 13 ... .. ......... 15-34
15-10 Representative Concentration and Statistical Distribution of COPCs - Site 13,

Groundwater . . ... ... 15-35
15-11 Representative Concentration and Statistical Distribution of COPCs - Site 13,

Surface Water . . ... ... . 15-36
156-12 Carcinogenic Risk to Future Industrial Receptors - Site 13, Groundwater . ... ....... 15-38

NAVY\5803\SITES\105016 vi



TABLES (continued)

NUMBER ' PAGE
15-13 Noncarcinogenic HQS, Future Industrial Receptors - Site 13, Groundwater . . . . ... ... 156-39
15-14 Carcinogenic Risk to Future Residential Receptors - Site 13, Groundwater . . ... ... .. 15-41
15-15 Noncarcinogenic HQS, Future Residential Receptors - Site 13, Groundwater . .. ... .. 15-42
15-16 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 13, Sediment . ... .. 1544
15-17 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 13 Sediment . .. . 15-45
15-18 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 13, Surface Water . . . 15-46
15-19 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 13 Surface Water 15-47
15-20 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 13 .. 15-48
17-1  Occurrence and Distribution of Inorganics in Surface Soil at Site 15. . .. . ... ... ... .. 17-6
17-1a Comparison of Surface Soil Analytical Data to ARARs and TBCs - Site 15 . . . ... ... .. 17-8
17-1b  Comparison of Surface Soil Miscellaneous Parameters Data to ARARs and TBCs - Site 15 . . .
17-2  Occurrence and Distribution of Organics in Surface Soil at Site 15 . ... .......... .. 17-7
17-3  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 15 . .. ... ... ... 17-13
17-3a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 15 .. . . . .. 17-15
17-3b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 16 .
17-4  Occurrence and Distribution of Organics in Subsurface Soil at Site 15 . . . ... ....... 17-14
17-56  Occurrence and Distribution of Inorganics in Sedimentat Site 15. .. .............. 17-17
17-5a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 15 . .. ... ... ... 17-19
17-5b Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 15 . . . . .
17-6  Occurrence and Distribution of Organics in Sediment at Site 15 ... ... ........... 17-18
17-7  Occurrence and Distribution of Inorganics in Surface Waterat Site 15 . . .. .... ... .. 17-25
17-7a Comparison of Surface Water Analytical Data to ARARs and TBCs - Site 15 . . . ... .. 17-27
17-8  Occurrence and Distribution of Organics in Surface Water at Site 15 . . ... ... ...... 17-26
17-9  Representative Concentration and Statistical Distribution of COPCs -  Site 15,

Surface Soils . . ... ... 17-32
17-10 Representative Concentration and Statistical Distribution of COPCs - Site 15,

Subsurface Soils . .. ........ ... L. e 17-33
17-11  Representative Concentration and Statistical Distribution of COPCs - Site 15,

Sediment . .. ... 17-34
17-12 Representative Concentration and Statistical Distribution of COPCs - Site 15,

Surface Water . . .. ... 17-35
17-13 Carcinogenic Risk to Current Industrial Receptors - Site 15, Surface Soil . .......... 17-37
17-14 Noncarcinogenic HQS, Current Industrial Receptors - Site 15, Surface Soil . ........ 17-38
17-15 Carcinogenic Risk to Future Industrial Receptors - Site 15, Subsurface Soil . ........ 17-39
17-16 Noncarcinogenic HQS, Future Industrial Receptors - Site 15, Subsurface Soil . ... ... 17-40
17-17 Carcinogenic Risk to Future Residential Receptors - Site 15, Surface Soils . ........ 17-42
17-18 Noncarcinogenic HQS, Future Residential Receptors - Site 15, Surface Soils .. ... ... 17-43
17-19 Carcinogenic Risk to Future Residential Receptors - Site 15, Subsurface Soils . . . .. .. 17-44
17-20 Noncarcinogenic HQS, Future Residential Receptors - Site 15, Subsurface Soils . . . . . 17-45
17-21 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 15, Sediment . . . . .. 17-47
17-22 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 15, Sediment ... 17-48
17-23 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 15, Surface Water . . . 17-49
17-24 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 15 Surface Water 17-50
17-25 . Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 15 .. 17-52
18-1  Soil GasResults . . ... ... .. ... 18-6
18-2  Soil Boring Characteristics Summary . . . ............ ... ... ... ... 18-12
18-3  Monitoring Well Characteristics Summary .. ... ......... ... ... ... ... ... .. 18-16
18-4  Static-Water-Level Measurements . . .. ... ... ... .. ... ... 18-18
18-5  Hydropunch Groundwater Analysis . ... ............... .. .. ... . . . . ... ... .. 18-21

NAVY\5803\SITES\105016 Vii



18-24
18-25
18-1
18-2
18-3
18-4
18-5
18-6
18-6a
18-6b

18-7
18-8
18-8a
18-8b

18-9
18-10
18-10a
18-10b
18-11
18-12
18-12a
18-12b

18-13
18-14

18-15
18-16
18-17
18-18
18-19

18-20
18-21

TABLES (continued)

NUMBER PAGE
18-6  Occurrence and Distribution of Inorganics in Surface Soil at Site 16 .. ... ... . .. 18-24
18-6a Comparison of Surface Soil Analytical Data to ARARs and TBCs - Site 16 . . .. ... . .. 18-26
18-6b Comparison of Surface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 16 .. ... e
Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 15 Surface Water 17-50

Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 15 .. 17-52
Soil Gas Results .. ... ... ... 18-6
Soil Boring Characteristics Summary . . ........... ... ... .. .. .. ... ... ... . 18-12
Monitoring Well Characteristics Summary . .............. ... ... ... .. .. ... .. 18-16
Static-Water-Level Measurements . .. .......... ... .. ... .. ... .. .. . . ... .. .. 18-18
Hydropunch Groundwater Analysis .. ................ .. ... ... ... .. ... .. .. 18-21
Occurrence and Distribution of Inorganics in Surface Soil at Site 16 . . . ... ... . 18-24
Comparison of Surface Soil Analytical Data to ARARs and TBCs - Site 16 . . . . ... ... 18-26

Comparison of Surface Soil Miscellaneous Parameters Data to ARARs and TBCs -
Site 16 . .

Occurrence and Distribution of Organics in Surface Soil at Site 16 . ... ... ... ... .. 18-25
Occurrence and Distribution of Inorganics in Surface Soil at Site 16 ... ... ... .. 18-30
Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 16 .. ... .. 18-32

Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -
Site 16 . o

Occurrence and Distribution of Organics in Subsurface Soil at Site 16 . . . .. .. ... . .. 18-31
Occurrence and Distribution of Inorganics in SedimentatSite 16 . ... . ... ... ... . .. 18-49
Comparison of Sediment Analytical Data to ARARs and TBCs - Site 16 . . ... ....... 18-51
Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 16 . . . . .
Occurrence and Distribution of Organics in Sediment at Site 16 . .. ... ........ ... 18-50
Occurrence and Distribution of Inorganics in Groundwater at Site 16 . . . .. ... ... . .. 18-56
Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 16 . . ... . ... 18-58
Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 16 . .
Occurrence and Distribution of Organics in Groundwater at Site 16 . . .. .. ... ... . .. 18-57
Representative Concentration and Statistical Distribution of COPCs - Site 16,

Surface Soil ... ... 18-69
Representative Concentration and Statistical Distribution of COPCs - Site 16,

Subsurface Soil ... ... ... 18-70
Representative Concentration and Statistical Distribution of COPCs - Site 16,

Sediment . ... 18-71
Representative Concentration and Statistical Distribution of COPCs - Site 16,

Groundwater . ... ... ... 18-72
Carcinogenic Risk to Current Industrial Receptors - Site 16, Surface Soil .. ...... ... 18-74
Noncarcinogenic HQS, Current Industrial Receptors - Site 16, Surface Soil .. ....... 18-75
Carcinogenic Risk to Future Industrial Receptors - Site 16, Subsurface Soil . ........ 18-77
Noncarcinogenic HQS, Future Industrial Receptors - Site 16, Subsurface Soil .. ... .. 18-78

NAVY\5803\SITES\105016 viii



TABLES (continued)

NUMBER PAGE
18-22 Carcinogenic Risk to Future Industrial Receptors - Site 16, Groundwater . . ... ... . .. 18-79
18-23 Noncarcinogenic HQS, Future Industrial Receptors - Site 16, Groundwater . . . . .. .. . . 18-80
18-24 Carcinogenic Risk to Future Residential Receptors - Site 16, Surface Soils . .. ... ... 18-82
18-25 Noncarcinogenic HQS, Future Residential Receptors - Site 16, Surface Soils . . .. ... . 18-83
18-26 Carcinogenic Risk to Future Residential Receptors - Site 16, Groundwater . . .. .. .. . . 18-84
18-27 Noncarcinogenic HQS, Future Residential Receptors - Site 16, Groundwater .. .. ... . 18-85
18-28 Carcinogenic Risk to Future Residential Receptors - Site 16, Subsurface Soils . . . . . .. 18-87
18-29 Noncarcinogenic HQS, Future Residential Receptors - Site 16, Subsurface Soils . . . . . 18-88
18-30 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 16, Sediment .. .. .. 18-89
18-31 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 16, Sediment . .. 18-90
18-32 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 16 .. 18-92
18-33 Sediment Contaminants of Potential Concern-Site 16 .. .. ........... ... .. .. 18-96
19-1  Monitoring Well Characteristics Summary .. .................... ... .. .. . .. .. 19-6
19-2  Static-Water-Level Measurements Summary .. .................. .. .. ... ... .. 19-8
19-3  Occurrence and Distribution of Inorganics in Surface Soil at Site 17 . .. . . ... . .. . . 19-12
19-3a Comparison of Surface Soil Analytical Data to ARARs and TBCs - Site 17 . . .. ... ... 19-14
19-5  Occurrence and Distribution of Inorganics in Sediment at Site 17 .. ... .. ... ... .. .. 19-18
194 Occurrence and Distribution of Organics in Surface Soil at Site 17 . .. .. ... . ... . . 19-12
19-5a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 17 . . ... .. ... . 19-20
19-5b  Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 17 19-24
19-6  Occurrence and Distribution of Organics in Sediment at Site 17 .. ... .. ... ... . . 19-18
19-7  Occurrence and Distribution of Inorganics in Groundwater at Site 17 .. .. ... . ... . . 19-28
19-7a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 17 .. ... .. .. 19-29
19-7b  Comparison of Groundwater Miscellaneous Parameters Data to ARARs and TBCs - Site 179-31
19-8  Occurrence and Distribution of Inorganics in Surface Water at Site 17 ... .. .. ... ... 19-33
19-8a Comparison of Surface Water Analytical Data to ARARs and TBCs - Site 17 . .. ... . 19-35
19-8b Comparison of Surface Water Miscellaneous Parameters Data to ARARs and TBCs -

Site 17 19-37
19-9  Representative Concentration and Statistical Distribution of COPCs - Site 17,

Surface Soil ... ... 19-42
19-10 Representative Concentration and Statistical Distribution of COPCs - Site 17,

Sediment . . ... 1943
19-11 Representative Concentration and Statistical Distribution of COPCs - Site 17,

Groundwater . ... ... ... 1944
19-12  Representative Concentration and Statistical Distribution of COPCs - Site 17,

Surface Water . . .. .. ... 19-45
19-13 Carcinogenic Risk to Current Industrial Receptors - Site 17, Surface Soil . ... .... ... 19-47
19-14  Noncarcinogenic HQS, Current Industrial Receptors - Site 17, Surface Soil . ... ... .. 19-48
19-15 Carcinogenic Risk to Future Industrial Receptors - Site 17, Groundwater . . ... ... ... 19-49
19-16  Noncarcinogenic HQS, Future Industrial Receptors - Site 17, Groundwater . . . . . . . . .. 19-51
19-17. Carcinogenic Risk to Future Residential Receptors - Site 17, Surface Soils .. ... ... . 19-53
19-18 Noncarcinogenic HQS, Future Residential Receptors - Site 17, Surface Soils . .. . .. .. 19-54
19-19  Carcinogenic Risk to Future Residential Receptors - Site 17, Groundwater . . . . . ... .. 19-55
19-19a Central Tendency Carcinogenic Risk to Future Residential Receptors - Site 17,

Groundwater . ... ... ... 19-56
19-20 Noncarcinogenic HQS, Future Residential Receptors - Site 17, Groundwater . ... .. .. 19-57
19-21  Carcinogenic Risk, Wading, Future Recreational Receptors - Site 17, Sediment . . . . . . 19-59
19-22  Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 17, Sediment ... 19-60
19-23 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 17, Surface Water . . . 19-61

19-24

Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 17, Surface Water 19-62

NAVY\5803\SITES\105016 ix



TABLES (continued)

NUMBER

19-25 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 17
19-25a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies -

Site 17
19-26 Surface Water Contaminants of Potential Concern - Site 17 ... .......... .. ... ..
19-27 Sediment Contaminants of Potential Concern-Site . ... .............. . . .. . ...
19-28 Surface Soil Contaminants of Potential Concern - Site 17 . ... . ........ . . . . ... ..
19-29 Terrestrial Plant Contaminant of Potential Concern - Site 17 ... .......... .. ... ...
20-1  Surface and Subsurface Soil Sampling Summary .. ................. . .. ... ...
20-2  Monitoring Well Characteristics . ... ......... ... . ... .
20-3  Static-Water-Level Measurements . . ... .. ... ... ... ... ...,
20-4  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 19 ... ... ... ...
20-4a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 19 . . . .. ..
20-4b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 19 . . .
20-5 Occurrence and Distribution of Organics in Subsurface Soil at Site 19 . ... ... ... ...
20-6  Occurrence and Distribution of Inorganics in Sediment atSite 19. ... .. .. ... ......
20-6a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 19 . . . ... ... ...
20-6b Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 19
20-7  Occurrence and Distribution of Organics in SedimentatSite 19 .. ......... .. ....
20-8  Occurrence and Distribution of Inorganics in Groundwater at Site 19 .. ... ... . .....
20-8a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 19 ... . ... ..
20-9  Occurrence and Distribution of Inorganics in Surface Water at Site 19 . . ... ... ... ..
20-9a2 Comparison of Surface Water Analytical Data to ARARs and TBCs - Site 19 . . . ... ..
20-10 Occurrence and Distribution of Organics in Surface Water at Site 19 . . . ... ... ... ..
20-11 Representative Concentration and Statistical Distribution of COPCs - Site 19,

Subsurface Soil .. ... ..
20-12 Representative Concentration and Statistical Distribution of COPCs - Site 19,

Sediment . ... ...
20-13 Representative Concentration and Statistical Distribution of COPCs - Site 19,

Groundwater . ... ...
20-14 Representative Concentration and Statistical Distribution of COPCs - Site 19,

Surface Water . . .. ... ...
20-15 Carcinogenic Risk to Future Industrial Receptors - Site 19, Subsurface Soils .. ......
20-16 Noncarcinogenic HQS, Future Industrial Receptors - Site 19, Subsurface Soils . . . . ...
20-17 Carcinogenic Risk to Future Industrial Receptors - Site 19, Groundwater . . ... ......
20-18 Noncarcinogenic HQS, Future Industrial Receptors - Site 19, Groundwater . . . .. ... ..
20-19 Carcinogenic Risk to Future Residential Receptors - Site 19, Subsurface Soils . . ... ..
20-20 Noncarcinogenic HQS, Future Residential Receptors - Site 19, Subsurface Soils . . . ..
20-21 Carcinogenic Risk to Future Residential Receptors - Site 19, Groundwater . . . . . ... ..
20-22 Noncarcinogenic HQS, Future Residential Receptors - Site 19, Groundwater . .. ... ..
20-23 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 19,

Sediment . . ...
20-24 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 19,

Sediment . ...
20-25 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 19,

Surface Water . . .. ... ... .

20-26 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 19,
Surface Water . .. ... . ... .
20-27 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 19

NAVY\5803\SITES\105016 X

PAGE

19-66

20-55
20-58



TABLES (continued)

NUMBER PAGE
21-1  Surface Soil Sampling Summary ... ......... ... ... ... ... . 21-5
21-2  Occurrence and Distribution of Inorganics in Surface Soil at Site 20 . . . . ... ... ... .. 21-6
21-3  Occurrence and Distribution of Organics in Surface Soil at Site 20 ... ... ... ... . . 21-10
21-2a  Comparison of Surface Soil Analytical Data to ARARs and TBCs - Site 20 . .. ... .. . . 21-11
21-2b  Comparison of Surface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 20 .. ... 21-13
21-4  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 20 . .. ... ... ... 21-15
21-5  Occurrence and Distribution of Organics in Subsurface Soil at Site 20 .. . ... ... .. .. 21-16
21-4a  Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 20 . .. ... . 21-17
216 Occurrence and Distribution of Inorganics in Sediment at Site 20 . ... ... ... ... ... . 21-19
21-7  Occurrence and Distribution of Organics in Sediment at Site 20 . ............. ... 21-20
21-6a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 20 ... .. ... .. .. 21-21
21-6b Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 20 21-24
21-8  Representative Concentration and Statistical Distribution of COPCs - Site 20,

Surface Soil . ... 21-31
219 Representative Concentration and Statistical Distribution of COPCs - Site 20,

Subsurface Soil .. ... .. 21-32
21-10 Representative Concentration and Statistical Distribution of COPCs - Site 20,

Sediment . ... ... 21-33
21-11  Carcinogenic Risk to Current Industrial Receptors - Site 20, Surface Soil .. .. ... ... . 21-35
21-12  Noncarcinogenic HQS, Current Industrial Receptors - Site 20, Surface Soil .. ... .. .. 21-36
21-13  Carcinogenic Risk to Future Industrial Receptors - Site 20, Subsurface Soil . . .. ... .. 21-37
21-14  Noncarcinogenic HQS, Future Industrial Receptors - Site 20, Subsurface Soil . . . . . . . 21-38
21-15  Carcinogenic Risk to Future Residential Receptors - Site 20, Surface Soil .. ...... .. 21-39
21-16 Noncarcinogenic Risk to Future Residential Receptors - Site 20, Surface Soil . . . . . . . . 21-41
21-17  Carcinogenic Risk to Future Residential Receptors - Site 20, Subsurface Soil . . . . . . . . 21-43
21-18 Noncarcinogenic Risk to Future Residential Receptors - Site 20, Subsurface Soil . . . . . 21-44
21-19 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 20, Sediment . . . . . . 21-45
21-20 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 20, Sediment ... 21-46
21-21  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 20 . . 21-49
22-1  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 22 . .. ... ... . .. 22-5
22-2  Occurrence and Distribution of Organics in Subsurface Soil at Site 22 .. .. .. .. .. . . 22-6
22-1a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 22 . .. .. . .. 22-7
22-3  Occurrence and Distribution of Inorganics in Sediment at Site 22 . . . .. ... ... . .. . 22-14
224 Occurrence and Distribution of Organics in Sediment at Site 22 .. ... ... .. .. .. . . 22-15
22-3a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 22 . .. .. . ... . .. 22-16
22-3b  Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site 22 . . . . .
22-5 Representative Concentration and Statistical Distribution of COPCs - Site 22,

Subsurface Soil . ......... .. L 22-23
22-6  Representative Concentration and Statistical Distribution of COPCs - Site 22,

Sediment . ......... ... 22-24
22-7  Carcinogenic Risk to Future Industrial Receptors - Site 22, Subsurface Soil .. ... .. .. 22-23
22-8  Noncarcinogenic HQs, Future Industrial Receptors - Site 22, Subsurface Soil . . . . . . . . 22-27
229  Carcinogenic Risk to Future Residential Receptors - Site 22, Subsurface Soil . . . . . . . . 22-28
22-9a Central Tendency Carcinogenic Risk to Future Residential Receptors - Site 22 . . . .. .. 22-30
22-10 Noncarcinogenic HQs, Future Residential Receptors - Site 22, Subsurface Soil . . . . . . 22-31
22-11  Carcinogenic Risk, Wading, Future Recreational Receptors - Site 22, Sediment . . . . . . 22-32
22-12  Noncarcinogenic Risk, Wading, Future Recreational Receptors - Site 22, Sediment . . . . 22-36

NAVY\5803\SITES\105016 Xi



TABLES (continued)
NUMBER

22-13 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 22
22-13a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies -

Site 22 .
23-1  Soil Boring Characteristics Summary . . ... ... ... . .. .. ... ...
23-2  Monitoring Well Characteristics Summary . ................... ... . ... .. ... .
23-3  Static-Water-Level Measurements Summary .. ................ .. ... ... ... ...
23-4  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 23 . ... ... ... ..
23-5  Occurrence and Distribution of Organics in Subsurface Soil at Site 23 . . ... ........
23-4a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 23 . ... ...
23-4b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 23 . ..
23-6  Occurrence and Distribution of Inorganics in Sediment at Site 23 . .. ... ...........
23-7  Occurrence and Distribution of Organics in SedimentatSite 23 ... ..............
23-6a Comparison of Sediment Analytical Data to ARARs and TBCs - Site 23 . .. .........
23-8  Occurrence and Distribution of Inorganics in Groundwater at Site 23 .. ... .........
23-9  Occurrence and Distribution of Organics in Groundwater at Site 23 . . . ............
23-8a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 23 .. .......
23-10 Occurrence and Distribution of Inorganics in Surface Waterat Site 23 . .. ..........
23-11  Occurrence and Distribution of Organics in Surface Waterat Site 23 .. ... .........
23-10a Comparison of Surface Water Analytical Data to ARARs and TBCs - Site 23 .. ... ...
23-12 Representative Concentration and Statistical Distribution of COPCs - Site 23,

Subsurface Soil . . ....... ..
23-13 Representative Concentration and Statistical Distribution of COPCs - Site 23,

Sediment . . ... ...
23-14 Representative Concentration and Statistical Distribution of COPCs - Site 23, .......

Groundwater . ... ...
23-15 Representative Concentration and Statistical Distribution of COPCs - Site 23,

Surface Water . . .. .. ... ..
23-16 Carcinogenic Risk to Future Industrial Receptors - Site 23, Subsurface Soil . ........
23-61a Central Tendency Carcinogenic Risk to Future Industrial Receptors ... ............
23-17 Noncarcinogenic HQS, Future Industrial Receptors - Site 23, Subsurface Soil .. ... ..
23-18 Carcinogenic Risk to Future Industrial Receptors - Site 23, Groundwater . ..........
23-18a Central Tendency Carcinogenic Risk to Future Industrial Receptors . ... ...........
23-19 Noncarcinogenic HQS, Future Industrial Receptors - Site 23, Groundwater . . . .. ... ..
23-19a Central Tendency Noncarcinogenic HQS, Future Industrial Receptors - Site . . . ... ...
23-20 Carcinogenic Risk to Future Residential Receptors - Site 23, Subsurface Soil . . . ... ..
23-20a Central Tendency Carcinogenic Risk to Future Industrial Receptors . ... ...........
23-21 Noncarcinogenic HQS, Future Residential Receptors - Site 23, Subsurface Soil ... ...
23-21a Central Tendency Noncarcinogenic HQS, Future Industrial Receptors - Site . . . ... ...
23-22 Carcinogenic Risk to Future Residential Receptors - Site 23, Groundwater . . ... ... ..
23-22a Central Tendency Carcinogenic Risk to Future Industrial Receptors . . .. ...........
23-23 Noncarcinogenic HQS, Future Residential Receptors - Site 23, Groundwater . .. ... ..
23-23a Central Tendency Noncarcinogenic HQS, Future Industrial Receptors - Site . . .. ... ..
23-24 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 23, Sediment . . . ...
23-25 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 23, Sediment . . .
23-26 Carcinogenic Risk, Wading, Future Recreational Receptors - Site 23, Surface Water .
23-27 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site 23, Surface Water
23-28 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 23 . .
23-28a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies
23-29 Surface Water Contaminants of Potential Concern-Site 23 . ... ................

NAVY\5803\SITES\105016 Xii

23-70
23-71
23-77
23-78
23-81



TABLES (continued)
NUMBER

23-30 Sediment Contaminants of Potential Concern-site 23 .. .. .. ........ ... .. ... .

24-1  Sites24and 25Slug Cont Summary . ................ ... ...

24-2  Sites 24 and 25 Subsurface Soil Sampling Summary
24-2a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 24
24-2b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 24 . .

24-3  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 24
24-3a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 24
24-3b Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 24
24-4  Occurrence and Distribution of Organics in Subsurface Soil at Site 24 . . ... ... ... ..
24-4a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 25 . .. ... .
24-4b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -
Site25 ....... e
24-5 Representative Concentration and Statistical Distribution of COPCs - Site 24,
Subsurface Soil .. ... ... .
24-6  Representative Concentration and Statistical Distribution of COPCs - Site 25,
Subsurface Soil .. ... ..
24-7  Carcinogenic Risk to Future Industrial Receptors - Site 24, Subsurface Soil . ... ... . .
24-8  Noncarcinogenic HQS, Future Industrial Receptors - Site 24, Subsurface Soil
24-9  Carcinogenic Risk to Future Residential Receptors - Site 24, Subsurface Soil . . . ... . .
24-10 Noncarcinogenic HQS, Future Residential Receptors - Site 24, Subsurface Soil . . . . ..
24-11  Carcinogenic Risk to Future Industrial Receptors - Site 25, Subsurface Soil . ... ... ..
24-12  Noncarcinogenic HQS, Future Industrial Receptors - Site 25, Subsurface Soil . ... ...
24-13 Carcinogenic Risk to Future Residential Receptors - Site 25, Subsurface Soil . . . . . . . .
24-14 Noncarcinogenic HQS, Future Residential Receptors - Site 25, Subsurface Soil . . .. ..
24-15 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 24 . .
24-16 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 25

25-1  Soil Gas Results Explosive "D" Washout Area . .. ................... ... .. . .
25-2  Soil Boring Characteristics ... ........... ... ... .. ... .. .. . . .. . . ... ...

25-3  Monitoring Well Characteristics . . ... ............ ... .. ... . ... . . . . . . . . ..
25-4  Static-Water-Level Measurements . .. ................... ... ... . ... ... ...
25-5  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 26 . ... ... ... ..
25-6  Occurrence and Distribution of Organics in Groundwater at Site 26 . . . . ... ... ... . .
25-5a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 26 . . . . . ..
25-5b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -
Site 26 . . .
25-7  Occurrence and Distribution of Inorganics in Groundwater at Site 26 . . ... ... ... ...
25-8  Occurrence and Distribution of Organics in Groundwater at Site 26 . . . . ... ... ... ..
25-7a  Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 26 . . .. ... ..
25-9  Representative Concentration and Statistical Distribution of COPCs - Site 26,
Subsurface Soil ... ... ...
25-10 Representative Concentration and Statistical Distribution of COPCs - Site 26,
Groundwater .. ... ...
25-11 Carcinogenic Risk to Future Industrial Receptors - Site 26, Subsurface Soil .. ... .. ..
25-12 Noncarcinogenic HQS, Future Industrial Receptors - Site 26, Subsurface Soil . . ... ..
25-13 Carcinogenic Risk to Future Industrial Receptors - Site 26, Groundwater . .. ... ... ..
25-14 Noncarcinogenic HQS, Future Industrial Receptors - Site 26, Groundwater . . . . . ... ..
25-14a Central Tendency Noncarcinogenic HWQs, Fugure Industrial Receptor - Site 26 . . . . ..
25-15 Carcinogenic Risk to Future Residential Receptors - Site 26, Subsurface Soil . . . . . . ..
25-15a Central Tendency Carcinogenic Risk to Future Residential Receptor . .............
25-16 Noncarcinogenic HQS, Future Residential Receptors - Site 26, Subsurface Soil . . .. ..
25-17 Carcinogenic Risk to Future Residential Receptors - Site 26, Groundwater . . . . . . .. ..

NAVY\5803\SITES\105016 Xiii



NUMBER PAGE
25-17a Central Tendency Carcinogenic Risk to Future Residential Receptor .. ........ .. .. 25-46
25-18 Noncarcinogenic HQS, Future Residential Receptors - Site 26, Groundwater . . . ... .. 25-48
25-18a Central Tendency Noncarcinogenic HWQs, Future Industrial Receptor - Site 26 . . . . . . 25-49
25-19 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 26 .. 25-55
25-19a Summary of Central Tendency Carcinogenic Risk to Future Residential Receptor . . . . . 25-56
26-1  Occurrence and Distribution of Inorganics in Subsurface Soil at Site 27 . .. .. ... ... .. 26-5
26-1a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 27 .. ... ... 26-7
26-1b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 27 .
26-2  Occurrence and Distribution of Organics in Groundwater at Site 27 ... ... . ... ... .. 26-6
26-3  Representative Concentration and Statistical Distribution of COPCs - Site 27,

Subsurface Soil ... ... . 26-17
26-4  Carcinogenic Risk to Future Industrial Receptors - Site 27, Subsurface Soil . ........ 26-19
26-5 Noncarcinogenic HQS, Future Industrial Receptors - Site 27, Subsurface Soil . . ... .. 26-20
26-6  Carcinogenic Risk to Future Residential Receptors - Site 27, Subsurface Soil . . . .. . .. 26-21
26-7  Noncarcinogenic HQS, Future Residential Receptors - Site 27, Subsurface Soil . . . . . . 26-22
26-8  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site 27 .. 26-24
27-1  Soil Boring Characteristics Summary . ...................... ... .. ... ... .. 27-5
27-2  Monitoring Well Characteristics Summary ... .................. ... . .. . ... .. 27-7
27-3  Static-Water-Level Measurements Summary . ................... . ... .. ... ... 27-8
27-4  Occurrence and Distribution of Organics in Subsurface Soil at Site 29 . . ... ... ... .. 27-11
27-4a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs - Site 29 ... .. .. 2712
27-4b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site 29 . . 27-14
27-5  Occurrence and Distribution of Inorganics in Groundwater at Site 29 . . . ... ... ... .. 27-17 -
27-5a Comparison of Groundwater Analytical Data to ARARs and TBCs - Site 29 ... ... ... 27-19
27-6  Occurrence and Distribution of Organics in Groundwater at Site 29 ... ... ..... .. .. 27-18
27-7  Representative Concentration and Statistical Distribution of COPCs - Site 29,

Subsurface Soil . . ... 27-25
27-8  Representative Concentration and Statistical Distribution of COPCs - Site 29,

Groundwater . .. ... .. 27-26
27-9  Carcinogenic Risk to Future Industrial Receptors - Site 29, Subsurface Soil . ........ 27-28
27-10 Noncarcinogenic HQS, Future Industrial Receptors - Site 29, Subsurface Soil . ...... 27-29
27-11  Carcinogenic Risk to Future Industrial Receptors - Site 29, Groundwater . . . ... ... .. 27-30
27-12 Noncarcinogenic HQS, Future Industrial Receptors - Site 29, Groundwater . . . .. .. ... 27-31
27-12a Central Tendency Noncarcinogenic HQA, Future Industrial Receptors - Site 29 . . . . . . . 27-32
27-13 Carcinogenic Risk to Future Residential Receptors - Site 29, Subsurface Soil . . . . . . . . 27-33
27-14 Noncarcinogenic HQS, Future Residential Receptors - Site 29, Subsurface Soil . . . . .. 27-34
27-15 Carcinogenic Risk to Future Residential Receptors - Site 29, Groundwater . . . .. ... .. 27-36
27-16 Noncarcinogenic HQS, Future Residential Receptors - Site 29, Groundwater . . .. . ... 27-37
27-16a Central Tendency Noncarcinogenic HQA, Future Residential Receptors - Site 29 . . . . . 27-38
28-1 Sampling Locations and Rationale . . . . ........... ... ... ... . . . .. .. .. ... . ... 28-3
28-2  Occurrence and Distribution of Inorganics in Surface Soil atSite L ... ............. 28-6
28-3  Occurrence and Distribution of Organics in Surface Soil atSite L . ................ 28-7
28-2a Comparison of Surface Soil Analytical Data to ARARs and TBCs -Site L . ... ........ 28-8
28-2b Comparison of Surface Soil Miscellaneous Parameters Data to ARARs and TBCs - Site L 28-14
284  Representative Concentration and Statistical Distribution of COPCs - Site L,

Surface Soil . .. .. 28-18
28-5  Carcinogenic Risk to Current Industrial Receptors - Site L, Surface Soil . ... ........ 28-20
28-6  Noncarcinogenic HQS, Current Industrial Receptors - Site L, Surface Soil ... ....... 28-21
28-7  Carcinogenic Risk to Future Industrial Receptors - Site L, Surface Soil .. .......... 28-22
28-8  Noncarcinogenic HQS, Future Industrial Receptors - Site L, Surface Soil ... ........ 28-23

TABLES (continued)

NAVY\5803\SITES\105016 xiv



TABLES (continued)

NUMBER PAGE
28-7a Central Tendency Carcinogenic Risk To Future Residential Receptors - Site L . . . .. .. 28-25
28-9  Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site L ... 28-27
28-9a Summary of Central Tendency Cancer Risks and Noncarcinogenic Hazard Indicies

Site L . 28-28
28-10 Surface Soil Contaminants of Potential Concern -EPIC Site L ... ............... 28-31
28-11 Terrestrial Plan Contaminant of Potential Concern-EPIC Site L ... .............. 28-34
29-1  Site Q Hydropunch Characteristic Summary . ... .......... ... . ... ............ 294
29-2  Hydropunch Groundwater Analysis Results . ... ................ T 29-5
29-3  Occurrence and Distribution of Organics in Subsurface Soil at Site Q ... ........... 29-8
29-3a Comparison of Subsurface Soil Analytical Data to ARARs and TBCs -Site Q .. ... .. .. 29-9
29-3b Comparison of Subsurface Soil Miscellaneous Parameters Data to ARARs and TBCs -

Site Q . ..., 29-10
29-4  Occurrence and Distribution of Organics in SedimentatSiteQ .................. 29-13
29-4a’ Comparison of Sediment Analytical Data to ARARs and TBCs-Site Q . ........... 29-14
29-4b Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs - Site Q 29-16
29-5 Representative Concentration and Statistical Distribution of COPCs - Site Q,

Subsurface Soil . .. ... ... 29-22
29-6  Representative Concentration and Statistical Distribution of COPCs - Site Q,

Sediment . .. ... 29-23
29-7  Carcinogenic Risk to Future Industrial Receptors - Site Q, Subsurface Soil . ........ 29-25
29-8  Noncarcinogenic HQS, Future Industrial Receptors - Site Q, Subsurface Soil ........ 29-26
29-9  Carcinogenic Risk to Future Residential Receptors - Site Q, Subsurface Soil .. ... ... 29-27
29-10 Noncarcinogenic HQS, Future Residential Receptors - Site Q, Subsurface Sail . . . . . .. 29-28
29-11 Carcinogenic Risk, Wading, Future Recreational Receptors - Site Q, Sediment . . . . . . . 29-29
29-12 Noncarcinogenic HQS, Wading, Future Recreational Receptors - Site Q, Sediment . . . . 29-30
29-13 Summary of Estimated Cancer Risks and Noncarcinogenic Hazard Indicies - Site Q ... 29-32
29-14 Sediment Contaminants of Potential Concern -EPIC Site Q . ... ................ 29-35
30-1  Watershed Surface Water and Sediment Sampling . . . ......................... 30-2
30-2  Occurrence and Distribution of Inorganics in Watershed Samples (Sediment) ... ...... 30-9
30-3  Occurrence and Distribution of Organics in Watershed Samples (Sediment) . ... ... .. 30-10
30-2a Comparison of Sediment Analytical Data to ARARs and TBCs - Watershed Area . . . .. 30-11
30-2b Comparison of Sediment Miscellaneous Parameters Data to ARARs and TBCs -

Watershed Area . . . . ... ... 30-21
30-4  Occurrence and Distribution of Inorganics in Watershed Samples (Surface Water) . ... 30-29
30-5  Occurrence and Distribution of Organics in Watershed Samples (Surface Water) . . . . . 30-30
30-4a Comparison of Surface Water Analytical Data to ARARs and TBCs - Watershed Area . . 30-32
30-4b Comparison of Surface Water Explosives and Miscellaneous Parameters Data to ARARS

and TBCs -Watershed Area . . . .. ... ... . ... . . .. 30-45
30-6  Surface Water Contaminants of Potential Concern - Pine Brook Watershed ... ... ... 30-62
30-7 Sediment Contaminants of Potential Concern - Pine Brook Watershed . .. .......... 30-63
30-8  Surface Water Contaminants of Potential Concern - Shark River Watershed . . . ... ... 30-67
30-9 Sediment Contaminants of Potential Concern - Shark River Watershed . ........... 30-68
30-10 Surface Water Contaminants of Potential Concern - Hockhockson Brook Watershed . .. 30-72
30-11 Sediment Contaminants of Potential Concern - Hockhockson Brook Watershed . . . . .. 30-73
30-12 Surface Water Contaminants of Potential Concern - Mingamahone Brook Watershed .. 30-77
30-13 Sediment Contaminants of Potential Concern - Mingamahone Brook Watershed . . . . .. 30-78
30-14 Sediment Contaminants of Potential Concern - Mine Brook Watershed . . . . ... ... ... 30-82
30-15 Sediment Contaminants of Potential Concern - Mine Brook Watershed . . ... ... ... .. 30-83
30-16 Surface Water Contaminants of Potential Concern - Ware Creek Watershed.. . . . .. ... 30-88
30-17 Sediment Contaminants of Potential Concern - Ware Brook Watershed . ........... 30-89

NAVY\5803\SITES\105016 XV



TABLES (continued)

NUMBER PAGE
30-18 Surface Water Contaminants of Potential Concern - Ware Creek Watershed . . . . ... .. 30-93
30-19 Sediment Contaminants of Potential Concern - Wagner Creek Watershed . ......... 30-94
31-1  Background Monitoring Well Characteristics Summary . ............ ... ... ... ... 31-3
31-2  Background Static-Water-Level Measurement Summary . .......... .. .. ... ... ... 31-5
31-3  Carcinogenic Risk to Current Industrial Receptors - Background,

Surface SOil . . . ... 31-15
31-4  Noncarcinogenic HQS, Current Industrial Receptors - Background,

Surface Soil . . ... 31-17
31-5 Carcinogenic Risk to Future Industrial Receptors - Background,

Subsurface Soil . ... ... ... 31-18
31-6  Noncarcinogenic HQS, Future Industrial Receptors - Background,

Subsurface Soil ... ... ... . 31-19
31-7  Carcinogenic Risk to Future Industrial Receptors - Background,

Groundwater . . . . ... 31-20
31-8  Noncarcinogenic HQS, Future Industrial Receptors - Background,

Groundwater . . ... ... 31-21

NAVY\5803\SITES\105016 xvi



NUMBER PAGE
1-1 Mainside Site Locations . . ........... ... ... ... 1-3
1-2 Waterfront Site Locations ... ........ ... ... .. ... ... 14
2-1 Conceptual Model NWS Earle . . . ....... ... ... ... ... . .. . . .. . .. ... ... . 2-56
2-2 Steps in the Ecological Risk Assessment Process . .. ................. ... .. .. 2-108
2-3 Conceptual Site Model . ... ........ .. ... .. . ... 2-113
3-1 Surficial Deposits in Mainside Area . . .................. ... ... . .. ... . ... 3-6
3-2 Geologic Map for the Mainside Facility . ................ ... ... .. .. .. .. . .. .. 3-8
3-3 Geologic Map for the Waterfront and Chapel Hill Area ... ... ......... ... ... .. ... 39
34 Generalized Hydrogeologic Cross-Section for the Mainside Area . . .. ........... . .. 3-20
3-5 Generalized Hydrogeologic Cross-Section for the Waterfront Area .. . ... ... .. .. ... . 3-21
3-6 Public Non Community Wells within 1 Mile of NW.S. Earle . ... ............ .. ... . 3-28
3-7 Domestic Wells within 1 Mile of NW.S. Earle . ................ ... . ... . .. .. . . 3-29
4-1 Sample Locations Site 1. .. ... ... .. .. ... 4-2
4-2 Groundwater Contour Map August 7, 1995 Site 1 . . ... ........... .. ... . ... .. .. 4-14
4-3 Groundwater Contour Map October 17, 1995 Site 1 ... ............ ... ... ... . 4-15
4-4 Concentrations Above Screening Levels Site 1 .. .. ........ ... ... ... .. .. .. .. 4-23
5-1 Sample Locations Site 2 . . ... ... ... 5-2
5-2 Groundwater Contour Map August 7, 1995 Site 2 .. .. .......... ... .. .. ... ... ... 5-8
5-3 Groundwater Contour Map October 17, 1995 Site 2 ... .. .. ... ... ... . ... ... 5-9
5-4 Concentrations Above Screening Levels Site 1 . ... ......... ... ... ... ... .. . . 5-18
6-1 Sample Locations Site 3. . . ... ... 6-2
6-2 Soil Gas and Test Pit Locations ... ............. .. ... . .. . . ... .. . .. .. .. . . 6-5
6-3 Groundwater Contour Map August 7, 1995 Site 3 . . .. ... ... ... ... ... . ... . .. 6-11
6-4 Groundwater Contour Map October 17, 1995 Site 3 . ... ... .. ... ... .. .. ... .. . 6-12
6-5 Concentrations Above Screening Levels Sites 3 ... .. .......... ... ... .. .. . ... .
71 Sample Locations Site 4 . . ... ... ... 7-2
7-2 Groundwater Contour August 7, 1995 Site 4 .. ... ... .. . ... ... ... . ... . 7-13
7-3 Groundwater Contours October 17, 1995 Site 4 . .. ... ... .. .. . ... . . ... .. . ... 7-14
74 Concentrations Above Screening Levels Site 4 . ... ........ . . .. .. . . . ... .. .. .. 7-21
8-1 Sample Locations Site 5. . ... ... ... 8-2
8-2 Groundwater Contour Map August 7, 1995 Site 5 . . .. ... ... ... . ... ... ... .. .. . 8-11
8-3 Groundwater Contour Map October 17, 1995 Site 5 .. . ... ... ... ... ... .. .. .. . .. 8-12
8-4 Concentrations Above Screening Levels Site 5. ... ......... ... . . ... ... ... .. .. 8-17
9-1 Sample Locations Site 6 . . . . ... .. ... ..., e 9-2
9-2 Groundwater Contour Map August 7, 1995 Site 6 . . ... .......... ... .. . ... .. .. .. 9-8
9-3 Groundwater Contour Map October 17, 1995 Site 6 ... ... ... ... . ... .. .. .. .. .. .. 9-9
9-4 Concentrations Above Surface Water and Sediment Screening Levels Site 6 .. ... . ... 9-18
9-5 Concentrations Above Groundwater Screening Levels Site 10 . ... ... .. ... ...... .. 9-26
10-1  Sample Locations - Site 7 . .. ... ... 10-2
10-2  Groundwater Contour Map August 7, 1995 Site 7 . ... ... ... ... . ... . ... ... ... . 10-8
10-3  Groundwater Contour Map October 17, 1995 Site 7 . . ... ... ... .. B, 10-9
10-4  Concentrations Above Screening Levels Site 7 . .. ... ...... .. .. ... ... .. . 10-16
11-1 Sample Locations Site 9 . . . . ... .. ... 11-2
12-1  Sample Locations Site 10 . . . . ... ... ... .. 12-2
12-2 Groundwater Contour Map August 7, 1995 Site 10 ... ... ... ... ... .. ... ... . .. .. 12-8
12-3  Groundwater Contour Map October 17, 1995 Site 10 . .. .. ... ... ... ... . ... ... . 12-9
12-4  Concentrations Above Screening Levels Site 10 . . .. .. ... .. ... ... .. ... ... .. . 12-17
13-1  Sample Locations Site 11 . . . ... ... ... ... ... 13-2
13-2  Groundwater Contour Map August 7, 1995 Site 11 ... ... .. . ... ... ... ... .. .. .. 13-8
13-3  Groundwater Contour Map October 17, 1995 Site 11 . ... .. ... . ... .. .. .. ... .. .. 13-9

FIGURES

NAVY\5803\SITES\105016 xvii



FIGURES (continued)

NUMBER PAGE
13-4  Concentrations Above Screening Levels Site 11 . . ... .......... ... .. .. . . .. . . 13-14
14-1  Sample Locations Site 12 . . ... ... ... ... ... 14-2
14-2  Concentrations Above Screening Levels Site 12 . .. .. ............ ... . . ... . . 14-11
15-1  Sample Locations Site 13 . .. .. ... .. ... ... 15-2
15-2  Groundwater Contour Map August 7, 1995 Site 13 . .. .. ........... ... ... .. . . 15-11
15-3  Groundwater Contour Map October 17, 1995 Site 13 . ... .............. ... . . 15-12
15-4  Concentrations Above Screening Levels Site 13 . .. ... ............... .. .. ... . 15-18
16-1  Sample Locations Site 14 . . .. .. ... ... ... ... 16-2
17-1  Sample Locations Site 15 . . . . ... ... ... ... 17-2
17-2  Concentrations Above Subsurface and Surface Soils Screening Levels Site 15 .. . . . . . 17-11
18-1  Sample Locations Site 16 . . . ... ... ... ... ... 18-2
182 184
18-2a Soil Gas Sample Locationsand Results ... ................. .. ... ... . .. . .. 18-5
18-3  Groundwater Contour Map August 7, 1995 Site 16 ... ... .......... ... ... .. .. . 18-22
18-4  Groundwater Contour Map October 17, 1995 Site 16 . . .. ............ ... .. ... . 18-23
18-5  Concentrations Above Surface Soil and Sediment Screening Levels Site 16 . .. ... . .. 18-29
18-6  Concentrations Above Subsurface Soil Screening Levels Site 16 .. . ... ... ... ... .. 18-46
18-7  Concentrations Above Sediment Screening Levels Site 16 .. .. ............ . .. .. 18-54
18-8  Concentrations Above Groundwater Screening Levels Site 16 . .. ... ... ... ... . ... 18-63
19-1  Sample Locations Site 17 . . .. ... ... .. .. ... 19-2
19-2  Groundwater Contour Map August 7, 1995 Site 17 . . .. .......... . ... ... ... ... . 19-9
19-3  Groundwater Contour Map October 17, 1995 Site 17 . . ... ....... .. ... .. ... . . 19-10
19-4  Concentrations Above Screening Levels Site 17 ... ............. .. .. ... . .. . .. 19-15
20-1  Sample Locations Site 19 . .. ... ... ... ... 20-2
20-2  Groundwater Contour Map August 7, 1995 Site 19 ... ............. .. ... ... ... 20-11
20-3  Groundwater Contour Map October 17, 1995 Site 19 . ... ... ... .. e 20-12
20-4  Concentrations Above Screening Levels Site 19 . .. .. ......... .. ... ... ... ... 20-18
21-1 Sample Locations Site 20 . . . ... ... ... ... 21-2
21-2  Concentrations Above Screening Levels Site 19 . . ... ......... .. ... .. ... ... . . 21-5
22-1  Sample Locations Site 22 . .. ... ... ... 22-2
22-2  Concentrations Above Screening Levels Site 20 . . . .. ........ ... .. ... . ... .. . 22-10
22-14 Sediment Contaminants of Potential Concern -Site 22 . .. ... .. ... . ... .. .. .. . . . 22-40
22-15 Surface Soil

Contaminants of Potential Concern -Site 22 . . ... .......... ... ... . ... .. ... .. 22-42
23-1  Sample Locations Site 23 . .. . ... ... 23-2
23-2  Groundwater Contour Map August 7, 1995 Sites 23 .. .. ........... . ... ... .. .. 23-11
23-3  Groundwater Contour Map October 17, 1995 Sites 23 .. .. ....... .. ... ... .. .. 23-13
23-4  Concentrations Above Screening Levels Site 23 . . . ............... .. .. ... . 23-25
24-1  Sample Locations Sites 24/25 . . . . .. ... ... 24-2
25-1  Sample Location Site 26 . ... ... ... ... 25-2
25-2  Soil Gas Sample Locations Site 26 .. . . ... ... ... ... 25-5
25-3  Groundwater Contour Map August 7, 1995 Site 26 . ... ... ... . ... .. . 25-14
25-4  Groundwater Contour Map October 17, 1995 Site 26 . . . ... ... ... ... ... ... ... 25-15
25-5 Concentrations Above Screening Levels Site 26 . . .. .............. .. ... ... ... 25-25
26-1 Sample Locations Site 27 . . . ... ... ... 26-2
26-2  Concentrations Above Screening Levels Site 27 . . .. .......... .. ... ... .. ... ... 26-2
27-1  Sample Locations Site 29 . . . .. ... ... 27-2
27-2  Concentrations Above Screening Levels Site 29 . .. ... ... ... .. ... ... ... . .. 27-16
28-1 Sample Locations Epic Site L ... ........... ... ... .. 28-2
28-2  Concentrations Above Screening Levels Site L . ... ............ . ... . ... . .. 28-16
29-1  Sample Locations Epic Site Q . ... ... ... ... 29-2
29-2  Concentrations Above Screening Levels Epic Site Q . . . .. ... ... ........ ... . .. 29-10

NAVY\5803\SITES\105016 xviii



FIGURES (continued)
NUMBER PAGE
30-1  Mainside Wetlands and Drainage Basins Map
30-2 Waterfront Background Sample Locations ... .............. ... ... . ... ... . .. 30-3

30-3 Concentrations Above Screening Levels Chapel Hill Area
30-4  Concentrations Above Screening Levels Mainside Facility

NAVY\5803\SITES\105016 Xise



1.0 INTRODUCTION
11 PURPOSE AND SCOPE

Brown & Root (B&R) Environmental, a division of Halliburton NUS Corporation was assigned, under the
Comprehensive Long-Term Environmental Action - Navy (CLEAN) Program, Contract Number N62472-90-
D-1298, to perform the field investigation activities presented in the Remedial Investigation Work Plan for
Naval Weapons Station Earle, June 1995 (Rl work plan), and to prepare a comprehensive report
documenting the remedial investigation (RI) of 27 sites at Naval Weapons Station (NWS) Earle in
accordance with the requirements of Contract Task Order Number 0231. The work was performed as part
of the Navy's Installation Restoration Program (IRP), a program designed to identify environmental concerns

at Navy and Marine Corps facilities and to implement corrective measures if necessary.

IRP activities are typically performed in four distinct phases. Phase 1 consists of a preliminary assessment
(PA), and Phase 2 consists of a site investigation (Sl). Phase 3 is a remedial investigation (RI), which is
intended to characterize the physical and chemical (contaminant) parameters of the site and the associated
risks to human health and the environment. Phase 4 consists of remedial action (RA) designed to control
and mitigate contaminated media at the site.

This report addresses the Rl activities at 27 sites located within and immediately adjacent to NWS Earle.
These sites were initially identified in either the Initial Assessment Study of February 1983 or the
Environmental Investigation Photographic Center (EPIC) studies of November 1991 and January 1992.
Twenty-five of the 27 sites were investigated previously under PA or SI work.

The Initial Assessment Study was a document prepared for the Navy that identified 29 areas of concern
based on employee interviews, record searches, and site tours. Three of these 29 areas were eliminated
from consideration under the Installation Restoration Program because they were active operations
regulated under the Resource Conservation and Recovery Act (RCRA). One additional area, Site 8, was
investigated on an accelerated schedule to enable timely reuse. EPA concurrence on no further
investigation of this site was received in October 1994.

The EPIC studies were an analysis of historical aerial photographs performed for the United States
Environmental Protection Agency (EPA) by the Environmental Photographic Interpretation Center. These
studies identified 17 additional sites where there was evidence of some disturbance. After an initial
screening of these sites in 1992, the Navy, EPA, and New Jersey Department of Environmental Protection
(NJDEP) agreed to further investigation at three sites, Sites F, L, and Q. Since Site F overlapped the
existing Site 16, it was agreed that Site 16 would be expanded to include it.
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1.2 FACILITY LOCATION

NWS Earle is located in Monmouth County in east-central New Jersey. It is situated on approximately
11,134 acres, which include a Mainside area that is approximately 10 miles inland from the
Atlantic Ocean at Sandy Hook Bay and a Waterfront area, which includes an ammunition depot and
associated piers. The Mainside and Waterfront areas are linked by a narrow tract of land that serves as
a right-of-way for a government road and railroad. Figures 1-1 and 1-2 show the Mainside and Waterfront
areas, respectively. The main entrance to NWS Earle is located off State Route 34, and the entrance to
the Waterfront area is located adjacent to State Route 36.

1.3 FACILITY MISSION

NWS Earle was commissioned as a Naval Ammunition Depot on December 13, 1943, with the primary
responsibility of furnishing ammunition to the Naval fleet. The station's Ordnance Department coordinates
all port services and logistic support for home-ported and visiting ships, conducts safety inspections,
supervises ammunition loading for the United States Coast Guard, and provides afloat firefighting capability
and standby tug services. Other major active divisions include the Ammunition Distribution and Control
Division, responsible for ensuring that a balanced, purified stock of ammunition is maintained in support
of Navy, Coast Guard, and Marine Corps programs; the Operations Division, which performs ammunition
movement, ship loading, demilitarization of obsolete ammunition, and reclaiming/renovation of various
munitions; the Anti-Submarine Warfare (ASW) and Special Weapons Division, which plans and carries out
station-level maintenance of air and antisubmarine weapons and provides shore-based support to various
commanders; and the Port Services Division, responsible for operating the station fireboat, service craft,
and oil pollution containment equipment.

Over 90 percent of the acreage at NWS Earle is dedicated to its primary mission of storage and delivery
of ordnance. The actual amount of land used for storage and distribution facilities is much less than this,
but Explosive Safety Quantity Distance (ESQD) arcs are established around each facility. Any development
within these arcs is extremely restricted by safety requirements. The formal disestablishment or
reclassification of a facility is required before any development can occur within an ESQD arc.

Two areas of NWS Earle, the Mainside Administration and Housing area and the Waterfront Administrative
area, are not encumbered by ESQD arcs. These areas are used for offices, base support, housing, and
recreational facilities. Any future development would be expected to occur in one of these areas unless
the development had an ordnance-specific use. Sites 1, 14, 16, and 29 are within the Mainside
Administration and Housing area. Sites 6, 12, 15, and 17 are within the Waterfront Administration area.
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Future land use is not expected to vary significantly from current land use unless a major base realignment
were to occur. [f this were to happen, an Environmental Baseline Survey would be conducted to evaluate

the impact of any proposed land-use change.
14 PREVIOUS INVESTIGATIONS

Site investigation activities related to areas of potential environmental concern at NWS Earle have been
undertaken by the Navy since approximately 1982. Early work included an Initial Assessment Study (IAS)
conducted by Fred C. Hart and Associates; the results are included in a report prepared in 1982. Studies
and field investigation efforts continued under the IRP by Roy F. Weston, Incorporated. Several
documents prepared by Weston were submitted to the Navy, NJDEP, and EPA. These documents
include the Draft Report for Naval Weapons Station Earle, Colts Neck, New Jersey, Installation Restoration
Program Phase |l Confirmation Study, dated September 1986; the Draft Report of Current Situation and
Draft Plan of Action, dated December 1988; a Draft Phase |l Site Inspection Study for Naval Weapons
Station Earle, Colts Neck, New Jersey, dated February 1993; and a final version of the SI report, dated
December 1993. An IRP Phase Il site inspection work plan was also submitted by Weston in
September 1991. In addition, Weston submitted the Installation and Restoration Program Remedial
Investigations/Feasibility Study for 11 Sites at NWS Earle, Colts Neck, New Jersey, Volumes 1to 3. The
work plan for this RI, prepared by B&R Environmental, considered the results of the previous investigations
as the basis for most of the 1995 RI field tasks. This Rl document presents the results of the field tasks,
the data evaluation, the human health risk assessment, and the preliminary ecological risk evaiuation for
the 27 sites.

1.5 WETLANDS DELINEATION

Maps showing wetlands delineation boundaries in this report that refer to this subsection (1.5) were
developed using NJDEP Geographic Information System digital data, in conjunction with B&R
Environmental's work, but this secondary product has not been verified by NJDEP and is not state

authorized.

A complete wetland legend, showing the derivation of the wetland codes used on maps throughout this
report, prepared by NJDEP is included in Table 1-1.

1.6 SURVEY INFORMATION

Over the years the Navy has employed various survey subcontractors to perform site survey work.
Appendix F contains survey data and a reconciliation of the varying benchmarks used historically.
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WETLAND LEGEND

U - Primarily represents upland areas, but may include
unclassified wetlands less than 1 acre in area, non
photo-identifiable arecas and/or unintentional omissions.

ECOLOGICAL :
SYSTEM E - ESTUARINE
Zcological r !
Subsystem 1 - Subtidal 2 - Intertidal
1
RB - ROCK UB - UNCONSOLIDATED : OW - OPEN WATER :
CLASS BOTTOM BOTTOM AB - AQUATIC BED RF - REEF Unknown Bottom
Subclass 1. Bedrock 1. Cobble / Gravel 1. Submergent Algal 2. Mollusc
2. Boulder 2. Sand 2. Submergent Vascular 3. Worm
3. Mud 4. Floating leaved
4. Organic 5. Floating
6. Unknown Submergent -
7. Unknown Surface
| [} ] ] | ] | ] 1
‘ RS - ROCKY
CLASS AB - AQUATIC BED RF - REEF FL - FLAT" SB - STREAMBED SHORE BB - BEACH/BAR EM - EMERGENT ‘8S - SCRUB / SHRUB FO - FORESTED
Subclass 1. Submergent Algal 2. Molluse 1. Cobble / Gra 1. Cobble / Gravel 1. Bedrock 1. Cobhie / Gravel 1. Peratstent 1. Brozd Leaved Decidious 1. Broad Leaved Decidious
2. Submergent Vascular 3. Worm 2. Sand . 2. Sand 2. Boulder 2. Sand 2. Nonpersistent 3. Broad Leaved Evergreen 3. Broad Leaved Evergreen
6. Unknown Submergent 3. Mud 3. Mud 6. Vegetated ’ 3. Narrow Leaved Nonp 4. Needle Leaved Evergreen 4. Necdle Leaved Evergreen
7. Unknown Surface 4. Organic 4. Organic Non-pioneer 4. Broad Leaved Nonperststent S, Dead Dead
S. Vegetated Ploneer 5. Narrow Leaved Persistent 6. Decidious 6. Deadious
6. Vegetated Non-ploneer 6. Broad Leaved Persistent 7. Evergreen 7. Evergreen
8. White Cedar 8. White Cedar
ECOLOGICAL - '
SYSTEM M - MARINE .
r
Ecological |
Subsystem 1 - Subtidal 2:doterydal
A v L | v 1 ] || 1
RB - ROCK UB - UNCONSOLIDATED . OW - OPEN WATER RS - ROCKY
CLASS BOTTOM BOTTOM AB - AQUATIC BED RF - REEF Unknown Bottom AB - AQUATIC BED RF - REEF FL - FLAT _ SHORE BB - BEACH/BAR -
Subclaia 1. Bedrock 1. Cobble / Gravel 1. Submergent Algal 1. Coral 1. Su t Algal 1. Coral 1. Cobble/Gravel 1. Bedrock 1. Co
2. Boulder 2. Sand 2. Submergent Vascular 3. Worm 2. Suhm:gmzt Vascular 3. Worm 2. Sand 2. Boulder 2. &:dhle/()nvcl
- 3. Mud 4. Floating leaved : 6. Unknown Submergent 3. Mud 6. Vegetated
4. Organic S. Floating 6. Vegetated Non-ptoneer
6. Unimown Submergent Non-pioneer
7. Unknown Surface
ECOLOGICAL . '
SYSTEM P - PALUSTRINE
No Moyﬂ.@» T T T T T T I !
CLASS RB - ROCK UB - UNCONSOLIDATED ML - MOSS ) . OW - OPEN WATER
BOTTOM BOTTOM AB - AQUATIC BED FL - FLAT LICHEN EM - EMERGENT SS - SCRUB / SHRUB FO - FORESTED Unknown Bottom
Subclass
1. Bedrock 1. Cobble/Gravel 1. Submergent Algal . 1. Cobble / Gravel 1. Moss 1. Peratstent 1. Broad Leaved Decidious 1. Broad Leaved Decidious
2. Boulder 2. Sand 2. Submergent Vascular 2. Sand 2.Lichen 2. Nonpersistent 2. Needle Leaved Decidious 2. Needle Leaved Decidious
- 3. Mud 3. Submergent Moss 3. Mud 3. Narrow Leaved Nonpersistent 3. Broad Leaved Evergreen 3. Broad Leaved Ev
4. Organtc 4. Floating-Leaved 4. Organic 4. Broad Leaved Nonpersistent 4. Needle Leaved Evergreen 4. Needle Leaved
S. Floating S. Vegetated Pioneer 5. Narrow Leaved Persistent S. Dead 5. Dead :
6. Unknown Submergent 6. Vegetated 6. Broad Leaved Peraistent 6. Decidious 6. Decidious
7. Unknown Surface Non-pioneer 7. Evergreen 7. Evergreen
. 8. White Cedar 8. White Cedar

TABLE 1-1

Source: NJDEP
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ECOLOGICAL"

L - LACUSTRINE

SYSTEM |
Ecological v 1 )
Subsystem 1 - Limnetic 2- l.}ttoral
T T T 1 r T T T T T T B 1
RB - ROCK . UB - UNCONSOLIDATED OW - OPEN WATER RB - ROCK UB - UNCONSOLIDATED RS - ROCKY EM - EMERGENT OP -
CLASS BOTTOM | BOTTOM AB - AQUATIC BED Unknown Bottorn BOTTOM BOTTOM AB - AQUATIC BED FL - FLAT ROCK SHORE BB- BEACH BAR OPEN WATER
) ’ . Unknown
Subclass 1. Bedrock 1. Cobble / Gravel 1. Submergent Algal 1. Bedrock 1. Cobble/Gravel 1. Submergent Algat 1. Cobble/Gravel 1. Bedrock 1. Cobble/Gravel 2. Nonpersistent Bottom
2. Boulder 2. Sand 2. Submergent Vascular 2. Boulder 3. Sand 2. Submergent Vascular 2. Sand 2. Boulder 2.Sand 3. Narrow leaved
3. Mud 3. Submergent Moss 3. Mud 3. Submergent Moss 3. Mud Nonpersistent
4. Organic 4. Floating leaved 4. Organic 4. Floating leaved 4. Organic 4. Broad leaved
S. Floating 5. Floating : 5. Vegetated Moneer Nonpersiatent
6. Unknown Submergent 6. Unknown Subrnergent 6. Vegetated Non-ploneer
7. Unknown Surface 7. Unknown Surface
- R- RIVERINE f
! ! T = ‘
. - . . . :
Ecological 1. Tidal 2 - Lower Perennial " 3 - Upper Perennial 4 - Intermittent 5 - Unkown Perennial .
Subsystem : . :
CLASS EM - EMERGENT(") RB - ROCK UB - UNCONSOLIDATED ) . ' RS - ROCKY OW - OPEN WATER .
BOTTOM BOTTOM AB - AQUATIC BED FL - FLAT SB - STREAMBED SHORE BB - BEACH/BAR Unknown Bottom
Subclass
R 1. Nonpersistent 1. Bedrock 1. Cobble/Gravel 1. Submergent Algal 1. Cobble / Gravel 1. Cobble/Gravel 1. Bedrock 1. Cobble/Gravel
2. Narrow-leaved 2. Boulder 2. Sand 2. Submergent Vascular 2. Sand 2. Sand 2. Boulder 2. Sand
Nonpersistent 3. Mud 3. Submergent Moss 3. Mud 3. Mud
i 3. Broad-leaved 4. Organic 4. Floating-Leaved 4. Organic 4. Organic B
Nonpersistent S. Floating S. Vegetated Pioneer
6. Unknown Submergent 6. Vegetated .
- 7. Unknown Surface Non-ploneer
(*) EM - EMERGENTS are only found in the Riverine Tidal and Riverine Lower Perenial Ecological Subsystem. All other classes are found in all Riverine Ecological Subsystems
In order to more adequately describe wetland and aquatic habitats one or more of the water regime, water chemistry, soil, or special modifiers
may be applied at the class or lower level in the hierarchy. The farmed modifier may also be applied to the ecological system.
WATER REGIME(1) WATER CHEMISTRY SOIL SPECIAL MODIFIERS
Non-Tidal Tidal Coastal Salinity Inland Salinlty pH Modiflers for all Fresh Waler g Organic b Beaver b Diked/impounded
o : o Mineral d Patially Drained/Dixched t Artificial
A Temparmry H Pamanet K Artificial R Seasonal Tidal 1 Hyperhaline 7 Hypersaline a Acid { Famed - s Spoid
B Sauwrsed ] Intermitendy Flooded L Subtidal S Temporary Tidal 2 Euhaline 8§ Eusaline t Czcumpeutral z Exzcavated
C Seasonal K. Arficial M bregulxly Exposed T Semi Tidal 3 Mixobaline (Brackish) 9 Mixosaline 1 Akaline
D Seasoval Well-drained Z | itently Exposed/P N Regulx V Pamanent Tidal 4 Polybaline O Fresh MODL Lawns, Stormwater Managem et Arsas
E Seasonal Saursted W latermizeady Flooded/Temporary P lzegule U Uoknown S Mesobaline (sreas ars not normally inundated)
F Semipermanent Ys d/Semip s ) 6 Otigobaline MODR Rigts-of-Ways (sreas maintsined by utilities)
G I tiently Esposed U Unk O Fresh MODAg Agricukural Lands, Turf Farms
: (both row crop and anf cultivation)
MODD  Disurbed Aress (mrface/vegetaion distrbed
Nature of activity oot readily spperent)

(1) Information on the water regime modifiers found on this legend. but not found in the classtfication system, may be obtained from the above listed source.

TABLE 1-1 (continued)
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2.0 INVESTIGATION SUMMARY

This section presents an overview of remedial investigation (RI) activities. The procedures used in this
RI, including the data quality objective standards that were followed and the standard operating procedure
guidelines that were adhered to [e.g., United States Environmental Protection Agency (EPA) Region |
Groundwater Sampling Procedure, Lowflow Purge and Sample (Draft Final), NJDEP Field Sampling
Procedures Manual, and B&R Environmental Standard Operating Procedures (SOP) GH-1.3], are
discussed and presented in the Remedial Investigation Work Plan for Naval Weapons Station Earle, Colts
Neck, New Jersey, June 1995, Volumes | and Il. Details of the field investigation tasks at each site are
discussed in Sections 4 through 30.

21 SUMMARY OF ACTIVITIES

Between May and December 1995, the following field activities were conducted at 27 Rl sites as described
in the Rl work plan. Field work relating to 21 high priority sites was performed in the summer of 1995.
The remaining six site (27 sites total) investigation was delayed until December 1995 due to budget
restraints. All sites are shown on Figures 1-1 and 1-2.

. Soil gas surveying and analysis at 190 locations at Sites 3, 16, and 26 (Section 2.1.1.1).
. Sampling and analysis of subsurface soil collected from 46 soil borings drilled at four
background locations and Sites 1, 16, 23, 26, 27, 29, and Q and from 19 hand-augered

borings at Sites 15, 19, 20, 23, 24/25, 27, and Q (Section 2.1.1.2).

. Drilling and installation of 28 permanent monitoring wells at four background locations and
Sites 1, 3, 4, 13, 16, 17, 19, 23, 26, 27, 29, and Q (Section 2.1.1.3).

. Installation of dedicated low-flow well purge/sampling pumps in 86 monitoring wells.
. Sampling and analysis of groundwater from 88 permanent monitoring wells at four

background locations and Sites 1, 2, 3, 4, 5, 6, 7, 10, 11, 13, 16, 17, 19, 23, 26, and 29
(Section 2.1.1.3).

. Measurement of static-water levels in 88 permanent monitoring wells at four background
locations and Sites 1, 2, 3, 4, 5, 6, 7, 10, 11, 13, 16, 17, 19, 23, 26, and 29 (Section
2.1.1.3).

. Execution of slug tests at nine permanent monitoring wells at Sites 1, 13, 16, and 23

(Section 2.1.1.4).
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2.1.1

Sampling and analysis of groundwater from 23 hydropunch locations at Sites 1, 4, 5, and
Q (Section 2.1.1.5).

Excavation of 16 test pits at Sites 3, 9, and 13 (Section 2.1.1.6).

Sampling and analysis of surface soil collected at 39 locations at four background
locations and Sites 2, 3, 7, 12, 15, 16, 17, 19, 20, and L (Section 2.1.2.1).

Sampling and analysis of surface water collected at 38 locations at three background
locations, 19 watershed locations, and Sites 4, 6, 13, 15, 17, 19, and 23 (Section 2.1.3.1).

Sampling and analysis of sediment samples collected at 49 locations at three background
locations, 18 watershed locations, and Sites 4, 6, 12, 13, 15, 16, 17, 19, 20, 23, and Q
(Section 2.1.4.1).

Surveying of the horizontal locations and vertical elevations of soil gas survey grid
corners, soil borings, monitoring wells, hydropunch locations, test pits, surface soil sample
locations, surface water sample locations, and sediment sample locations (Section 2.1.5).

Sampling and analysis of septic tank contents (Section 2.1.6).

Sampling and analysis of investigation-derived waste (IDW) drum contents at Site 16/F
(Section 2.1.7).

Sampling and analysis of composite Building C-33 floor sweepings (Section 2.1.8).

Subsurface Investigations

2.1.1.1 Soil Gas Survey

Soil gas surveys were performed at Sites 3, 16, and 26 to identify areas of potential soil and groundwater

contamination and to locate possible sources of contamination. The results of the survey were used to

help select soil boring and permanent monitoring well locations. Initial soil gas points were placed with

a uniform grid spacing of 25 feet at Sites 3 and 26. At Site 16, four areas of concern were investigated,

with grid spacing varying from 20 by 40 feet to 100 by 100 feet. A total of 190 soil gas points were placed

at the three sites. One reading was obtained from each soil gas point, and quality control (QC) duplicates

were obtained from approximately 10 percent of locations. The soil gas samples were collected near the
soil/water interface at a depth of between 5.5 and 8 feet at Site 3, 1 and 8 feet at Site 16, and 7 and 8

feet at Site 26.
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The soil gas surveys were performed by Environmental Field Service, Incorporated (EFS). For the easily
accessible locations, a van-mounted probe unit was used for surveymg, and for the inaccessible locations,

a hand-driven portable rotary hammer was used. The procedure consisted of driving a 1.375-inch outer-
diameter (O.D.) hollow-steel sampling rod equipped with an expendable drive point into the soil to the
desired depth and extracting a soil gas sample through the rod. Upon reaching the desired sampling
depth, the drive point was detached by pulling back on the rod, which allowed soil gas to enter the rod.
A length of Teflon tubing was inserted into the rod to the bottom of the hole, and the bottom-hole tubing
perforations were isolated from the annulus by an inflatable packer. A sample of the soil gas was
withdrawn from the probe into the sampling system in order to purge atmospheric air from the system.
A second sample of soil gas was withdrawn from the probe into the sampling system and encapsulated
into a pre-evacuated glass vial at two atmospheres of pressure. The self-sealing vial was then detached
from the sampling system, packaged, labeled, and stored for laboratory analysis. After the sample was
collected, the tubing was withdrawn from the hole and nitrogen or atmospheric air was used to purge the
sampling system. The rods were withdrawn after the sample was obtained (sacrificing the drive point),
and the boreholes were sealed to the surface with a bentonite powder. The soil gas samples were
analyzed on site at EFS’s mobile laboratory with a photoVac 10S plus field gas chromatograph (GC) for
total benzene, toluene, ethylbenzene, and xylenes (BTEX), trichloroethene (TCE), and tetrachloroethene
(PCE) analyses.

Approximately 10 percent of total samples collected were quality assurance/quality control (QA/QC)
samples (blanks) collected at the halfway point and at the end of each day’s field activities. At the
beginning of each day, the field GC was calibrated to certified calibration standards, and equipment blanks

were run at various times to ensure the system was clean of outside influences.

A total of 190 soil gas samples and 24 field duplicates were collected at Sites 3, 16, and 26. A summary
of these samples is provided in Table 2-1.

2.1.1.2 Soil Borings, Hand-Augered Borings, and Subsurface Soil Sampling

Forty-six soil borings were installed at Sites 1, 16, 23, 26, 27, 29, and Q and at four background locations
to identify and possibly delineate the extent of soil contamination. The soil borings were drilled using
hollow-stem auger drilling techniques and 4.25-inch internal-diameter (1.D.) augers. The soil borings
ranged in depth from 4 to 80 feet. Fifteen of the soil borings were converted into monitoring wells.
Subsurface soil samples were collected continuously from the ground surface to the water table by driving
a 3-inch O.D. by 24-inch-long split-barrel sampler using a 140-pound hammer falling a distance of 30
inches. The samples were screened with an HNu and visually inspected for evidence of contamination

(such as staining and odors) and for lithologic description. Boring logs were prepared for each boring to
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Table 2-1
Soil Gas Sampling Summary

NWS Earle, Colts Neck, Neck Jersey

Number of Soil Number of Environmental Soil Analytical
Gas Points Gas Samples" Parameters®®
3 26 27 BTEX, TCE, and PCE
16 96 106 BTEX, TCE, and PCE
26 68 75 BTEX, TCE, and PCE
“ Includes field duplicates and resampled points.
@ BTEX (benzene, toluene, ethylbenzene, and xylenes), TCE (trichloroethene), and PCE
(tetrachloroethene) .
@ Appendix B (Soil Gas Results) contains a complete list of compounds analyzed during the
soil gas investigation.
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document subsurface lithologies. Subsurface lithology varied little in the relatively shallow borings installed
for this Rl. Typical soil types encountered included silty fine-grained sand with pebbles or gravel, silty
coarse-grained sand, and micaceous, silty fine-grained sand. Appendix C contains the boring logs. Soil
borings that were not converted into monitoring wells were abandoned by backfilling to the ground surface
with drill cuttings.

A total of 83 subsurface soil samples, including four field duplicates, were collected from the 46 borings
located at Sites 1, 16, 23, 26, 27, 29, and Q and four background locations and submitted to Lancaster
Laboratory or to General Physics Environmental Services (GP) for chemical analysis. Samples selected
for laboratory analysis were based on site-specific criteria. Aqueous QA/QC samples (trip bvlanks, field
blanks, and rinsate blanks) were collected in accordance with Naval Facilities Engineering Service Center
(NFESC) [formerly Naval Environmental and Energy Support Activity (NEESA)] data quality objective
(DQO) Level D requirements. Sample logs are contained in Appendix D. '

A summary of the number of soil borings and subsurface soil samples collected at Sites 1, 16, 23, 26, 27,
29, and Q and four background locations is provided in Table 2-2.

Nineteen hand-augered soil borings were installed at Sites 15, 19, 20, 23, 24/25, 27, and Q to determine
the extent of shallow soil contamination. A hand auger was used to auger down to the desired depth, and
the soil sample was placed directly into the appropriate bottleware. The boring depths ranged from 1 to
9 feet. The soil cuttings were screened with an HNu and visually inspected for evidence of contamination
(such as staining and odors). Boring logs are contained in Appendix C. The hand-augered sample
locations were backfilled with soil cuttings from the borehole.

A total of 25 subsurface soil samples, including two field duplicates, were collected from the 19 hand-
- augered borings located at Sites 15, 19, 20, 23, 24/25, 27, and Q and submitted to Lancaster Laboratories
for chemical analysis. Aqueous QA/QC samples (trip blanks, field blanks, and rinsate blanks) were
collected in accordance with NFESC DQO Level D requirements. Sample logs are contained in
Appendix D.

A summary of the number of hand-augered sample locations and subsurface soil samples collected at
Sites 15, 19, 20, 23, 24/25, 27, and Q is provided in Table 2-3.

2.1.1.3 Permanent Monitoring Well Installation, Static-Water-Level Measurements, and
Groundwater Sampling

Permanent Monitoring Well Installation

Twenty-eight shallow permanent monitoring wells were installed at Sites 1, 3, 4, 13, 16, 17, 19, 23, 26,
and 29 and four background locations. The shallow wells were installed to evaluate the impact of each

NAVY\5803\SITES\10516 2.5



Table 2-2

Soil Boring and Subsurface Soil Sampling Summary
NWS Earle, Colts Neck, New Jersey

Site Number of Number of Analytical Parameters™®
Soil Environmental Subsurface
Borings Soil Samples'"
1 10 21 TCL VOC, TAL metals, TPH, nitrites, nitrates,
explosives, and moisture
16 20 36* TCL VOC, TCL SVOC, TCL PCBs/pesticides,
TAL metals, TPH, moisture, and pH
23 3 7 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, explosives, moisture, and pH
26 4 6* TCL VOC, TAL metals, and explosives
27 6** TCL VOC, TCL SVOC, TAL metals, and TCL
pesticides/PCBs
29 2 2 TCL PCBs and TPH
Q 1 2 TCL VOC and TCL SVOC
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
1 TPH, TAL metals, moisture, mercury,
cyanide, nitrite, nitrate, chloride, sulfate, pH,
TOC, COD, phosphate, ammonia, grain size,
and explosives
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
2 TPH, TAL metals, moisture, mercury,
cyanide, nitrite, nitrate, chloride, sulfate, pH,
TOC, COD, phosphate, ammonia, grain size,
and explosives
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
3 TPH, TAL metals, moisture, pH, sulfate,
mercury, cyanide, nitrite, nitrate, chloride,
TOC, COD, phosphate, ammonia, explosives,
and BOD
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
4 TPH, TAL metals, mercury, cyanide, nitrite,
nitrate, chloride, TOC, COD, phosphate,
ammonia, grain size, explosives, moisture,
pH, sulfate, and BOD
M Submitted for laboratory analysis, including field duplicates
* Some soil boring locations were sampled at two depths and some at one depth
> Soil boring locations were sampled at three depths
el Soil boring location was sampled at two depths
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Table 2-3
Hand Auger Locations and Subsurface Soil Sampling Summary
NWS Earle, Colts Neck, New Jersey

Number of Number of Analytical Parameters
Hand Auger | Environmental Subsurface

Locations Soil Samples"

15 4 5 TCL VOC, TCL SVOC, TCL
pesticides/PCBs, TAL metals, TPH,
moisture, and pH

19 5 2 TCL VOC and TAL metals
1 TAL metals
2 TCL VOC, TAL metals, chromium
(hexavalent), and moisture
20 3 3 TCL VOC, TCL SVOC, and TAL metals
23 1 1 TCL VOC, TCL SVOC, TCL
PCBs/pesticides, TAL metals, and
explosives
24/25 4 0 Counted total number of bullets found at

6-inch depth intervals to a total depth of
42-inches in each hand auger location

9 TAL metals, moisture, nitrites, and
nitrates
27 1 3* TCL VOC, TCL SVOC, TCL
pesticides/PCBs, and TAL metals
Q 1 1 TCL VOC, TCL SVOC, and TPH
analysis
M Includes field duplicates
* Hand-auger boring location was sampled at three depths
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site on the local groundwater quality, to assess the potential for lateral contaminant migration, and to
evaluate local vertical hydraulic gradients. The locations of some of the monitoring wells were based upon
results of soil gas survey, subsurface soil sampling (soil borings), and groundwater sampling (hydropunch).

The borings were drilled with either a CME 55 drill rig or a Failing all-terrain vehicle (ATV) drill rig using
hollow-stem-auger drilling techniques and 4.25-inch I.D. augers. Subsurface soil samples were collected
continuously from the ground surface to the water table by driving either a 2-inch or 3-inch O.D. by 24-
inch-length split-barrel sampler using a 140-pound hammer falling a distance of 30 inches. The borings
were drilled to approximately 8 feet below the water table and completed as cased wells, screened across
the water table.

The monitoring wells were constructed with NSF-certified 2-inch-diameter, flush jointed and threaded,
Schedule 40 polyviny! chloride (PVC) well casing and 0.10-foot slotted well screen fitted with a PVC bottom
cap. Ten-foot screens were installed in all the wells, except MW3-08 (this well had a 15-foot screen
installed). The annular space between the well screen and the borehole was packed with Morie No. 1
sand to a height of approximately 1 to 2 feet above the top of the screen. A 2-to 3-foot annular seal,
consisting of bentonite pellets, was placed on top of the filter pack. The remainder of the well annulus was
backfilled with a cement grout to a height of approximately 1 foot below the ground surface. Most of the
wells were completed with a 2-foot-high stickup. The balance were completed as flush mounts. All wells
were completed with a 4- by 4-foot concrete pad keyed 1 foot into the well annulus.

One shallow permanent monitoring well was installed at each of the four background sites and at Sites
3, 4, 17, and 19. Two shallow permanent monitoring wells were installed at Sites 1, 26, and 29. Three
shallow permanent monitoring wells were installed at Site 23, five shallow permanent monitoring wells were
installed Site 13, and six shallow permanent monitoring wells were installed at Site 16. Well depths ranged
from 14 to 77 feet below ground surface (bgs).

The wells were developed a minimum of 24 hours after installation with a bailer and/or a submersible
pump. The groundwater temperature, pH, conductivity, and turbidity were monitored during development.
All wells were developed until water turbidity was clear. An average of 95 gallons of water were removed
from the shallow wells during development. Well development water was discharged directly to the ground
to percolate back into the local soil in such a manner as to avoid incidental discharge to surface water
bodies.

Static-Water-Level Measurements

In order to define groundwater flow directions and horizontal and vertical groundwater gradients, two
rounds of static-water-level measurements were collected in the existing permanent wells and the newly
installed wells. Static-water levels were measured using an electronic water-level indicator (m-scope) or
an interface probe and were recorded to the nearest 0.01 foot.
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Low-Flow Purge and Dedicated Sampling Pumps

During previous groundwater investigations at NWS Earle, turbidity, as measured during groundwater
sample collection, was not well controlled. The resulting groundwater sample analysis results were
sometimes high in metals that were related to metals in the suspended solids of the sample, rather than
being indicative of metals from release and transport in the water-bearing formation.

Turbidity occurs when the aquifer is disturbed by well installation and sampling activites. Very fine
particles of soil or rock can become entrained in the water in the monitoring well as a result of well purging
and sample collection activities. Numerous studies conducted by EPA and independent researchers have
concluded that higher turbidity samples are typically collected when the aquifer is disturbed using more
conventional sampling practices such as the use of bailers and excessive purging of multiple well volumes.
Elevated levels of metals found in turbid groundwater samples may be attributable to the solid particles,
particularly where the sample is obtained from a formation not conducive to solid (suspended) phase
transport, such as channeling or fracture-based flow, as is generally the case across NWS Earle.

To reduce the effect on groundwater sample results for metals caused by turbidity, dedicated low-flow
bladder pumps were installed in all RI wells. Eighty-six pre-cleaned bladder pumpl/tubing/well cap
assemblies were purchased and installed. Appendix K contains copies of the material specifications for
the bladder pump assemblies as well as the associated cleanliness certifications. The sampling protocol
followed, as described in the Rl work plan, was based on EPA Region 1 guidelines of August 10, 1994.

The sampling method utilized was successful in most cases in obtaining low-turbidity samples. For some
wells where turbidity was high, a field decision was made to collect a separate filtered sample for
comparison purposes.

Despite these efforts, some monitoring well groundwater samples could not be obtained with low turbidity.
In cases where the turbidity could not be reduced to the goal value as specified in the EPA procedure, a
separate filtered sample of the groundwater was collected and analyzed for comparison purposes.
Appendix J is a table of groundwater collection endpoint turbidity values.

Groundwater Sampling

Groundwater from the newly installed and existing permanent monitoring wells was analyzed to determine
the current level and extent of groundwater contamination and to provide data for use in the risk
assessment and the evaluation of remedial action alternatives. Field measurements documented during
purging were pump rate (L/min), water level, pH, conductivity, temperature, turbidity, dissolved oxygen,
and salinity. An in-line flow cell used in conjunction with a PurgeSaver® or Hydrolab® water quality
analyzer was used to measure pH, conductivity, temperature, dissolved oxygen, and salinity. Wells were

NAVY\5803\SITES\10516 2-9



purged until groundwater parameters stabilized. The low-flow purge and sampling technique allowed for
lower turbidity samples to be collected. Care was taken to ensure little or no draw down in water levels
occurred throughout the purge and sample process.

Purge water was discharged to the ground and allowed to percolate back into the local soil in such a way
as to avoid incidental discharge to surface water bodies.

A total of 91 groundwater samples, including field duplicates, were collected from 88 monitoring wells
located at Sites 1, 2, 3, 4, 5, 6, 7, 10, 11, 13, 16, 17, 19, 23, 26, and 29 and four background locations
and submitted to Lancaster Laboratories or to GP Environmental Services for selected analysis. QA/QC
samples (trip blanks, field blanks, and rinsate blanks) were collected in accordance with NFESC DQO
Level D requirements. A summary of the groundwater sampling is provided in Table 2-4. Appendix D
contains sample logs.

2.1.1.4 Slug Testing
Slug tests were conducted in nine monitoring wells at Sites 1, 13, 16, and 23.

Slug tests were performed at sites where hydraulic conductivity measurements were not obtained during
previous investigations (SI, RI/FS). The intended use of the data was for fate and transport (general)
evaluation and to help support early technology feasibility screening for remedial alternatives.

Rising-head slug tests were performed in eight monitoring wells installed at Sites 1, 13, 16, and 23. A
falling-head slug test was performed in one monitoring well at Site 16. Rising-head slug tests were
performed by removing a solid slug and measuring the rate of rise of water level back to equilibrium.

The falling-head slug test was performed by inserting a solid slug into the well to raise the water level and
measuring the rate of decline in water level (recovery) after the slug was inserted. Slug test data were
collected using an in-situ Hermit data logger and pressure transducer. Results from the slug tests were
used to calculate hydraulic conductivities.

2.1.1.5 Hydropunch Groundwater Sampling

Twenty-three hydropunch points were installed at Sites 1, 4, 5, and Q to determine the general
groundwater quality at the site and to select potential locations for permanent monitoring wells. A total
of 26 groundwater samples were collected from the 23 locations. One groundwater sample was collected
from each location at Sites 1 and 5. An attempt was made at Site 4 to collect a groundwater sample from
the water table, a mid-depth interval sample, and a sample at approximately 40 feet below the water table.
In some instances, the particular interval was not producing water so a sample was not collected.
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Table 2-4

Permanent Monitoring Wells and Groundwater Sampling Summary
NWS Earle, Colts Neck, New Jersey

Site

Background
Site 1

Number of
Permanent
Monitoring Wells

Number of
Environmental
Groundwater Samples"

Analytical Parameters

TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, cyanide, TPH, nitrite, nitrate, BOD,
chloride, sulfate, ammonia, COD, TOC,
phosphate, and explosives

Background
Site 2

TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, cyanide, TPH, nitrite, nitrate, BOD,
chloride, sulfate, ammonia, COD, TOC,
phosphate, and explosives

Background
Site 3

TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, cyanide, TPH, nitrite, nitrate, BOD,
chloride, sulfate, ammonia, COD, TOC,
phosphate, and explosives

Background
Site 4

TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, cyanide, TPH, nitrite, nitrate, BOD,
chloride, sulfate, ammonia, COD, TOC,
phosphate, and explosives

Site 1

TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, explosives, COD, TOC, BOD, nitrite,
nitrate, and TPH

Dissolved TAL metais

Site 2

TCL VOC, TCL SVOC, TAL metals, chromium®®,
and explosives

Chromium-trivalent

Dissolved TAL metals

Site 3

8
(4 wells were dry)

TCL VOC, TCL SVOC, TCL pesticides/PCBs, and
TAL metals

Dissolved TAL metals

TCL PCBs

Site 4

7
(1 well dry)

TCL VOC, TCL SVOC, TAL metals, nitrite,
nitrate, BOD, chloride, sulfate, COD, TOC,
phosphate, and ammonia

Site 5

TCL VOC, TCL SVOC, TAL metals, nitrite,
nitrate, BOD, chloride, sulfate, COD, TOC,
phosphate, ammonia, and turbidity

Site 6

TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, explosives, TOC, COD, phosphate,
ammonia, turbidity, chloride, sulfate, nitrite,
nitrate, and BOD
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Table 24
Permanent Monitoring Wells and Groundwater Sampling Summary
NWS Earle, Colts Neck, New Jersey

Page 2 of 2
Number of Number of Analytical Parameters
Permanent Environmental
Monitoring Wells | Groundwater Samples!”

Site 7 5 5 TCL VOC, TAL metals, TOC, COD, phosphate,
ammonia, nitrite, nitrate, BOD, turbidity, chloride,
and sulfate

Site 10 7 8 TCL VOC, TAL metals, nitrite, nitrate, ammonia,
COD, TOC, phosphate, BOD, turbidity, sulfate,
and chloride

Site 11 5 5 TCL VOC and TAL metals

Site 13 5 5 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, explosives, nitrite, nitrate, BOD,
chloride, sulfate, ammonia, phosphate, COD, and
TOC

2 Dissolved TAL metals
1 TPH
1 Turbidity

Site 16 7 7 TCL VOC, TCL SVOC, TAL metals, and TPH
2 Dissolved TAL metals
2 GC finger print and specific gravity

Site 17 5 4 TCL VOC, TCL SVOC, TAL metals, TOC, COD,

(1 not located) phosphate, ammonia, chloride, sulfate, nitrite,
nitrate, and BOD

1 TCL pesticides/PCBs
2 turbidity

Site 19 7 6 TCL VOC and TAL metals

(1 dry well)

1 chromium (hexavalent)

Site 23 3 3 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, and explosives

2 Dissolved TAL metals

Site 26 6 6 TCL VOC, TAL metals, and explosives

Site 29 2 2 TCL VOC, TCL SVOC, TCL pesticides/PCBs, and
TAL metals .

™ Includes field duplicate samples
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The hydropunch borehole samples were drilled with a high-torque, truck-mounted hollow-stem-auger
drilling rig using 4.25-inch 1.D. augers. At Sites 1 and 5, the boreholes were drilled to a depth of 4 to 5
feet and 22 feet bgs, respectively, where water was first encountered. At Site 4, the shallow-depth
hydropunch sample’s boreholes were drilled to a depth ranging between 5 and 21.6 feet bgs, where water
was first encountered. The intermediate-depth boreholes were drilled to 25 feet bgs. The deep
hydropunch borehole was drilled to 39 feet bgs. After the desired depth of the borehole was reached, the
hydropunch tool was lowered into the borehole and deployed in the hydrocarbon sampling mode. The
hydropunch was then driven approximately 3 to 4 feet below the bottom of the borehole. When tﬁe
desired depth was achieved, the hydropunch was pulled back 3 feet so that the screen was exposed to
the aquifer, thereby permitting groundwater to enter the hydropunch. The bottom depths of each shallow
hydropunch ranged from 7 to 26 feet bgs. The total depth of the intermediate hydropunch ranged from
28 to 30 feet, and the deep hydropunch had a total depth of 42 feet. A 1-inch-diameter bailer was lowered
through the rods and into the hydropunch vessel. Each hydropunch was purged a minimum of three
volumes and sampled immediately afterward with the bailer. After sampling, the hydropunch and augers
were withdrawn. The boreholes were abandoned by pumping a bentonite slurry into the void space.
Cuttings were disposed at the site by spreading them on the soil surface.

Due to slow recharge of groundwater in the hydropunch tool, temporary well points were installed at three
proposed hydropunch locations at Site Q. The temporary monitoring wells were constructed of 2-inch
diameter PVC hacksaw slotted casing (Q HP 03, Q HP 04) or factory slotted casing (Q HP 02), with a 2-
inch bottom cap. The boreholes were drilled to depths ranging from 10 to 20 feet below the ground
surface. The wells were screened across the water table and the borehole was packed with Morie No. 1
sand to ground level.

A total of 26 groundwater samples were collected and submitted to Lancaster Laboratories or to GP
Environmental Services for analysis. QA/QC samples (trip blanks, field blanks, and rinsate blanks) were
collected in accordance with NFESC DQO Level D requirements. A summary of the number of
hydropunch points installed and groundwater samples collected at each site is provided in Table 2-5.

2.1.1.6 Test Pits

A total of 16 test pits were excavated at Sites 3, 9, and 13. Two test pits at Site 3 were excavated in an
attempt to determine if a localized source of Target Compound List (TCL) semivolatile organic compound
(SVOC) and volatile organic compound (VOC) contaminant detected in monitoring well MW3-04 during
1993 Roy F. Weston remedial investigation could be located. Two test pits were excavated at Site 9 in
an attempt to better define the edge of the landfill at the site. Twelve test pits were excavated at Site 13
to determine the extent and composition of fill material at the southern boundary of the site. A backhoe
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Table 2-5
Hydropunch and Groundwater Sampling Summary
NWS Earle, Colts Neck, New Jersey

Number of Number of Analytical Parameters
Hydropunch Environmental

Locations Groundwater Samples

1 8 8 TCL VOC, TCL SVOC, TCL pesticides,
COD, TOC, nitrite, nitrate, TPH, BOD,
and explosives

4 5 8* TCL VOC, TCL SVOC, ammonia,
phosphate, COD, TOC, nitrite, nitrate,
turbidity, chloride, and BOD

5 7 7 TCL VOC
Q 3 3 TCL VOC, TCL SVOC, and TPH
analysis

* Includes shallow, intermediate, and deep depth intervals
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was used to excavate the test pits. The material in the backhoe bucket was screened with an HNu and
described on a field test pit log sheet and the test pit was photographed. No sustained HNu readings
above background were encountered. The test pits were then backfilled with the excavated material. No
samples were coliected for chemical analysis. Test pit log sheets and test pit photos are in Appendix E.

2.1.2 Surface Soil Sampling

Thirty-six surface soil samples, including field duplicates, were collected from 39 locations at Sites 2, 3,
7,12, 15, 16, 17, 19, 20, and L and four background locations and submitted to Lancaster Laboratory or
GP Environmental Services for analysis. QA/QC samples (trip blanks, field blanks, and rinsate blanks)
were collected in accordance with NFESC DQO Level D requirements. The surface soil samples were
collected from 0 to 6 inches bgs using stainless-steel trowels and placed directly into the appropriate
laboratory-supplied bottleware. The surface vegetation was removed before sampling. A summary of the
number of surface soil samples collected at each site is provided in Table 2-6.

21.3 Surface Water Sampling

Forty-two surface water samples, including field duplicates, were collected from 38 locations at Sites 4,
6, 13, 15, 17, 19, and 23, Background Sites 1, 2, and 4, and 19 watershed locations. The surface water
samples were submitted to Lancaster Laboratories or to GP Environmental Services for analysis. QA/QC
samples (trip blanks and field blanks) were collected in accordance with NFESC DQO Level D
requirements. Surface water samples were collected by dipping the sample bottle directly into the water.
Field measurements collected during surface water sampling include pH, specific conductivity, temperature,
turbidity, dissolved oxygen, and salinity. A summary of the number of surface water samples collected
is provided in Tables 2-7 and 2-8.

21.4 Sediment Sampling

Fifty-five sediment samples, including field duplicates, were collected from 49 locations at Sites 4, 6, 12,
13, 15, 16, 17, 19, 20, 23, and Q and 18 watershed locations and submitted to Lancaster Laboratories or
to GP Environmental Services for analysis. QA/QC samples (trip blanks, field blanks, and rinsate blanks)
were collected in accordance with NFESC DQO Level D requirements. The sediment samples were
collected using a stainless-steel trowel from 0 to 6 inches below the sediment and water interface or below
ground surface (where the stream was dry). The sediment material was placed directly into the
appropriate bottleware via the stainless-steel trowel. A summary of the number of sediment samples
collected is provided in Tables 2-8 and 2-9.
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Table 2-6
Surface Soil Sampling Summary
NWS Earle, Colts Neck, New Jersey

Site Number of Number of Analytical Parameters
Surface Environmental
Soil Sample | Surface Soil
Locations Samples'”
TCL SVOC, TAL metals, chromium (trivalent),
chromium (hexavalent), explosives, and moisture
3 1 1 TCL VOC, TCL SVOC, TAL metals, and TCL
PCBs/pesticides
7 1 1 TCL VOC, TAL metals, ammonia, COD, chloride,
moisture, nitrite, nitrate, sulfate, TOC, and
phosphate i
12 3 4 TCL VOC, TCL SVOC, TCL pesticides/PCBs, and
TAL metals
15 2 2 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL
metals, moisture, pH, and TPH
16 3 3 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL
metals, TPH, moisture, and pH
17 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs, and
TAL metals
19 4 5 TCL VOC and TAL metals
2 chromium (hexavalent) and moisture
20 5 6 TCL VOC, TCL SVOC, and TAL metals
2 TOC and grain size
L 7 8 TCL VOC, TCL SVOCs, TPH, TAL metals, and
TCL pesticides/PCBs ’
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
Site 1 TPH, TAL metals, mercury, cyanide, nitrite,
moisture, nitrate, chloride, TOC, COD, phosphate,
sulfate, pH, ammonia, grain size, and explosives
Background 1 2 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
Site 2 TPH, TAL metals, mercury, cyanide, nitrite,
nitrate, chloride, TOC, COD, phosphate, moisture,
ammonia, grain size, explosives, sulfate, and pH
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
Site 3 TPH, TAL metals, cyanide, nitrite, nitrate, BOD,
chloride, TOC, COD, phosphate, ammonia,
explosives, moisture, sulfate, and pH
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
Site 4 TPH, TAL metals, cyanide, nitrite, nitrate,
chloride, TOC, COD, phosphate, ammonia,
‘moisture, explosives, sulfate, and BOD

™ Includes Field Duplicates
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Table 2-7
Surface Water Sampling Summary
NWS Earle Colts Neck, New Jersey

Site Number of Number of Analytical Parameters
Surface Water | Environmental
Sample Surface Water
Locations Samples"”
1

4 4 4 TCL VOC, TCL SVOC, TAL metals, nitrite,
nitrate, turbidity, chloride, ammonia,
phosphate, TOC, COD, BOD, and TCL
PCBs/pesticides.

6 2 2 TCL VOC, TCL SVOC, TAL metals, ammonia,
phosphate, COD, TOC, nitrite, nitrate,
turbidity, chloride, BOD, and hardness

13 1 2 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TAL metals, BOD, TPH, ammonia, phosphate,
COD, TOC, nitrite, nitrate, turbidity, chloride,
and explosives

15 2 2 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
TPH, and TAL metals

17 3 3 TCL VOC, TCL SVOC, TAL metals, ammonia,
phosphate, COD, TOC, nitrite, nitrate,
turbidity, chloride, BOD, and hardness

19 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
and TAL metals

23 3 4 TCL VOC TCL SVOC, TCL pesticides/PCBs,
TAL metals, and explosives

Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
Site 1 TAL metals, ammonia, phosphate, COD,
- cyanide, TPH, nitrite, nitrate, turbidity, BOD,
chloride, hardness, explosives, and TOC
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
Site 2 TAL metals, ammonia, phosphate, COD,
cyanide, TPH, nitrite, nitrate, turbidity, BOD,
chloride, hardness, explosives, and TOC
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,
Site 4 TAL metals, ammonia, phosphate, COD,
cyanide, TPH, nitrite, nitrate, turbidity, BOD,
chloride, hardness, explosives, and TOC
Watershed 19 - -
Locations
5-22 and 30*
o Includes field duplicates
* See Table 2-8 Watershed Surface Water and Sediment Sampling Summary
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Table 2-8
Watershed Surface Water and Sediment Sampling Summary
NWS Earle, Colts Neck, New Jersey

Sample Number of Analytical Parameters
Number Environmental
Samples!”

WS SW 05 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
ammonia, BOD, COD, chloride, nitrite, nitrate, hardness, TOC,
phosphate, and turbidity

WS SD 05 TCL VOC, TCL pesticides/PCBs, TAL metals, ammonia, chloride,
moisture, nitrite, nitrate, TOC, and phosphates

WS SW 06 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 06 TCL VOC, TCL pesticides/PCBs, TAL metals, ammonia, chloride,
moisture, nitrite, nitrate, TOC, and phosphates

WS Sw 07 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 07 TCL VOC, TAL metals, ammonia, chloride, moisture, nitrite,
nitrate, TOC, and phosphates

WS SW 08 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 08 TCL VOC', TAL metals, ammonia, chloride, moisture, nitrite,
nitrate, TOC, and phosphates

WS SW 09 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 09 TCL VOC, TCL SVOC, TAL metals, ammonia, chloride, moisture,
nitrite, nitrate, TOC, and phosphates

WS SW 10 TCL VOC, TCL SVOC, TAL metals, explosives, ammonia, BOD,
COD, chloride, nitrite, nitrate, hardness, TOC, phosphate, and
turbidity

WS SD 10 TCL VOC, TAL metals, explosives, ammonia, chloride, moisture,
nitrite, nitrate, TOC, and phosphates

WS SW 11 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 11 TCL VOC, TAL metals, ammonia, chloride, moisture, nitrite,
nitrate, TOC, and phosphates

WS SW 12 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 12 TCL VOC, TAL metals, ammonia, chloride, moisture, nitrite,
nitrate, TOC, and phosphate

WS SW 13 TCL VOC, TCL SVOC, TAL metals, explosives, ammonia, BOD,
COD, chloride, nitrite, nitrate, hardness, TOC, phosphate, and
turbidity

WS SD 13 TCL VOC, TAL metals, explosives, ammonia, chloride, moisture,
nitrite, nitrate, TOC, and phosphates
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Table 2-8

Watershed Surface Water and Sediment Sampling Summary
NWS Earle, Colts Neck, New Jersey

Page 2 of 2
Sample Number of Analytical Parameters
Number Environmental
Samples™

WS SW 14 1 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 14 1 TCL VOC, TAL metals, ammonia, chloride, moisture, nitrite,
nitrate, TOC, and phosphates

WS SW 15 1 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 15 1 TCL VOC, TAL metals, ammonia, chloride, moisture, nitrite,
nitrate, TOC, and phosphates

WS SW 16 1 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 16 1 TCL VOC, TAL metals, ammonia, chloride, moisture, nitrite,
nitrate, TOC, and phosphates

WS SW 17 2 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, TOC, phosphate, and turbidity

WS SD 17 2 TCL VOC, TCL SVOC, TAL metals, ammonia, chloride, moisture,
nitrite, nitrate, TOC, and phosphates

WS SW 18 1 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, phosphate, and turbidity

WS SD 18 1 TCL VOC, TCL SVOC, TAL metals, ammonia, chloride, moisture,
nitrite, nitrate, and phosphates

WS SW 19 1 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, phosphate, and turbidity

WS SD 19 1 TCL VOC, TCL SVOC, TAL metals, ammonia, chloride, moisture,
nitrite, nitrate, and phosphates

WS SW 20 1 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, phosphate, and turbidity

WS SD 20 1 TCL VOC, TCL SVOC, TAL metals, ammonia, chloride, moisture,
nitrite, nitrate, and phosphates

WS SW 21 1 TCL VOC, TCL SVOC, TAL metals, ammonia, BOD, COD,
chloride, nitrite, nitrate, hardness, phosphate, and turbidity

WS SD 21 1 TCL VOC, TCL SVOC, TAL metals, ammonia, chloride, moisture,
nitrite; nitrate, and phosphate

WS SW 22 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
explosives, ammonia, BOD, COD, chloride, nitrite, nitrate, TPH,
hardness, TOC, phosphates, and turbidity

WS SD 22 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
explosives, ammonia, COD, chloride, moisture, nitrite, nitrate,
TPH, pH, and TOC

WS SW 30 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
explosives, ammonia, BOD, COD, chloride, nitrite, nitrate, TPH,
sulfates, hardness, TOC, and phosphates

™ Includes field duplicates
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Table 2-9

Sediment Sampling Summary
NWS Earle, Colts Neck, New Jersey

Site Number of Number of Analytical Parameters
Sediment Environmental
Sample Sediment
Locations Samples!"
|
TCL VOC, TCL SVOC, TAL metals, nitrite, nitrate,
chloride, ammonia, phosphate, COD, TOC, and moisture
6 4 4 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
pH, TOC, and moisture
12 2 3 TCL VOC, TCL SVOC, TCL pesticides/PCBs, and TAL
metals
13 3 4 TCL VOC, TCL pesticides/PCBs, TAL metals, explosives,
TOC, pH, and moisture
2 TCL SVOC
2 TPH l
15 3 3 TCL VOC, TCL SVOC, TCL pesticide/PCBs, TAL metals,
and TPH
16 3 5 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
TPH, TOC, moisture, and pH
17 4 4 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
TOC, moisture, and pH
1 grain size
19 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs,‘ TAL metals,
moisture, and pH
20 1 TCL VOC, TCL SVOC, TAL metals, TOC, and grain size ||
23 5 6 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
and explosives
Q 1 1 TCL VOC, TCL SVOC, and TPH
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
Site 1 ammonia, chloride, nitrite, nitrate, phosphate, TOC,
cyanide, grain size, TPH, explosives, moisture, and pH
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
Site 2 ammonia, chloride, nitrite, nitrate, phosphate, TOC,
cyanide, grain size, TPH, explosives, moisture, and pH
Background 1 1 TCL VOC, TCL SVOC, TCL pesticides/PCBs, TAL metals,
Site 4 ammonia, chloride, nitrite, nitrate, phosphate, TOC,
cyanide, grain size, TPH, explosives, moisture, and pH
Watershed 18 - -
Locations 5
through 22*

™ Includes field duplicates

* See Table 2-8 Watershed Surface Water and Sediment Sampling Summary
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2.1.5 Surveying

Surveying was conducted to establish the horizontal locations and vertical elevations of soil gas grid
corners, hydropunch sample locations, soil borings, monitoring wells, test pits, surface soil locations, and
surface water and sediment sample locations. All work was conducted by a surveyor licensed in the state
of New Jersey. All vertical elevations were surveyed to the nearest 0.01 foot; all horizontal locations were
surveyed to the nearest 0.10 foot. Surveying for each permanent monitoring well included the elevation
of the ground surface adjacent to the well, the top of the PVC riser pipe, and the top of the steel protective
casing. Surveying notes are provided in Appendix F.

21.6 Sampling of Septic Tank Contents

One aqueous septic tank sample (20 AQW-01) was collected (in conjunction with three subsurface soil
samples taken from the leach field) at Site 20 to determine if the septic system is a potential source of site
contamination. The septic tank sample was submitted to Lancaster Laboratories for TCL VOC, TCL
SVOC., and Target Analyte List (TAL) metals analyses. QA/QC samples (trip blanks, field blanks, and
rinsate blanks) were collected in accordance with NFESC DQO Level D requirements. Sample logs are
contained in Appendix D.

The aqueous sample was collected by lowering a disposable polyethylene bailer, by rope, to the aqueous
zone and filling the appropriate bottleware via the bailer. Field measurements were not collected during
sampling.

2.1.7 Waste Handling

Four types of investigation derived wastes (IDWs) were generated during the field investigation: spent
personal protective equipment (PPE), drill and/or soil cuttings, decontamination liquids, and development
and purge water. None of the IDWs generated during field activities represent a significant risk to human
health or the environment because of the manner in which the IDWs were managed. The management
of the IDWs is provided -below:

. PE: Spent PPE was bagged and placed in trash receptacles at the facility.
. Drill and/or Soil Cuttings: Cuttings and/or soils that exhibited HNu readings above

background levels, had strong petroleum/chemical odors, or were visibly
contaminated were containerized in Department of Transportation (DOT)-approved
55-gallon drums and stored at Site 16/F. IDW stored at Site 16/F was removed
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by a licensed waste hauler (Laidlaw Environmental Services) for treatment via
incineration and disposal off site (Appendix L). The remaining drill and soil
cuttings were used to backfill soil borings or, if generated from monitoring wells,
were spread on the ground surface near the respective well.

. Decontamination Liquids: Liquids from the decontamination of drilling rigs and sampling

equipment were allowed to run off onto plastic and evaporate.

. Development and Purge Water: Groundwater generated during monitoring well
development and well purging and sampling was discharged directly to the ground.

21.8 Floor Sweepings Sampling

Sweepings from different areas of Building C-33 were collected to determine if trace concentrations of
mercury remained on the floor surface from a mercury spill. Floor sweepings were collected from five grab
sample points and composited into one floor sweeping sample. The composite sample was submitted to

Lancaster Laboratories for mercury analysis. A sample log is provided in Appendix C.

2.1.9 General Sampling Operations

Each sample that was submitted to the laboratory for chemical analysis was assigned a unique sample
tracking number. The sample tracking number consisted of an alpha-numeric code that identified the site,
the sample medium and location, and sample depth (for subsurface soils). Any other pertinent information
regarding sample identification was recorded in the field logbooks.

The alpha-numeric code used in the sample system is explained below:

Sample Number

(NN) (AA) (NN) (NN)
(Site Number) (Medium) (Location (Sample Depth)
QA Samples
(AA) (AA) (NN)
(QA Type) (Medium) (QA Sample Number)
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Character Type

A = Alpha

N = Numeric

Site (Note: This list contains the 21 sites investigated in the summer and the 6 sites investigation

in December of 1996)

01 =
02 =
03 =
04 =
05 =
06 =
07 =
09 =
10 =
1 =
12 =
13 =
15 =
16 =
17 =
19 =
20 =
22 =
23 =
24/25 =
24/25 =
26 =
27 =
L =
29 =
Q =
BG =

Medium

SS =
SB =

NAVY\5803\SITES\10516

Site 1, Ordnance Denmilitarization Site

Site 2, Active Ordnance Demilitarization Site
Site 3, Landfill Southwest of "F" Group

Site 4, Landfill West of "D" Group

Site 5, Landfill West of Army Barricades
Site 6, Landfill West of Normandy Road
Site 7, Landfill South of "P" Barricades

Site 9, Landfill South of "P" Barricades

Site 10, Scrap Metal Landfill

Site 11, Contract Ordnance Disposal Area
Site 12, Battery Storage Area

Site 13, Defense Property Disposal Office Yard
Site 15, Sludge Disposal Site

Site 16, EPIC Site F (Roundhouse)

Site 17, Landfill

Site 19, Paint Chip and Sludge Disposal Site
Site 20, Grit Blasting Area at Building 544
Site 22, Paint Chip Disposal Area

Site 23, Paint Disposal Area

Site 24, Closed Pistol Range

Site 25, Closed Pistol Range

Site 26, Explosive "D" Washout Area

Site 27, Projectile Refurbishing Area

Epic Site L, MSC Van Parking Area

Site 29, PCB Spill Site

Epic Site Q, Fire Fighting School
Background sample location

Surface Soil
Subsurface Soil
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GW = Groundwater

sSw = Surface Water

SD = Sediment

DRUM = Drum Sample

AQW = Aqueous waste sample (septic tank)
SG = Soil gas sample

F = Filtered groundwater sample

HP = Hydropunch groundwater sample

Sample Location

The sample location code was assigned based on the medium being collected, as shown below:

Subsurface soil soil boring number

Surface soil = sample location number

Groundwater sample well number or hydropunch sample number

Sediment/surface water sample location number

Background sample background sample location number

Soil gas = sample location number

Sample Depth

For subsurface soil samples, the top of the sample interval depth in feet was used in the identification.

QA Sample Designation

DUP = Duplicate

RB = Equipment Rinsate Blank
FB = Field Blank

TP = Trip Blank

Field Duplicate Labels

Field duplicates were designated as DUP-01, DUP-02, etc. so they were submitted to the laboratory
"plind." The chain of custody form and other documentation submitted to the laboratory were filled out in
such a way that the laboratory could not match the duplicates to the original sample. The time on the
duplicate samples was noted as 00:00. The correct sample location, time, etc. were documented in the
field logbook.

NAVY\5803\SITES\10516 2-24



Quality Control Sample Labels

Quality control samples were taken periodically. These samples were used to document the effectiveness
of decontamination, to determine the quality of water used for decontamination, and to identify possible
cross-contamination occurring during transit. These blank samples, including trip blanks, field blanks, and
equipment rinsate blanks, used the QC sample identification scheme, listed below.

Sample Number

A sequential numeric designation was assigned to each type of blénk on a daily basis.

Sample Date

The format MMDDYY (M=Month, D=Day, Y=Year) was used to indicate the day the sample was generated.
Example of the Quality Control Labels

The second trip blank sample collected on December 1, 1995 would have had the sample identification
label TB-02-120195. The first rinsate blank taken on January 5, 1995 would have had the label RB-01-

010595.

Matrix spike and matrix spike duplicate (MS/MSD) samples were designated on the field documentation
forms and sample labels. ‘

2.1.10 Sample Handling

Sample Packaging and Shipping

Samples were packaged and shipped in accordance with B&R Environmental SOP SA-6.2. The field
operations leader (FOL) was responsible for completing the following forms:

. Sample labels

. Chain-of-custody forms

. Appropriate labels applied to shipping coolers
. Chain-of-custody labels

. Federal Express air bills
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Sample Custody

Custody of the samples was maintained and documented in accordance with procedures described in B&R
Environmental SOP SA-6.1. Chain-of-custody began with the collection of the samples in the field. Chain-

of-custody forms are included in Appendix G.

Equipment Decontamination

Equipment involved in field sampling operations, including soil gas probes, drilling rigs, down-hole tools,
augers, backhoes, well casing and screens, and all sampling equipment, was decontaminated before

sampling, between individual samples, and after driling or sampling activities.

The backhoe bucket, down-hole drilling equipment, soil gas equipment, and sampling tools were cleaned
using a high-pressure steam generator (steam jenny) before beginning work, between sample locations
(such as test pits, soil borings, soil gas points, etc), at the completion of the drilling program, and any time
the drilling rig left a site before completing a boring. The NWS Earle facility provided potable water directly
from fire hydrants. Additional operations followed during drilling equipment decontamination are found in
HNUS SOP SA-7.1.

The sampling equipment used for collecting samples was decontaminated before the beginning of field
sampling and between samples. The following decontamination steps were followed:

. Potable water rinse.

. Alconox or liquinox detergent wash.

. Potable water rinse.

. Nitric acid rinse (for carbon steel equipment used on TAL metal samples only).

. Steam distilled water rinse (for carbon steel equipment used on TAL metal samples only).

. Methanol rinse.

. Hexane rinse (pesticide grade) (only necessary for equipment used on pesticide/PCB
samples).

. Steam distilled water rinse.

. Air dry.

. Wrap in aluminum foil for transport.

Field analytical equipment such as pH, conductivity, and temperature instrument probes was rinsed first
with steam distilled water, then with the sample: liquid.
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2.2 NATURE AND EXTENT OF CONTAMINATION

The nature and extent of environmental contamination at NWS Earle are presented in each site section
for inorganic and organic chemicals detected in surface soil, subsurface soil, sediment, groundwater, and
surface water. The validated data generated during the RI provide the basis for the nature and extent
presentations. The purpose of the nature and extent of contamination subsection in each site-specific
section (Sections 4.0 through 30.0) is to identify primary chemical contaminants based on their frequency
of detection and concentrations, to delineate (on an areal- and depth-specific basis) the extent of
contamination, and to provide indications of contaminant migration via atmospheric, overland, or
subsurface pathways. Tables provided in each site section present the occurrence and distribution of the
data in a particular medium at that site. These tables provide the basis for selection of chemicals of
potential concern (COPCs) at each site per medium. The complete analytical database is included as
Appendix A.

23 FACILITY-WIDE CONTAMINANT FATE AND TRANSPORT

The ultimate fate of chemicals in the environment is determined by a multitude of physical, chemical, and
biologically related factors. The role and significance of different physical properties such as specific
gravity, solubility, and vapor pressure in determining what environmental fate and transport processes
occur for a particular chemical can depend upon numerous additional factors. For example, solubilities
of metals are not truly constant in the environment but may be dramatically enhanced or reduced when
certain ligand species are available for complexation or precipitation, when organic matter is present in
dissolved form, or when pH is altered. Physical properties such as soil/water partition ratios and
groundwater retardation factors can vary considerably from location to location, even within the same
geologic regime. Chemical and biological transformational processes can also be significantly affected
by localized effects such as clay or mineral catalysts, chemical or biological inhibitors, and pH, Eh, and
dissolved oxygen.

This section of the report will provide a summary of the physical and chemical transport properties for the
chemicals detected at the site. No distinction of location or magnitude of chemicals will be made in this
section. The information presented will discuss chemical persistence and transport phenomena for the
general classes of compounds detected in the environmental media sampled at the sites. Each of the site-
specific fate and transport sections will address probable contaminant migration routes and qualitatively
identify potential routes of human exposure.

NAVY\5803\SITES\10516 2-27



2.3.1 Physical and Chemical Properties

Physical and chemical properties of the detected contaminants are presented and discussed in this
section. These parameters are used to quantitatively describe the environmental behavior of site
chemicals. Empirically determined literature values of the specific gravity, vapor pressure, solubility,
octanol/water partition coefficient, organic carbon partition coefficient, soil-water partitioning coefficient, and
Henry’s Law constant are presented. "Calculated values are presented if literature values are not available.
A summary of the physical and chemical transport properties for positively detected organic chemicals is
provided in Table 2-10. These data are used to evaluate contaminant migration and assess exposures in
the risk assessment. A discussion of the environmental significance of each of these parameters follows.

2.3.1.1 Specific Gravity

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature
to the weight of the same volume of water at a given temperature. Its primary use is to determine whether
a contaminant will have a tendency to float or sink in water if it is present as a pure compound or at very
high concentrations. Contaminants with a specific gravity less than 1.0 will float, whereas contaminants
with a specific gravity greater than 1.0 will sink.

2.3.1.2 Vapor Pressure

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water.
It is of primary significance at environmental interfaces, such as surface soil/air and surface water/air.
Volatilization is not as important when evaluating contaminated groundwater and subsurface soils.
However, in order to conservatively evaluate chemical exposures at the sites, it will be considered.
Chemicals with high vapor pressures are expected to enter the atmosphere more readily than chemicals
with low vapor pressures. Semivolatile organics and pesticides and PCB compounds generally have low
vapor pressures and hence are not expected to volatilize readily.

2.3.1.3 Solubility

The rate at which a chemical is leached by infiltrating precipitation is directly proportional to its water
solubility. Several of the detected VOCs have relatively high water solubilities, but the low concentrations
observed in soils indicate low potential for significant desorption. Pesticides and PCBs typically have low
solubilities and generally do not migrate through the soil column to the water table. The solubility of
inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides, carbonates, etc.).
The solubility is also strongly dependent on pH, Eh, and the presence of other ionic species in solution
(the Debye-Huckel theory). Solubility products reported in the literature vary with the type of ionic species.
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TABLE 2-10 (PAGE 1 OF 3)

SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR CHEMICALS OF POTENTIAL CONCERN
SITEWIDE - GROUNDWATER, SURFACE WATER, SEDIMENT, SURFACE SOIL, AND SUBSURFACE SOIL
NWS EARLE, COLTS NECK, NEW JERSEY

S
MOLECULAR

e
SOLUBILITY

mm————
VAPOR PRESSURE

HENRY'S LAW

T Tz
Log Kow SPECIFIC Koc
ICHEMICAL OF CONCERN WEIGHT (mg/L) (mmHg, 20C) CONSTANT (atm cu. m/mol) GRAVITY
VOLATILES
1,1,1-TRICHLOROETHANE 133.41 720 2.47 1.23E2 (25C) 3.00E-02 1.35 1.52E+01
1,1,2-TRICHLOROETHANE 133.41 4500 2.17 19 7.40E-04 1.4397 5.60E+01
1,1-DICHLOROETHENE 96.94 400 1.48 5.91E+02 1.90E-01 1.218 6.50E+01
1,2-DICHLOROETHANE 98.98 8690 1.48 6.10E+01 9.14E-04 1.235 1.40E+01
1,2-DICHLOROETHENE (TOTAL) 96.94 800 (20C) - 200 (25C) 4.08E-03 1.28 5.90E+01
2-BUTANONE 72.1 35300 0.26 7.80E+01 2.08E-05 0.805 1.70E+01
4-METHYL-2-PENTANONE 100.16 1.91E+04 1.09E+00 1.00E+01 1.49E-05 0.8 2.05E+00
HBENZENE 78.12 1780 2.13 95.2 (25C) 5.50E-03 - 6.50E+01
HBROMODICHLOROMETHANE 163.83 4500 1.88 5.00E+01 2.41E-03 1.98 6.10E+01
ﬂﬁRBON DISULFIDE 76.14 2300 1.84 2.60E+02 1.13E-02 1.263 1.42E+02
“CHLOROBENZENE 112.56 500 2.84 1.17E+ 01 3.58E-03 1.106 3.30E+02
“CHLOROFORM 119.38 8200 1.97 (20C) 1.50E+02 2.88E-03 1.489 4.40E+01
HETHYLBENZENE 106.16 162 3.15 7.00E+00 6.60E-03 0.867 1.10E+03
“METHYLENE CHLORIDE 84.93 13,200-20,000 1.25 362.4 2.00E-03 1.327 8.80E+00
ISTYRENE 104.15 3.00E+02 3.16E+00 5.00E+00 2.60E-03 0.91 2.76E+00
TETRACHLOROETHENE 165.83 200 2.6 (20C) 1.40E+01 1.53E-02 1.626 3.64E+02
[TOLUENE 92.13 534.8 (25C) 2.69 (20C) 2.87E+01 6.66E-03 0.867 3.00E +02
TRICHLOROETHENE 131.39 1100 2.53 5.79E+01 9.10E-03 1.46 1.26E+02
VINYL CHLORIDE 62.5 1,100 1.4 2,660 8.14E-02 0.9106 8.20E+00
XYLENE (TOTAL) 106.16 187 2.77-3.2 6.50E +00 4.33E-63 0.86-0.88 2.48E+02
SEMIVOLATILES
1,2,4-TRICHLOROBENZENE 181.45 30 4.02 2.90E-01 2.30E-03 1.454 9.20E+03
1,2-DICHLOROBENZENE 147 1.40E+02 3.38E+00 1.50E+00 3.00E-03 1.3 3.23E+00
1,4-DICHLOROBENZENE 147 7.90E+01 3.39E+00 1.80E +00 4.33E-03 1.25 3.23E+00
2,4-DICHLOROPHENOL 163 4,500 2.75 0.12 - 1.383 -
2-METHYLNAPHTHALENE 142.19 26-28 (25C) 4.26 0.087 (25C) 6.00E-04 0.994 5.80E+03
2-METHYLPHENOL 108.14 3.10E+04 1.95E+00 2.40E-01 8.40E-07 1 1.38E+00
4-METHYLPHENOL 108.1 4400 1.92/1.94 4.00E-02 1.29E-06 1.0347 2.43E+01
IACENAPHTHENE 164.2 3.42 (25C) 3.92 1.55E-3 (25C) 9.10E-05 1.0242 4.60E+03
IACENAPHTHYLENE 152.2 3.93 (25C) 3.72 2.90E-02 1.45E-03 - 2.50E+03
[ANTHRACENE 178.2 0.045 (25C) 4.45 1.7E-5 (25C) 8.60E-05 1.283 1.40E+04
IBENZO(A)ANTHRACENE 228.28 0.0057 5.61 2.20E-08 1.00E-06 - 2.00E +05
IBENZO(A)PYRENE 252 0.0038 (25C) 5.98 5.60E-09 4.90E-07 - 5.50E +06
[[BENZO(B)FLUORANTHENE 252.3 0.0014 (25C) 6.57 5.00E-07 1.22E-05 - 5.50E+05
IBENZO(G, H,)PERYLENE 276 0.00026 (25C) 7.23 1.03E-10 (25C) 1.44E-07 - 1.60E+06
BENZO(K)FLUORANTHENE 252.3 0.0043 (25C) 6.84 5.00E-07 3.87E-05 - 5.50E + 05
}BE(Z-ETHYLHEXYL)PHTHALATE 390.62 0.4 (25C) 5.3 2.00E-07 3.00E-07 0.99 2.00E + 09
HBUTYLBENZYLPHTHALATE 312 2.9 4.78 6.00E-05 8.30E-06 1.1 (25C) 1.70E+05
JICARBAZOLE 167.21 - 3.29 400 (323C) - 1.1 1.20E+03
[[CHRYSENE 228.3 0.0018 (25C) 5.61 6.3E-9 (25C) 1.05E-06 1.274 2.00E+05
[IDI-N-BUTYLPHTHALATE 278.35 4.00E+02 5.20E+00 1.00E-01 2.80E-07 1 5.23E+00
DI-N-OCTYLPHTHALATE 391 3 (25C) 9.2 1.40E-04 1.70E-05 0.99 3.60E+09
DIBENZ(A,H ANTHRACENE 278.4 0.005 (25C) 5.97 1.00E-10 7.30E-08 - 3.30E+06

- = Physical or chemical properties not available for this chemical in this classification
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TABLE 2-10 (PAGE 2 OF 3)
SUMMARY OF TOXICOLOGICAL DATA FOR POTENTIAL CHEMICALS OF CONCERN
SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR CHEMICALS OF POTENTIAL CONCERN
NWS EARLE, COLTS NECK, NEW JERSEY

g e e o —— =
MOLECULAR SOLUBILITY Log Kow VAPOR PRESSURE HENRY'S LAW SPECIFIC Koc
CHEMICAL OF CONCERN WEIGHT {mg/L) (mmHg, 20C) CONSTANT (atm cu. m/mol) GRAVITY
SEMIVOLATILES (CONTINUED)
[IDIBENZOFURAN 168.2 10 4.12 - - - 8.13E+03
[IDIETHYLPHTHALATE 222.2 210 2.47 3.5E-3 (25C) 1.20E-06 1.12 1.42E+02
JIFLUORANTHENE 202.3 0.26 (25C) 5.33 5E-6 (25C) 6.50E-06 1.252 3.80E + 04
HIFLUORENE 116.2 1.69 (25C) 4.18 7.10E-04 . 6.40E-05 1.203 7.30E+03
[HEXACHLOROETHANE 236.74 50 (22C) - 4.00E-01 2.49E-03 - 2.00E +04
INDENO(1,2,3-CD)PYRENE 276.3 0.00053 (25C) 7.66 1.00E-10 6.95E-08 - 1.60E +06
[ISOPHORONE 138.21 1.20E+04 1.70E + 00 3.80E-01 5.80E-06 0.92 1.94E+00
[iN-NITROSODIPHENYLAMINE (1) 198.23 3.50E+01 2.79E+00 1.00E-01 3.10E+00 - 2.81E+00
INAPHTHALENE 128.2 31.7 (25C) 3.01/3.45 8.7E-3 (25C) 4.60E-04 1.152 9.40E+02
[INITROBENZENE 123.11 1.90E +03 1.85E+00 1.50E-01 2.40E-05 1.2 1.56E+00
JIPHENANTHRENE 178.2 1.0(25C) 4.45 9.6E-4 (25C) 2.30E-04 1.025 1.40E+04
JlPHENOL 94.11 8.00E+04 1.46E+00 3.50E-01 1.30E-06 1.1 1.15E +00
lIPYRENE 202.3 0.13 (25C) 5.18 2.5E-6(25C) 5.10E-06 - 3.80E +04
[PESTICIDES/PCBs
4,4'-DDD 320.1 0.09 (25C) 1.60E + 06 1.2E-7 (25C) 2.20E-08 - 7.70E + 05
4,4'-DDE 318 0.04 (20C) 4.28 6.50E-06 6.80E-05 - 4.40E+06
4,4'-DDT 354.5 0.0055 (25C) 6.19 (20C) 1.9E-7 (25C) 1.58E-05 - 3.90E+06
ALDRIN 364.91 1.70E-02 5.11E+00 2.30E-06 5.00E-04 - 1.7 4.98E+00
[ALPHA-BHC 290.83 1.63E+00 3.81E+00 6E-2 (40C) 5.30E-06 1.9 3.58E + 00
[ALPHA-CHLORDANE 409.8 5.60E-02 2.78E+00 1.00E-05 3.70E-05 1.11 5.15E + 00
IAROCLOR-1248 299.5 0.054 5.75 4.9E-4 (25C) 3.60E-03 - 2.50E +05
IAROCLOR-1254 325.1 3.10E-02 6.04E+00 7.70E-05 2.60E-03 - 5.72E+00
[AROCLOR-1260 375.7 0.08 (24C) 7.15 4E-5 (25C) 0.74 - 6.70E+06
[IBETA-BHC 290.83 7.00E-01 3.80E + 00 1.70E-01 2.30E-07 1.9 3.58E+00
[IDELTA-BHC 290.83 2.10E+01 4.14E+00 2.00E-02 2.50E-07 1.9 3.58E+00
JIDIELDRIN 380.91 1.90E-01 4.09E +00 1.80E-07 5.80E-05 1.8 3.23E+00
JIENDOSULFAN I 406.95 3.20E+00 3.55E+00 1.00E-05 1.00E-04 1.7 2.30E+00
HENDOSULFAN Il 406.95 3.30E-01 3.62E+00 1.00E-05 1.91E-05 1.7 {20/20C) 2.30E +00
|IENDOSULFAN SULFATE 422.92 2.20E-01 3.66E+00 NA 2.60E-05 - 1.62E+00
[IENDRIN 380.92 2.60E-01 5.60E + 00 2.00E-07 4.00E-07 1.7 3.23E+00
|[ENDRIN ALDEHYDE 380.92 2.60E-01 5.60E +00 2.00E-07 3.90E-07 - 2.83E+00
JIENDRIN KETONE 380.92 - - - 4.00E-07 - -
JIGAMMA-BHC (LINDANE) 290.83 7.00E + 00 3.24E+00 9.40E-06 4.90E-07 1.9 3.58E+00
{GAMMA-CHLORDANE 409.8 5.60E-02 2.78E+00 1.00E-05 3.70E-05 1.1 5.15E+00
[IHEPTACHLOR 373.32 5.60E-02 4.40E+00 3.00E-04 1.50E-03 1.6 4.08E+00
lHEPTACHLOR EPOXIDE 389.32 3.50E-01 3.65E+00 2.60E-06 3.20E-05 - 2.34E+00
JIMETHOXYCHLOR 345.65 4.00E-02 4.68E+00 - 3.00E-05 1.4 4.90E +00
[expLosIVES :
[I2,4,6-TRINITROTOLUENE 227.15 1.50E+02 2.00E +00 5.51E-06 (25C) 1.10E-08 1.654 2.72E+00
|l2,4-DINITROTOLUENE 182.15 500 1.98E+00 1(20c) 1.86E-07 1.3208 2.40E + 00
Jl2-AMINO-4,6-DINITROTOLUENE 197.17 - - - ' Z Z
4-AMINO-2,6-DINITROTOLUENE - - - - - B B
296.2 5.00E + 00 (25C) 2.60E-01 3.33E-14 2.60E-15 1.9 5.40E-01
123.11 1.90E + 03 1.85E + 00 1.50E-01 2.40E-05 1.2 1.56E +00
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TABLE 2-10 (PAGE 3 OF 3)

SUMMARY OF TOXICOLOGICAL DATA FOR POTENTIAL CHEMICALS OF CONCERN
SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR CHEMICALS OF POTENTIAL CONCERN
NWS EARLE, COLTS NECK, NEW JERSEY

S Som— S e — S
MOLECULAR SOLUBILITY Log Kow VAPOR PRESSURE HENRY'S LAW SPECIFIC Koc
CHEMICAL OF CONCERN WEIGHT (mg/L) {mmHg, 20C) CONSTANT (atm cu. m/mol) GRAVITY
JINITROCELLULOSE >504 - - - - 1.35-1.6 -
HRDX 222.15 60 (25C) 8.70E-01 4.03E-09 1.96E-11 1.82 2.00E+00
[INORGANICS
JALUMINUM 26.98 INSOLUBLE - 0 - 2.708 -
[ANTIMONY 121.75 - - 1 (886C) - 6.684 -
ARSENIC 74.92 - - 1(372C) - 5.72 -
[BARIUM 137.34 DECOMPOSE - - 3.5 -
HIBERYLLIUM 9.01 - - 1(1520C) - 1.85 -
licapmium 112.4 INSOLUBLE - 1 (1284C) - 8.642 -
JICALCIUM 40.08 DECOMPOSE - - 1.57 -
JICHROMIUM 52 INSOLUBLE - 0 - 7.2 -
licoBaLT 58.93 INSOLUBLE - 0 - 8.9 -
[icopPer 63.54 INSOLUBLE - 1 (1628C); 10 (1870C) - 8.92 -
{iiroN 55.85 INSOLUBLE - 0 - 7.86 -
HLEAD 207.19 INSOLUBLE - 1(980C) - 11.35 -
[IMAGNESIUM 24.312 - - - - 1.738 -
[IMANGANESE 54.94 DECOMPOSE - 1 (1292C) - 7.2 -
I [MERCURY 200.59 5.6E-03g/100cc - 2E-03 (25C) - 13.5939 -
< [INICKEL 58.71 INSOLUBLE - 1(1810C) - 8.902 -
JIPOTASSIUM 39.1 DECOMPOSE - - - 0.862 -
JISELENIUM 78.96 INSOLUBLE - 0 - 4.26-4.81 -
JISILVER 107.87 INSOLUBLE - 0 - 10.5 -
fiSODIUM 22.9898 DECOMPOSE - - - 0.97 -
THALLIUM 204.37 - - - - 11.85 -
VANADIUM 50.94 - - - - 5.96 -
ZINC 65.37 - - 1(487C) - 7.133 -
[[CYANIDE 27 SOLUBLE - 657.8 (21.9C) - 0.699 -

= Physical or chemical properties not available for this chemical in this classification
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2.3.1.4 Octanol-Water Partition Coefficient (Kow)

The octanol/water partition coefficient (Kow) is a measure of the equilibrium partitioning of chemicals
between octanol and water. A linear relationship between the Kow and the uptake of chemicals by fatty
tissues of animal and human receptors (the bioconcentration factor) has been determined (Lyman et al.,
1990). The Kow is useful in characterizing the sorption of compounds by organic soils where experimental
values are not available. Larger organic molecules such as semivolatiles and pesticides and PCBs are
very likely to partition to fatty tissues, and less complex organic chemicals have lower Kow values.

2.3.1.5 Organic Carbon Partition Coefficient (Koc)

The soil/sediment partition (organic carbon partition) coefficient (Koc) indicates the tendency of a‘chemical
to bind to soil particles containing organic carbon. Chemicals with high Kocs generally have low water
solubilities and vice versa. This parameter may be used to infer the relative rates at which more mobile
chemicals are transported in groundwater. Complex organic chemicals are relatively immobile and are
preferentially bound to the soil phase. These compounds are not subject to rapid groundwater transport.
These immobile chemicals are, however, easily transported by erosional processes when they are present

in surface soils.
2.3.1.6 Distribution Coefficient (Kd)

The soil-water partitioning (distribution) coefficient (Kd) is a measure of the equilibrium distribution of a
chemical or ion in soil/water systems. The distribution of organic chemicals is a function of both the Koc
and the amount of organic carbon in the soil. The Koc and the fractional organic carbon content of the
soil (FOC) may be used to determine an equilibrium distribution coefficient (Kd) for the solid and aqueous

matrices:
Kd = Koc x FOC
where: Kd = Distribution coefficient
FOC = Fractional organic carbon content of the soil
Koc = Organic carbon partition coefficient

Published values exist for Kd for inorganics. These are specific to the type of mineral-clay; however, Kd
values are also dependent on the complexation (ligands) present in solution with the inorganic.
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Additional degradation processes such as hydrolysis and photolysis are considered to be insignificant fate
mechanisms for monocyclic aromatics (EPA, December 1982). However, some monocyclic aromatic
compounds, such as benzene and toluene, have been shown to undergo clay-, mineral-, and soil-catalyzed
oxidation (Dragun, 1988).

2.3.2.5 Polynuclear Aromatic Hydrocarbons (PAHS)

PAHSs are common constituents of oil and grease. Landspreading applications have indicated that PAHs
are amenable to microbial degradation. Studies have demonstrated that PAHs are much more amenable
to degradation in soil matrices than in aquatic environments (EPA, December 1979). Under existing site
conditions, the rate of microbial degradation cannot be predicted without knowledge of microbial
populations. PAHs do not contain functional groups that are susceptible to hydrolytic actions, and
hydrolysis is considered to be an insignificant degradation mechanism. Photolysis may be a major

degradation mechanism in aquatic environments but is probably insignificant in surface soil.
2.3.2.6 Pesticides

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink for these
chemicals. Pesticides are subject to degradation mechanisms in the environment. Pesticides typically
have a high affinity for binding to organic particulates in soil, are relatively insoluble in water, and have
very low vapor pressures and Henry’s Law constants. Consequently, the chemicals are some of the most
immobile and persistent of environmental contaminants.

2.3.2.7 Metals

The transport and fate of metals in the environment are primarily controlied by sorption to soil/sediment
material. The metal-organic relationships, both in soil and water, increase in importance as the organic
carbon content increases. Fulvic and humic acids can affect sorption, but the cation exchange capacity
of the clay lattice is also important. Some metals, such as arsenic, are extremely soluble and mobile in
the environment. Many other metals, such as nickel, selenium, zinc, and copper, have an affinity for
hydrous iron and manganese oxides, as well as for organic materials, and are therefore preferentially

adsorbed to soil. The mobility of most metals increases as the soil pH decreases.
2.3.2.8 Explosives

Most of the explosive compounds are nitro-substituted monocyclic aromatics and exhibit properties similar

to other monocyclic aromatics of similar molecular weight in the environment. Due to the requirement that
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explosives release large amounts of energy upon combustion, in general, the parent compounds are
considerably less stable in the environment due to their higher energy state. Loss of nitro groups is a
.common environmental degradation reaction and the related by-products are included on the TCL when
analyzing for explosives. The parent compounds are not considered to be persistent environmental
contaminants compared to other common organic contaminants such as PAHs, phthalate esters, and
PCBs. Like other monocyclic aromatics, nitroaromatics are potentially subject to degradation in both soil
and water via the action of microorganisms. The biodegradation of these compounds in the soil matrix
is dependent on the abundance of microflora, macronutrient availability, soil reaction (pH), temperature,

oxygen, etc.

Although these compounds are amenable to microbial degradation, the rate of degradation cannot be
predicted without information on the availability of nutrients and the type of bacteria present.. If these
contaminants discharge to a surface water body, volatilization or biodegradation may occur relatively
rapidly. Biodegradation rates and aquatic half-lifes for explosives are not generally available, as is the
case with the more common organic pollutants.

Degradation processes such as hydrolysis and photolysis may be significant fate mechanisms for
nitroaromatic explosives, particularly for the relatively unstable parent compounds. Like certain other
substituted monocyclic aromatics, nitroaromatics may also undergo clay-, mineral-, and soil-catalyzed
oxidation (Dragun, 1988).

2.3.3 Contaminant Migration Routes

Based on the positively detected chemicals and associated analytical results for NWS Earle, general
conclusions can be made with respect to contaminant fate and transport and the possible exposure

endpoints.

Groundwater chemical contaminants can migrate from the original source of the release. The most
common transport mechanism is water infiltration through a contaminated zone, where partitioning from
solid to aqueous phase can occur. The potential amount of chemical dissolving into infiltration water is
determined by a number of factors including residence time, solubility, partitioning factor, and pH of

infiltration water.

The dissolved chemicals continue downward migration and are able to interact with stationary (soil)
particles in the saturated and/or unsaturated zones.
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2.3.1.7 Henry’s Law Constant (H)

Both the vapor pressure and the water solubility are of use in determining volatilization rates from Surface
water bodies and groundwater. The ratio of these two parameters (the Henry's Law constant) is used to
calculate the equilibrium contaminant concentrations in the vapor versus the liquid phases for dilute
solutions. In general, chemicals with a Henry’s Law constant below 5 x 10 atm-m*mole should VOlatilize
very little and be present only in minute amounts in the atmosphere or in soil gas. Henry's Law Constant
will be used to calculate the equilibrium soil gas vapor concentration for volatile organic compoungs in

groundwater.
2.3.1.8 Bioconcentration Factor (BCF)

The bioconcentration factor (BCF) provides a measure of the accumulation tendency for chemicals in
biological and ecological systems. BCFs represent the ratio of aquatic animal tissue concentration tg the
water concentration of a chemical. The ratio is both contaminant and species specific. When site-Specific
values are not measured, literature values are used or the BCF is derived from the octanol/water Partition
coefficient. All of the organic chemicals detected during the RI are bioaccumulative to some extent, put
many of the semivolatile organics are more bioaccumulative than the volatile organics.

2.3.1.9 Summary

Table 2-10 presents a summary of the fate and transport data that are used in this Rl in discussions of
the nature and extent of contamination, contaminant fate and transport, and the baseline risk assessment

sections.

2.3.2 Contaminant Persistence

The persistence of the classes of organic contaminants is discussed in this section. The text will address
general classes of the detected chemicals because the fate of chemicals in the environment is usually
similar for chemicals within a particular chemical family.

2.3.2.1 Ketones

Ketones are characterized by high aqueous solubility and volatility and are readily biodegradable in both
soil and water. Hydrolysis is not considered to be a significant fate process for this class of chemicals.
The bioaccumulation of ketones is not significant, due to low octanol/water partitioning coefficient |,
general, ketones were not pervasive at any site. The lack of detection of acetone at many siteg
demonstrates that this common laboratory contaminant is actually not present. This is in direct Contrast
to unvalidated historical data collected at the NWS Earle sites. '
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2.3.2.2 Chlorinated Aliphatics

Research has demonstrated that aerobic bacteria predominantly degrade organic compounds containing
zero, one, or two halogens, and anaerobic bacteria predominate when more halogens are present. Thus,
highly chlorinated aliphatic hydrocarbons such as PCE are subject to reductive dehalogenation via the
action of anaerobic bacteria. It does not appear that appreciable degradation of highly halogenated
aliphatics occurs in aerobic aquatic systems or unsaturated soils (Lyman, et al., 1982).

The transformation pathways for chlorinated aliphatic hydrocarbons in soil systems have been documented
by Dragun et al. (1988). PCE and TCE are transformed via reductive dechlorination to 1,1-dichloroethene
(1,1-DCE) and 1,2-DCE isomers. The terminal product of the transformation series is vinyl chloride, the
chlorinated ethene with highest toxicity.

2.3.2.3 Phthalate Esters

Phthalate esters are considered to be relatively persistent environmental contaminants. Although
numerous studies have demonstrated that phthalate esters undergo biodegradation, it appears that this
is a very slow process in both soil and surface water. Certain microorganisms have been shown to
excrete products that increase the solubility of phthalate esters and enhance their biodegradation (Gibbons
and Alexander, 1989). Biodegradation of bis(2-ethylhexyl) phthalate and other phthalate esters is an
important fate mechanism, as is bioaccumulation. Hydrolysis of phthalate esters is very slow, with
calculated half-lives of 3 years (dimethyl phthalate) to 2,000 years [bis(2-ethylhexyl) phthalate] (EPA,
December 1979). Similarly, photolysis is considered to be an insignificant degradation mechanism (EPA,
December 1982).

2.3.2.4 Monocyclic Aromatic Hydrocarbons

Monocyclic aromatic compounds such as benzene, toluene, ethylbenzene, and xylenes are not considered
to be persistent environmental contaminants in comparison to PAHs, phthalate esters, and metals.
Monocyclic aromatics are subject to degradation in both soil and water via the action of microorganisms.
The biodegradation of these compounds in the soil matrix is dependent on the abundance of microfiora,
macronutrient availability, soil reaction (pH), temperature, oxygen, etc.

Although these compounds are amenable to microbial degradation, the rate of degradation cannot be
predicted without information on the availability of nutrients and the type of bacteria present. If these
contaminants discharge to a surface water body, volatilization and biodegradation may occur relatively
rapidly. For example, a reported first-order biodegradation rate constant for benzene is 0.11 day™ in
aquatic systems (Lyman et al., 1990). This corresponds to an aquatic half-life of approximately 6 days.
Other monocyclic. aromatics are subject to similar degradation processes in aquatic environments (EPA,
December 1982).
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After percolation through the capillary zone, dissolved contaminants are then able to enter groundwater
where transport can occur via advection. The chemical concentrations in groundwater increase
significantly to a maximum level shortly after initial groundwater impact. The longer-term effects at the
source are a gradual decrease in the concentrations over time as chemical removal from the source area
occurs. Short-term variations in release rate and impact to groundwater can occur, but long-term trends
of decreased levels are usually observed. Molecular diffusion and hydrodynamic dispersion occur in the

groundwater flow regime.

As materials are transported by the groundwater, a number of processes occur that can reduce the
concentration of the chemicals. Diffusion and attenuation effects are nontransformational mechanisms that
result in a direct decrease in chemical concentration. Chemical and biological reactions with dissolved
chemicals can also result in decreases in chemical concentration. The products of chemical/biological
reactions, however, may have significantly different chemical, transport, and toxicological properties from

the parent compounds.

Groundwater chemical concentration can vary over periods of time as climatic and meteorological
conditions change. Also, as materials from the release (source) area are depleted, lower concentrations
of contaminant are released into the groundwater. Eventually, the impacts to groundwater cease, and

residual chemicals are subjected to dilution and degradation via natural mechanisms.

Groundwater chemicals can discharge to surface water bodies, carrying chemicals dissolved in
groundwater to the surface water and sediments. However, this transport mechanism is not a primary
migration pathway for most sites at NWS Earle. More important surface water pathways include surface
water runoff and erosional dispersion, which may transport contamination from surface soils and allow
limited migration of contaminated sediments. Some degree of migration in surface soil could occur also
through windblown particulate emissions; however, fugitive dust exposure is controlled by vegetative cover

and climatic factors that result in a limited rate of windblown migration at NWS Earle sites.

24 HUMAN HEALTH RISK ASSESSMENT APPROACH

This section provides a description of the human health risk assessment methods used to evaluate the
NWS Earle Rl data. The objectives of the risk assessment are to estimate the actual or potential risks to
human health resulting from the presence of contamination in surface soil, subsurface soil, sediment,
groundwater, and surface water and to provide the basis for determining the need for remedial measures

for these media in the FS.
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Three major aspects of chemical contamination must be considered when assessing public health risks:
contaminants with toxic characteristics must be found in environmental media and must be released by
either natural processes or by human action; potential exposure points must exist either at the source or
via migration pathways if exposure occurs at a location other than the source; and human or environmental
receptors must be present at the point of exposure. Risk is a function of both toxicity and exposure;

without any one of the three factors listed above, there will be no risk.

The risk assessment estimates the potential for human health risk attributable to each NWS Earle site.
Information regarding the toxicity of the compounds detected in the various media, the distribution of
contamination, potential migration pathways, and a site-specific estimate of chemical intake via assumed
exposure routes will be combined to estimate potential risks for each NWS Earle site. The risk
assessment processes used at NWS Earle are in accordance with current EPA risk assessment guidance
(EPA, 1989a; EPA, 1991a).

The human health risk assessment consists of four sections: Data Evaluation, ToXxicity Assessment,

Exposure Assessment, and Risk Characterization. Each section is briefly discussed below.

. Data Evaluation (Section 2.4.1) is primarily concerned with the Identification of Chemicals

of Potential Concern (COPCs, Section 2.4.1.1), Distributional Analysis of the data (Section
2.4.1.2), and Representative Concentrations for the COPCs (2.4.1.3). COPCs selected
in this section are representative of the type and magnitude expected for potential human
health exposure. Distributional analysis of the data, contaminant concentrations relative
to background levels, contaminant release and environmental transport mechanisms,
exposure routes, and toxicity are all considered in order to develop a list of COPCs used
to define the site-associated risks.

. The Toxicity Assessment (Section 2.4.2) presents available Health Effects (2.4.2.1) for all
COPCs. Quantitative toxicity indices, where available, are presented in this section.
Dose-response parameters, such as reference doses (RfDs) and cancer slope factors
(SFs), are presented in this section for each COPC. Carcinogenic chemicals are classified
by EPA as Group A (human), B (probable human), or C (possible human) carcinogens.
A special discussion of lead is included because of the lack of quantitative dose-response
parameters for this analyte.
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. The Exposure Assessment (Section 2.4.3) identifies potential human health exposure
including the presentation of a Site-Conceptual Model (Section 2.4.3.1), selection of
Potential Receptors (Section 2.4.3.2), and Exposure Routes (Section 2.4.3.3) either at the
source area or off site. This section generally identifies potential pathways of COPC
migration, selected potential receptors, and the estimated intakes of COPCs for the
identified receptors.

. Risk Characterization (Section 2.4.4) presents the risks for a site including a Determination
of Risks (2.4.4.1), the estimated Receptor Risks (2.4.4.2), and a presentation of
Uncertainty Analysis (Section 2.4.4.3). This section estimates the risks associated with
noncarcinogenic and carcinogenic effects of COPCs (established in Section 2.4.1) via
estimated intakes in exposure routes (established in Section 2.4.3) compared to
appropriate toxicity values (established in Section 2.4.2). A discussion of the uncertainties

associated with the risk assessment is also presented in this section.

After the conservative human health risk assessment was completed, additional procedures were applied
in accordance with EPA Region Il policy to refine the calculated results. This process eliminated additional -
COPCs from consideration and generally reduced the calculated risks using revised methods for dermal
exposure to soil/sediment, grouping of chemicals by target organ, and/or use of central tendency
calculations. The Ammended Risk Assessment (Section 2.4.6) presents the amended risk assessment

procedures applied to a site.
2.41 Data Evaluation

This section presents the approaches for identifying COPCs (Section 2.4.1.1), distributional analysis of the
data (Section 2.4.1.2), and representative concentrations (Section 2.4.1.3).

2.4.1.1 Ildentification of Chemicals of Potential Concern

COPC selection is based on various aspects of chemical occurrence, distribution, and toxicity. Chemicals
are selected to represent site contamination and will provide the framework for the quantitative risk

assessment.

Inorganic and organic samples were collected from the NWS Earle sites in surface soil, subsurface soil,
sediment, groundwater, and surface water media. The positively detected chemicals for each site are
presented in occurrence and distribution tables in subsequent sections of this report. COPC selection is
based on these tables and the following rules:
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. Inorganics in all media sampled at NWS Earle can be naturally occurring; therefore,
sample results were compared to background results. Site-wide background samples were
collected from locations away from any possible influence of site-related contamination for
each medium type. Background sample media consist of groundwater, surface water,
sediment, subsurface soil, and surface soil. (Note that a subset of the data for subsurface
soils, the 0- to 2-foot depth, is treated as background surface soil.) If the site-related
inorganic chemical concentration range exceeded the background concentration range,
that chemical was selected as a COPC. Exceptions to this rule are the EPA-designated
carcinogenic inorganic chemicals: arsenic (via ingestion and inhalation), beryllium (via
ingestion and inhalation), cadmium (via inhalation), chromium VI (via inhalation), and lead
(suspected via i'ngestion and inhalation). Arsenic, beryllium, cadmium, chromium, and lead
are included as COPCs for any site if they were detected in site-related media, régardless
of their levels in background samples. Chromium speciation data were generated for
selected media at two sites at NWS Earle, Site 2 and Site 19. The proportion of
hexavalent chromium to total chromium was calculated for samples analyzed for both total
and hexavalent chromium, and the proportion of trivalent chromium was computed as the
difference (total chromium minus hexavalent). These results are as follows: Site 2
(subsurface soil, 10.2 percent Cr VI and 89.8 percent Cr lll; groundwater, 17.9 percent Cr
VI and 82.1 percent Cr lll) and Site 19 (subsurface soil, 33.2 percent Cr VI and 66.8
percent Cr lll). (Note that this estimation could not be applied to groundwater at Site 19
because very low positive total chromium levels were less than the minimum detection limit
for hexavalent chromium.) For these media and sites, chromium was selected as a COPC
and the representative concentration was multiplied by the percentage of each chromium
species. The risks for these media were run based on this adjusted concentration of Cr
Il and Cr VI, as calculated from their estimated proportions.

Additional exceptions to the above rule for selection of inorganic COPCs are calcium,
magnesium, potassium, and sodium, which are essential nutrients and/or common
minerals and generally are not considered to be toxicologically significant and therefore
were not selected as COPCs for any site.

° Because most organic chemicals on the TCL are not naturally occurring, every organic
compound positively detected at an NWS Earle site was selected as a COPC. An
exception to this rule was made for explosives detected at NWS Earle. 2,4,6-Trinitroluene
was the only explosive included in the human health risk assessment as a COPC (toxicity
criteria to estimate a quantitative risk were not available for other detected explosives at
NWS Earle). The occurrence and distribution tables in each section of this report
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(Sections 4 through 30) present the site-related chemical concentration range and a
background concentration range for organic chemicals. The background samples were
collected for the purpose of comparing inorganic concentrations at NWS Earle sites, and
a similar comparison was made for organic chemicals. However, selection of COPCs for
organics has not been based on a comparison of organic chemicals in background

samples, in accordance with EPA risk assessment guidelines.
2.4.1.2 Distributional Analysis of the Data

Statistical analyses discussed in this section adhere to the guidance referenced in several EPA and related
publications (1989a, 1989b, 1991b, and 1992c) referenced in Appendix |. Section 2.4.5.4 discusses the
general limitations and uncertainties of statistical procedures, particularly with regards to confidlence and
decision making power when limited numbers of samples are involved. Before representative
concentrations (Section 2.4.1.3) could be estimated for each site, the underlying statistical distribution of
data was determined for each chemical in each medium. The Shapiro-Wilk W test was performed to
determine if the data set of chemical concentrations matches the shape of a normal or lognormal
distribution. Normally distributed data exhibit a characteristic "bell-shape” curve that is symmetrical,
whereas lognormal data have a skewed shape (more results at the high-concentration tail). For each
chemical in each medium at a site, the W test was performed once using the original data and once after
data were converted to their logarithms. A five percent level of significance was used to determine if the
data deviate from either hypothesized distribution. If the W test indicated a normal distribution, then the
estimation of the reasonable maximum exposure point concentration (using the upper 95th percentile, as
discussed in the next section) was based upon a normal distribution and standard deviation. If taking the
logarithms of the data provided a better match to the data than a normal distribution, a lognormal
transformation of data was used before the upper 95th perCentile concentrations were computed. In most
cases, the distribution of data fit one of the above two categories. If neither distribution matched well, the
default assumption of an underlying lognormal distribution was followed (EPA, 1989a). Results of the
Shapiro-Wilk tests are provided in Appendix |.

To determine if results of site samples were elevated relative to background sample results, a qualitative
evaluation of the overall range (low and high values) was performed for each chemical in each medium.
Additional statistical tests were also performed in each case. The means of the two data sets were
compared if both site and background matched the same type of distribution (normal or lognormal) and
exhibited equal standard deviations (based upon Bartlett's test for equal variances). |f the arithmetic mean
of the site data and the background data could be compared directly, then a t-test was performed to
evaluate whether the site mean was significantly greater than the background mean. Conversely, if the

site data and background data were determined to be from different distributions, then altemate statistical
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tests were applied that do not make any assumptions about the underlying distribution of the data. The
Z-test was used to determine if the proportion of positively detected results out of all samples was greater
in the site data versus the background data. The Mann-Whitney U-test was also used to determine
whether the site and background data were from populations with identical medians. The Mann-Whitney
test involves combining the two data sets, ranking results from smallest to largest, and evaluating whether
the two sites have a similar distribution of data within the range of low to high ranks. All statistical tests
for comparison of site and background results (the t-test, Z-test, and Mann-Whitney U-test) were performed
using a critical value (cutoff) for decision making of a five percent or less probability that site and
background data are not the same.

2.4.1.3 Representative Concentrations

The risk assessment for NWS Earle was performed using a representative concentration for each COPC
in each medium identified at the particular site of interest. Only current concentrations detected at each
site medium were evaluated. Usability of results is discussed below. The representative concentration

was calculated using the latest risk assessment guidance from EPA (EPA, 1989a).

The validated data were used to calculate representative concentrations. All data were collected by B&R
Environmental during the summer and fall of 1995. For chemicals with at least one positive detection,
non-detects were assumed to be one-half the detection limit (sample quantitation limit). Rejected values
(R) were eliminated from further consideration. Estimated and biased values (J, K, L) were used as the
reported value.

Duplicate samples were averaged together and considered as one result. For duplicates, where one result
was positive and the other result was a non-detect, the problem of calculating an average result arose
whenever half the detection limit exceeded the positive result. It was considered undesirable for the
average to exceed the positive result; therefore, the positive result was used to represent the non-detect
in such cases.

The calculation of the representative concentration is a two-step process. First, the distribution of the data
must be determined, as discussed in the preceding section. Then, based on the distribution of the data,
a representative concentration is either calculated or selected.

Several important points are associated with distribution of the data:

. The distribution of a data set is determined using a Shapiro-Wilk test.
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° The distributions are classified as either lognormal, normal, or unknown.
. Environmental data are usually determined to be lognormally distributed (default).

. If the data are not determined to be either a lognormal or normal distribution, they are

classified as an unknown distribution and a lognormal distribution is assumed.

If the data are considered to be lognormally distributed, then the standard deviation of the log transformed

sample set must be determined, as follows:
S = [z (X X)(n-1)]"°

where: = Standard deviation of the log-transformed data
Individual sample value (log-transformed)

m = Arithmetic mean of the log-transformed n samples

53 X X o
n

= Number of samples

The one-sided upper 95 percent confidence limit (UCL o) is then calculated as foliows:

UCL,og = eXp[X,, + (0.5S?) + (SH)/(n-1)°%]

where: exp = exponential function (inverse of the natural log)
X = Arithmetic mean of the log-transformed data
H = H-statistic (e.g., from table published in Gilbert, 1987)
S = Standard deviation of the log-transformed data
n = Number of samples

The representative concentration is then selected as the lesser value of the two-sided 95 percent UCL. and

the maximum positive value in the data set.

If the data are determined to be normally distributed, then the standard deviation of the sample set is used
to calculate the one-sided 95 percent UCL, as follows:
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First, the standard deviation of the sample set must be determined:

S = [z (X-Xn)*/(n-1)]*°

where: S = Standard deviation
X = Individual sample value
X = Arithmetic mean for the n samples
n = Number of samples

The one-sided upper 95 percent confidence limit (UCL,z) is then calculated:

UCLyor = X, + (tS)/(n°®)

where: X = Arithmetic mean
t = One-sided t distribution factor
S = Standard deviation
n = Number of samples

For small sample sets or sample sets in which all positive results equal less than one-half the detection
limit, the UCL can exceed the maximum detected concentration. In these cases, the maximum

concentration was selected as the representative concentration.

24.2 Toxicity Assessment

The purpose of this section is to identify the potential health hazards associated with exposure to each
of the COPCs. A toxicological evaluation characterizes the inherent toxicity of a compound. The literature
indicates that the COPCs have the potential to cause carcinogenic and/or noncarcinogenic health effects
in humans. Although the COPCs may cause adverse health effects, dose-response relationships and the
potential for exposure must be evaluated before the risks to receptors can be determined. Dose-response
relationships correlate the magnitude of the intake with the probability of toxic effects, as discussed below.
Quantitative toxicity parameters for the COPCs at all sites at NWS Earle are presented in Table 2-11. In
evaluating the likelihood for effects from chemical exposures, it is also important to consider qualitative
toxicity information, such as the cancer weight-of-evidence criteria presented for chemicals in Table 2-12
and also the target organs potentially affected by chronic (noncarcinogenic) toxicity for chemicals in Table
2-13. Appendix | contains detailed toxicological information regarding each chemical detected at NWS
Earle.
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TABLE 2-11
DOSE-RESPONSE PARAMETERS - POTENTIAL CHEMICALS OF CONCERN (ORGANICS)
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 1 OF 3
Fraction of COPC TOXICITY VALUES
Absorbed in the RfD* RfD RfD* SF* SF SF* Weight
Gastrointestinal Tract Oral Dermal Inhalation Oral Dermal Inhalation of
SUBSTANCE {unitless)* * (mglkg)lda; (mglkg)/da; % % % =May Evidence
4,4'-DDD 0.80 - - - 2.40E-01 3.00E-01** - B2
4,4'-DDE 0.80 - - - 3.40E-01 4.25E-01** - B2
4,4'-DDT 0.80 5.00E-04 4.00E-04** - 3.40E-01 4.25E-01** 3.40E-01 B2
ALDRIN 0.50 3.00E-05 1.50E-05** - 1.70E+01 3.40E+01" 1.70E+01 B2
ALPHA-BHC 1.00 - - - 6.30E+00 6.30E+00** 6.30E+00 B2
flBETA-BHC 1.00 - - - 1.80E+00 1.80E +00** 1.80E +00 C
DELTA-BHC 1.00 - - " " N : 5
GAMMA-BHC 1.00 3.00E-04 - - 1.30E+00 _H 1.30E+00** - [
IALPHA-CHLORDANE 0.80 6.00E-05 4.80E-05* - 1.30E +00 1.63E+00** 1.29E+00 B2
lGAMMA-CHLORDANE 0.80 6.00E-05 4.80E-05** - 1.30E+00 1.63E+00** 1.29E+00 B2
. |loteLoRIN 0.50 5.00E-05 2.50E-05* - 1.60E+01 3.20E+01** 1.61E+01 B2
[lHEPTACHLOR 0.40 5.00E-04 2.00E-04** - 4.50E +00 1.13E+01** 4,55E+00 B2
llHePTACHLOR EPOXIDE 0.40 1.30E-05 5.20E-06"* - 9.10E+00 2.28E+01%* 9.10E +00 B2
llENDOSULFAN | 0.60 6.00E-03 3.60E-03** - - B . B
HenDOSULFAN 1t 0.60 6.00E-03 3.60E-03** - B B . B
llENDOSULFAN SULFATE 1.00 - - . - . . .
llenorin 0.65 3.00E-04 1.95E-04** ] ] ; } D
~ lENDRIN KETONE 1.00 . - R R R R R
(1; llENDRIN ALDEHYDE 1.00 - - . - B B .
METHOXYCHLOR 0.90 5.00E-03 4.50E-03** - - - - D
IAROCLOR 1248 0.85 - - - 7.70E+00 9.06E + 00" - B2
AROCLOR 1254 0.85 2.00E-05 1.70E-05** - 7.70E+00 9.06E +00** - B2
AROCLOR 1260 0.85 - - - 7.70E+00 9.06E+00"* - B2
1,1,1-TRICHLOROETHANE 0.50 9.00E-02 W 4,50E-02** 2.86E-01 w - - - D
1,1,2-TRICHLOROETHANE 0.50 4.00E-03 2.00E-03** - 5.70E-02 1.14E-01** 5.60E-02 C
1,1-DICHLOROETHENE 1.00 9.00E-03 9.00E-03** - 6.00E-01 6.00E-01** 1.75E-01 C
1,2-DICHLOROETHANE 1.00 - - 2.86E-03 E 9.10E-02 9.10E-02** 9.10E-02 B2
1,2-DICHLOROETHENE (TOTAL) 1.00 9.00E-03 H 9.00E-03** - - - - D
2-BUTANONE 1.00 6.00E-01 6.00E-01** 2.86E-01 - - - -
[4-METHYL-2-PENTANONE 1.00 8.00E-02 8.00E-02*" 2.29E-02 - - - -
BENZENE 1.00 - - 1.71E-03 E 2.90E-02 2.90E-02** 2.90E-02 A
BROMODICHLOROMETHANE 1.00 2.00E-02 2.00E-02"* - 6.20E-02 6.20E-02"" - B2
llcArBON DISULFIDE 0.50 1.00E-01 5.00E-02~" 2.00E.01 ; - ; ;
HOROBENZENE 0.30 . 2.00E-02 6.00E-03** 5.71E-03 A - - - D
CHLOROFORM 1.00 1.00E-02 1,00E-02** - 6.10E-03 6.10E-03* 8.05E-02 B2

- = No dose-response value is available for this chemical in this ¢ assification

* = All toxicity values are from Integrated Risk Information System (IRIS) unless otherwise noted
** — Modifying factor applied only to the dermal RfDs and SFs, from ATSDR

H = Health Effects Assessment Summary Tables (HEAST, 1995)

A = HEAST Alternative (HEAST, 1995)

E = EPA-NCEA Regional Support provisional service (EPA, 1995¢)

* . Corrected value.

A _ Value does not apply to soil dermal exposure for sites with refined risk assessment.

W = Withdrawn from IRIS or HEAST
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1RUL. &'V
DOSE-RESPONSE PARAMETERS - POTENTIAL CHEMICALS OF CONCERN (ORGANICS)
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 2 OF 3
Fraction of COPC TOXICITY VALUES
Absorbed in the RfD* RfD RfD* SF* SF SF* Weight
Gastrointestinal Tract Oral Dermal Inhalation Oral Dermal Inhalation of
SUBSTANCE (unitless)* * (mglkg;/iay (mg/kg)/day (mg/kg)/day 1/(mMjay 1I(mg/kg)/da¥ 1/(mglkg)/day Evidence
HETHYLBENZENE 0.80 1.00E-01 8.00E-02"* 2.86E-01 - - - D
EMETHYLENE CHLORIDE 1.00 6.00E-02 6.00E-02** 8.57E-01 H 7.50E-03 7.50E-03** 1.64E-03 B2
STYRENE 1.00 2.00E-01 2.00E-01** 2.86E-01 - - - C
HTETRACHLOROETHENE 1.00 1.00E-02 1.00E-02"* - 5.20E-02 E 5.20E-02** 2.03E-03 E -
TOLUENE 1.00 2.00E-01 2.00E-01** 1.14E-01 - - - D
TRICHLOROETHENE 1.00 6.00E-03 E 6.00E-03** - 1.10E-02 W 1.10E-02** 6.00E-03 E B2
VINYL CHLORIDE 1.00 - - - 1.90E + 00 H 1.90E + 00** 3.00E-01 H A
XYLENE (TOTAL) 0.90 2.00E+00 H 1.80E + 00** 8.57E-02 w - - - D
1,2,4-TRICHLOROBENZENE 1.00 1.00E-02 1.00E-02** ° 5.71E-02 H - - - D
1,2-DICHLOROBENZENE 1.00 9.00E-02 9.00E-02** 4.00E-02 A - - - D
1,4-DICHLOROBENZENE 1.00 - - 2.29E-01 2.40E-02 H 2.40E-02** - C
2,4-DICHLOROPHENOL 1.00 3.00E-03 3.00E-03** - - - - D
2-METHYLNAPHTHALENE 0.50 - - - - - - -
2-METHYLPHENOL 1.00 5.00E-02 5.00E-02** .- - - - C
4-METHYLPHENOL 0.60 5.00E-03 H 3.00E-03** - - - - C
IACENAPHTHENE 0.50 6.00E-02 3.00E-02** - - - - -
ACENAPHTHYLENE 1.00 - - - - - - D
ANTHRACENE 0.65 3.00E-01 1.95E-01"* - - - - D
N IBENZO(A)ANTHRACENE 0.50 - - - 7.30E-01 E 1.46E + 00" 6.10E-01 E B2
A IBENZO(A)PYRENE 0.15 - - - 7.30E +00 4.87E+01** 6.10E+00 w B2
© H3ENZO(BIFLUORANTHENE 0.50 - - - 7.30E-01 __E 1.46E+00** | 6.10E01  E B2
IBENZO(G,H,I)PERYLENE 0.50 - - - - - - D
lBENZO(K)FLUORANTHENE 0.50 - - - 7.30E-02 E 1.46E-01* 6.10E-02 E B2
HBIS(2-ETHYLHEXYL)PHTHALATE 0.50 2.00E-02 1.00E-02** - 1.40E-02 2.80E-02** - B2
IBUTYLBENZYLPHTHALATE 1.00 2.00E-01 2.00E-01** - - - - C
ICARBAZOLE 1.00 - - - 2.00E-02 H 2.00E-02** - B2
IEHRYSENE 0.50 - - - 7.30E-03 E 1.46E-02*" 6.10E-03 E B2
DI-N-BUTYLPHTHALATE 0.90 1.00E-01 9.00E-02"* - - - - . D
IDI-N-OCTYLPHTHALATE 1.00 2.00E-02 H 2.00E-02** - - - - -
IDIBENZ(A,H)ANTHRACENE 0.10 - - - 7.30E+00 E 7.30E+01"" 6.10E+00 E B2
ﬂDIBENZOFURAN 1.00 4.30E-03 E 4,30E-03*" - - - - D
IFLUORANTHENE 0.50 4.00E-02 2.00E-02** - - - - D
IFLUORENE 0.50 4.00E-02 2.00E-02** - - - - D
IHEXACHLOROETHANE 1.00 1.00E-03 1.00E-03** - 1.40E-02 1.40E-02** 1.40E-02 C
!&IZ’T‘FNO(1,2,3-CD)PYRENE 0.50 - - - 7.30E-01 E 1.46E+00*" 6.10E-01 E B2
- = No dose-response value is available for this chemical in this classification

* = All toxicity values are from Integrated Risk Information System (IRIS) unless otherwise noted
** = Modifying factor applied only to the dermal RfDs and SFs, from ATSDR

H = Health Effects Assessment Summary Tables (HEAST, 1995)

A = HEAST Alternative (HEAST, 1995)

E = EPA-NCEA Regional Support provisional service (EPA, 1995c)

* - Corrected value.

“# - Value does not apply to soil dermal exposure for sites with refined risk assessment.

W = Withdrawn from IRIS or HEAST
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TABLE 2-11
DOSE-RESPONSE PARAMETERS - POTENTIAL CHEMICALS OF CONCERN (INORGANICS)
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 3 OF 3
Fraction of COPC TOXICITY VALUES
Absorbed in the RfD* RfD RfD* SF* SF SF* Weight
Gastrointestinal Tract Oral Dermal Inhalation Oral Dermal Inhalation of
SUBSTANCE {unitless)* * (mglkg)lda; (mg/kg)/da; (mglkg)lday 1I(m&/day 1 /(mg/kg)lda; 1/(mglkg)lday Evidence
lisoPHORONE 1.00 2.00E-01 2.00E-01%* - 9.50E-04 9.50E-04** - C
IN-NITROSODIPHENYLAMINE 0.50 - - - 4.90E-03 9.80E-03** - B2
HINAPHTHALENE 0.50 4.00E02 W 2.00E-02** - - - - D
HINITROBENZENE 1.00 5.00E-04 5.00E-04** 5.71E-04 A - - - D
PHENANTHRENE 1.00 - - - - - - D
llPHENOL 1.00 6.00E-01 6.00E-01** - - - - D
llpyrene 0.65 3.00E-02 1.95E-02"* - - - . D
{l2,4,6-TRINITROTOLUENE 1.00 5.00E-04 5.00E-04** - 3.00E-02 3.00E-02** - C
ll2,4-DINITROTOLUENE 1.00 2.00E-03 2.00E-03** - - - - B2
lf>-AMINO-4,6-DINITROTOLUENE 1.00 - - - - . . .
lla-AMINO-2,6-DINITROTOLUENE 1.00 - - - - - } -
fHmx 1.00 ] - - - ] ] D
lIniTROBENZENE 1.00 5.00E-04* - 5.71E-04" - - - B2
lInTROCELLULOSE 1.00 - - - - } g B
llrRox 1.00 - - - - - - c
[ALUMINUM 0.05 1.00E+00 E 5.00E-02** - - - - -
ANTIMONY 0.05 4.00E-04 2.00E-05** - - - - D
ARSENIC, TOTAL 0.95 3.00E-04 2.85E-04 - 1.50E +00 1.58E +00 1.51E+01 A
llBARIUM 0.04 7.00E-02 2.80E-03** 1.43E04 A - - - D
BERYLLIUM 0.01 5.00E-03 5.00E-05** B 4.30E+02 4.30E+04** 8.40E + 00 B2
licapmium 0.10* 5.00E-04 5.00E-05" 5.71E-05 E - - 6.30E+00 D
llcHrROMIUM, TRIVALENT 0.02 1.00E +00 2.00E-02** 5.71E07 W - - - D
cHrROMIUM, HEXAVALENT 0.02 5.00E-03 1.00E-04"* - - - 4.20E+01 A
flcosaLT 0.05 6.00E-02 E 3.00E-03** - - - - -
flcopper 0.60 4,00E-02 E 2.40E-02** - - - - D
firon 0.05 3.00E-01 E 1.50E-02** - - - - .
fLEAD, TOTAL 0.50 - - - - : - B2
MANGANESE 0.03 5.00E-03 1.50E-04*" 1.43E-05 - - - -
fmercury, TOTAL 0.07 1.00E-04* H 7.00E-06** 8.57E-05 H - - - D
lINicKEL (SOLUBLE SALTS) 0.15 2.00E-02 3.00E-03** - - - - D
ﬁENIUM, TOTAL 0.80 5.00E-03 4.00E-03"* - - . - - -
fsiLver 5.00E-03 1.00E-03** - - - - D
[rhALLIUM 8.00E-05 4.00E-06"* - - - - -
fvanADIUM 7.00e:03___H 7.00E-05** - : : : D
3.00E-01 7.50E-02** - - - - D___|
= No dose-response value | Tication

* = All toxicity values are from Integrated Risk Information System (IRIS) unless otherwise noted
** = Modifying factor applied only to the dermal RfDs and SFs, from ATSDR

H = Health Effects Assessment Summary Tables (HEAST, 1995)

A = HEAST Alternative (HEAST, 1995)

E = EPA-NCEA Regional Support provisional service (EPA, 1995c)

W = Withdrawn from IRIS or HEAST

* - Corrected value.

A _ Value does not apply to soil dermal exposure for sites with refined risk assessment.
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TABLE 2-12

EPA WEIGHT-OF EVIDENCE CARCINOGENIC CLASSIFICATIONS

NWS EARLE, COLTS NECK, NEW JERSEY

EPA Category

Description of Group

Description of Evidence

Group A

Human carcinogen

Sufficient evidence from
epidemiologic studies to support a
causal association between
exposure and cancer.

Group B1

Probable human carcinogen

Limited evidence of carcinogenicity
in humans from epidemiologic studies.

Group B2

Probable human carcinogen

Sufficient evidence of carcinogenicity
in animals; inadequate evidence of
carcinogenicity in humans.

Group C

Possible human carcinogen

Limited evidence of carcinogenicity
in animals.

Group D

Not classified

Inadequate evidence of
carcinogenicity in animals.

Group E

No evidence of carcinogenicity in
humans

No evidence for carcinogenicity in at
least two adequate animal tests or in
both epidemiologic and animal studies.

Source: EPA, 1992b

EPAWOE.XLS 7/16/96 2:34 AM
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TABLE 2-13
TARGET ORGANS - CHEMICALS OF POTENTIAL CONCERN (ORGANICS)
NWS EARLE, COLTS NECK, NEW JERSEY
PAGE 1 OF 3

Target Organ

Cardiovascular System Respiratory System tﬁgestive System Central |Peripheral
Hematopoietic Respiratory Gastrointestinal | Nervous| Nervous Skeletal | Reproductive
Blood System Erythrocyte| Heart] Skin | Kidney Tract Lung ] Liver] Pancreas Tract System | System |Eyes]| Muscle System Thyroid

Substance
4,4'-DDD

4,4'-DDE

4,4'-DDT

JALDRIN X X X

JALPHA-BHC

BETA-BHC

DELTA-BHC

IGAMMA-BHC X

[ALPHA-CHLORDANE

[GAMMA-CHLORDANE

x
x

DIELDRIN
HEPTACHLOR

x Ix [x |x |x |x

EPTACHLOR EPOXIDE

[ENDOSULFAN | X X

[ENDOSULFAN 11 X X

[ENDOSULFAN SULFATE

IAROCLOR 1248 X X

x
x

AROCLOR 1254
AROCLOR 1260 X X
1,1,1-TRICHLOROETHANE | 1
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHENE X X
1,2-DICHLOROETHANE | X |
1,2-DICHLOROETHENE (TOTAL) a X 1 | x |
ACETONE X

2-BUTANONE X X
I;-METHYL-Z-PENTANONE X
IBENZENE X
BROMODICHLOROMETHANE X

X X X |x |x

x

x

x
x
x
x
x
x
x
X

IETHYLBENZENE X [}
IMETHYLENE CHLORIDE
[STYRENE X X
ETRACHLOROETHENE
Blank - Target organ is not cited regarding chronic exp! i toxicity.
X - Value is applicable to oral route of exposure (and, where icable RfD exists, il ion or dermal route).
| - Value is only to the inhalation route of exp .
D - Value is applicable only to the dermal route of exposure. 7116/ 96 1:55 AM TARGETOZ.XLS
a - Value represents all target organs for cis- and trans- isomers.

X X |x IX |x |x
>
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TABLE

2-13

TARGET ORGANS - CHEMICALS OF POTENTIAL CONCERN (ORGANICS)
NWS EARLE, COLTS NECK, NEW JERSEY
PAGE 2 OF 3

Substance

s—

Target Organ

Cardiovascular §ystem

Blood

Hematopoietic
System

Erythrocyte

Heart] Skin

Respiratory

ystem

I-Digestive System

Kidney

Respiratory
Tract

Lung

Liver| Pancreas

Gastrointestinal
Tract

Central
Nervous
System

Peripheral
Nervous
System

Skeletal

Eyes] Muscle

Reproductive
System

Thyroidw

[TOLUENE

[TRICHLOROETHENE

[VINYL CHLORIDE

YLENE (TOTAL)

x [>x |x

1,2,4-TRICHLOROBENZENE

1,2-DICHLOROBENZENE

1,3-DICHLOROBENZENE

1,4-DICHLOROBENZENE

,4-DIMETHYLPHENOL

EA- DICHLOROPHENOL

-METHYLNAPHTHALENE

hMETHYLPHENOL

4-METHYLPHENOL

x

x

IACENAPHTHENE

IACENAPHTHYLENE

JANTHRACENE

[BENZO(A)ANTHRACENE

ENZO(A)PYRENE

ENZO(B)FLUORANTHENE

ENZO(G,H,)PERYLENE
BENZO(K)FLUORANTHENE

IS(2-CHLOROETHYL)ETHER

IS(2-ETHYLHEXYL)PHTHALATE

UTYLBENZYLPHTHALATE

DI-N-BUTYLPHTHALATE

DI-N-OCTYLPHTHALATE

DIBENZ(A,H)ANTHRACENE
[DIBENZOFURAN

DIETHYLPHTHALATE

Blank - Target organ is not cited reg:

X - Value is applicable to oral route of exposure (and, where

ing chronic

route of

g toxicity.
RfD exists, inh

p

or dermal route).

| - Value is ble only to the

p

D - Value is applicable only to the dermal route of exposure.

7/16/96 1:55 AM TARGETO2.XLS



TABLE 2-13
TARGET ORGANS - CHEMICALS OF POTENTIAL CONCERN (EXPLOSIVES AND INORGANICS)
NWS EARLE, COLTS NECK, NEW JERSEY
PAGE 3 OF 3

jarget Grgan
Cardiovascular System I-R?spiratory System Digestive System Central l-’eripheral
Hematopoietic Respiratory Gastrointestinal | Nervous| Nervous Skeletal | Reproductive
Blood System Erythrocyte| Heart] Skin | Kidney Tract Lung ] Liver} Pancreas Tract System | System |Eyes] Muscle System Thyroidr

Substance

1,3,5-TRINITROBENZENE
2,4,6-TRINITROTOLUENE X X
FA-DINITROTOLUEN_E X X X

- AMINO-4,6-DINITROTOLUENE
- AMINO-2,6-DINITROTOLUENE
HMX X ) x
INITROCELLULOSE
RDX X X X X
ALUMINUM
ANTIMONY X D 1
ARSENIC. TOTAL X
BARIUM X X X X
BERYLLIUM !
cADMIUM X 1
CHROMIUM, TRIVALENT
CHROMIUM, HEXAVALENT D x 1
coBaLT X X D 1 |
OPPER X X 1 X
RON [ X X
EAD, TOTAL

- I>x Ix |>x |x
x

[THALLIUM X X X

[VANADIUM !
INC X

Blank - Target organ is not cited regarding chronic exp inogenic toxicity.

X - Value is applicable to oral route of exposure (and, where i RfD exists, inhalation or dermal route).

| - Value is applicable only to the inhalation route of expt

D - Value is applicable only to the dermal route of exposure.

7/16/96 1:55 AM TARGET02.XLS



Note: Chromium data were considered to be the hexavalent chromium (VI) form except for Site 2 (surface
soil and groundwater) and Site 19 (subsurface soil), where speciation data were available. For Sites 2
and 19, percentages of chromium Ill and VI were calculated as in Section 2.4.1.1 and are presented in
the tables for each risk assessment. The representative concentrations for chromium at these sites were
multiplied by the appropriate percentage, and the risks for each chromium species are estimated.

2.4.2.1 Health Effects

An important component of the risk assessment process is the relationship between the intake of a
compound (the amount of a chemical that is absorbed by a receptor) and the potential for adverse health
effects resulting from exposure to that dose. Dose-response relationships provide a means by which
potential public health impacts can be quantified. The published information of doses and resbonses is
used in conjunction with information on the nature and magnitude of human exposure to develop an
estimate of potential health risks.

Reference doses (RfDs) and slope factors (SFs) have been developed by EPA and other sources for many

organics and inorganics. This section provides a brief description of these parameters.

Reference Doses (RfDs)

RfDs are developed by EPA for assessing chronic or subchronic human exposure to hazardous chemicals
and are based solely on the noncarcinogenic effects of chemical substances. The subchronic RfD, which
is the RfD used for human health risk assessment at NWS Earle sites, is defined as an estimate (with
uncertainty spanning perhaps an order of magnitude or greater) of a daily exposure level for the human

Population, including sensitive subpopulations, thatis likely to be without an appreciable risk of deleterious
effects during a lifetime. Chronic RfDs are specifically developed to be protective for long-term exposure
to a compound (as a Superfund program guideline, 7 years to lifetime). The RfD is usually expressed as
a dose (mg) per unit body weight (kg) per unit time (day).

The RfD is generally derived by dividing a No-Observed-(Adverse)-Effect-Level (NOAEL or NOEL) or a
Lowest-Observed-Adverse-Effect-Level (LOAEL) by an appropriate uncertainty factor. NOAELs, etc. are
determined from laboratory or epidemiological toxicity studies. EPA evaluates available studies to
determine their scientific merit, to identify the animal model most relevant to humans, and to determine
the critical toxic effect that occurs at the lowest administered dose. The NOAEL is selected based in part
on the assumption that if the critical toxic effect is prevented, then all toxic effects are prevented. Thus,
the RfD is derived in a manner that is protective against the most sensitive adverse effect(s); i.e., those
that occur at the lowest levels of exposure.

NAVY\5803\SITES\10516 2-52



Uncertainty factors are generally applied as multiples of 10 to represent specific areas of uncertainty in
the available data. A factor of 10 is used to account for variations in the general population (to protect
sensitive subpopulations), when test results from animals are extrapolated to humans (to account for
interspecies variability), when a NOAEL derived from a subchronic study (instead of a chronic study) is
used to develop the RfD, and when a LOAEL is used instead of a NOAEL. In addition, EPAreserves the
use of a modifying factor of up to 10 for professional judgment of uncertainties in the data base not already
accounted for. The default value of the modifying factor is 1.

The RfD incorporates the surety of the evidence for chronic human health effects. Even if applicable
human data exist, the RfD (as diminished by the uncertainty factor) still maintains a margin of safety so
that chronic human health effects are not underestimated. Thus, the RfD is an acceptable guideline for
evaluation of noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk
quantitation. RfDs for NWS Earle site contaminants are provided in Table 2-11. RfDs for chemicals were
generated following the hierarchy of references specified by EPA (EPA, 1989a). (Note that information
sources for RfDs obtained from Heast alternative references are identified in the references at the end of
this section.) For some chemicals that have no inhalation RfDs in IRIS, RfDs have been calculated by
EPA based upon the reference concentration (RfC) with modifications to reflect specific exposure
assumptions (70-kilogram adult, a 20 m®day inhalation rate, and an approporiate absorption factor) (EPA,
1995d).

Noncarcinogenic risks for lead were not quantitated and compared to RfDs, because EPA has
implemented an approach to evaluating lead risks that goes beyond providing a single point estimate
output. Instead, expected blood-lead increases were estimated, and a discussion of these results is
presented in Section 2.4.3.5. In addition, soil screening values for lead were compared to the value of 400
ppm as discussed in OSWER directive 9355.4-12, and groundwater lead concentrations were compared
to the 15 ug/L EPA action level (MCL).

Cancer Slope Factors (SFs)

SFs are applicable for estimating the lifetime probability (assumed 70-year lifespan) of human receptors
developing cancer as a result of exposure to known or potential carcinogens. This factor is generally
reported in units of 1/(mg/kg/day) and is derived through an assumed low-dosage linear relationship of
extrapolation from high to low dose responses determined from animal studies. The value used in
reporting the slope factor is the upper 95 percent confidence limit. SFs for NWS Earle site contaminants
are provided in Table 2-11. SFs for chemicals were generated following the hierarchy of references
specified by EPA (EPA, 1989a). (Note that information sources for SFs obtained from Heast alternative
references are identified in the references at the end of this section.) In addition, SFs for PAHs were
obtained from EPA provisional guidance that applies the toxicity equivalent factor (TEF) approach, based
upon potency relative to benzo(a)pyrene (EPA, 1993b). Inhalation SFs for chemicals that have unit risk
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values in IRIS are calculated by EPA based upon specific exposure assumptions (70-kilogram adult, a 20
m®day inhalation rate, and an approporiate absorption factor) (EPA, 1995d).

Carcinogenic risks for lead were not quantitated, because no EPA consensus currently exists with respect
to an inorganic lead SF. Instead, potential lead exposures were calculated using a biokinetic model to
estimate expected blood-lead increases, and a discussion of these results is presented in Section 2.4.3.5.
In addition, soil screening values for lead were compared to the value of 400 ppm as discussed in OSWER
directive 9355.4-12, and groundwater lead concentrations were compared to the 15 ug/L. EPA action level.

EPA Weight-of-Evidence
The weight-of-evidence designations indicate the preponderance of evidence regarding carcinogenic

effects in humans and animals. The categories are defined in Table 2-12 and are listed for each chemical .
in Table 2-11.

Adjustment of Dose-Response Parameters

In accordance with EPA (1989a, Appendix A), the dose-response parameters were adjusted when the
estimated dose was dermally absorbed, but the original toxicity value was derived based on oral intake.

Dermal RfDs and SFs are obtained from oral RfDs and SFs via the following relationships:

RD germar = RfDgea X Glgjusted
and
SFdermal = SForal / Gladjusted
where: Gl,giusted = Fraction of COPC absorbed in the gastrointestinal tract

(same as the dermal modifying absorption factor)

The absorption factors for this adjustment are shown on Table 2-11 (ATSDR, 1996). If no absorption
factor was available for organic chemicals, 100 percent absorption was assumed. For those inorganics
for which no absorption factor is reported, a default value of five percent was used (EPA, 1989a).

2.4.2.2 Summary

The available dose-response parameters (carcinogenic and noncarcinogenic) and target organs for
noncarcinogenic health effects for each COPC are presented on Table 2-11 and Table 2-13, respectively.
If the concentration or intake of a chemical exceeds these standards or guidelines, the possibility exists
that a potential receptor may experience adverse health effects. Expected intakes of each chemical are
presented in Section 2.4.3.
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2.4.3 Exposure Assessment

The purpose of this section is to evaluate the potential for human exposure to the chemicals detected in
the environmental media at the NWS Earle sites investigated under this RI. This section presents a
general site-conceptual model (Section 2.4.3.1), characterizes the exposed populations (Section 2.4.3.2),
identifies actual or potential exposure routes (Section 2.4.3.3), and summarizes the methods used to
generate exposure estimates (Section 2.4.3.4). The nature and extent of contamination upon which the
exposures are based are presented in subsequent site-specific sections.

To determine whether there is an actual or potential exposure, the most likely pathways of contaminant
release and transport, as well as the human and environmental activity patterns, must be considered. A
complete exposure pathway has three components: a source, a route of transport, and an exposure point
for receptors. These components are addressed in the following subsections. '

2.4.3.1 Conceptual Site Model

The conceptual site model for NWS Earle incorporates information of the potential chemical sources,
affected media, release mechanisms, rdutes of migration, and known or potential human receptors. The
purpose of the conceptual site model is to provide a framework in which to identify potential exposure
pathways occurring at the sites. Information provided on site characterization, chemical characterization,
local land and water uses, and potential receptors is used to identify potential exposure pathways for the
site. The general conceptual site model for NWS Earle is presented in Figure 2-1.

2.4.3.2 Potential Receptors

The receptors chosen for the sites are presented in this section. All of the receptors listed below are not
applicable to every site. The receptors are chosen based on sampled media per site. Section 2.1
identifies the media sampled at each site.

. Current Industrial Employee

A current industrial employee is an adult who currently works at NWS Earle. This
receptor is potentially exposed via ingestion of, dermal contact with, and inhalation
of COPCs in surface soil. Carcinogenic and noncarcinogenic risks are estimated
for the current industrial employee receptor who does not engage in soil- or dust-
contact-intensive activities on a regular basis. Examples of such activities include
grass cutting, fertilizing, outdoor equipment repair (automotive, locomotive, and
small equipment), loading and unloading of vehicles, surveying, outdoor painting,
and above-ground utility repair. (This scenario does not include short-term
activities categorized as soil contact-intensive, as discussed in Section 2.4.5.3.)

NAVY\5803\SITES\10516 2.55



110\TTuv3\oma\:d

96-¢

9
3
3
g g
SECONDARY 5 é % 2
PRIMARY  SECONDARY RELEASE EXPOSURE 5w ow ;
SOURCE SOURCE MECHANISM PATHWAY ROUTE & E 5 E
(3]
i s I it | ——{0|0|0
p{ INGESTION f———]
- s [ ] o
wow |——— B T | |o
TS, — ——{ DERVAL [—1 |@|O®
. N '
Tt N ————! INGESTION ——=1 @) | @ |®
—"1 “WATR
! i —{@|@|®
] RUNOFF ] INCESTION |————m ®
:]—— SEDIMENT
g {DISSOLUTION ! DERMAL |—— ] o
— ! INGESTION |———’ [
| SURFACE
WATER
S DERMAL |—— o

FIGURE 2-1

GENERAL CONCEPTUAL SITE MODEL FOR NWS EAR

Brown &

_____
Ll Ll 7‘\\\\
asasy WBLRa
S BRLLLL
N\ g

Root Environmental




. Future Industrial Employee

A future industrial employee is an adult who is assumed to work at NWS Earle in
the future. This receptor is potentially exposed via ingestion of COPCs in
subsurface soil (as future surface soil) and groundwater, dermal contact with
COPCs in subsurface soil (as future 'surface soil) and groundwater (hand
washing); and inhalation of COPCs in fugitive dust from subsurface soil (as future
surface soil). Carcinogenic and noncarcinogenic risks are estimated for the future
industrial employee receptor who does not engage in soil- or dust-contact-
intensive activities on a regular basis. Examples of noncontact-intensive activities
for the future industrial worker include grass cutting, fertilizing, outdoor equipment
repair (automotive, locomotive, and small equipment), loading and unloading of
vehicles, surveying, outdoor painting, and above-ground utility repair.’ (This
scenario does not include temporary, short-term activities categorized as soil
contact-intensive, as discussed in Section 2.4.5.6.)

) Future Resident

A future resident is a person who will live in a residence at or near NWS Earle in
a hypothetical future scenario. This receptor resides at the residence for 30 years,
0 through 6 years as a child and the remaining 24 years as an adult This
receptor is potentially exposed via ingestion of COPCs in surface soil, subsurface
soil (as future surface soil), and groundwater, dermal contact with COPCs in
surface soil, subsurface soil (as future surface soil), and groundwater (child, during
bathing; adult, during showering); inhalation of COPCs in fugitive dust from
surface soil and subsurface soil (as future surface soil); and inhalation of COPCs
present in groundwater vapors during showering (adult only, 24-year exposure).

Carcinogenic risks are estimated for a lifetime residential receptor. This exposure is based
on the full 30 years as a resident at the site. Note that the showering scenario for
carcinogenic risks is estimated using a residential adult over the 24-year span (children
ages 0 through 6 years are not expected to bathe via showering).

Noncarcinbgenic effects to future residents are estimated for a residential child (0 through
6 years) and residential adult (24 years). The residential child (O through 6 years) lives
in a future residence for 6 years (equal to the child receptor in the lifeime resident
scenario presented above). This receptor is potentially exposed via ingestion of COPCs
in surface soil, subsurface soil (as future surface soil), and groundwater; dermal contact
with COPCs in surface soil, subsurface soil (as future surface soil), and groundwater
(bathing); and inhalation of COPCs in fugitive dust from surface soil and subsurface soil
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(as future surface soil). The residential adult lives in a future residence for 24 years. This
receptor is potentially exposed via inhalation of COPCs present in groundwater vapors
during showering.

. Future Recreational Child (age 6 to 12 years)

The future recreational child will live in a future residence at or near NWS Earle. This
receptor wades in surface water/sediment present at NWS Earle. This receptor is
potentially exposed via ingestion of COPCs in sediment and surface water and dermal
contact with COPCs in sediment and surface water. Noncarcinogenic and carcinogenic
risks are estimated for the recreational child receptor.

. One receptor scenario that was considered, but not selected, was the "current hunter."
The current hunter would spend several days each year in the wooded areas of the
station, kill one deer annually, and eat the meat and other processed products, such as
sausage. The current hunter would be exposed to two types of exposure pathways: direct
contact to site media (air, surface soil, surface water, and sediments) while hunting, and
ingestion of the deer meat.

The direct contact to side media exposure scenario results in very little potential exposure
for the hunter because the surface media capable of driving an appreciable health risk
exist only at the industrial/lcommercial zones (where hunting is not permitted) or in
groundwater at the industrial sites, to which the hunter has no access. The primary media
of concern to which the hunter can be exposed, surface water and sediments, are of very
low concern for human health (note that the future recreational child risk scenario, playing
in streams/sediments, did not result in a health risk above the EPA target acceptable
range).

The ingestion of deer meat exposure pathway depends on the intake of compounds of
concern by plants and a resultant bioaccumulation in the deer. Past experience and
documented studies of this type in the past (e.g., Sierra Army Depot study of
bioaccumulation in beef cattle) indicate that this risk will be two orders of magnitude (1 x
10?) or more, lower than other risk scenarios, such as direct soil and groundwater
ingestion, which generally drive human health risk assessment.

Considering these factors, it was concluded that the current hunter is not a reasonable risk
scenario, and it was not pursued further in calculation of human health risks.

NAVY\5803\SITES\10516 2.58



2.4.3.3 Exposure Routes by Medium

There are five environmental media at NWS Earle through which potential receptors (see previous section)
can be either directly or indirectly exposed to site-related COPCs: surface soil, subsurface soil, sediment,
groundwater, or surface water. All five media have not been sampled at all of the NWS Earle sites.
Potential exposure routes include ingestion, dermal contact, and inhalation.

Surface Soil

Surface soil exposure routes include incidental ingestion, dermal contact, and inhalation of fugitive dust.
All scenarios are based on current COPC concentrations in surface soils. All three exposure routes were
evaluated using industrial employees (current scenario) and residential receptors (future scenario). These
receptors were chosen because it is unknown whether NWS Earle will remain open to indusfrial employees
only or whether NWS Earle (or a portion of it) might become a residential area in the future. For fugitive
dust emissions under the current industrial scenario, the assumption of surface cover would resemble the
type of vegetation, paving, and buildings that are currently in place. For fugitive dust emissions under a
future residential scehario, the assumptions of vegetative cover would resemble a typical residential setting
different from the current industrial setting. For surface soil, low levels of VOCs did not warrant full-scale
modeling and an estimation of the exposure. VOCs were generally not detected in surface soil samples,
with the exception of a single result for PCE at 3 ug/kg in one surface soil sample at Site 12. Therefore,
exposure to volatilized chemicals is expected to be negligible at NWS Earle, and ingestion and dermal
contact would contribute to the bulk of the risk.

Subsurface Soil

Because there is currently no direct contact with subsurface soil, only potential future incidental ingestion,
dermal contact, or inhalation of fugitive dusts could be evaluated. All three exposure routes were
evaluated using industrial employees (future scenario) and residential receptors (future scenario). The
exposure scenarios for subsurface soil are based on the assumption that subsurface soil could eventually
become surface soil if excavations, erosion, construction, or landscaping activities occurred. EXxposure
scenarios based on the concentrations in subsurface soil are conservative based on this assumption. The
receptors were chosen because it is unknown whether NWS Earle will remain open to industrial employees
only or whether it might become a residential area in the future. For fugitive dust emissions from
subsurface soil under the future industrial scenario, the assumption of surface cover would be based on
the type of vegetation, paving, and buildings that are currently in place. For fugitive dust emissions from
subsurface soil under a future residential scenario, the assumptions of vegetative cover would be based
on a typical residential setting, different from the current industrial setting.
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Subsurface soil contamination may also have an impact upon future groundwater quality, especially for
relatively mobile contaminants such as VOCs. This risk assessment does not take into account future
loading of COPCs from subsurface soils to groundwater. It is assumed that loading of COPCs from
subsurface soils to groundwater is currently occurring; therefore, groundwater exposure to potential
receptors will adequately characterize this phenomenon.

Sediment

Sediment exposure routes include incidental ingestion and dermal contact. These exposure routes were
evaluated using recreational child receptors. It was assumed that a child in this recreational scenario
would be older than the standard 15-kilogram child (approximately 3 years old) used in residential soil
scenarios. For sediment exposure, a 30-kilogram child (6 to 12 years old; represented by mean body
weight and surface area for age 9 years) was used. Inhalation of chemicals in sediment was eliminated
as a pathway because the sediment is not expected to be in a dry streambed frequently. Furthermore,
the frequency of contact with surface water and sediment by the recreational children is expected to be

low.
Groundwater

Groundwater beneath NWS Earle is not currently used for drinking purposes. The NWS Earle sites are
all located within the boundaries of the New Jersey Coastal Plain Sole Source Aquifer, a groundwater
protective designation conferred by Section 1424(e) of the Safe Drinking Water Act. Groundwater at the
sites is therefore classified as at least Class IIA Current Source of Drinking Water. However, in order to
evaluate groundwater quality, potential future groundwater exposure scenarios using current groundwater
conditions were evaluated. It was assumed that the theoretical exposure to industrial employees would
be via ingestion and dermal contact (hand washing) routes; exposure to adult residents would occur via
ingestion, dermal contact (showering), and inhalation of vapors (showering) routes; and exposure to child
residents would occur via ingestion and dermal contact (bathing) routes.

Future groundwater conditions were not evaluated for the risk assessment. Groundwater conditions at the
site were not modeled. Migration of COPCs in groundwater to surface water was also not modeled. For
this risk assessment, it is assumed that migration of COPCs in groundwater is currently occurring and
current groundwater conditions adequately represent this phenomenon.

Surface Water

Surface water exposure routes include incidental ingestion and dermal contact. These exposure routes
were evaluated using recreational child receptors. It was assumed that a child in this recreational scenario
would be older than the standard 15-kilogram child (approximately 3 years old) used in residential
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groundwater scenarios. For surface water exposure, a 30-kilogram child (approximately 9 years old) was
used. Inhalation of VOCs in surface water was eliminated as a pathway because the VOCs were detected
infrequently in surface water. Furthermore, the frequency of contact with surface water by the recreational
child is expected to be low.

2.4.3.4 Exposure Estimates

The estimation methods and models used in this section are consistent with current EPA risk assessment
guidance (EPA, 1989a; EPA, 1991a). Exposure estimates associated with each exposure route are
presented below. All exposure scenarios incorporate the representative concentrations in the estimation

of intakes.

Noncarcinogenic risks are estimated using the concept of an average annual exposure. The intake
incorporates terms describing the exposure time and/or frequency that represent the number of hours per
day and the number of days per year that exposure occurs. This is used with the "averaging time," which
converts the daily exposure frequency and duration to an annual exposure by dividing by 365 days per
year of exposure. Noncarcinogenic risks for some exposure routes (e.g., soil) are generally greater for
children than for adults because of the much lower body weights of children and their similar or higher
ingestion rates. Carcinogenic risks, on the other hand, are calculated as an incremental lifetime risk and,
therefore, incorporate terms to represent the exposure duration (years) over the course of a lifetime (70

years).

Surface Soil Exposure

Three potential exposure routes are associated with direct exposure to surface soil at the NWS Earle sites.
These exposure routes include ingestion, dermal contact, and inhalation of fugitive dust. The methods
used to assess these routes of exposure are discussed in the following text.

Incidental surface soil ingestion exposure is estimated from the following equation (EPA, 1989a):

IEX = (C x IR x Fl x EF x ED)/(BW x AT x CF)

where: IEX = Ingestion exposure [mg/(kg-day)]
c = Chemical concentration in soil (mg/kg soil)
IR = Soil ingestion rate (mg soil/day)
FI = Fraction ingested from contaminated source

EF = Exposure frequency (days/yr)
ED = Exposure duration (yrs)
BW = Body weight (kg)
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AT
CF

Averaging time (days)

Conversion factor (mg soil’lkg soil: 1E+06)

A sample calculation is provided in Appendix |I. The input parameters for this exposure route, along with
the rationale for the selection of each value, are presented in Table 2-14. As discussed in Section 2.4.3,
the potential receptors for this scenario were adult employees, adult residents, and child residents. EPA
values were used for all input parameters.

Dermal exposure to surface soil is estimated from the following equation (EPA, 1989a; EPA, 1992f):

DEX = (C X SA x AF x ABS x EF x ED x CF)/(BW x AT)

where: DEX = Dermal exposure dose (mg/kg/day)

C = Chemical concentration in soil (mg/kg soil)
SA = Skin surface area available for contact (cm?/day)
AF = Soil-to-skin adherence factor (mg/cm?)

ABS = Fraction from contaminated source

EF = Exposure frequency (days/yr)

ED = Exposure duration (yrs)

BW = Body weight (kg)

CF = Conversion factor (kg soil/mg soil: 1E-06)
AT = Averaging time (days)

A sample calculation is provided in Appendix |. The input parameters for this exposure route, along with
the rationale for the selection of each value, are presented in Table 2-15. As discussed in Section 2.4.3,
the potential receptors for this scenario were adult employees, adult residents, and child residents. EPA
or conventional values were selected for most input parameters. It was assumed that the primary areas
of skin available for contact would be the hands and arms of adult residents and employees and the arms,
hands, and legs of residential children. For the initial baseline risk assessment, absorption factors were
assumed to be as follows: 0.1 for VOCs, 0.05 for SVOCs/pesticides, 0.06 for PCBs, and 0.01 for metals
(Feldman and Maibach, 1970; Wester and Maibach, 1985; EPA, 1984a). (Several of these values were
modified during the amended risk assessment, as discussed in Section 2.4.6.)

Exposure to fugitive dust emissions can be estimated by first estimating the rate of distribution and COPC
emission from the site and then relating this to the exposure rate for the receptors. For sites such as NWS
Earle, considered to have unlimited erosion potential (generally sites with small particle size and low
vegetative cover), emission factors can be estimated as follows:
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TABLE 2-14
EXPOSURE INPUT PARAMETERS - SOIL INGESTION
NWS EARLE, COLTS NECK, NEW JERSEY

Incidental Ingestion of Soil
Input Parameter Value
Parameter Description RME Central Tendency Rationale
C Exposure concentration |Representative concentration Representative concentration Upper 95% confidence limit
(mg/kg) (mg/kg) on arithmetic average (based
Upper 95% UCL or maximum Upper 95% UCL or average upon normal or log-transformed
value (whichever less) value (whichever less) (EPA, 1989a, 1993)
IR Ingestion rate 100 mg/day (industrial employee) |50 mg/day (industrial employee) (EPA, 1991a; EPA, 1993)
100 mg/day (residential adult) 50 mg/day (residential adult)
200 mg/day (residential child) 100 mg/day (residential child)
Fl Fraction ingested from 1.0 1.0 Professional judgement based
contaminated source on current and projected future
land use and observed
activity patterns
EF Exposure frequency 250 days/year (industrial employee)| 234 days/year (industrial employee) |(EPA, 1991a; EPA, 1993)
350 days/year (residential adult) 350 days/year (residential adult)
350 days/year (recreational child) |350 days/year (recreational child)
ED Exposure duration 25 years (industrial employee) 4.5 years (industrial employee) 90th / 50th percentile time at
24 years (residential adult) 7 years (residential adult) one residence (EPA,1991a;
6 years (residential child) 2 years (residential child) EPA, 1989a; EPA, 1993)
Ave.duration of employment,
(Maguire, 1993)
BW Body weight 70 kg (industrial employee) 70 kg (industrial employee) (EPA, 1991a; EPA, 1989a)
70 kg (residential adult) 70 kg (residential adult)
15 kg (residential child) 15 kg (residential child)
AT Averaging time ED x 365 days/year ED x 365 days/year Noncarcinogens (EPA, 1989a)
70 years x 365 days/year 70 years x 365 days/year Carcinogens (EPA, 1989a)
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TABLE 2-15
EXPOSURE INPUT PARAMETERS - DERMAL CONTACT WITH SOIL
NWS EARLE, COLTS NECK, NEW JERSEY

Dermal Contact with Soil

Input Parameter Value
Parameter Description RME Central Tendency Rationale
(o] Exposure concentration |Representative concentration Representative concentration Upper 95% confidence limit on
(mg/kg) (mg/kg) arithmetic average (based upon
Upper 95% UCL or maximum Upper 95% UCL or average normal or log-transformed data
value (whichever less) value (whichever less) (EPA, 1989a, 1993)
SA Skin surface area available 3,120 sq. cm/day (industrial employee) |3,120 sq. cm/day (industrial employee) |industrial employee and adult:
for contact 3,120 sq. cm/day (residential adult) 3,120 sq. cm/day (residential adult) arms and hands
3,910 sq. cm/day (residential child) 3,910 sq. cm/day (residential child) Child: arms, hands, and legs
(EPA, 1989a)
AF Soil-to-skin adherence factor |1.0 mg/sq. cm 1.0 mg/sq. cm (EPA, 1992f)

ABS Absorption factor qlnorganics = 0.01 Inorganics = 0.01 JFeldman and Maibach (1970)
(Applied to initial risk Volatile Organic Chemicals = 0.1 Volatile Organic Chemicals = 0.1 Webster and Maibach (1985)
evaluation - see text) Semivolatile Organic Chemicals = 0.05 | Semivolatile Organic Chemicals = 0.05 |EPA (1984a)

Pesticides = 0.05 Pesticides = 0.05
Polychlorinated Biphenyls = 0.06 Polychlorinated Biphenyls = 0.06
ABS Absorption factor Arsenic = 0.03 Arsenic = 0.03 (Wester, 1993)
(Applied to sites with Cadmium = 0.001 Cadmium = 0.001 (Wester, 1992)
refined risk evaluation) PCBs = 0.2 PCBs = 0.2 (EPA, 1993)
No other COPCs applicable No other COPCs applicable
EF Exposure frequency 250 days/year (industrial employee) 234 days/year (industrial employee) (EPA, 1991a; EPA, 1993)
350 days/year (residential adult) 350 days/year (residential adult)
350 days/year (residential child) 350 days/year (residential child)
ED Exposure duration 25 years (industrial employee) 4.5 years (industrial employee) 90th / 50th percentile time at
24 years (residential adult) 7 years (residential adult) one residence (EPA,1991a;
6 years (residential child) 2 years (residential child) EPA, 1989a; EPA, 1993)
Ave.duration of employment,
(Maguire, 1993)
BW Body weight 70 kg (industrial employee) 70 kg (industrial employee) (EPA, 1991a)
70 kg (residential adult) 70 kg (residential adult)
15 kg (residential child) 15 kg (residential child)
AT Averaging time |ED x 365 days/year ED x 365 days/year INoncarcinogens (EPA, 1989a)
70 years x 365 days/year 70 years x 365 days/year Carcinogens (EPA, 1989a)
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E,, = (0.036) x (1-V) x (U/Ut)® x F(x)

where: E,, = PM,, emission factor (g/m? hr)
V = vegetative cover
U = mean annual wind speed (m/s)
Ut = threshold value of wind speed at 7 m (m/s)

F(x) = function based on x = 0.886 x Ut/U
Ut = U*x(1/0.4) x In (z/z,)
Ut = wind speed at height z (m/s)

z = height above surface (cm)
z, = roughness height (cm)
U* = friction velocity (m/s)

From the emission flux, the emission rates are as follows:

R, =axE,,xAxCF

where: R,, = Emission rate of a COPC (g/sec)
oY = mass fraction of a COPC in soil
E,, = PM,, emission flux (g/(m*hr))
A = source area (m?)
CF = conversion factor (1 hr/3,600 sec)

To estimate the annual average air concentration to receptors near the site, a screening air dispersion
model was used, as described in detail in Appendix |. The screening model parameters were selected
consistent with conservative assumptions (a 100-meter-squared source area and a receptor located 200
meters downwind located along the axis of most probable dispersion). Annual average air concentrations
were estimated as follows:

Q =R/ Py

wind erosion scaling factor (g/sec)

where: Q,
R,, = PM,, emission rate of a COPC (g/sec)
Pr

fraction of time wind erosion occurs (0.296)

X=Q,xF, xCF
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where: X = average annual doanind respirable concentration (mg/m?)
Q, = wind erosion scaling factor (g/sec)
F, = unscaled conc. due to unit erosion rate® [(ug/m®)/(g/sec)]
CF = conversion factor (1 mg/1,000 ug)

From that concentration, exposure to fugitive dust was then estimated using the following equations:
IEXr = (X x IR x ET x EF x ED x IF-R)/(BW x AT)

and
IEXo = (X x IR x ET x EF x ED x IF-O)/(BW x AT)

where: |IEXr = cancer dose from inhaled fraction retained in lungs for adult @mployee. over 25-
year period (mg/kg/day)
and
IEXo = cancer dose from inhaled fraction that is eventually swallowed for adult employee
over 25-year period (mg/kg/day)
X = Downwind air concentration (mg/m?)
IR = Inhalation rate (m*hr)

ET = Exposure time (hr/day)

EF = Exposure frequency (day/yr)

ED = Exposure duration (yr)

BW = Body weight (kg)

AT = Averaging time (days)

IF-R = inhaled fraction retained in lungs (0.125)
IF-O

inhaled fraction eventually swallowed (0.625)

A sample calculation is provided in Appendix |I. The input parameters for this exposure route, along with
the rationale for the selection of each value, are presented in Table 2-16. As discussed in Section 2.4.3,
the potential receptors for this scenario were adult employees, adult residents, and child residents. The
input parameters were generally those provided in the Cowherd model, which allows limited parameter
choices for area and distance to the site. Conservative estimates used for all sites include an area of
contamination of 10,000 m?, terrain factors for a light industrial and suburban residential/institutional type
setting, and meteorological factors for the local geographic area. The cover factor was conservatilvely
estimated as approximately 80 percent (0.8). For all sites, a conservative model parameter was chosen:
the nearest future residences were considered to be 200 m southeast (this is the prevailing wind direction;
this parameter is used to derive the unscaled concentration from the erosion rate). For employees, the
assumed distance from the site was zero (< 200 m), and therefore the strongest wind direction at200 m
was used to determine the unscaled concentration from the erosion rate. A median particle size of 0.25
mm was assumed for the study area (see Appendix I); this particle size was used to derive the threshold
friction velocity.
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TABLE 2-16
EXPOSURE INPUT PARAMETERS - SOIL DUST INHALATION
NWS EARLE, COLTS NECK, NEW JERSEY

Inhalation of Fugitive Dust Emissions

SOILINH.XLS 7/16/96 1:56 AM

Input Parameter Value
Parameter Description RME Central Tendency Rationale
C Exposure concentration Representative concentration Representative concentration Upper 95% confidence limit
(mg/kg) (mg/kg) on arithmetic average (based
Upper 95% UCL or maximum Upper 95% UCL or average upon normal or log-transformed
value (whichever less) value (whichever less) (EPA, 1989a, 1993)

v Vegetative cover factor 0.8 0.8 Estimate from site visit, assuming
future conditions would approximate
present conditions.

A Source surface area 10,000 sq. m 10,000 sq. m Estimate from site visit.

IR Inhalation rate Adult: 0.83 cu. m/hour Adult: 0.83 cu. m/hour (EPA, 1989a)

Child: 0.5 cu. m/hour Child: 0.5 cu. m/hour
ET Exposure time Industrial employee: 8 hours/day Industrial employee: 8 hours/day Conventional
Residential adult: 24 hours/day Residential adult: 24 hours/day
Residential child: 24 hours/day Residential child: 24 hours/day
EF Exposure frequency Industrial employee: 250 days/year |234 days/year (industrial employee) (EPA, 1991a; EPA, 1993)
Residential adult: 350 days/year 350 days/year (residential adult)
Residential child: 350 days/year 350 days/year (residential child)
ED Exposure duration Industrial employee: 25 years 4.5 years (industrial employee) 90th / 50th percentile time at
Residential adult: 24 years 7 years (residential adult) one residence (EPA,1991a;
Residential child: 6 years 2 years (residential child) EPA, 1989a; EPA, 1993)
Average duration of employment,
(Maguire, 1993)
BW Body weight Adult: 70 kg Adult: 70 kg (EPA, 1989a; EPA, 1991a)
Child: 15 kg Child: 15 kg :
LT Lifetime 70 years 70 years Conventional
AF Absorption factor . Gl tract: 0.625 Gl tract: 0.625 (Cowherd et al, 1984)
Respiratory tract: 0.125 Respiratory tract: 0.125 (ICRP, 1968)

U Mean annual wind speed ]2.01 m/sec 2.01 m/sec (Cowherd et al, 1984, Table 4-1
for Baltimore, MD)

PR Regional climate factor 0.296 0.296 (Cowherd et al, 1984
Figures 4-5 and 4-7, Region 7)

Fi Unscaled concentration 3.837 (ug/cu. m) / (g/sec) 3.837 (ug/cu. m) / (g/sec) {Cowherd et al, 1984, Appendix D for

from erosion rate Region 7, 100m x 100m, .
200m downwind of source)
U*t Threshold friction velocity |35 cm/sec 35 cm/sec (Cowherd et al, 1984, Figure 3-4,
Median particle size 0.25 mm)

zZ0 Roughness height 70 cm 70 cm (Cowherd et al, 1984, Figure 3-6,

suburban area, medium_buildings)
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Subsurface Soil Exposure

Three potential exposure routes are associated with direct exposure to subsurface soil (as future surface
soils) at the NWS Earle sites: ingestion, dermal contact, and inhalation of fugitve dust. The methods
used to assess these routes of exposure are the same as the assumptions and equations for surface soil
presented in the previous section.

Sediment Exposure

Two potential exposure routes are associated with direct contact with sediment at the NWS Earle sites:
ingestion and dermal contact during wading (swimming was determined not to be applicable in any of the
streams at NWS Earle). The methods used to assess these routes of exposure are discussed in the
following text. These scenarios were evaluated in the same way as ingestion and dermal exposures for
surface soil, which were explained above.

Sample calculations are provided in Appendix |. The input parameters for this exposure route, along with
the rationale for the selection of each value, are presented in Table 2-17 (ingestion) and Table 2-18
(dermal). As discussed in Section 2.4.3, the potential receptors were children weighing 30 kilograms who
play at the site. The input parameters for sediment are the same as those for soil, with notable
exceptions. Children involved in wading activities would be expected to be older than the typical 15-
kilogram child (approximately 3 years old). Therefore, the recreational child in the wading scenario was
assumed to play at the site over a 6-year period (age 6 through 12 years, weighing 30 kilograms).
Exposure to sediment during wading was expected to involve almost exclusively the feet; therefore, the
exposed surface area for the feet of a 30-kilogram child was used. '

Groundwater Exposure

Three potential exposure routes are associated with direct contact with groundwater at the NWS Earle
sites: ingestion, dermal contact, and inhalation of vapors during showering. The methods used to assess
these routes of exposure are discussed in the following text.

Ingestion of groundwater was evaluated using the following equation (EPA, 1989a):

IEX = (C x IR x EF x ED)/(BW x AT)

where: IEX = Ingestional exposure dose (mg/kg/day)
C = Water concentration (mg/L)
IR = Ingestion rate (L/day)
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TABLE 2-17
EXPOSURE INPUT PARAMETERS - SEDIMENT INGESTION
NWS EARLE, COLTS NECK, NEW JERSEY

Incidental Ingestion of Sediment

Input Parameter Value
Parameter Description RME Central Tendency Rationale
C Exposure concentration |Representative concentration |Representative concentration [Upper 95 % confidence limit on
(mg/kg) (mg/kg) arithmetic average (based upon
Upper 95% UCL or maximum |Upper 95% UCL or average normal or log-transformed data
value (whichever less) value (whichever less) distribution) (EPA, 1989a; 1993)
IR Ingestion rate 200 mg/day (recreational child | 100 mg/day (recreational child J(EPA, 1991a; EPA, 1993)
Fl Fraction ingested from |1.0 1.0 Professional judgement based on
contaminated source current and projected future land use
' and observed activity patterns
EF Exposure frequency 7 days/year (recreational child) |7 days/year (recreational child) |(EPA, 1991a)
ED Exposure duration 6 years (recreational child) 2 years (recreational child) RME - (EPA, 1991a)
Central tendency - prof. judgement
BW Body weight 30 kg (recreational child) 30 kg (recreational child) Child approximately 3 years old (15kg)
usually used as a receptor; however,
wading is expected to occur for older
children (age 6 or older)(25 kg)
(EPA, 1991a; EPA, 1989a)
AT Averaging time ED x 365 days/year ED x 365 days/year Noncarcinogens (EPA, 1989a)

70 years x 365 days/year

70 years x 365 days/year

Carcinogens (EPA, 1989a)

SEDING.XLS 7/16/96 1:57 AM
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TABLE 2-18

EXPOSURE INPUT PARAMETERS -

DERMAL CONTACT WITH SEDIMENT

NWS EARLE, COLTS NECK, NEW JERSEY

Dermal Contact with Sediment

Input Parameter Value
Parameter Description RME Central Tendency Rationale
C Exposure concentration Representative concentration Representative concentration Upper 95% confidence limit on arithmetic
(mg/kg) (mg/kg) average (based upon normal or log-
Upper 95% UCL or maximum Upper 95% UCL or average transformed data distribution)
value (whichever less) value (whichever less) (EPA, 1989a, 1993)
SA Skin surface area available 792 sq. cm/day 792 sq. cm/day Feet only; child; sediment
for contact (EPA, 1991g)
AF Soil-to-skin adherence factor 1.0 mg/sq. cm 1.0 mg/sq. cm (EPA, 1992f)
ABS |Absorption factor Inorganics = 0.01 Inorganics = 0.01 Feldman and Maibach (1970)
(Applied to initial risk Volatile Organic Chemicals = 0.1 Volatile Organic Chemicals = 0.1 Webster and Maibach (1985)
evaluation - see text) Semivolatile Organic Chemicals = 0.05 |Semivolatile Organic Chemicals = 0.05 |EPA (1984a)
Pesticides = 0.05 Pesticides = 0.05
JPolychlorinated Biphenyls = 0.06 Polychlorinated Biphenyls = 0.06
ABS |Absorption factor Arsenic = 0.03 Arsenic = 0.03 (Wester, 1993)
(Applied to sites with Cadmium = 0.001 Cadmium = 0.001 (Wester, 1992)
refined risk evaluation) PCBs = 0.2 PCBs = 0.2 (EPA, 1993)
No other COPCs applicable No other COPCs applicable
EF Exposure frequency 7 days/year (recreational child) 7 days/year (recreational child) (EPA, 1991a)
ED Exposure duration 6 years (recreational child) 2 years (recreational child) RME - (EPA, 1991a)
Central tendency - professional judgement
BW Body weight 30 kg (recreational child) 30 kg (recreational child) Wading is expected to occur for older
children (age 6 through 12; weight - 25 kg)
(EPA, 19913a; EPA, 1989a)
AT Averaging time JED x 365 days/year ED x 365 days/year [Noncarcinogens (EPA, 1989a)
70 years x 365 days/year 70 years x 365 days/year Carcinogens (EPA, 1989a)

SEDDERM.XLS 7/16/96 1:57 AM
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EF = Exposure frequency (days/yr)
ED = Exposure duration (yr)

BW = Body weight (kg)

AT = Averaging time (days)

A sample calculation is provided in Appendix I. The input parameters for this exposure route, along with
the rationale for the selection of each value, are presented in Table 2-19. As discussed in Section 2.4.3,
the potential receptors for this scenario were adult employees, adult residents, and child residents. EPA
values were used for all input parameters.

Dermal exposure to groundwater was evaluated using the following equations (EPA, 1992f).

DAD = (DA x EV x EF x ED x SA)/(BW x AT)

where: DAD = Dermally absorbed dose (mg/kg/day)
DA = Dose absorbed per event (mg/cm?/event)
EV = Event frequency (events/day)
EF = Exposure frequency (days/yr)
ED = Exposure duration (yr)
SA = Skin surface area available for contact (cm?)
BW = Body weight (kg)
AT = Averaging time (days)

DA =CF x Kx Cv xt for inorganics

where: DA = Dose absorbed per event (mg/cm?event)
CF = Conversion factor (L/cm®: 1/1000)
K = Permeability coefficient from water (cm/hr)
Cv = Concentration in water (mQIL)
t =  Duration of event (hr/event)

DA =2 x CF x Kp x Cv [((6 x 7 x t)/=) °°] for organics, t < t*
DA =Kp x CF x Cv [t/(1 + B) + [2 x 7 ((1 + 3B)/(1 + B))]] for organics, t > t*

where: DA = Dose absorbed per event (mg/cm?/event)
CF = Conversion factor (L/cm®: 1000)
Kp = Permeability coefficient from water (cm/hr)
Cv = Concentration in water (mg/L)
t = Duration of event (hr/event)
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TABLE 2-19
EXPOSURE INPUT PARAMETERS - GROUNDWATER INGESTION
NWS EARLE, COLTS NECK, NEW JERSEY

Incidental Ingestion of Groundwater

Input Parameter Value
Parameter Description RME Central Tendency Rationale
C Exposure concentration |Representative concentration Representative concentration Upper 95% confidence limit on
(mg/kg) (mg/kg) arithmetic average (based upon
Upper 95% UCL or maximum Upper 95% UCL or average normal or log-transformed data
value (whichever less) value (whichever less) distribution) (EPA, 1989a; 1993)
IR Ingestion rate 1 L/day (industrial employee) 0.7 L/day (industrial employee) RME - (EPA, 1991a)
2 L/day (residential adult) 1.4 L/day (residential adult) Central tendcy., adult - (EPA, 1993)
1 L/day (residential child) 0.7 L/day (residential child) Central tendency - child / industrial -
|professional judgement
EF Exposure frequency 250 days/year (industrial employee) |219 days/year (industrial employee) |(EPA, 1991a; EPA, 1993)
350 days/year (residential adult) 234 days/year (residential adult)
350 days/year (residential child) 234 days/year (residential child)
ED Exposure duration 25 vyears (industrial employee) 4.5 years (industrial employee) 90th / 50th percentile time at
24 years (residential adult) 7 years (residential adult) one residence (EPA,1991a;
6 years (residential child) 2 years (residential child) iEPA, 1989a; EPA, 1993)
ave.duration of employment.
(Maguire, 1993)
BW Body weight 70 kg (industrial employee) 70 kg (industrial employee) (EPA, 1991a; EPA, 1989a)
70 kg (residential adult) 70 kg (residential aduit)
15 kg (residential child) 15 kg (residential child)
AT Averaging time ED x 365 days/year ED x 365 days/year Noncarcinogens (EPA, 1989a)

70 years x 365 days/year

70 years x 365 days/year

Carcinogens (EPA, 1989a)

GWING.XLS 7/16/96 2:40 AM
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t* = Compound specific, maximum duration of time for steady-state
T = Lag time (hr)

= Partition coefficient
g = mathematical constant, approximately 3.1416

This approach is based on the assumption that water contaminants are present in dilute solution and that
percutaneous absorption is controlled by the flux of water. A sample calculation is provided in Appendix .
The input parameters for this exposure route, along with the rationale for the selection of each value, are
presented in Table 2-20. As discussed in Section 2.4.3, the potential receptors for this scenario were adult
employees (hand washing), adult residents (showering), and child residents (bathing). Adult and child
residents were assumed to take daily showers and baths, respectively, and therefore their total body
surface areas were used. Employees were assumed to wash their hands for approximately 30 minutes
per day at the workplace, and the surface area of their hands and forearms was used. EPAvalues were
used for most input parameters. K, Kp, B, 7, and t* were chemical-specific values obtained from EPA
(1992e) or derived from the molecular weight and Kow as demonstrated therein. As recommended by the
guidance, default K values of 1E-3 cm/hr were used for metals for which experimental values had not been
obtained (EPA, 1992f).

Inhalation exposure to groundwater (during showering) was calculated for adult residents only using the
following equations (EPA, 1989a; Foster and Chrostowski, 1987):

DI=DxEF xED/AT

where: DI = Inhalation dose (mg/kg/day)
D = Inhalation dose (mg/kg/shower)
EF = Exposure frequency (showers/yr)
ED = Exposure duration (yrs)
AT = Averaging time (days)

Inhalation of vapors in groundwater was evaluated using the following equations (Foster and Chrostowski,
1987):

The term D is estimated as follows:

D=[(IRxS)/(BWxRaxCF)]xQ

where: D = Inhalation dose (mg/kg/shower)
Q = Function of air exchange rate and time in shower and shower room (min)
IR = Inhalation rate (L/min)
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TABLE 2-20
EXPOSURE INPUT PARAMETERS - DERMAL CONTACT WITH GROUNDWATER
NWS EARLE, COLTS NECK, NEW JERSEY

Dermal Contact with Groundwater

Input Parameter Value
Parameter Description RME Central Tendency Rationale
C Exposure concentratio |Representative concentration Representative concentration Upper 95% confidence limit on
(mg/kg) (mg/kg) arithmetic average (based upon
Upper 95% UCL or maximum Upper 95% UCL or average normal or log-transformed data
value (whichever less) value (whichever less) distribution) (EPA, 1989a; EPA, 1993)
SA Skin surface area 820 sq. cm/day (industrial employee | 820 sq. cm/day (industrial employeeindustrial employee: hands
available for contact* ]19,400 sq. cm/day (residential adult | 19,400 sq. cm/day (residential adult JAdult and child: body
5,910 sq. cm/day (residential child) |5,910 sq. cm/day (residential child) J(EPA, 1989b)
ET Exposure time* 0.5 hours/day (industrial employee) |0.5 hours/day (industrial employee) ilndustrial employee: 30 minutes/day
(Professional judgment)
0.25 hours/day (residential adult) 0.117 hours/day (residential adult) JAdult: 15 min./day (7 - Central Tndcy.)
0.33 hours/day (residential child) 0.33 hours/day (residential child) Child: 20 minutes/day
EPA (1991a)
EF Exposure frequency 250 days/year (industrial employee) |219 days/year (industrial employee) |(EPA, 1991a; EPA, 1993)
350 days/year (residential adult) 234 days/year (residential adult)
350 days/year (residential child) 234 days/year (residential child)
ED Exposure duration 25 vyears (industrial employee) 4.5 years (industrial employee) 90th / 50th percentile time at
24 years (residential adult) 7 years (residential adult) one residence (EPA,1991a;
6 years (residential child) 2 years (residential child) EPA, 1989a; EPA, 1993)
‘ Average duration of employment,
(Maguire, 1993)
BW Body weight Adult: 70 kg Aduit: 70 kg (EPA, 1991a; EPA, 1989a)
Child: 15 kg Child: 15 kg
AT Averaging time ED x 365 days/year ED x 365 days/year INoncarcinogens (EPA, 1989a)
70 years x 365 days/year 70 years x 365 days/year Carcinogens (EPA, 1989a)
K, Kp |Permeability Contaminant-specific Contaminant-specific (EPA, 1992f)
coefficients (cm/hour)
T Lagtime (hours) Contaminant-specific Contaminant-specific (EPA, 1992f)
B Partition coefficient  |Contaminant-specific Contaminant-specific (EPA, 1992f)

* Adult residents assumed to shower daily; child residents assumed to bathe daily; industrial employee assumed to wash hands daily.
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S = Indoor VOC generation rate (ug/m*/min)
BW = Body weight (kg)

Ra = Rate of air exchange (min™)

CF = Conversion factor: 10° ug x L / (mg x m°%)

The term Q is calculated:
Q = Ds + [(exp(-Ra x Dt))/Ra] - [(exp(Ra x (Ds-Dt)))/Ra]

where: Q = Function of air exchange rate and time in shower and shower room (min)
Ds = Duration of shower (min)
Dt = Total time in shower room (min)
Ra = Rate of air exchange (min™)

The term S is estimated as follows:
S=CwdxFR/SV
where: S = Indoor voc generation rate (ug/m®min)
Cwd = Concentration leaving water droplet (ug/L)

FR = Shower flow rate (L/min)
SV = Shower room air volume (m®)

The term Cwd is calculated:
Cwd = C x CF x (1-exp[(-KaL x ts)/60d)])

where: Cwd = Concentration leaving water droplet after time ts (ug/L)
C = Concentration in water (mg/L)
CF = Conversion factor (1000 ug/1 mg)
KaL = Adjusted overall mass transfer coefficient (cm/hr)

ts = Shower droplet time (sec)
d = Shower droplet diameter (mm)

The term Kal is calculated:
KaL = KL / [(Ty X pg)/(T, x )

where: KalL = Adjusted overall mass transfer coefficient (cm/hr)
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KL = Mass transfer coefficient (cm/hr)

T, = Calibration water temperature of KL °K)
Ts = Shower water temperature (°K)

u1 = Water viscosity at T1 (centipoise)

uS = Water viscosity at Ts (centipoise)

The term KL is calculated as follows:

KL = 1/[(1/kl) + ((R x T)/(H x kg))]

where: KL = Mass transfer coefficient (cm/hr)

R = Ideal gas law constant atm (m*/mol/°K)

T = Absolute temperature (°K)

H = Henry's Law constant (atm-m%mole)

kg = Gas-film mass transfer coefficient (cm/hr)
ki = Liquid-film mass transfer coefficient (cm/hr)

The terms kg and ki are calculated:
kg = kH x (MWH / MW)°°

where: kI = kC x (MWC / MW)°®

kg = Gas-film mass transfer coefficient (cm/hr)
ki = Liquid-film mass transfer coefficient (cm/hr)
kH = kg for water (cm/hr)

kC = ki for carbon dioxide (cm/hr)

MWH = Molecular weight of water (g/mole)
MWC = Molecular weight of carbon dioxide (g/mole)
MW = Molecular weight of the chemical (g/mole)

The volatile chemical generation rate was estimated using the Foster and Chrostowski mass transfer
model, which is based on two-phase film theory. The model employs contaminant-specific mass transfer
coefficients, Henry’'s Law constants, droplet drop time, viscosity, temperature, etc. Specific details
regarding the application of the mass transfer model can be found in the source documents (Foster and
Chrostowski, 1987). '

A sample calculation is provided in Appendix I. The input parameters for this exposure route, along with
the rationale for the selection of each value, are presented in Table 2-21. It was assumed that small
children would take baths rather than showers and that employees would not shower at work; therefore,
only adult residents were selected as potential receptors for this pathway. (The assumption that
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TABLE 2-21
EXPOSURE INPUT PARAMETERS - GROUNDWATER INHALATION
NWS EARLE, COLTS NECK, NEW JERSEY

Inhalation of Volatile Emissions During Showering (Residential adults only)

Input Parameter Value
Parameter Description RME Central Tendency Rationale
Cc Exposure concentration Representative concentration| Representative concentrationjUpper 95% confidence limit on
(mg/kg) (mg/kg) arithmetic average (based upon
Upper 95% UCL or maximu |Upper 95% UCL or average |[normal or log-transformed data
value (whichever less) value (whichever less) distribution) (EPA, 1989a, 1993)
Used to calculate volatile chemical
generation rate (ug/cu. m/min)
H Henry's law constant Contaminant-specific Contaminant-specific Required for model application
Kg, KI |Gas and liquid phase Contaminant-specific Contaminant-specific Required for model application
mass transfer coefficients
Ds Shower duration 15 minutes 7 minutes (EPA,1991a)
Dt Total time in bathroom 20 minutes 11 minutes Professional judgement
Sv Shower room air volume 6 cu. m 6 cum Professional judgement
FR Shower flow rate 20 L/min 20 L/min Professional judgement
Ts Shower water temperaturer31 8 degrees Kelvin 318 degrees Kelvin (Foster and Chrostowski, 1987)
Ra Air exchange rate 0.01667/min 0.01667/min (Foster and Chrostowski, 1987)
IR Inhalation rate 14 L/min 14 L/min (EPA, 1989a)
EF Exposure frequency 0.96/day 0.96/day One shower per day, 350 days/year
(EPA, 1991a)
ED Exposure duration 30 years 9 years 90th / 50th percentile at one
residence (EPA, 1989a, 1993)
BW Body weight 70 kg 70 kg Conventional (EPA, 1989a)
AT Averaging time ED x 365 days/year Noncarcinogens (EPA, 1989a)

ED x 365 days/year

70 years x 365 days/year

70 years x 365 days/year

Carcinogens (EPA, 1989a)
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employees would not shower at the workplace on a frequent basis is consistent with the worker habits of
the vast majority of the working population and with typical behavior patterns in the occupations listed in
Section 2.4.3.2.) EPA input parameters were used.

Surface Water Exposure

Two potential exposure routes are associated with surface water exposure at the NWS Earle sites:
ingestion and dermal contact during wading. The methods used to assess these routes of exposure are
discussed in the following text. These scenarios were evaluated in the same way as ingestion and dermal
exposures for groundwater, which were explained in the previous section.

Sample calculations are provided in Appendix I. The input parameters for this exposure route, along with
the rationale for the selection of each value, are presented in Table 2-22 (ingestion) and Table 2-23
(dermal). As discussed in Section 2.4.3, the potential receptors were children weighing 30 kilograms who
play at the site. The input parameters for surface water are the same as those for groundwater, with
notable exceptions. Children involved in wading activities would be expected to be older than the typical
15-kilogram child (approximately 3 years old). Therefore, the recreational child in the wading scenario was
assumed to play at the site over a 6-year period (age 6 through 12 years, weighing 30 kilograms).
Exposure to sediment during wading was expected to involve the feet only.

Blood-Lead Modeling

As outlined in OSWER directive 9355.4-12, EPA has implemented an approach to evaluating lead risks
that recognizes the multimedia nature of lead exposures, incorporating absorption and pharmacokinetic
information. Research has been done concerning lead intake and resultant blood-lead levels.
Determinations of lead uptake from soil, sediment, drinking water, and surface water were considered.
For the purposes of this risk assessment, each pathway was evaluated separately so that the contribution
of lead from each source and each exposure route could be evaluated. Potential blood-lead level
increases were estimated and are discussed, along with the potential implications of blood-lead resuits for
each NWS Earle site. The following paragraphs present information that is useful in estimating lead
exposure.

No threshold has been defined for effects related to blood-lead increases. The estimated increases at this
site are well below the concentrations at which effects such as anemia and neuropathy occur (40 ug/dL
and above) (Doull et al., 1986). Effects below 10 ug/dL are difficult to define. Inhibition of certain
enzymes involved in red blood cell metabolism has been reported to occur at 10 to 15 ug/dL and possibly
lower (EPA, 1991e). Small increases in blood pressure have been related to aduits with blood-lead levels
down to 7 ug/dL (EPA, 1991e). Probably the most sensitive subpopulation to effects at the 3 to 7 ug/dL
range (where the concentrations estimated for this study area would fall) would be infants, whose early
neurological development can be affected by blood-lead concentrations reportedly down to 5 ug/dL (EPA,

NAVY\5803\SITES\10516 2-78



TABLE 2-22
EXPOSURE INPUT PARAMETERS - SURFACE WATER INGESTION
NWS EARLE, COLTS NECK, NEW JERSEY

Incidental Ingestion of Surface Water (Recreational Children)
Input Parameter Value
Parameter Description RME Central Tendency Rationale
Cc Exposure concentration |Representative concentration | Representative concentration {Upper 95% confidence limit on
(mg/kg) (mg/kg) arithmetic average (based upon
Upper 95% UCL or maximum|Upper 95% UCL or average ]normal or log-transformed data
value (whichever less) value (whichever less) distribution) (EPA, 1989a; 1993)
IR Ingestion rate 0.2 L/day 0.2 L/day (EPA, 1989a)
EF Exposure frequency 7 days/year 7 days/year (EPA, 1989a)
ED Exposure duration 6 years 2 years RME - (EPA, 1991a)
Central tendcy. - prof. judgement
BW Body weight 25 kg 25 kg Professional judgement, child
age 6 or older (EPA, 1989b)
AT Averaging time ED x 365 days/year ED x 365 days/year Noncarcinogens (EPA, 1989a)
70 years x 365 days/year 70 years x 365 days/year Carcinogens (EPA, 1989a)
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TABLE 2-23
EXPOSURE INPUT PARAMETERS - DERMAL CONTACT WITH SURFACE WATER
NWS EARLE, COLTS NECK, NEW JERSEY

Dermal Contact with Surface Water

Input Parameter Value
Parameter Description RME Central Tendency Rationale
C Exposure concentration Representative concentration |Representative concentration JUpper 95 % confidence limit on
(mg/kg) (mg/kg) arithmetic average (based upon
Upper 95% UCL or maximum|Upper 95% UCL or average [normal or log-transformed data
value (whichever less) value (whichever less) distribution) (EPA, 1989a; 1993)
SA Skin surface area available ]3,580 sq. cm/day 3,580 sq. cm/day Wading: legs, feet, and hands
for contact (EPA, 1989b)
ET Exposure time 2.6 hours/day 2.6 hours/day (EPA, 1989a)
EF Exposure frequency 7 days/year 7 days/year (EPA, 1989a)
ED Exposure duration 6 years 2 years IRME - (EPA, 1991a)
Central tendcy. - prof. judgement
BW Body weight 25 kg 25 kg Professional judgement, child
age 6 or older (EPA, 1989b)
AT Averaging time ED x 365 days/year ED x 365 days/year JNoncarcinogens (EPA, 1989a)
70 years x 365 days/year 70 years x 365 days/year Carcinogens (EPA, 1989a)
K, Kp |Permeability coefficients Contaminant-specific Contaminant-specific (EPA, 1992f)
(cm/hour)
TAU Lagtime (hours) Contaminant-specific Contaminant-specific (EPA, 1992f)
B Partition coefficient Contaminant-specific Contaminant-specific (EPA, 1992f)
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1991e). Lead is also a fairly common environmental contaminant and, for this reason, typical blood-lead
levels in the population at large may already exceed the concentrations discussed here.

For drinking water exposure, children 0 through 6 months old are expected to experience blood lead
increases at the rate of 0.26 ug/dL per ug/L lead in water up to 15 ug/L and at the rate of 0.04 ug/dL for
every ug/L lead in water above 15 ug/L (EPA, 1991e). For older children, the ratio is 0.12 ug/dL blood
lead per ug/L lead in water up to 15 ug/L and 0.06 ug/dL for every ug/L lead in water above 15 ug/L (EPA,
1991e). For adults, the ratio is approximately 0.06 ug/dL blood lead per ug/L in water (EPA, 1991e).

Dietary intake of lead is assumed to produce increases of 0.02 to 0.04 ug/dL blood lead per ug/day
ingested by adults and 0.16 ug/dL blood lead per ug/day ingested by infants (EPA, 1986a).

‘Blood-lead levels are estimated to increase by 0.6 to 6.8 ug/dL per 1,000 mg/kg lead in soil (EPA, 1986a).

Estimates of blood-lead levels in residential children (age O through 6 years) were made using the
Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA. The model
was applied to any site where at least one of the media (surface soil, subsurface soil, or groundwater) was
sampled and at least one detection of lead was present. Note that the model was run more than once for
a site whenever two distinct exposure scenarios were considered (e.g., future exposure to surface soil;
future exposure to subsurface soil that becomes surface soil). If groundwater was not sampled at a site,
then the concentration of lead in background groundwater samples was used as the input into the IEUBK
Model. Conversely, the concentration of lead in background soil was used as input into the model when
neither surface nor subsurface soil was sampled at a site. The output for each run of the EUBK Model
is a histogram that presents the estimated percentage of residential children (age 0 through 6 years) with
a blood-lead level above 10 ug/dL (considered to be the significance cutoff level above which adverse
effects cannot be ruled out). When the percentage of the population estimated to have blood-levels above
10 ug/dL is greater than five percent, then EPA considers the potential for adverse effects to be significant
(EPA, OSWER 9355.4). These histograms, along with input information particular to each run of the
IEUBK model, are presented in Appendix |. The estimated percentage of residential children (age 0
through 6 years) with a blood-lead level above 10 ug/dL is also presented in the site-specific text contained
in subsequent sections of this report. Uncertainties associated with the IEUBK model are discussed in
Section 2.4.4.3.

2.4.4 Risk Characterization

Potential human health risks resulting from the exposures outlined in the preceding sections are
characterized on a quantitative and qualitative basis in this section. Quantitative risk estimates are
generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a).
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2.4.4.1 Determination of Risks

Noncarcinogenic risk estimates are presented in the form of Hazard Quotients (HQs) and Hazard Indices
(His) that are determined through comparison of estimated intakes with published RfDs. Incremental
cancer risk estimates are provided in the form of dimensionless probabilities based on SFs.

Estimated human intakes were developed for each of the specific exposure routes discussed in the
preceding sections. Both carcinogenic and noncarcinogenic risks are summarized for each exposure route
on a series of tables in this section.

Carcinogenic Risks

Incremental cancer risk estimates are generated for each of the exposure pathways using the estimated
intakes and published SFs, as follows:

Risk = Intake x SF
If the above equation results in a risk greater than 0.01, the following equation is used:
Risk = 1 - [exp-(Intake x SF)]

The risk determined using these equations is a unitless expression of an individual's increased likelihood
of developing cancer as a result of exposure to carcinogenic chemicals. An incremental cancer risk of
1E-06 indicates that the exposed receptor has a one in a million chance of developing cancer under the
exposure assumptions defined for that receptor. These specific assumptions for exposure frequency,
duration, and dose represent a reasonable maximum exposure (RME) estimate (defined as the highest
exposure that is reasonably expected to occur at a site). The calculated cancer risks should therefore be
recognized as upper-limit estimates. SFs are the upper 95 percent confidence limit of a dose-response
curve generally derived from animal studies. Actual human risk, while not identifiable, is not expected to
exceed the upper limit based on the SFs and may, in fact, be lower.

For each chemical, carcinogenic risks are calculated separately (using different SFs) for oral, inhalation,
and dermal exposures. Carcinogenic risks for ingestion, inhalation, and dermal exposures are then
summed for each receptor exposure pathway and compared to target risk ranges.

In the National Contingency Plan, EPA has defined risks in the range of 1E-04 to 1E-06 as being
acceptable for most hazardous waste facilities addressed under CERCLA. For CERCLA activities, residual
risks on the order of 1E-06 are the primary goal but are often modified by such regulatory requirements
as MCLs or chemical-specific clean-up goals. ‘
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Noncarcinogenic Risks

Noncarcinogenic risk is assessed using the concept of HQs and His. The HQ is the ratio of the estimated
intake and the RfD for a selected chemical of concern, as follows: ’

HQ = Intake/RfD

His are generated by summing the individual HQs for the COPCs. |If the value of the HI exceeds unity
(1.0), the potential for noncarcinogenic health risks associated with exposure to that particular chemical
mixture cannot be ruled out (EPA, 1986b). In that case, particular attention should be paid to the critical
effects (i.e., the most sensitive toxicity effects that were selected as the basis for the RfD) and the
associated target organ(s) affected by each chemical. In particular, it should be noted that toxic effects
for different organs are not truly additive. Thus, the HI is not a mathematical prediction of the severity of
toxic effects; it is simply a numerical indicator of the possibility of the occurrence of noncarcinogenic
(threshold) effects. '

Lead Risks

EPA’s approach to evaluating lead risks goes beyond providing a single point estimate output and
incorporates absorption and pharmacokinetic properties. Section 2.4.3.4 discusses background information
related to blood-lead estimation methods. Soil concentrations for lead were compared to the value of 400
ppm as discussed in OSWER directive 9355.4-12, and groundwater results were compared to the 15 ug/L
EPA action level. Results above these guidelines are assessed for each applicable NWS Earle site.

2.4.4.2 Receptor Risks

Receptor risks are presented for each NWS Earle site in the form of tables and summary text. Each of
these sections includes summaries of risks estimated by the exposure scenarios. It should be noted that,
in each risk summary table where HQs are reported as "N/A," the.-HQs were not calculable because no
RfD has been established. Usually in such cases, carcinogenicity is considered to be more important,
since carcinogenicity will generally be seen at lower doses than noncarcinogenic effects. Cancer risks of
zero or "N/A" generally indicate that the chemical is not carcinogenic or that an SF has not yet been
developed. Non-cancer risks which have been grouped according to target organ indicate "N/A" for cases
where the literature indicates a potential toxic effect for that organ but no RfD has been established.

2.4.5 Risk Assessment Uncertainties

As discussed in EPA (1989a), the risk measures used in Superfund site risk assessments are not fully
probabilistic estimates of risk but rather are conditional estimates based on a considerable number of
assumptions about exposure and toxicity. There are uncertainties associated with each aspect of risk
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assessment, from environmental data collection through risk characterization. To support decision-making
processes, significant uncertainties in the risk assessment for NWS Earle are noted in the following
sections.

2.4.5.1 Uncertainties in the Physical Setting and Receptor Exposure Pathways

Land Use Designation

Reliable information on current land uses at NWS Earle sites (discussed in Section 1.3 and in each site
evaluation) was gathered from previous investigations and from communications with Navy personnel.
Many areas are within explosive safety zones that prohibit offices or residential dwellings, but eight NWS
Earle sites are within areas allowing administrative or housing land uses. Although future residential and
future industrial land use scenarios were both considered in the risk assessment for each NWS Earle site,
the Navy believes it is unlikely that future land use would vary significantly from current descriptions unless
a major base realignment were to occur.

Receptor Pathways and Activity Patterns

Sections 2.4.3.2 and 2.4.3.3 discuss the rationale for including specific potential receptors and exposure
routes by medium. Based on known and projected activity patterns, current and future receptors in the
NWS Earle setting were considered to engage in a range of activities adequately approximated by default
exposure parameter assumptions. For the future industrial worker, a separate exposure pathway was not
included for workers engaged in soil-contact-intensive activities (this scenario is compared to the soil
noncontact-intensive scenario as part of the discussion of intake parameter uncertainties). In addition, a
separate hunter scenario was not considered, for the reasons discussed in Section 2.4.3.2.

2.4.5.2 Environmental Data Collection Uncertainties

Selection of Locations and Number of Samples

For each site, the areal extent of the samples (including the number collected and location of the sampling
points) in a particular medium impacts the calculation of representative concentrations. Every effort was
made to collect samples that reflect actual site conditions and to include areas thought to contain the most
significant contamination or exposure problems. Therefore, the magnitude of this uncertainty on risks is
expected to be low because, during the planning stages of the RI, the quantities of samples to be collected
were selected to allow a reasonable characterization of site-related contamination.
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Focused, Nonrandom Sampling

At certain NWS Earle sites, areas of concern were previously identified that are currently slated to undergo
remediation/removal. The use of biased sampling in the 1995 RI allows the risk assessment calculations
to focus not on these areas but on data gaps and other surrounding potentially affected areas. This does
not increase the uncertainty in the risk assessment per se but instead makes the risk assessment
conditional on the assumptions of a planned clean-up action.

Selection of Samples with Naturally Occurring Background Levels

As discussed in Section 31, background samples were collected in order to measure the range of
concentrations of substances in each medium that are associated with non-site-related sources within the
vicinity of NWS Earle. The diversity and abundance of inorganics in soil and sediment samples are
determined by the soil's content in bedrock or other deposits, the effects of climatic and biological factors,
and agricultural and industrial influences. However, if native soil types are encountered in site-related
samples that are unlike those of background samples, then the evaluation of naturally occurring levels
could be biased and might lead to overestimation of the amount of contamination attributable to NWS Earle
activities.

The abundance of inorganics in groundwater is determined by, among other things, the particular
geological formation in which the well is screened. If monitoring well results from a particular NWS Earle
site are compared to background wells situated in a different formation, then this could lead to an over-
or underestimation of the amount of contamination attributable to NWS Earle activities. The amended risk
assessment (Section 2.4.6) provides an evaluation of background groundwater samples grouped by
formation in order to minimize the chances of this type of bias. '

2.4.5.3 Analytical Data Uncertainties

Incorporation of Data from Different Investigations

Analytical data were evaluated from the 1992 Rl and the 1995 RI. The impact of including both data sets
in fate and transport evaluations at many sites and of using the older 1992 Rl data for risk assessment
at one site is considered to be minimal because analytical methods were generally similar and both data
sets were subjected to laboratory QC review and data validation processes.

Analytical Data Usability

Established data validation procedures were applied to define analytical uncertainties in terms of qualifying
data as inaccurate or imprecise and to eliminate data points that are unusable for risk assessment. This
treatment does not eliminate all uncertainty but focuses attention on potential areas of concern regarding
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accuracy, precision, and data gaps. As discussed in Section 2.5, the overall percentages of rejected data
points were acceptably low on a site-by-site basis, and data rejection was limited to substances that were
neither associated with site activities nor present at high levels.

2.4.5.4 Data Evaluation Uncertainties

Accuracy of Upper Tolerance Limits Used in Background Comparisons

When a limited number of points are sampled, reduced accuracy is expected for the upper 95 percent
tolerance limit. In such cases, this statistic is still expected to, on the average, estimate the upper 95
percentile of the population. However, for an individual case, the true percentage of the population that
exceeds the calculated tolerance limit will be more likely to differ markedly from the predicted five percent
when too few samples are collected. In the event that the upper 95 percent tolerance limit for background
samples is overestimated, this could defeat the attempt to identify site-related samples with levels greater
than naturally occurring background and may lead to an underestimate of the risk attributable to a site.
To avoid this consequence, the amended risk assessment restricted the application of the upper tolerance
limit approach when there were only two or three background samples and the tolerance limits were
computed to be inappropriately large.

Statistically Representative Exposure Concentrations

Uncertainties exist regarding selection of a concentration for input into the quantitative risk assessment.
The use of the representative concentration to estimate risk is generally regarded as a conservative
estimate since this entails using either the upper 95 percent confidence limit on the arithmetic mean
(based on normal or log-transformed data distribution) or the maximum concentration. The choice of the
representative concentration as the value for input into the risk assessment generally lowers the chances
of under estimation of the actual risk present in a pathway at a particular site to a potential receptor.
However, the use of the representative concentration may overestimate the actual risk present in an
exposure pathway at a particular site. To help avoid this problem, the maximum value was used in place
of the upper 95 percent limit when the latter was larger. As an additional step, if the initial risk calculation
yielded a borderline high risk, the amended risk assessment provided a supplemental risk calculation using
a central tendency approach, which utilizes the arithmetic average rather than the maximum value as the
. alternative to the statistically derived exposure concentration.

Distributional Shape of the Sample Population

The ability (power) of the W test to be able to correctly identify genuine differences between the shape
of a sample population versus a reference normal or lognormal population is reduced when too few
samples are collected. If an incorrect distributional assumption is made based on this test, this could lead
to an over- or underestimate of the upper 95 percent concentration, which in turn would create some
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additional uncertainty as to whether the calculated risk is a reasonable approximation of high end
exposure. To help avoid potentially overestimating risk, the maximum value was used in place of the
upper 95 percent limit when the latter was larger.

2.4.5.5 Exposure Model Applicability and Assumptions

Uncertainties in Chemical Specific Properties

The chemical-specific parameters such as Koc were literature-derived values that are measured under
conditions that may or may not be representative of on-site conditions. Parameters such as vapor
pressure and solubility were not always obtainable at the desired temperature.

Groundwater Concentration Uncertainties

Uncertainties associated with the lack of groundwater modeling at the site include the assumption that
current conditions are indicative of future concentrations of contaminants. Contaminants may increase
(due to migration, loading, or chemical transformation) or decrease (due to migration or transformation)
over time and vary from site to site and within the mixing zone.

The use of unfiltered monitoring well data for the evaluation of groundwater inorganics provides in all
probability an overestimation of exposure and risk. Comparison with the filtered data reveals how many
of the metals may have been attributable to suspended sediment.

Fugitive Dust Emissions Model Assumptions

Exposure to fugitive dust emissions conservatively assumes that residents and workers will be exposed
to the same concentration indoors as outdoors (a very conservative assumption), that soils within an area
have unlimited erosion potential, that emissions can be estimated from mean annual windspeed and
vegetative cover, and that dispersion concentrations can be estimated from source area, downwind
distance to receptors, and region-wide meteorological factors. For receptors exposed to fugitive dust
emissions, it was assumed that future conditions would approximate present conditions in terms of the
estimated fraction vegetative cover. If future vegetative cover changes, then dust exposures could be
lower or higher than estimated by the model. However, the impact of this error would not be significant
because a worst-case (no vegetative cover) scenario would only increase exposures calculated by the
model by a factor of 5, while inhalation exposures at NWS Earle sites were estimated as several orders
of magnitude below levels of concern.
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Future Subsurface Soil Disturbance and Exposure

For the future industrial and future residential receptors, the use of current subsurface soil concentrations
to represent future surface soil concentrations assumes two things that add to the uncertainty of this risk
assessment: that soil would erode or be excavated to the sampling depth that, once the soil is eroded
or excavated to the subsurface soil sampling depth, no degradation of the chemicals in the future surface
soil would take place. These uncertainties may cause overestimation of the exposure at a particular site.

Soil Dermal Absorption Model Applicability

The model for dermal exposure to soil and sediment assumes that only a very thin, constant thickness
layer of soil is available for contaminant transfer to the stratum corneum and that a constant amount of
contaminant, proportional to the soil concentration, will be absorbed per unit area of skin and per exposure
event. However, adherence to skin varies with such factors as particle size, soil type, and organic carbon
content. As estimated by EPA (1992e), the absorbed dermal dose could vary by as much as a factor of
50 from the model estimates, even assuming that activity patterns lead to the exposure duration applied
in the experimental trials used to develop absorption factors. Because of the lack of reliable data
regarding dermal absorption factors, the amended risk assessment provides dermal soil exposure
estimates only for three chemicals for which well documented absorption factors are available (arsenic,
cadmium, and PCBs). Even so, considerable uncertainty exists with the accuracy of estimates applied for
these three chemicals. For other chemicals, the initial risk assessment calculations included estimates
of dermal exposure using chemical class-specific absorption factors that are to be considered even more
uncertain and useful primarily for a qualitative assessment of dermal exposure.

Dermal Absorption from Contaminant Exposures in Aqueous Media

Prediction of absorption rates for lipophilic compounds is difficult due to, among other reasons, the
possibility of a second absorption pathway that depends on the lipid content of the stratum corneum at the
application site. Experimental determination of absorption rates indicates that interspecies differences are
considerable, which, along with other variabilities related to condition and age of skin, differences in lag
time, and site of application effects, yields appreciable uncertainty in estimated dermal exposures by using
published chemical-specific permeation functions. In addition, literature data indicate a variation by as
much as a factor of 300 in chemical absorption rates for skin in different anatomical areas of the body.
It should also be noted that children generally have greater absorption rates than adults.
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Model Assumptions for Inhalation of VOCs During Showering

Uncertainties exist in the exposure model for the inhalation of volatiles during showering such as chemical-
specific rates of volatilization, droplet size, and droplet residence time in the shower. Most of the inputs
into the models were considered conservative; therefore, the output may overestimate the exposure for
this route.

2.4.5.6 Exposure Intake Parameter Uncertainties

Standard Default Exposure Assumptions

Exposure assumptions can add uncertainty into the risk assessment process based on input values
selected for each exposure route. For example, not all people weigh 70 kilograms, drink 2 liters of water
per day, and live at the same residence for 30 years. The rationale for each assumption was provided
in each table of input parameters. Receptor characteristics, such as age and body weight, were based
on published values. Conservative values (based on reasonable maximum exposure or professional
judgment) were used in most exposure equations, except where average values were expected to better
correspond to actual site conditions.

Soil Ingestion Rates

In the case of current and future occupational workers, soil ingestion rates were based on noncontact-
intensive activities described in Section 2.4.3.2. A higher level of short-term incidental soil ingestion by
NWS Earle workers could occur as a result of soil-contact-intensive activities such as excavation,
underground utility work, road repair/construction, and heavy landscaping (tree and shrub planting,
drainage routing, land re-sloping, or embankment construction). However, contact-intensive activities are
typically event driven or seasonal and so should average out to less than 6 months duration per year for
a given worker. Assuming that exposures that are equal in terms of total dose over time are equivalent
in their potential to cause an effect (i.e., Haber's Rule), a noncontact intensive, 100 mg/day incidental soil
ingestion rate averaged over 250 days per year might provide an order-of-magnitude similar risk as an
annual exposure comprised of 6 months at a 100 mg/day ingestion rate plus 6 months at a higher (480
mg/day) soil ingestion rate (EPA, 1991i; EPA, 1992i).

2.4.5.7 Toxicity Assessment Uncertainty

There is uncertainty associated with the RfDs and SFs. The uncertainty results from the extrapolation of
animal data to humans, the extrapolation of carcinogenic effects from the laboratory high-dose to the
environmental low-dose scenarios, and interspecies and intraspecies variations in toxicological endpoints
caused by chemical exposure. The use of EPA SF values is generally considered to be conservative
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because the doses are based on no-effect or lowest-observed-effect levels and then further reduced with
uncertainty factors to increase the margin of safety by a factor in the neighborhood of 10 to 1,000-fold.
The RfDs and SFs of some chemicals have not been established, and therefore toxicity could not be
quantitatively assessed. In most cases, where RfDs were unavailable for carcinogens, the carcinogenic
risk is considered to be much more significant since carcinogenic effects usually occur at much lower
doses.

Additional uncertainties were associated with the adjustment of oral dose-response parameters for dermally
absorbed doses. As noted, when absorption factors were not available, the chemical was assumed to be
100 percent absorbed during the RfD or SF study. While this is likely to be realistic for volatile
compounds, the assumption could be underprotective for chemicals absorbed less than 100 percent.

For six chemicals (coded with a "W" in Table 2-11), toxicity constants were utilized that have been
withdrawn from IRIS, pending further agency review. In these cases, there may be additional uncertainty
in the associated SFs or RfDs, based on the original or new studies that were the basis for considering
a reevaluation of toxicological properties. If the uncertainty related to using a withdrawn toxicity constant
is critical (i.e., found to drive a significant risk at a site), then additional information be can obtained on the
exact reasons for withdrawl from the EPA Environmental Criteria and Assessment Office (ECAO),
Cincinnati, Ohio.

2.4.5.8 Risk Characterization Uncertainty

From a toxicological standpoint, it is not strictly correct to add HQs for a total HI, because RfDs are based
on effects to various target organs. However, if the Hl is less than 1.0, this demonstrates that, even when
this conservative calculation is performed, the noncarcinogenic H! does not indicate a hazard for a
particular exposure pathway. This is a conservative approach that will generally overestimate the HI for
a particular pathway. To reduce the extent of overestimation when significant risks occurred at a site, a
less conservative approach was used in the amended risk assessment wherein noncancer risks were
grouped and summed together for only those chemicals affecting the same target organ/organ system.
One additional source of uncertainty in the HI approach is that these models assumed that chemicals did
not interact synergistically (a possible underestimate of the actual risk) or antagonistically (a possible
overestimate of the actual risk).

2.4.5.9 IEUBK Modeling Uncertainty

The IEUBK model accounts for the multimedia nature of lead exposure, incorporates absorption and
pharmacokinetic information, and allows the risk manager to consider the potential distributions of
- exposure and risk likely to occur at a site (the model goes beyond providing a single point estimate
output). Although uncertainties are associated with blood lead modeling using the IEUBK model, these
uncertainties are considered lower than those that conceivably would result from similar lead evaluations

NAVY\5803\SITES\10516 2-90



performed using a traditional toxicity slope-based approach. Important uncertainties and limitations in the
use of the IEUBK model are as follows:

The IEUBK model is predictive of blood lead for residential children in the range of 6 months to 7 years
of age, which typically is considered to be a more sensitive subpopulation than adults. The model does
not apply to adults in either residential or occupational settings. In addition, the IEUBK model does not
predict the blood lead levels of pregnant women and does not include an exposure component based on
the transfer of lead from the mother’s blood to the fetus before birth, although a significant potential exists
for adverse effects of prenatal lead exposure on neurobehavioral and physical development (EPA, 1994a).

The IEUBK model uses a default of 30 percent lead absorption from soil. However, the bicavailability of
lead from different sources may be variable due to differences in lead speciation, particle size, and mineral
matrix and may also vary as a function of physiological parameters such as age, nutritional status, gastric
pH, and transit time. For example, lead absorption from paint chips in soil may be different than lead
absorption from other chemical forms.

Blood lead variability in the IEUBK model is characterized by a single number, the geometric standard
deviation, which is set to a default value of 1.6. This value represents the aggregate uncertainty in all
sources of population variability, including biological, uptake, exposure, sampling, and analytical
components.

Child blood lead level predictions obtained using the IEUBK model reflect only the contributions of sources
entered into the model and do not take into account any existing body burden that may be the result of
prior exposures or any exposures that may have taken place at alternate locations away from the
household or neighborhood level, such as parks or daycare centers.

2.4.6 Amended Risk Assessment

In some cases, if the result of the conservative baseline risk was in excess of the guideline range
(1 X 10™) for cancer risk or a value of one for noncancer risk for any receptor pathway, additional analysis
was performed according to EPA Region Il-guidance in order to refine the site-specific risk estimate. This
refinement was carried out in three discrete steps, consisting of comparisons to background, consideration
of modified dermal absorption and target organ grouping, and application of central tendencies guidance.
As explained below, the results of each step were evaluated sequentially before a decision was made to
proceed to the following step for a site. Table 2-24 summarizes the decision sequence applied to each
receptor, for each exposure medium, and Table 2-25 presents a matrix showing the additional risk
assessment steps applied to each NWS Earle site.
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Table 2-24
Decision Sequence for the Amended Risk Assessment

ecision Criteria for Each Receptor

s the sum of risks from all exposure routes for
one medium (e.g., groundwater) > target range?
(cancer risk sum > 1E-04 or 1.0 His sum > 1.0)

Actions Taken

All risks will be revised for that receptor/medium
combination (e.g., industrial receptor,
groundwater ingestion, dermal, and inhalation)

Is any COPC metal concentration less than
twice background or < background UTL?

Eliminate COPC from consideration in cancer
and non-cancer calculations unless compound
is Class A carcinogen

Are cadmium, arsenic, or PCBs present?

Revise soil-to-skin dermal absorption factors
and GI absorption factor (cadmium, dermal).
Delete all other dermal COPCs in soil/sediment

After the above steps, is the sum of the Hls
from all exposure routes for one medium > 1.0?

Group Hls by target organ for the exposure
route (e.g., ingestion) that contributes to the
exceedance of sum of His

Is the revised sum of cancer risks from all
exposure routes for one medium > 1E-047?

Perform central tendency calculation of cancer
risk for that receptor/medium combination for all
exposure routes

Is the revised sum of Hls from all exposure
routes for one medium > 1.0?

Perform central tendency calculation of non-
cancer His for that receptor/medium
combination for all exposure routes
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Table 2-25

Components of the Amended Risk Assessment for Each Site
CTO 231, NWS Earle

Groundwater Surface Water Subsurface Soil Surface Soil Sediment
Site coprC Modified | Target | Central copPC Modified | Target | Central copPC Modified | Target | Central coprC Modified | Target | Central CoPC Modified | Target | Central
Number | Background| Dermal Organ | Tendency | Background| Dermal Organ | Tendency | Background| Dermal Organ | Tendency | Background| Dermal Organ | Tendency | Background| Dermal Organ | Tendency

Tests Absorption | Grouping| Risk Tests Absorption|Grouping|  Risk Tests Absorption|Grouping|  Risk Tests Absorption|Grouping}  Risk Tests Absorption | Grouping Risk
01 R R R Ren, In R R R NA
02 R NA R Rn, In NA NA NA NA
03 R R, R Rn NA NA NA NA
04 R NA R Rcn NA NA NA NA NA NA NA NA
05 R Rl Rl Ren
06 R NA R Ren, lc NA NA NA NA NA NA NA NA
07 R NA R Rn NA NA NA NA
10 R NA NA NA
11 R NA NA NA
12 R R/ R Rn NA NA NA NA
13 R\ R R. Rcen, len NA NA NA NA NA NA NA NA
15 NA NA NA NA R R R Rn R R R Rn NA NA NA NA
16 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
17 R/l R R Ren, In NA NA NA NA NA NA NA NA NA NA NA NA
19 R R, R, Ren, In NA NA NA NA R R NA NA NA NA NA NA
20 NA NA NA NA R Rl R NA NA NA NA NA
22 R Rl NA Rc NA NA NA NA
23 ] R Rl Ren, len NA NA NA NA R R R "Ren, Ic NA NA NA NA
24 NA NA NA NA
25 NA NA NA NA
26 R NA R/l Ren, In R R NA Rc
27 R R NA Rc
29 R NA R, Rn, In NA NA NA NA
ws NA NA NA NA NA NA NA NA
v R R NA Rc
_a NA NA NA NA NA NA NA NA NA NA NA NA

NOTE: This table includes only sampling media used for quantitative risk calculations at NWS Earle Sites.

R - Amended risk component applies to residential receptor.

"

to i

ded risk

¢ - Amended risk component applies to cancer risk.
n - Amended risk component applies to non-cancer hazard index.
NA - Amended risk component not required for this receptor/medium

AMDSTEPS.XLS 7/16/96 1:08 AM




2.4.6.1 Comparison to Background

To further eliminate naturally occurring metals from consideration in the human health risk assessment,
two types of background comparisons were applied to eliminate COPCs (with the exception of arsenic,
which could not be excluded from risk calculations because this metal is considered a Class A carcinogen).
Nondetected results were replaced by one-half the detection limit before conducting background
comparison tests.

Monitoring well results for a particular NWS Earle site were compared to data from the corresponding
background well group. For the groundwater pathway, monitoring wells that are upgradient from individual
NWS Earle sites were grouped according to interpreted aquifer (see Section 31.2). This resulted in three
background groundwater groups, comprising the following formations: Cohansey Sand, Kirkwood
Formation, and Vincentown Formation; Red Bank Sand and Navesink Formation; and fill and Englishtown
Formation. Site related results from other media (soil, surface water, etc.) were compared to the
established base-wide background sample results from the same media.

Comparison of Site Mean to Background Mean

Using a background comparison test recommended by EPA Region Il, a metal was excluded from further
consideration as a COPC if the arithmetic mean of the site data was not greater than twice the arithmetic
mean of the background. (Unlike the parametric statistical test of means discussed in Section 2.4.1.2, the
Region |l test criterion is not dependent on the number of sampling points.) The results of these
comparisons are presented in the tables of inorganic occurrence and distribution data for each site.

Comparison of Site Maximum Result to Background Upper Tolerance Limit (UTL )

A second comparison was also performed in which additional metals were eliminated as COPCs if the
maximum of the site results was not greater than the upper 95 percent tolerance limit (UTL) on the
background data. The 95 percent UTL is defined as the calculated upper limit which, on the average, will
be expectéd to include 95 percent of the background population. This limit was calculated using the t-
distribution and assumed a lognormal population (geometric mean and log standard deviation), except in
cases where the background data acceptably fit a normal distribution and had a distributional shape that
more closely matched a normal rather than lognormal population (based on the W-test). The 95 percent
UTL statistical evaluations of the three groundwater data groups are presented in Section 31.2. For two
of the background groundwater groups, the number of points was too small to allow a powerful statistical
test. The 95 percent UTL comparison was also performed on background subsurface and surface soil
samples.
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2.4.6.2 Consideration of Modified Dermal Absorption and Target Organ Grouping

If, after the evaluation of background data, the baseline risk was in excess of the guideline range (1 X 10%)
for cancer risk or a value of one for noncancer risk for any receptor pathway, two additional risk
assessment procedures were conducted, involving modification of dermal absorption calculations and
grouping of noncancer risks for summation by target organ.

Modified Dermal Absorption

Based upon evaluation of recent EPA guidance and memoranda (EPA, 1992f; EPA, 1993e), EPA Region
Il recommends quantitative evaluation of dermal exposure to soil/sediment only for five chemicals. Of
these chemicals, only arsenic, cadmium, and PCBs were detected at NWS Earle sites. Therefore, cancer
and noncancer risks for the dermal soil/sediment pathways were recaiculated to exclude COPCs other than
these three chemicals. In addition, the soil-to-skin absorption factors for the above three chemicals were
modified (EPA, 1993e) and a revised value was applied to cadmium for the gastrointestinal (Gl) absorption
fraction, which is used to extrapolate dermal toxicity constants from oral toxicity constants. In general, this
resulted in lowered risk estimates for the soil and sediment dermal pathways.

Grouping of Noncancer Risks for Summation by Target Organ

To account for the potential additivity of exposures to multiple chemicals, noncancer risks were grouped
and summed together by target organ/organ system. Summed noncancer risks with Hi greater than one
are identified and discussed in the amended risk assessment. Note that, for target organs belonging to
the same organ system (for example, heart and hematopoietic system are both part of the cardiovascular
system), effects were considered as additive for the purposes of this amended baseline risk assessment.

The target organ approach is less conservative than an initial screening approach that would assume that
all noncancer exposures are additive.

Table 2-13 presents available data for the principle target organs affected by chronic exposure to each
substance detected at NWS Earle. These data have been extracted from the toxicological profiles
presented in Appendix | and from IRIS and Heast. Only the target organs considered to be affected by
chronic (as opposed to acute) exposures have been included in this table. The table distinguishes effects
that are cited only for one route of exposure (for example, inhalation) when RfDs exist for more than one
route of entry. When multiple target organs may be affected, the critical effect that is the basis of the RfD
can be examined for that chemical (see Appendix ).
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2.4.6.3 Application of Central Tendencies Guidance

If, after application of the above steps, the cancer risk for a receptor pathway was within the borderline
range of 1 X 10 to 4 X 10 or the noncancer risk (HI) was greater than one, then a further calculation
of risk was performed using central tendency assumptions (EPA, 1993a). This step was not necessary
to apply in general, since calculated risks at NWS Earle sites were often below this range. The central
tendency approach uses exposure input parameters associated with average or 50th percentile behavior
patterns rather than upper 90th percentile values, so that a more realistic expectation of risk can be
generated. In contrast, the high end risks that were calculated using reasonable maximum exposure
(RME) assumptions in the initial risk assessment may be overestimated to an extent. The central
tendency estimate can be considered alongside the RME risk and used in the decision-making process
to help evaluate the need for remedial actions. The default exposure assumptions used for evaluation of
central tendency risks are presented in Tables 2-14 through 2-23 alongside the counterpart exposure
assumptions that were used for the initial RME risk evaluation.

2.5 QUALITY ASSURANCE/QUALITY CONTROL RESULTS
The objective of this section is to evaluate data quality of field quality control blanks, field duplicate
precision, laboratory quality control analyses and precision, accuracy, representatives, comparability, and

completeness (PARCC).

2.5.1 Field Quality Control Blanks

Field quality control blanks are generally used to measure success of the program to avoid extraneous
contamination during sample collection, storage, and transport. Possible contaminant sources within the
field sampling process may include bottleware, sampling equipment, rinsate water, solvent vapors, and
items (e.g., gloves) that may contact samples or sample containers.

Field Blanks

Field blanks were obtained to estimate incidental or accidental contamination from field sampling
techniques and to determine if cross-contamination of samples had occurred. Field blanks were taken
separately from each source of equipment decontamination water (potable water and bottied deionized
water) and analyzed for TCL volatiles, semivolatiles, and pesticides/PCBs; selected explosives; TAL metals
and cyanide; hexavalent chromium; and other miscellaneous (wet chemistry) parameters in accordance
with NFESC guidelines.
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Trip Blanks

Trip blanks were used to determine if contamination was introduced during sample storage and transport.
Trip blanks were prepared in the field each morning from analyte-free water provided by the laboratory and
preserved with hydrochloric acid (HCI) (no longer than 24 hours prior to each sampling event). Trip blanks
remained with the sample containers in the field at all times, were returned unopened at the conclusion
of each day’s field activities, and were included in each cooler of VOC samples shipped to the laboratory.
Trip blanks were analyzed for TCL VOCs only. '

Rinsate Blanks

The equipment rinsate blank was utilized to determine if contamination had been introduced through
contact with the sampling equipment. Equipment rinsate blanks were prepared by running analyte-free
water provided by the laboratory through sample collection equipment (bailer, split-spoon, hand auger
bucket, etc.) after decontamination. Rinsate blanks were generated for each type of non-dedicated
sampling equipment at a frequency of one per day per medium for each day of sampling and were
analyzed every other day per medium. Equipment rinsate blanks were analyzed for the same suite of
parameters as the associated environmental samples.

2.5.2 Discussion of Field Quality Control Blank Impact

Table 2-26 summarizes the frequency and concentration of contaminants detected in each type of field
quality control blank collected at NWS Earle. In nearly all cases, blank contamination occurred at very low
frequencies and was restricted to concentration ranges near the detection or quantitation limits. During
data validation, the concentrations of compounds detected in laboratory and field quality control blanks
were compared to concentrations found in the corresponding environmental samples to determine potential
impacts on the analytical data. Organic compound results from environmental samples were qualified as
"non-detected" if the compound was not found at a concentration of at least five times (10 times for certain
common laboratory contaminants) the concentration in the associated blank. Inorganics were qualified
as "rejected" if the analyte was found at a concentration greater than the contract-required detection limit
(CRDL) and at least five times greater than the associated field blank concentration or 10 times greater
than the associated laboratory blank concentration.

Metals and trihalomethanes detected in the potable water source (local tap water) field bilank
included calcium, iron, magnesium, sodium, chloroform, bromodichloromethane, and
dibromochloromethane, among other compounds. The detected metals mentioned are common "hard
water" contaminants and the trihalomethanes are common by-products from disinfection water treatment.

Aluminum, iron, and magnesium are elements found naturally in soils and sediments and in the potable
water used in the first step of equipment decontamination. Therefore, it cannot be determined whether
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Table 2-26
Summary of Field Quality Control Blank Results
NWS Earle,Colts Neck, New Jersey

Analyte Rinsate Blanks Field Blanks (DI Water) | Field Blanks (Potable Water) Trip Blanks
Frequency Maximum Frequency Maximum Frequency Maximum Frequency Maximum
bf Detection| Concentration Jof Detection| Concentration Jof Detection| Concentration Jof Detection| Concentration

[Metals ug/L ug/L ugl N/A
Aluminum 6/22 51.1 n 23.7

Arsenic 1/22 3.8
|Barium 1/22 0.19 11 39.3
IBeryIIium 10/22 1.2 17 0.97 11 0.7

Calcium 18/22 109 17 31.7 171 19600

Chromium 1/22 0.87

Cobalt 2/22 1.2 11 0.6

Copper 5/22 11.1 11 2.7 11 11.2
Jiron 6/22 1.7 n 1390
|Lead 2/22 2.7 n 2.4

IMagnesium 14/22 137 1n 475 11 2120
|Manganese 7/22 56.1 1M 0.27 1n 324
|Mercury 17/22 0.1 " 0.094 1n 0.11
|Nickel 5/22 15 n 1.4
|Potassium 1/22 162 I 2160
|Se|enium 1/22 3
|sodium 8/22 5660 n 13500

Thallium 2/22 6.5

Vanadium 1/22 0.49

Zinc 2/22 8 1/1 288

Volatiles ug/L ug/L ug/L ug/L
Acetone 3/22 191 . 4/66 ;L
[Methylene chloride 1/22 1 4/66 2
2-Butanone 1/22 4

Chloroform 11 44

Toluene 1/22 4

Bromodichloromethane 11 17

IDibromochIoromethane 1/1 4

Festicides ug/L ug/L ug/L N/A
Alpha-BHC 1/15 0.0016

4,4'-DDT 1/15 0.001 11 0.0021

Dieldrin 11 0.0009
|Endrin 115 0.0018

lcamma-BHC 1/15 0.0005

[Explosives ug/L ug/l ug/L N/A
|Gamma-chlordane 115 0.0006

INitrobenzene 1/13 2.1

[rDX 1/13 0.4

IMiscellaneous Parameters mg/L m/L mg/L N/A
|soD 6/8 3 11 4 11 4

COD 113 2 17 3 11 2

Chloride 7/13 2 n 22

INitrate 1/14 0.13 11 0.16

|suifate 1”7 19

|roc 412 0.9 1n 1

IPhosphate 5/13 0.4 11 0.3 11 1

ftPH 1/14 0.1
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detection of these compounds in the rinsate blank is associated with the first-step cleaning solution
(potable water) or with residual soil materials left after completion of decontamination.

Methylene chloride and acetone were detected in several trip blanks and rinsate blanks at concentrations
below or near the contract-required quantitation limit (CRQL). These compounds are common laboratory
contaminants and were detected more frequently in laboratory blanks than in field quality control blanks.
This caused many of the positive field quality control blank results for acetone and methylene chloride to
be qualified as not detected due to laboratory blank contamination. The positive results in Table 2-26
represent only those compounds remaining after data validation. Methylene chloride and acetone were
not used in the field; therefore, laboratory sources are likely to be responsible for the sporadic detection
of low levels of thése compounds in field quality control blanks.

2.5.3 Field Duplicate Precision

Field duplicate pairs were analyzed in order to assess the overall precision of the sampling and analysis
process. Field duplicate pairs consisted of two field samples of identical media sampled at the same field
location using the same sampling process. Duplicate pairs were stored and transported together io the
laboratory for analyses. The relative percent differences (RPDs) for the duplicate pairs were calculated
and reported by the laboratory and evaluated by the data validator in order to quantitate any imprecision.

In a few cases, inorganic duplicate pair results were qualified as estimated because of field duplicate
imprecision. No qualifiers were required for organic field duplicates. In general, the majority of the field
duplicate results exhibited acceptable precision and there were no consistent trends to indicate improper
sampling technique.

Twenty-three field duplicates for VOCs, 20 for SVOCs, 12 for pesticides, 10 for PCBs, eight for explosives,
and 19 field duplicates for miscellaneous parameters were collected and submitted for laboratory analysis.
Seven of the 24 duplicate pairs for metals and two of the 19 duplicate pairs for miscellaneous parameters
resulted in qualification of individual analytes as "J" (estimated) due to exceedance of control limits.
Thirteen of 552 (2.4 percent) individual metals results and three of 111 (2.7 percent) miscellaneous
parameter results were qualified "J."

2.5.4 Laboratory Quality Control Analyses

Laboratory quality control samples were analyzed as required by each specific analytical protocol and
NFESC requirements. Quality control data from organic analyses included laboratory blank results,
surrogate, matrix spike, and matrix spike duplicate recoveries, internal standard recoveries, initial
calibration relative standard deviations and minimum response factors, continuing calibration percent
differences and response factors, laboratory control spikes, mass spectral tuning ratios, clean-up column
recoveries, pesticide performance evaluation recoveries, pesticide analyte degradation percentages, and
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compound identification criteria (mass ratios, retention time windows, and two-column percent differences).
In general, the frequency of analytical problems in each of these areas was very low and indicated overall
acceptable method performance for each type of analysis. Organic analysis laboratory blanks revealed
limited contamination, with low concentrations (near or below the CRQL) of common laboratory
contaminants such as methylene chloride, acetone, 2-butanone, and selected phthalate esters. Sample-
matrix-related interferences caused high percent differences for a few pesticide results, resulting in data
qualified as estimated or rejected based upon Region |l validation protocols. Analytical results were
qualified as estimated for a limited number of results based upon calibration relative standard deviations
or percent differences and internal standard, matrix spike, or surrogate recoveries.

Quality control data from inorganic analyses included laboratory blank results, matrix spike recoveries,
laboratory duplicate RPDs, serial dilution percent differences, initial calibration, continuing calibration, and
CRDL standard percent accuracies, laboratory control sample recoveries, and interference check standard
accuracies. The frequency of analytical problems in each of these areas was low and indicated overall
acceptable method performance for each type of analysis. Inorganic analysis laboratory blanks revealed
low frequencies of contamination generally restricted to concentrations below the CRDL, which do not
require qualification based on Region Il guidelines. Several serial dilution results exceeded maximum
percent difference criteria and resulted in the qualification of data as estimated or rejected. These
problems are typically attributed to sample matrix interference effects caused by high background levels
of other minerals in the sample. A few results were qualified as estimated because of CRDL standard
recoveries above or below Region |l control limits. Very few problems occurred in other areas.

Quality control data from explosive analyses were generally acceptable, except for a limited number of
ahalytical problems. Picric acid matrix spike recoveries were consistently low (less than 10 percent) for
several matrix spikes performed on subsurface soil samples, which resulted in rejection of data for picric
acid in the subsurface soil matrix. Surrogate recoveries were slightly low in certain samples, yielding data
qualified as estimated and biased low. Data were also qualified as estimated in a limited number of cases
for high calibration percent differences.
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