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1.0 INTRODUCTION

This Report presents the results of a Feasibility Study (FS) at the Amphibious Base Landfill at the Naval
Amphibious Base Little Creek (NAB Little Creek), in Virginia Beach, Virginia as part of the Installation
Restoration (IR) Program. The landfill is also referred to as IR Site 7 and will hereafter be referred to as
“Site.” Figure 1-1 provides the location of NAB Little Creek. Figure 1-2 indicates the location of the
Site. The following sections describe the site background and related information leading to the objectives
for this FS.

1.1 Site Background

NAB Little Creek, located in Virginia Beach, Virginia, provides logistic facilities and support services for
local commands, organizations, homeported ships, etc., to meet the amphibious warfare training
requirements of the Armed Forces of the United States. The facility is adjacent to the city line of Norfolk.
The area surrounding this 2,147-acre facility is low lying and relatively flat with several fresh water lakes.
Chubb Lake, Lake Bradford, Little Creek Reservoir/Lake Smith, and Lake Whitehurst are located on, or
adjacent to, the facility.

NAB Little Creek was commissioned on July 30, 1945 by combining four contiguous activities. The
Navy began purchasing land in the area from private estates and the Pennsylvania Railroad just prior to
the outbreak of World War II. The first activity to be commissioned was the Amphibious Training Base
in the southwestern corner of the present base near Little Creek Harbor. The base's mission was the
training of landing craft personnel for operational assignments. Over the last fifty years, NAB Liitle
Creek has expanded in both area and the complexity of its mission (PSI, 1991).

Environmental investigations at 17 sites were initially documented in the Initial Assessment Study (IAS).
The IAS was completed in December 1984 by Rogers, Golden, and Halpern, of Philadelphia,
Pennsylvania. In 1975, the Department of Defense initiated a program to investigate past disposal sites at
military installations. This program, the Navy Assessment and Control of Installation Pollutants (NACIP),
called for a three-phase operation. Phase One was the IAS to identify potentially contaminated areas.
Phase Two was the Confirmation Study to verify and/or characterize the contamination. Phase Three
includes the Remedial Action. The program was changed in 1986 to reflect the requirements of the
Superfund Amendment and Reauthorization Act (SARA) and is now called the Installation Restoration
Program (IRP).

NAB Little Creek is located in the Atlantic Coastal Plain physiographic province in southeastern Virginia.
This portion of Virginia is also referred to as the Hampton Roads Area. The facility is bounded on the
north by Chesapeake Bay, the east by Lake Bradford, and the south by Shore Drive. The facility's
western boundary stretches over the Norfolk-Virginia Beach border. The central portion of the base is
composed of Liitle Creek Cove, Desert Cove, and the Lirtle Creek channel that connects with Chesapeake
Bay. All of the installation lies within the jurisdictional boundary of Virginia Beach (Interim Remedial
Investigation (IRI) 1991). Land use at the base is primarily industrial, while land development
surrounding the site is suburban and industrial.
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NAB Litle Creek has low subdued relief. Elevations at NAB Little Creek range from mean sea level
along the Chesapeake Bay and Little Creek Cove to elevations as high as 40 feet above mean sea level at
some of the larger dunes along the Bay. The average elevation of the facility is 10 feet above mean sea
level. The primary surface features of the Hampton Roads Area are many rivers, lakes, and marshy areas
(IRI, 1991).

1.2 Site Description

The site, shown on Figure 1-2, is located in the south-central portion of the installation. The area is
bounded on the north by the southeast shoreline of Little Creek Cove, on the east by Helicopter Road, on
the south by Amphibious Drive and the Hampton Roads Sanitation District (HRSD) treatment plant, and
on the west by a relatively undeveloped area recently used for the construction of an ordnance storage
area. The Amphibious Base Landfill was originally thought to cover 50 acres; however, as part of this
Remedial Investigation/Feasibility Study (RI/FS) investigation, it has been determined through a review of
historical aerial photographs and the HRSD treatment plant construction boring logs which show no
indication of waste, debris, or contamination south of Amphibious Drive, that the areal extent of the
landfill is approximately 38 acres. The area was originally an arm of Little Creek Cove which was filled
with dredge spoils prior to its use as a landfill. A chain link fence borders the landfill to the south and
east, and Little Creek Cove borders the northern side of the site. Locked gates control access to the site.

According to the IAS, the landfill operated from 1962 to 1979, spanning the period during which land
disposal changed from an acceptable to an unacceptable technology for many chemicals and other
materials. Before its use as a landfill, the site was used for the disposal of spoils from the dredging of
Little Creek Cove. Some of the original dikes built to contain the dredging spoils are still visible in the
northeast corner of the landfill area.

The Amphibious Base Landfill was initially operated as a trench-type landfill with open burning of refuse
in the trenches. The trenches were excavated to the depth at which groundwater filled the trench as fast as
it could be excavated. Standing water in the trenches was common. Cover was applied as necessary to
maintain traction for the vehicles involved in the operations. For a landfill operated in this manner, it is
difficult to establish the degree of combustion or the fate of any particular item disposed. Remaining
evidence of the trenches is easily seen along the southern edge of the area. The fence line along
Amphibious Drive has settled along with the ground surface as the wastes in the trenches have become
more compacted than the adjacent soils. The landfill was later operated as an area landfill, with refuse
spread over the ground surface and covered on a regular basis. This aspect of the operation has brought
the surface elevation up to its present level.

The IAS estimated that the landfill containg approximately 500,000 cubic yards of waste. Of this total, a
significant majority is probably comprised of non-hazardous solid waste from base housing and other
residential activities at the installation. Specific records concerning the types and quantities of waste
placed in the Amphibious Base Landfill are not available. Because the landfill was the recipient of all the
wastes produced at NAB Little Creek, it most likely received potentially hazardous materials.

Waste oils and metals segregated from the wastes were placed in the.landfill starting in 1970. However, a
hazardous waste management plan was not implemented until 1979, the year in which the landfill was
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closed. Afier closure, the landfill area continued to be used as a metal collection and transfer site,
temporary storage for wastes, and burn area for scrap wood and trees. Currently, there is no metal
collection, transfer activity or temporary storage of construction debris and miscellaneous rubble
occurring on site. The waste storage activities were moved in the early 1980s and open burning was
halted in 1984. The Navy does not currently intend to build on the landfill, thereby eliminating potential
exposure to the subsurface soils by intrusive activities. If construction at the site is desired in the future,
further evaluation of the subsurface conditions, including delineation of extent and detailed
characterization of the landfill, would be required.

The landfill was constructed so that the central portion is comprised of a broad flat area bounded by gentle
slopes on all sides. Most of the waste has been covered with soil and very little remains visible on the
surface. The area bordering Little Creek Cove is well vegetated, with numerous trees and tall grasses.
Most recently, the appearance of the landfill ranged from well-vegetated on the western portion (o
exposed, unvegetated soil in the central and eastern portions. In October 1994, a two to three inch topsoil
cover was spread on all open areas of the landfil] and the area was seeded to promote vegetative growth.

1.3 Previous Investigations

The IAS recognized that almost every type of waste generated at the base was received at the Amphibious
Base Landfill. It was recommended that nine groundwater monitoring wells, fully penetrating the
uppermost water-bearing zone, be installed around the perimeter of the landfill. Two groundwater level
monitoring points were recommended for installation into the landfill itself. Two surface water samples
also were recommended, along with a detailed reconnaissance of the landfill to identify any visible signs
of contamination and establish the boundaries of the disposal area. Concerns of the IAS included the
delineation of the landfill, especially the southern boundary, and its closest approach to Lake Smith
Reservoir. These recommendations, with slight changes, became the scope of work for the Round 1
Verification Step (RVS).

The RVS at the site, the first step in the Confirmation Study process, was complered in October 1986.
The purpose of the study was to verify the presence and/or absence of contamination at the site
recommended in the IAS for a Confirmation Study. Samples collected during this phase included nine
groundwater samples from monitoring wells, five surface water samples, and five sediment samples.

Volatile organic compounds (VOCs) were not detected in any of the groundwater samples. Base neutral
compounds were detected at low levels in three monitoring wells. Acid extractable compounds and
pesticides/PCBs were also not detected in the groundwater samples. Low levels of several metals,
including cadmium, total chromium, selenium, silver, thallium, and zinc, were detected in all of the
groundwater samples. Oil and grease also were detected in all nine groundwater samples at levels ranging
from 3,000 parts per billion (ppb) to 47,000 ppb.

VOCs were not detected in any of the surface water samples, but low levels were detected in all of the
sediment samples. Base neutral compounds were only detected in two sediment samples, while acid
extractable compounds were only detected in two surface water samples. Pesticides/PCBs were detected
in two sediment samples. Low levels of metals were detected in all of the surface water and sediment
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samples except one. Oil and grease also were detected in all ten surface water and sediment samples at
levels ranging from 297 ppb to 20,000 ppb.

The RVS report suggested that little or no contamination was leaving the landfill at that time, although the
source of low level concentrations of some contaminants in the cove was not determined. The RVS
recommended a second round of samples be collected from the nine monitoring wells and five surface
water locations. Also, three additional surface water samples should be collected further from the landfill
shoreline and one surface water sample from the drainage east of the landfill to assist in determining the
source of the surface water contarnination.

The IRI was conducted to determine whether or not further characterization activities or remedial action
was warranted at Site 7 in December 1990 and January 1991. Additional and expanded sampling was
performed in order to confirm the results obtained in the RVS. Samples collected during this phase
included eight groundwater samples from monitoring wells, and nine surface water samples.

VOCs were not detected in any of the groundwater samples. Base neutral and acid extractable compounds
were only detected in one sample, with a level of 3 micrograms per liter (ug/l) for naphthalene.
Pesticides/PCBs and total petroleum hydrocarbons (TPH) were not detected in any of the groundwater
samples. Total organic carbon (TOC) and total organic halogens (TOX) were detected in seven of the
groundwater samples. Anions, including chloride, sulfate, and alkalinity, were detected in eight of the
groundwater samples. Unfiltered samples for metals analysis were collected from all eight monitoring
wells, and filtered samples were collected from three of the wells in March 1991. Metals were detected in
all of the unfiltered and filtered groundwater samples at low concentrations.

VOCs, base neutral and acid extractable compounds, pesticides/PCBs, and TPH were not detected in any
of the surface water samples. TOC and TOX were detected in five of the surface water samples. Anions,
including chloride, sulfate, and alkalinity, were detected in all nine of the surface water samples.
Unfiltered samples for metals analysis were collected from all of the surface water locations, and filtered
samples were collected from two of the surface water locations. Metals were detected in all of the
unfiltered and filtered surface water samples.

Based on the results of the RVS and IRI, the IRI report concluded that the landfill was not releasing
contaminants to the groundwater and additional characterization or remediation was not warranted. The
IRI recommended that the status of the landfill, with regard to Virginia regulations, be determined. Also,
in order to complete a risk assessment, a limited program of soil sampling should be performed in the bare
areas formerly used for staging.

A Remedial Investigation (RI) and sampling activities were conducted at the site by Foster Wheeler
Environmental Services from May to July 1993. Samples collected during this phase included eight
surface soils, five subsurface soils, nine groundwater, six surface water, and six sediment samples. The
samples were analyzed by Ceimic Laboratories of Pittsburgh, Pennsylvania and the results were validated
by Heartland Environmental Services of St. Peters, Missouri.

The results of the analysis were checked against the applicable criteria. The subsurface soil, surface soil,

and sediment sample results have been compared to the soil concentrations listed in the United States
Environmental Protection Agency (EPA) Region II Risk-Based Concentration (RBC) Table for residential
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soils, January 1994. These RBCs were used as Data Screening Concentrations (DSCs) for this RI/FS.
The EPA Region III RBC Table is contained in Appendix K of the 1994 RI/FS report. The groundwater
sample results have been compared to both the Federal Maximum Contaminant Levels (MCLs),
promulgated under the Safe Drinking Water Act (SDWA) in May 1993, and the Virginia State Water
Control Board (VSWCB) Water Quality Standards (WQSs), May 1992. The MCLs include both the
primary and secondary standards. The Federal MCLs and VSWCB WQSs have been applied to surface
water sample results for comparison purposes only, since the Little Creek site is tidally influenced and
brackish. The Federal and Virginia State Water Quality Standards are contained in Appendix L of the
1994 RI/FS report. In addition, groundwater results have been compared with background concentrations
prior to chemicals of concern (COC) determination. The chemicals which were detected above the
applicable criteria are presented in Tables 1-1 through 1-13 and are summarized below.

Surface Soils

Elevated PCBs (Aroclor-1260) were identified in two surface soil samples at concentrations of 920 and
3,500 micrograms per kilogram (ug/kg), respectively. These concentrations exceed the EPA DSC of 83
ug/kg for PCBs in soil. The occurrence of PCBs in the surface soil is random and displays no clear
pattern of deposition. Benzo (a) pyrene exceeded its DSC of 88 ug/kg in one sample.

Elevated levels of aluminum, iron, lead, manganese, and zinc have been observed at various locations. In
addition, low levels of arsenic, cadmium, chromium, cobalt, copper, and nickel have also been observed.

Subsurface Soils

A number of Target Analyte List (TAL) metals were detected in the subsurface soils. Of these, only
beryllium and lead exceed their EPA DSCs. Iron and aluminum were detected at somewhat elevated
concentrations. It should be noted that no subsurface samples were taken from the center of the landfill;
only peripheral areas were investigated to evaluate the potential impact. Therefore, the investigative
results do not represent the chemicals which might have historically been disposed in the landfill.

Groundwater

Total and dissolved TAL metals were the only analytes above their respective standards detected in
groundwater. Elevated aluminum, arsenic, beryllium, cadmium, chromium, iron, lead, manganese, and
nickel exceed the primary or secondary MCLs. Barium exceeds the drinking water health advisory
reference dose (RfD). Dissolved TAL metals, above their respective primary or secondary MCLs,
include iron, manganese, and zinc.

Surface Water

Total TAL metals were the only analytes above their respective standards in the surface water. TAL
metals above their respective primary or secondary MCLs include lead and manganese. Aluminum,
arsenic, barjum, and copper have been consistently detected ar elevated levels. Iron has exceeded Its
WQSs of 300 pg/L in all surface water samples; but this is considered to be the background concentration
for the site. Zinc exceeds its WQS of 50 ug/L in two samples at concentrations of 55.30 and 70.50 ug/L,
respectively.
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TABLE 11

SUMMARY OF VOLATILE ORGANIC COMPOUNDS
DETECTED IN SURFACE SOIL SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

MAY 13, 1993
SAMPLE LOCATION/NUMBER 07-55-101 07-55-102 07-55-109 0755103 07-55-104,) 07-55-105
{Duplicate 07-55-102)
SAMPLE MATRIX Soil Soil Soil Soil Soil Soil
UNITS ug’kg ugfkg ug/kg ug/kg ugtkg ugikg
VOLATILE ORGANIC COMPQOUNDS (VOCs):
Methylene Chleride ND 6 ND ND ND ND
Acetone ND ND 11 ND ND 12
TOTAL VOCs: ND <] 11 ND ND 12
TOTAL TiCs: ND ND ND ND ND B )
SAMPLE LOCATION/NUMBER 07-55-106 07-85-107 07-SS-108 Trip Blank-3
SAMPLE MATRIX Sail Soil Soil Water
UNITS ug/kg ug/kg ug/kg ugil
VOLATILE ORGANIC COMPCUNDS (VOCs):
Methylene Chloride ND ND ND ND
Acetone ND ND ND ND
TOTAL VOCs: ND ND ND ND
TOTAL TICs: ND ND ND ND
NOTES:

ND indicates compound wae not detected
ug/kg indicates micrograms per kilogram

ug/L indicates micrograms per liter

J indicates an estimated value,

TICs indicates tentatively identified compounds

{1} indicates matrix spike/matrix spike duplicate {MS/MSD} sample was collected with this sample.




TABLE 1-2

SUMMARY OF SEMI-VOLATILE ORGANIC COMPOUNDS
DETECTED IN SURFACE SOIL SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

NOTES:
ND indicates compound was not detected.
ug/kg indicates micrograms per kilogram.
J indicates an estimated value,
TICs indicates tentatively identified compounds,

(1) indicates matrix spike/matrix spike duplicate (MS/MSD) sample was collected with this sample.
Equipment rinsate and field blank in common with Site 11.
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MAY 13, 1993
SAMPLE LOCATION/NUMBER 07-55-101 07-55-102 07-55-109 07-55-103 07-58-104q)
(Duplicate 07-55-102)
SAMPLE MATRIX Soil Soil Soil Soil Soil
UNITS ug/kg ug/kg ug/kg ug/kg ug/kg
SEMI-VOLATILE ORGANIC COMPOUNDS (SVOCs):
2-Methylnaphthalehe ND ND ND ND ND
Fluorene 60 J ND ND ND ND
Phenanthrene 830 ND ND ND ND
Anthracene 220 J ND ND ND ND
Flugranthene 1,300 ND ND ND ND
Pyrene 1,600 ND ND 62 J 52
Butylbenzylphthalate 58 J ND ND ND ND
Benze (1) anthracena 710 ND ND ND ND
Chrysene 390 ND ND ND ND
bis (2-Ethylhexyl) phthalate 150 J ND 58 J 120 J 140
Benzo (b) fivoranthene 510 ND ND ND ND
Benzo (k) Auoranthene 380 ND ND ND ND
Benzo (a) pyrene 450 ND ND ND ND
{ndena (1,2,3-¢d) pyrene 230 J ND ND ND ND
Benzo (g,h.i) perylene 210 J ND ND ND ND
TOTAL SVOCs: 7,008 J ND 58 J 182 J 192
TOTAL TICs: 1,444 962 J 640 J 1,718 J 1,508
SAMPLE LOCATION/NUMBER 07-55-105 07-55-106 07-55-107 07-55-108
SAMPLE MATRIX Soil Soil Soll Soil
UNITS ug/kg ug/kg ug/kq ug/kg
SEMI-VOLATILE ORGANIC COMPOUNDS (SVOCs):
2-Methylnaphthalene ND ND 62 J ND
Fluarene ND ND . ND ND
Phenanthrene 190} 39 J 52 J ND
Anthracene 51 J ND ND ND
Flugranthene . 240 J 7% J 46 J ND
_Pyrene 250 J 88 _J 120 4 ND
Butylbenzylphthalate ND ND ND ND
Benzo (a) anthracene 110 J ND ND ND
Chrysene g2 J ND ND ND
bis (2-Ethylhexyl) phthalate 56 J 190 J 180 J a7 J
Benzo (b) fluaranthene k{2 VNN ND ND ND
Renzo (k) fluoranthene ND ND ND ND
Benzo (a) pyrene g7 J ND ND ND
indero (1,2,3-cd) pyrene ND ND ND ND
Benzo (g,h,i) perylene ND ND ND ND
TOTAL $VOCs: 1,136 J 393 J J 480  J a7
TOTAL TICs: 430 J 431 J 6,568 J .1,990 J
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TABLE 1-3

SUMMARY OF PESTICIDES AND PCBs
DETECTED iN SURFACE SOIL SAMPLES
AND ASSOCIATED QUALITY CONTROL. SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBICUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

MAY 13, 1993
SAMPLE LOCATION/NUMBER 07-85-101 07-558-102 07-88-109 07-S5-102 07-55-104; 07-55-105
{Duplicate 07-858-102)
SAMPLE MATRIX Soil Soil Soil Soil Sail Soil
UNITS ug/kg uglkg uglkyg ugfkg ugfkyg ug/kg
PESTICIDES
4,4'-0DT ND ND ND 38 ND NO
alpha-Chlordane ND ND ND 5.1 ND ND
PCBs:
Aroclor-1260 ND ND ND ND 820 ND
TOTAL PCBs: NO ND ND ND 920 ND
SAMPLE LOCATION/NUMBER 07-585-108 07-85-107 07-55-108
SAMPLE MATRIX Soil Soil Soil
UNITS ugikg ugikg ugtkyg
PESTICIDES
4,4-DDT ND ND ND
alpha-Chiordane ND ND ND
PCBs:
Aroclor-1260 30 J 3500 J ND
TOTAL PCBs: 130 4 3500 J ND

NOTES:

ND indicates compound was not detected.

ug/kg indicates micrograms per kilogram.

J indicates an estimated value.

(1) indicates matrix spikke/matrix spike duplicate {(MS/MSD) sample was collected with this sample.
Equipment rinsate and field blank in common with Site 11.




TABLE 1-4

SUMMARY OF TAL METALS AND CYANIDE
DETECTED IN SURFACE SOIL SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA,

I1-1

MAY 13, 1983
SAMPLE LOCATION/NUMBER 07-S5-101 07-85-102 07-55-109 07-55-103 07-58-104¢; 07-585-105
{Duplicate 07-55-102)
SAMPLE MATRIX Sail Soil Soil Soll Soil Soil
UNITS mgikg mglkg myfkg mag’kg mglkg mgikg
TAL METALS AND CYANIDE:
Aluminum 3,410 3,650 3,320 4,970 6,240 3,850
Arsenic 2.2 086 B 1.9 2.0 23 1.2
Barium 121 B 200 B 15.0 B 44.4 $3.9 11.3
Beryllium ND ND ND 065 8 0.43 8 ND
Cadmium ND ND ND ND 14 ND
Calclum g43 J 541 4 585 J 2,450 2,120 162
Chromium 83 6.8 6.5 113 265 46
Cobalt 14 B 075 B .80 B 81 B 59 B ND
Copper . 328 J 45 J 50 J 680 J 78.2 4 5.2 J
[ron 6,290 J 4360 J 5420 J 10,200 4 14,800 J 3,040 J
Lead 241 J 478 4 3B.6 J 580 J 838 J 5.5 J
Magnesium 799 J 502 J 567 4 2,320 3,210 251 B
Manganese 508 J 338 4 55.0 J 184 J 470 J 181 J
Mercury ND ND ND ND ND ND
Nickel 68 B 43 B ND 161 18.0 ND
Potassium 563 J 62 J 383 ) 2,080 2,970 ' 236
Sodium ND ND ND 227 B ND ND
Vanadium 202 2.3 10.1 © 395 36.7 7.8
Zinc 64.2 B 23.3 25.0 405 320 12.6
Cyanide J ND [ ND ND ND ND 1 ND
NOTES:

ND indicates compound was not defected.

mg/ky indicates milligrams per kilogram.

B indicates compound detected in lab blank,

J indicates an estimated vaiue.

{1} indicates matrix spike/matrix spike duplicate (MS/MSD) sample was collected with this sample.
Equipment rinsate and field blank in common with Site 11.
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TABLE 1-4 (CONTINUED)

SUMMARY OF TAL METALS AND CYANIDE
DETECTED IN SURFACE SOIL SAMPLES

AND ASSOCIATED QUALITY CONTROL SAMPLES

SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

MAY 13, 1993
SAMPLE LOCATION/NUMBER 07-85-106 07-85-107 07-55-108
SAMPLE MATRIX Soil Soil Sail
UNITS mgikg mg/kg mgikg
TAL METALS AND CYANIDE:
Aluminum 2,510 2,200 2,880
Arsenic 16 B 2.1 35
Barium 88 B 251 B 14 B
Beryilivm 023 B 047 B ND
Cadmium ND ND 065 B
Calcium 483 J 2,100 2086 J
Chramium 4.8 8.2 9.5
Cobalt 091 B 15 B 1+ B
Copper 88 J 208 J 7.7 J
Iron 3550 J 3,460 J 7330 J
Lead 76 J 89 J 188 J
Magnesium 419 J 362 J 630 J
Manganese 294 J 264 U 261 J
Mercury ND ND 007 B
Nickel 7.3 10.4 34 B
Potassium 400 J 277 B 762 J
Sodium ND ND 282 B
Wanadium 74 B 10.5 13.4
Zinc 413 95.2 176
Cyanlde MD ND ND
NOTES:

ND indicates compound was not detected.
mg/kg indicates milligrams per kilogram.

B indicates compound detected in fab blank.
Jindicates an estimated value.

{1} indicates matrix spike/matrix spike duplicate {MS/M3D) sample was coliected with this sample.

Equipment rinsate and field blank in common with Site 1.
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TABLE -5

SUMMARY OF VOLATILE ORGANIC COMPOUNDS
DETECTED IN SUBSURFACE SOIL SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA
JULY 14-16, 1993

SAMPLE LOCATION/NUMBER 07-SB-101D 07-SB-103D 07-SB-110 07-SB-105D; 075B6D 07SBID
{Duplicate 07-SB-103D)
SAMPLE MATRIX Soil Soil Soff Soil Soil Soil
UNITS ugfig ugfky ugikg ugikg ugtkg ugtky
VOLATILE ORGANIC COMPCUNDS (VOCs):
Methylene Chloride 3 ND ND ND ND ND
Acetone 56 J 79 80 ND ND ND
Chloroform ND ND ND ND ND ND
2-Butanone g Jd ND ND ND ND ND
Tetrachloroethene ND ND ND 7 J ND ND
TOTAL VOCs: 68 4 79 80 7 J ND ND
TOTAL TICs: ND ND ND ND HD ND
SAMPLE LOCATION/NUMBER 07-ERB-05 07-ERB-05 07-ERB-07 07-FB-05 07-TRB-06 07-1807
7/14/93 7ME6/93
SAMPLE MATRIX Water Water Water Water Water Water
UNITS ugil ug/L ug/L - ugfL ug/L ug/L
VOLATILE ORGANIC COMPOUNDS (VOCs}):
Methylene Chloride 6 J ND ND 3 d 5 ND
Acetone 14 B 21 B ND 15 B ND ND
Chlaroferm ND 4 d 4 d ND ND ND
2-Butancne ND ND ND ND ND ND
Tetrachloroethane ND ND ND ND ND ND
TOTAL VOCs: 20 JB 25 JB 4 J 21 JB 5 ND
TOTAL TICs: ND 30 ND ND ND 2

NOTES:

ND indicates compound was not detected.
ugfkg indicates micrograms per kilogram.
ugfL indicates micregrams per liter.

B indicates compound detected in lab blank.
J indicates an estimated value.

[ indicates sample taken in deep boring. All samples taken above water lable,
TICs indicates tentatively identifiad compounds.
{1) indicates a matix spike/matrix spike duplicate (MS/MSD} sample was collected with this sample.
ERB Indicates equipment rinsate blank
FB Indicates field blank

TB indicates trip blank




TABLE 1-6

SUMMARY OF SEMI-VOLATILE ORGANIC COMPOUNDS
DETECTED IN SUBSURFACE SOIL SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA
JULY 14-16, 1993

SAMPLE LOCATION/NUMBER 07-SB-101D 07-8B-102D 07-8B-110 07-5B-105Dq) 075BED
(Duplicate 07-8B-103D)
SAMPLE MATRIX Soil Soil Soil Soil Sail
UNITS ug/kg ug/kg ug/kg ug/kg ug’kg
SEMI-VOLATILE ORGANIC COMPOQUNDS [SVOGs):
1.4-Dichlorobenzene ND 3|/ I ND ND ND
bis (2-Ethyihexyl) phthalate ND ND ND ND 100 J
TOTAL SVOCs: ND 38 J ND ND 100 J
TOTAL TICs: 1,830 J 228 154 260 J 73 )
SAMPLE LOCATION/NUMBER 075B8D 07-ERB-0S 07-ERB-06 07-ERB-07 07-FB-05
SAMPLE MATRIX Soil Water Water Water Water -
UNITS uglkg ug/L ugilL ug/L ugl.
SEMI-VOLATILE ORGANIC COMPOUNDS (SVQCs):
1,4-Dichlorobenzene ND ND ND ND ND
bis (2-Ethylhexyl) phthalate ND ND 1 ND ND
TOTAL S5VOCs: ND ND ND ND ND T
TOTAL TICs: 188 J 10 J 9 1% J 12 J

NOTES:
ND indicates compaund was not detected.
ug/kg indicates micrograms per kilogram.
ug/L indicates micrograms per liter,
J indicates an estimated value,
TICs indicates tentatively identified compounds.

D indicates sample taken in deep boring. All samples taken above water table.
{1) indicates a matrix spike/matrix spike duplicate (M3MSD) sample was collected with this sample.

ERE indicates equipment ringate blank
FB indicates field blank
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TABLE 1-7

SUMMARY OF TAL METALS AND CYANIDE
DETECTED IN SUBSURFACE SOIL SAMPLES

AND ASSOCIATED QUALITY CONTROL SAMPLES

SITE 7 - AMPHIBICUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA
JULY 14-16, 1993

ND indicates compound was not detected
mgfkg indicates milligrams per kilogram
ugfL. indicates micrograms per liter

B indicates compound detected in lab blank
J indicates an estimated value.

R indicates data rejected and unusable.

D Indicates sample taken from deep boring. All samples taken above water table.

ERB indicates eguipment rinsate blank
FB indicates field blank

SAMPLE LOCATION/NUMBER 07-8B-101D 07-5B-103D 07-SB-110 07-SB-105D 07SBED
{Duplicate 07-SB-103D)
SAMPLE MATRIX Soil Soil Soll Soil Soil
UNITS mo/kg motkg mg/kg ma/kg mglkg
TAL METALS AND CYANIDE:

Aluminum 6,130 18,900 18,700 13,500 2,830
Antimony R R R R R
Arsenic 34 J 13 J 1.3 J 5.1 J 2.4 J
Barium 15.0 B 46.1 43.3 286 8 7.6 B
Beryllium 0.27 B 0.31 B 0.28 B 0.33 8 0.44 B
Cadmium 1.9 J 1.0 J 2.2 1.5 J 1.1 J
Calcium 418 B 257 B 279 B 402 B 425 B
Chromium 9.7 158 18.7 18.8 55

Cobalt 2.3 B 31 B8 3.4 B8 3.0 B 2.6

Copper 40 B 48 8 5.6 6.9 26

Iron 8,530 11,200 12,000 13,000 4,880

Lead 6.4 J 8.4 J 75 J 5.6 J 35
Magnesium 1,440 834 J 805 J 952 J 752
Manganese 489 421 439 24.8 445

Merctty ND 0.07 B ND ND ND

Nickel 53 B 8.1 B 6.9 B 5.2 B 54
Potassium g22 556 8 592 B 83g B 498

Sodium 287 B 140 8 139 B 210 B ND
Vanadium 10.8 217 240 21.8 53

Zinc 17.6 16.8 16.9 18.5 27.8

Cyanide ND ND ND ND ND

NOTES:
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TABLE 1-7 (CONTINUED)

SUMMARY OF TAL METALS AND CYANIDE
DETECTED IN SUBSURFACE SOIL SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA
JULY 14-16, 1993

SAMPLE LOCATION/NUMBER 075B8D 07-ERB-05 07-ERB-06 07-ERB-07 07-FB-O5
SAMPLE MATRIX Soil Water Water Water Water
UNITS mgikg ugil. ug/l ugil ugil.
TAL METALS AND CYANIDE:
Aluminum 4,320 ND ND ND ND
Antimony R R R R R
Arsenic 19 J ND R R ND
Barium 5.4 B 3.0 R R ND
Beryliium 0.42 B ND R R ND
Cadmium 1.1 J ND R R ND
Calcium 218 B ND R R ND
Chromium 4.7 ND R R ND
Cobalt 5.1 B ND R R ND
Copper 29 B ND R R ND
Iren 3,730 ND R R ND
Lead 39 J 3.2 R R ND
Magnesium 636 B ND R R ND
Manganese i7.4 20 1.0 ND ND
Mercury * ND ND ND ND ND
Nickel 89 ND ND ND ND
Potassium 477 B ND ND ND ND
Sodium 1,450 ND ND ND ND
Vanadium 6.1 B ND ND ND ND
Zinc 58.0 ND ND ND ND
Cyanide ND ND ND ND ND
NOTES:

ND indicates compound was not detected
mg/kg indicates milligrams per kilogram
ugfL indicates micrograms per liter

B indicates compound detected in lab blank
J indicates an estimated value.

R indicates data rejected and unusable.

D Indicates sample taken from deep boring. All samples taken above water table.

ERB indicates equipment rinsate blank
FB indicates field blank
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TABLE 1-8

SUMMARY OF VOLATILE ORGANIC COMPOUNDS
DETECTED IN GROUNDWATER SAMPLES
AND ASSCCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPRHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA
JULY 1 & 2, 1993

SAMPLE LOCATION/NUMBER 07-GW-101 07-GW-102 07-GW-103 07-GW-104 07-GW-105*
SAMPLE MATRIX Water Water Water Water Water
UNITS ugiL ugiL ug/L ug/L. ug/L
VOLATILE ORGANIC COMPOUNDS (VOCs):
Acetone NA ND NA 8 ND
TOTAL VOCs: NA ND NA 8 ND
TOTAL TiCs: NA ND NA ND ND
SAMPLE LOCATION/NUMBER 07-GW-106 07-GW-107 07-GW-108 07-GW-109 07-TB-P2-104
SAMPLE MATRIX Water Water Water Water Water
UNITS ug/L ug/L ugi/lL. ug/L ug/L
VOLATILE ORGANIC COMPOUNDS {VOCs):
Acetone ND ND ND ND 18
TOTAL VOCs: ND ND NG ND 18
TOTAL TICs: ND ND ND ND ND

NOTES:
ND indicates compound was not detected
ug/L indicates micrograms per liter
TB indicates trip blank

NA indicates sample was not analyzed by the laboratory.

J indicates an estimated value.
TICs indicates {entatively identified compounds.
* indicates sample collected on July 29, 1993.

Equipment rinsate and field blank shared with Background Well samples.

Trip Blank, matrix spike/matrix spike duplicate {MS/MSD), and biind duplicate sample for sample 07-GW-1035 shared with Site 13.

MS/MSD and blind duplicate sample shared with Site 7 Surface Water samples.




TABLE 1-9

SUMMARY OF TAL TOTAL AND DISSOLVED METALS AND CYANIDE

DETECTED IN GROUNDWATER SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA
JULY 1 &2, 1993

SAMPLE LOCATION/NUMBER 07-GW-101 07-GW-102 07-GW-103 07-GW-104 D7-GW-105 * 07-GW-106
SAMPLE MATRIX Water Water Water Water Water Water
UNITS ug/L ug/L ugil. ug/L ugiL uglt
TAL TQTAL METALS AND CYANIDE:
Aluminum 18000 J 23,300 4 330000 J 17 4,590 J 7740 4
Arsenic 8o J 50.6 20.5 ND 78 U 302
Barium 527 B 801 B 754 419 32 B 3B7 B
Beryllium ND 27 B 11.0 ND 19 B ND
Cadmium ND 83 e ND ND ND
Caleium 7.960 42,400 50,300 108,000 125,000 120,000
Chromium 138 J 27 J 360 ND 59 J ND
Cobalt 48 B 202 B 121 ND ND 283 B
Copper 73 B 327 226 ND 383 47 B
Iron 17,600 J 88,300 J 224,000 J 4,800 63,000 J 22,300 J
Lead g9 J 186 J 177 ND 207 J 43 J
Magnesiuim 16,500 8,340 36,400 16,200 108,000 104,000
Manganese 132 225 1,930 697 1,300 1,170
Mercury ND 018 B Q27 ND ND ND
Nickal ND ND 176 ND ND 357 B
Petassium 13,300 7810 J 29,500 J 15,100 10,700 20,000 J
Sodium 142,000 50,000 56,900 86,600 208,000 428,000
Thallium ND R R R R R
Vanadium 305 B 432 B 634 ND ND ND
Zine 42.9 77.4 1,620 ND ND 37.7
. Gyanide NA NA NA NA ND NA
TAL DISSOLVED METALS:
Aluminum ND ND 272 ND 192 J ND
Arsenic 32 B ND 34 B ND 25 B 161
Barium 81 B 168 B 01 B 32.0 172 B 240 B
Beryllium ND ND ND ND 11 B ND
Calcium 6,250 44,300 36,200 106,000 124,000 110,000
Cobalt 35 B 66 B 246 B ND ND ND
Copper 21 B 31 B 31 B ND ND ND
Iren 1070 J 605 8,380 ND 38300 J 13,400
Magnesiuim 11,300 7,110 15,000 18,800 111,000 98,900
Manganese 46.2 129 Q55 g21 1,270 1,070
Mercury 015 B ND ND ND ND 015 B
Nickel ND ND 'ND ND ND ND
Potassium 9,730 6,770 11,800 16,400 10,200 18,000
Selenium ND ND ND ND ND ND
Sodium 123,000 50,000 54,700 115,000 237,000 403,000
Vanadium ND ND ND ND R ND
Zing ND ND 307 ND ND ND
NOTES:

ND indicates ¢compeund was net detected
NA indicates compound was not analyzed
ug/L indicates micrograms per liter

B indicates compound datected in lab blank
J indicates an estimated value

R indicates data rejected and unusable

* indicates sample coilected on July 29, 1993
ERB indicates equipment rinsate blank

FB indicates field blank

Equipment rinsate and field blank shared with the Background Well samples
Matrix, spike/imatrix spike duplicate (MS/MSD) and blind duplicate sample far sample 07GW0QS shared with Site 13
MS/MED and blind duplicate sample shared with Site 7 Surface Water samples



SUMMARY OF TAL TOTAL AND DISSOLVED METALS AND CYANIDE

TABLE 1-8 {CONTINUED)

DETECTED IN GROUNDWATER SAMPLES
AND ASSOGCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK

VIRGINIA BEAGH, VIRGINIA

JULY 1 &2, 1993

Cyanide

SAMPLE LOCATICNINUMBER 07-GW-107 07-GwW-108 07-GW-109 07TGWERB 07GWFB
SAMFLE MATRIX Water Water Water Water Water
UNITS uglL, ug/lL ugiL ug/L ug/L
TAL TOTAL METALS AND CYANIDE:
Aluminum 225 928 J 1,060 J ND ND
Arsenic ND ND ND ND ND
Barium 47.6 422 B 7589 B ND ND
Beryilium ND ND ND ND ND
Cadmium ND ND 44 B ND ND
Calcium 257,000 272,000 283,000 ND ND
Chromium ND ND ND ND ND
Cobalt ND ND 38 B ND ND
Copper ND S59 B 177 B ND ND
Iron ND 1720 24400 J 18.9 276 J
Lead ND 103 J ND ND ND
Magnesiuim 380,000 383,000 596,000 ND ND
Manganese 268 114 754 ND 17 B
Marzury ND ND ND ND ND
Nicke! ND ND ND ND ND
Potassium 153,000 143,000 J 220,000 J ND ND
Sodium 3,570,000 3,520,000 5,430,000 ND ND
Thallium R R R R R
Vanadium ND ND ND ND ND
Zinc ND ND ND ND ND
NA NA NA NA NA

TAL DISSOLVED METALS:
Aluminurn ND ND ND ND ND
Arsenic ND ND ND ND ND
Barium 46.2 450 B 476 B ND ND
Beryllium ND ND ND ND ND
Calcium 255,000 288,000 236,000 ND ND
Cobalt ND ND ND ND ND
Copper 28 ND 83 B ND ND
Iron ND ND 9,350 ND ND
Magnesiuim 375,000 397,000 520000 ND ND
Manganese 258 "7 620 ND ND
Mercury ND ND ND ND ND
Nickel ND ND ND ND ND
Potassium 152,000 149,000 182,000 ND ND
Selenium ND 24 J ND ND ND
Sodium 3,550,000 3,580,000 4,680,000 ND ND
Vanadium ND ND ND ND ND
Zinc ND ND 349 ND ND

NOTES:

ND indicates compound was not detected
NA indicates compound was not analyzed
ug/L indicates micrograms per liter

B indicates compound detected in lab blank
J indicates an estimated value

R indicates data rejected and unusable

* indicates sample collected on July 28, 1993
ERB indicates equipment rinsate blank

FB indicates field blank

Equipment rinsate and field blank shared with the Background Well samples

Matrix spike/matrix spike duplicate (MS/MSD) and blind duplicate sample for sample 07GWOS shared with Site 13
MS/MSD and blind duplicate sample shared with Site 7 Surface Water samples
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TABLE 110

SUMMARY OF VOLATILE ORGANIC COMPOUNDS
DETECTED IN SURFACE WATER SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE 7 - AMPHIBIOUS BASE LANDFILL

NAVAL AMPHIBIOUS BASE ~

LITTLE CREEK

VIRGINIA BEACH, VIRGINIA

JULY 1, 1993
SAMPLE LOCATION/NUMBER 97-SW-101 07-SW-102 07-SW-103 07-SW-1070; 07-SW-104 07-5W-105 07-SW-106 07-TB-P2-104
{Dupllcate 07-SW-103}
SAMPLE MATRIX Water Water Water Water Water Water Water Water
UNITS ugit. ugiL ugil. ugiL ugiL ugiL ugiL ugil
VOLATILE ORGANIC COMPOUNDS {VOCs):
Acetone ND 17 15 17 ND 3l ND 18
TOTAL VOCs: ND 17 15 17 MD 31 ND i8
TOTAL TiCs: ND ND ND WD ND WD NI WD
NOTES:
ND indicates compound was not detected

uglL indicates micrograms per liler
TICs indicates tentativaly identified compounds

{1} indicates matrix spike/matrix spike duplicate (MS/MSD) sample was collected with this sample,

T8 indicates trip blank
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TABLE 1-11

SUMMARY OF TAL TOTAL METALS
DETECTED IN SURFACE WATER SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLE
SITE 7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

JULY 1, 1993
SAMPLE LOCATION/NUMBER 07-8W-101 a7-SW-102 07-SW-103 07-SW-1070) 07-SW-104 07-SW-106 07-SW-106
{Duplicate 07-5W-03}
SAMPLE MATRIX Water Water Water Water Water Water Water
UNITS ugil ugiL ugiL ugiL uglL ugil ugi
TAL TOTAL METALS:
Aluminum 17 J 1690 J 88 J 1,080 J 735 J 1210 4 ND
Arsenic 24 B 10.3 ND ND 9 B 7 B 99
Barium 175 B B8 B 28.3 B 45 B 241 B 348 B 202
Calcium 125,000 85,500 159,000 182,000 51,100 80,500 22,300
Cabalt ND 47 B 34 B 34 B 56 B 51 B ND
Copper ND 141 B 53 B 6.3 B 85 B 68 B ND
iron 1620 J 6890 J 1,010 J 1,600 J 5210 J 5510 J 3,020
Lead NG 51 4 NO ND 50 J 3z d ND
Magnesium 288,000 190,000 403,000 457,000 37,400 146,000 28,000
Manganese 156 306 83.9 91.6 22 193 334
Potassium 109000 J 72,800 155,000 J 181,000 J 15800 J 54,100 J 8,800
Sodium 2,530,000 1,630,000 3,710,000 4,250,000 235,000 1,210,000 184,000
Thalllum R R R R R R R
Zine ND 563 ND ND 30.8 705 ND
NOTES: '

ND Indicates compound was not delecled
ug/L indicates micrograms per liter

B indicates compaund delected in lab blank
Jindicates an estimated value.

R indicates data rejected and unusable.

{1) indicates malrix spikefmalrix spike duplicale (MSMSD) sample was collecled with this sample.




TABLE 1-12

SUMMARY OF VOLATILE ORGANIC COMPOUNDS
DETECTED IN SEDIMENT SAMPLES
AND ASSOCIATED QUALITY CONTROL SAMPLES
SITE7 - AMPHIBIOUS BASE LANDFILL
NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

JULY 1, 1983
SAMPLE LOCATION/NUMBER 07-SED-101¢) 07-SED-102 07-SED-103 07-SED-107 07-SED-104
{Duplicate 06-3ED-103)
SAMPLE MATRIX Soil Soil Soil Soil Soil
UNITS ugl/kg ug/kg uglkg uglkg uglkg
VOLATILE ORGANIC COMPOUNDS (VOCs):
Methyiene Chloride ND T ND ND ND
Acetane ND m oy ND ND ND
Carbon Disulfide ND 4 J ND ND ND
2-Butanone ND 65 ND 19 12
Toluene ND 5 | ND ND 1
TOTAL VOCs: ND 451 ND 198 13
TOTAL TICs: ND a3 J ND ND ND
SAMPLE LOCATION/NUMBER 07-SED-105 07-SED-106 07-SED-RB101 07-TB-P2-104
SAMPLE MATRIX Soil Soil Water Water
UNITS uglkg utl/kg ug/L ug/L
VOLATILE ORGANIC COMPOUNDS (VOCs):
Methylene Chloride ND ND ND ND
Acetene ND ND ND 18
Carbon Disulfide ND NOD ND NO
2-Butanone ND ND ND ND
Toluene ND ND ND ND
TOTAL VOGs: ND ND ND 18
TOTAL TICs: ND ND ND ND
NOTES:

ND indicates compound was not detected
ug/kg indicates micrograrms per kilogram

ug/L indicates micrograms per liter

J indicates an estimated value.

TICs indicates tentatively identified compounds.

(1) indicates a matrix spike/matrix spike duplicate (MS/MSD) sample was collected with this sample,

RB indicates equipment rinsate blank
TB indicates trip biank.
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TABLE 13

SUMMARY OF TAL METALS AND CYANIDE

DETECTED IN SEDIMENT SAMPLES

AND ASSOCIATED QUALITY CONTROL SAMPLES

SITE 7 - AMPHIBIOUS BASE LANDFILL

NAVAL AMPHIBIOUS BASE - LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

JULY 1, 1993
SAMPLE LOCATION/NUMBER. 07-SED-1010)y 07-SED-102 07-SED-103 07-SED-107 07-SED-104 O7-SED-105 07-SED-106 07-SED-RB101
(Duplicate 07-SED-103}
SAMPLE MATRIX Soil Soil Soil Sofl Soll Soil Soil Water
UNITS mygfkg mglkg mgikg my/kg mgikg malkg mygiky ugil
TAL METALS AND CYANIDE:
Aluminum 3,280 6,520 2,670 2,080 938 1,380 221 ND
Arsenic a9 8.8 27 1.8 B 29 18 B 12 B ND
Barium 00 B 238 B B4 B 7.0 B 43 B 63 B 16 B ND
Beryllium 028 B ND ND WD 042 B ND ND ND
Cadmium 2.4 31 ND ND 23 ND MO ND
Calcium 479 1.120 1,500 385 B 214 B 394 ND NG
Chromium 84 J 101 J 57 J 7.4 J 56 38 15 J 54 B
Cobalt 25 J 34 ) din] 0.94 J ND 095 MO ND
Copper 12.3 429 11.7 101 73 17.5 089 B 49 B
Iron 7,860 14,200 4,850 3,760 10,100 4,030 1,080 ND
Lead 91 311 83 J 7.8 J 47 4 126 J 17 J MO
iagnesium 1240 B 2,680 866 B 857 B 261 B 504 B 787 B ND
Manganesa 30.6 67.2 1.4 171 8.9 16.8 27 B 20 B
Nickel 47 B ig B g B 4.6 B 33 B 40 B ND MO
Potagsium 674 B 1,350 B 487 B 465 B 140 B 274 B 453 B ND
Silver 075 J ND MD ND ND ND ND ND
Sodium 2,340 5,160 1,340 2,700 389 B 628 B 208 B D
WVanadium 50 B 23.2 58 B 5.4 B 10.2 91 B ND ND
Zinc 36.8 213 41.2 35.5 295 37.2 ND ND
Cyanide ND ND WD ND ND ND ND MO
NOTES:

ND indicates compound was not detected
mgfkg indicates milligrams per kilogram
ug/L indicales micrograms per liter

B indicates compound detected in lab blank
Jindicates an estimated value.

{1) Indicates matrix spike/matrix spike duplicate (MS/MSD) sample was collected with this sample.

RB indicates eguipment rinsate blank




Sediments

Various TAL metals, specifically aluminum, copper, iron, lead, manganese, and zinc, were detected at
elevated levels in the site sediments. None of them exceeded EPA DSCs.

Chemic. f cern

Affected media at the site are surface soils, subsurface soils, groundwater, and surface water. SVOCs and
PCBs have been detected in surface soils; TAL metals are the contaminants of concern in surface soils,
groundwater, and surface water. TAL metals detected in sediments do not pose any human health risks.

1.4 Nature and Extent of Contamination

The primary landfill materials are the wastes produced at NAB Little Creek including potentially
hazardous materials. Waste oils and metals segregated from the wastes were placed in the landfill from
- 1970 to 1979. The landfill was closed in 1979, and after closure, the landfill area continued to bé used as
a metal collection and transfer site, temporary storage for wastes, and burn area for scrap wood and trees.

During the RI, mostly metals were detected in the samples collected at the site. Surface and subsurface
soil samples were contaminated with elevated levels of metals. Aside from metals, only Aroclor-1260 and
benzo(a)pyrene exceeded the DSC in two samples and one sample, respectively. No other contaminants
were detected at concentrations exceeding their respective DSCs.

Groundwater and surface water samples were found to contain heavy metals at levels above their
respective standards. No other contaminants were detected at concentrations exceeding the DSCs.
During the RVS, oil and grease were detected in groundwater and surface water samples.

Various heavy metals were detected in sediment samples, but not at levels exceeding DSCs.

The RI did not identify the extent of contamination, which could provide a remediation target narrower
than the entire 38 acres of the landfill. The preliminary FS, which was presented in Section 7.0 of the RI
report, calculated a potential volume of 1.2 million cy, using an average fill height of 15 feet. The height
was estimated based on the topography and the depth to clay layers observed in the borings at the edge of
the landfill.

1.5 Baseline Risk Assessment
A baseline risk assessment (RA) was conducted using the analytical data obtained during the RI in 1993.
Details of the RA can be found in the final RI/ES report dated October 1994. This RA evaluated risk for

adults and children, as residents, workers, recreational users, or trespassers. The following exposure
pathways were considered:
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ingestion and dermal contact with surface soils;

ingestion, dermal contact, and inhalation of groundwater;
ingestion and dermal contact with surface water & sediments; and
ingestion of fish from the streams on or adjacent to the site.

Current Scenario

The only risk in the current scenario appears to be via surface water ingestion, where the hazard index
(HI) was exceeded by the trespasser adult (3.45) and trespasser child (16.1). For these receptors, arsenic
and manganese appear to dominate. The incremental cancer risk (ICR) was exceeded by both receptors:
adult (2.12x10™) and child (1.98x10™), with arsenic being the controlling pollutant.

Future Scenario

A number of health risks exist in the future scenario. The HI for the resident child ingestion of both
surface soil and subsurface soil exceeded the unity threshold. HI for surface soil ingestion is 2.36 and for
subsurface soil ingestion is 1.15. The exceedances are mainly due to the presence of metals, primarily
arsenic, iron, and manganese. In the groundwater ingestion pathway, the resident adult receptor exceeded
both the HI (2.85) and the ICR (1.28x104), where aluminum, arsenic, beryllium, cadmium, chromium,
manganese, and vanadium dominate. In this same scenario, the HI for resident child was also exceeded
(3.33). Risk indices for groundwater ingestion were calculated using total metals; the indices were not
exceeded if dissolved metal concentrations are used. Finally, in the surface water ingestion pathway, the
resident child exceeded the HI (16.1) and the ICR (1.98)(104), and the resident adult exceeded both the HI
(3.45) and the ICR (2.12x10'4). Arsenic, barium, and manganese significantly contribute to the index
exceedances.

1.6 Purpose

The purpose of the feasibility study (FS) is to identify remedial alternatives to reduce the potential human
health and environmental risks associated with the various contaminants of concern identified at the site
and to investigate the feasibility of such alternatives using available information. The purpose of the FS
report is to document the basis and procedures used in identifying, developing, screening, and evaluating
a range of remedial alterpatives in order to recommend the most feasible and cost-effective remedial
alternative. The FS report is prepared in accordance with the USEPA document titled "Guidance for
Conducting RI/FS under CERCLA,” October 1988 (EPA/340/G-89/004).

This FS is based on the background summary presented in Sections 1.1-1.5. Details of the site
background, field investigations, and analytical findings can be found in the final RI/FS report dated

October 1994. The following assumptions and limitations should also be recognized at this juncture:

. Subsurface soils at the site have not been fully investigated. The presence of hazardous
substances in the subsurface is assumed since the site was a former landfill.

. The intent of site remediation under the IR program is to mitigate human health risks
rather than restore the site to natural conditions. The remedial objective is to mitigate
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migration of these hazardous contaminants to the adjacent environment, i.e. groundwater, e
surface water, and the surface soils.

. Ecological assessments for Little Creek Cove and the adjoining surface water streams —
have not indicated to-date, any specific impact from the landfill, and the FS has been
prepared accordingly. If future assessments indicate ecological risks, additional
evaluations and/or actions will be taken as appropriate. . ~
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2.0 REMEDIAL ACTION OBJECTIVES

This section identifies site-specific cleanup objectives based on the nature and extent of contamination, the
potential for human and ecological exposures, and the current and furure uses of the site.

Media of concern at the site are soils, groundwater, and surface water. Surface and subsurface soils are
contaminated with metals, Aroclor-1260, and benzo(a)pyrene. Groundwater and surface water are
contaminated with metals. The only risk in the current scenario appears to be via surface water ingestion;
while in the future scenario, dermal contact of surface soil, groundwater ingestion, and surface water
ingestion pathways present potential human health risks. Within this setting, applicable or relevant and
appropriate requirements (ARARS) are presented in this section and overall remedial action objectives
(RAQs) are developed.

2.1 Applicable or Relevant and Appropriate Requirements

The primary concern during the development of RAOs for hazardous waste sites is the degree of
protection afforded by a given remedy to human health and the environment. Section 121(d) of SARA
and the NCP (40 CFR 300; March 8, 1990) require that primary consideration be given to remedial
alternatives that attain or exceed ARARs. The purpose of this requirement is to make response actions
comply with all pertinent federal and state environmental requirements. State requirements must also be
attained under Section 121(d)(2)(c) of SARA, if they are more stringent than the federal requirements, are
legally enforceable, and consistently applied statewide.

Under SARA, an ARAR is defined as follows:
. Any standard, requirement, criterion, or limitation under federal environmental law.

] Any promulgated standard, requirement, criterion, or limitation under a state
environmental or facility citing law that is more stringent than the associated federal
standard, requirement, criterion, or limitation.

Applicable Requirements are those requirements or standards promulgated under federal or state law that
would be legally applicable to the response action if that action were not taken pursuant to Sections 104 or
106 of CERCLA.

Relevant and Appropriate Requirements are those federal or state requirements or standards that, while
not applicable, are designed to apply to problems sufficiently similar (relevant) to those encountered at the

site rendering their application appropriate. Relevant and appropriate requirements are intended to have
the same weight as applicable requirements. Requirement must be relevant and appropriate to be an
ARAR.

The EPA has also indicated that "other" federal and state criteria, advisories, and guidelines may have To
Be_Considered (TBCs) during the development of remedial alternatives. TBCs are not promulgated, not
enforceable, and do not have the same status as ARARs. However, they may be useful in establishing a
cleanup level or in designing the remedial action, especially when no specific ARARs exist or not
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sufficiently protective. Examples of such other criteria include: EPA Drinking Water Health Advisories,
Carcinogenic Potency Factors, and Referénce Doses.

Section 121 of SARA requires that the remedy for a CERCLA site must attain all ARARs unless one of
six conditions for a waiver is satisfied. These are:

The selected remedial action is an interim remedy or a portion of a total remedy which
will attain the standard upon completion.

Compliance with such requirements will result in greater risk to human health and the
environment than alternate options.

Compliance with such requirements is technically impracticable from an engineering
perspective.

The selected remedial action will attain the equivalent of an ARAR.

The requirement is a state requirement that has not been consistently applied in similar
circumstances.

Compliance with the ARAR will not provide a balance between protecting public health
and the environment at this site with the availability of funds for response at other sites.

ARARs and TBCs are both used during the FS process to:

Develop remedial action objectives and determine the appropriate extent of cleanup;
Scope, formulate, and evaluate the remedial action alternatives; and,
Govern implementation and operation of the selected remedial alternative.

ARARs and TBCs fall into three broad categories, based on the manner in which they are applied at a
site. These categories are as follows:

cto247\fs7.52

Chemical specific - These ARARs and TBCs define acceptable exposure levels for a
specific chemical in an environmental medium and are used in establishing preliminary
remediation goals. They may be actual concentration based cleanup levels, or they may
provide the basis for calculating such levels. Examples of chemical-specific ARARs are
MCLs for drinking water or ambient air quality standards.

Location-specific - These ARARs and TBCs set restrictions on remedial activities at a site
due to its proximity to specific natural or man-made features. Examples of natural site
features include floodplains or wetlands. Examples of man-made features are local
historic buildings and structures.

Action-specific - These ARARs and TBCs set controls or restrictions for particular
treatment and disposal activities related to the management of site media containing
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constituents of concern. Examples of action-specific ARARs are effluent discharge limits
and hazardous waste manifesting requirements.

In general, chemical-specific ARARs and TBCs are considered during the assessment of risks to human
health and the environment. These ARARs and TBCs are also considered in the development of the
remedial action objectives. The action-specific ARARs and TBCs, which affect the implementation
and/or operation of the remedial alternatives, are primarily used to. assess the feasibility of remedial
technologies and alternatives. Tables 2-1 A, B, and C present potential Federal action-specific, chemical-
specific, and location-specific ARARs, while Tables 2-2 A, B, and C present potential Virginia action-
specific, chemical-specific, and location-specific ARARs which may be applicable to the landfill.

2.1.1 hemical-Specific ARARS and

A partial listing of potential federal and state chemical-specific ARARs and TBCs that apply to NAB Little
Creek sites is presented below. All of the ARARs and TBCs listed provide some specific guidance on
"acceptable” or "permissible” concentrations of chemicals of concern in air, drinking water, treatment
residues, etc., at the site. It should be noted that such a list is not totally inclusive and must be reviewed
for completeness periodically to evaluate if additions to, or deletions from the list are required. At a
minimum, this review should take place every five years. A brief discussion of the chemical-specific
ARARs and TBCs is presented below.

The Safe Drinking Water Act (SDWA) promulgated National Primary Drinking Water Standard MCLs
(40 CFR 141). MCLs are enforceable standards for chemicals of concern in public drinking water supply
systems. They are based on health risks, as well as the economic and technical feasibility of removing a
contaminant from a water supply system. EPA has recently also proposed Maximum Contaminant Level
Goals (MCLGs) for several organic and inorganic compounds in drinking water. MCLGs are
nonenforceable guidelines that do not consider the technical feasibility of contaminant removal. Secondary
MCLs (40 CFR 143) are not enforceable, but are intended as guidelines to protect the public welfare.
Chemicals of concern covered are those that may adversely affect the aesthetic quality of drinking water,
such as taste, odor, color, and appearance, and may deter public acceptance of drinking water provided
by public water systems. SDWA requirements are applicable to groundwater treatment alternatives.

EPA Health Advisories are nonenforceable guidelines, developed by the EPA Office of Drinking Water,
for chemicals that may be intermittently encountered in public water supply systems. Health advisories
are available for short-term, long-term, and lifetime exposures for a 10 kg child and/or a 70 kg adult.
Health advisories may be applicable for remedial actions involving groundwater treatment, especially for
contaminants of concern that are not regulated under the SDWA.

EPA Ambient Water Quality Criteria (AWQC) were developed for 64 pollutants in 1980, pursuant to
Section 304(a)(1) of the Clean Water Act. In 1984, EPA revised nine criteria previously published in
1976 (Quality Criteria for Water) and in the 1980 documents. AWQC are not legally enforceable, but
have been used by many states to develop enforceable water quality standards. AWQC are available for
the protection of human health from exposure to contaminants of concern in drinking water and from the
ingestion of aquatic biota and for the protection of freshwater and saltwater aquatic life. AWQC may be
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TABLE 2-1 A

POTENTIAL FEDERAL ACTION-SPECIFIC ARARs

NAVAL AMPHIBIOUS BASE LITTLE CREEK

VIRGINIA BEACH, VIRGINIA

- ACTION:

Excavation Movement of excavated materials to new | Materiat containing RCRA 40 CFR 258.40
location and placement in or on land will hazardous wastes subject to
trigger land disposal restrictions for the land disposal restrictions are
excavated waste or closure requirements | placed in another unit
for the unit i which the waste is being
placed
Areas {rom which malerials are excavaled | RCRA hazardous waste 40 CFR 264.228(a),(b)
may require cleanup to levels established | placed at site after the 40 CFR 284.258(a) and
by closure requirements effective date of the {b)

requirements.

Waste Pile Use a single liner and leachate collection | RCRA hazardous waste, non- | 40 CFR 264.251 Regquirements may be ARAR for soiis
system. Waste put inta waste pile subject | conlainerized accumulation of {except 251(j), stockpiled onsite prior to treatmant or
to land ban regulations. solids, non-flammable 251(e)(11) disposal

hazardous waste that is used
for treatment or storage
Closure of Waste Pile At closure owner shall remove or Waste piie used to store 40 CFR 264.25(a) and

decontaminate all waste residue and
equipment

hazardous waste

(b} except references to
procedural
requirements,

Thermal Treatment

Establishes requirements for owners and
operators of interim status facilities that
thermafly treat hazardous waste in devices
other than incinerators

RCRA hazardous waste
tfreatment

40 CFR 285.370-
265.383

Would not be an ARAR if treatment
unit is determined to be an incinerator.

Land Treatment

Treatment unit design requirements and
specifications

Faciiites that treat or dispose
of hazardous waste in tand
treatment units

Title 40 CFR
264.271(a)(2) and (3)

Design, construction, operation and
maintenance of land treatment units.

Fagcilities that treat or dispose
of hazardous waste in land
treatment units.

Title 40 CFR
264.273(a) to (g)

Vadose zone manitoring and response
requirements.

Facilities that treat or dispose
of hazardous wasle in land
treatment units.

Title 40 CFR 264,278
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TABLE 2-1 A (continued)

POTENTIAL FEDERAL ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

‘COMMENTS © 171,

Closure of Land
Treatment Unit

Closure and post closure care
requirements for hazardous waste land
treatment units,

Land treatment unit used to
treat or iispose hazardous
waste,

40 CFR 264.280

Treatment when waste
wil be land disposed

Treatment of waste subject to ban on land
disposal must attain levels achievable by
best demonsirated available {reatment
technelogies (BDAT) for each hazardous
consliluent in each listed waste, if residual
is to be land disposed.

Placement of RCRA
hazardous waste in a landfill,
surface impoundment, waste
pile, injection well, land
treatment facility, salt dome
formation, or underground
mine or cave

40 CFR 268.40 and 42

BDAT standards for spent solvent wastes
and dloxin-containing wastes are based on
one of four technologies or combinations:
steam stripping, biclegical treatment,
carbon adsorption; and Incineration. Any
technology may be used if it will achieve
the concentration levels specified

40 CFR 268.30,31
42 US 6924(d)(3)(e)(3)

Placement of waste in
land disposal unit

Aftain tand disposal treatment standards
before pufting waste into fandfiil in order to
comply with land ban restrictions.

Placement of RCRA
hazardous waste in a landfill,
surface impoundment, waste
pile, injection well, land
treatment facility, salt dome
formation, or underground
mine or cave,

40 CFR 268.40

Applicable only for hazardous wasles
that are regulated under land disposal
restrictions.

Surface water control

Prevent run-on and control and colect run-
off from a 24-hour 25-year storm. Prevent
over-topplng of surface Impoundments

RCRA hazardous waste
{reated, stored, or disposed
after the effective date of the
requirements.

40 CFR
264.251{c d f.a.h k)




TABLE 2-1 A {continned)

POTENTIAL FEDERAL ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

9-C

. CITATION -

Discharge to
groundwater from
regulated unit

Groundwater Protection Standards:;
Ownersioperators of RCRA treatment,
storage, or disposal facilities must comply
with conditions in this section that are
designed to ensure that hazardous
constiluents entering the groundwater
from a regulated unit do not exceed the
concentration limits for contaminants of
concern set forth under Section 264.941n
the uppermast aquifer underlying the
waste management area beyond the point
of compliance.

Uppermost aquifer underlying
a waste management unit
beyond the point of
compliance; RCRA hazardous
waste, treatment, storage, or
disposal.

40 CFR

264.94{a)(1),(a)(3).{c){
d)and (e}

Standards require consideration of
cleanup to background.

Cwners/operators of RCRA surface
impoundment, waste pile, land treatment
unit, or landfill shalt conduct a monitaring
and response program for each regulated
unit

Surface impoundment, waste
pile, land treatment unit, or
landfill for which constituents
In or derived from waste in the
unit may pose a threat to
human health or the
environment.

40 CFR 264.91(a) and
{c), except as it cross-
references permit
requirements

Underground injection of
wastes and {reated
groundwater

The underground injection control {UIC)
program prohibits injection activities that
allow movement of contaminants into
underground sources of drinking water
which may resuit in violations of MCLs or
adversely affect health,

An approved UIC program is
required In states listed under
Safe Drinking Water Act
{SDWA) Section 1422. Class
| wells and class |1V wells are
the relevant classifications for
CERCLA sites, Class | wells
are Lused to inject hazardous
waste beneath the fowermost
formation within 1/4 mile that
contains an underground
source of drinking water
{USDW). Class IV wells are
used to inject hazardous or
radicactive waste into or above
a formation that contains an
USDW within 1/4 mile of the
well,

40 CFR 144.12,
excluding the reporling
requirements in
144.12(b} and
144.142{c)(l}

The following UIC requirements may
be ARARSs for alternatives that include
reinjection of treated groundwater.
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TABLE 2-1 . continued}

POTENTIAL FEDERAL ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

 COMMENTS

Underground injeclion of
wastes and treated
groundwater

The UIC program regulated construction 40 CFR 14413
of new Class IV wells and operation and

maintenance of existing wells.

Class |V wells are banned except for 40 CFR 144.13(c}

reinjection of treated grountwater into the
same formation from which it was
withdrawn, as part of a CERCLA cleanup
or RCRA corrective action.

Disposal of pesticides

Unacceptable disposal methods include:

- Those inconsistent with the label
- Open dumping

- Open burning

- Disposal into any body of water

Chemically deactivate pesticide and
recover heavy metals. If chemical
deactivation facilities are nof available,
encapsulate the pesticide and bury it.
Store peslicide If nelther deactivation or
burial are available.

Treatment recommended for
organic mercury, lead,
cadmium, arsenic, and all
inarganic pesticides.

40 CFR 165.7 and
165.8

Mot an enforceable requirement. May
bea TBC.

Discharge 1o air

Provisions of State Implementation Plan
(S1P) approved by EPA under Section 110
of CAA,

Major sources of air pollutants

40 USC Section 7410;
portions of 40 CFR
Section 52 applicable to
state in which site is
located

Specific pertinent rules are listed
below.

National Primary and Secondary Ambient
Air Quality standards (NAAQS) -
standards for ambient air quality to protect
public health and welfare {including
standards for particulate matter and lead).

Contamination of air affecting
public health and welfare

40 CFR Sections 50.4 -
5012

Not an ARAR; Federal NAAQS are
nenenforceable standards. May bea
TBC.

MNew Scurce of discharge | Meet standards of performance for new Stationary source constructed | 40 CFR 60
to air sources and emission standards for or modified after effective date
hazardous air poliutants. of requirement. Specified
stationary sources of specific
hazardous air pollutant(s).
New Source of discharge | National Ewmlsslon Standards for Any stationary source for 40 CFR 61

to air

Hazardous Alr Poliutants (NESHAPS)

which a standard is prescribed
under this regulation.
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TABLE 2-1 A (continued)

POTENTIAL FEDERAL ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
YIRGINIA BEACH, YIRGINIA

©acTioN -

.. . COMMENTS ¥/

Hazardous Materials
Transportation

No person shall represent that a container
or package is safe unless it meets the
requirements of 48 USC 1802, et seq. Or
represent that a hazardous material is
present in a package or motor vehicle if it
is not.

interstate carriers transporting
hazardous waste and
subsiances by motor vehicle,
Transportation of hazardous
materia} under contract with
any department of the
executive branch of the
Federal gavernment,

49 CFR 1T1.2()

Substantive portions of these
requirements wouid be ARARs for
transport of hazardous materials

onsite. Olfsite transport must comply

with beth substantive and
administrative requirements.

Sofid Waste Disposal

A facility or practice shall not contaminate
an underground drinking water source
beyond the solid waste boundary or a
court-or State-established alternative.

Sclid waste disposal facility
and practices except
agricultural wastes,
overburden resulting from
mining operations, land
appfication of domestic
sewage, location and
operations of septic fanks,
sofid or dissoived materials in
irrigation return flows,
industrial discharges that are
point sources subject to
permits under CVWA, source
special nucfear or by-product
material as defined by the
Atomic Energy Act, hazardous
wasle disposal facilities that
are subject to regulation under
RCRA Subtitle C, disposal of
solid waste by underground
well injection, and municipal
solid waste landfill units.

40 CFR 257.3-4and
Appendix I.

A faciity shali not cause a discharge of
poliutants into waters of the L. 5. that is in
violation of the substantive requirements of
the NPDES under CWA Section 402, as
amended.

40 CFR 257.3-3{a)
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TABLY 2-1 - (continued)

POTENTIAL FEDERAL ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

Solid Waste Disposal

A facility shall not cause a discharge of
dredged material or fill material to waters
of the U.S. that is in violation of the
substantive requirements of CWA Section
404,

40 CFR 257.3-3

A facility or practice shall not cause
nonpoint source pellulion of waters of the
U.5. that viclates applicable legal
substantive requirements implementing an
area wide or Statewide water quality
management plan approved by the
Administrator under CWA Section 208, as
amended.

40 CFR 257.3-3(a}

The facility or practice shall not engage in
open burning of residential, commercial,
institutional, or industrial solid waste,

Not applicable to infrequent
burning of agricultural wastes
in the field, silvicultural wastes
for forest management
purposes, landclearing debris
from emergency cleanup
operations, and ordnance.

40 CFR 257.3-7(a)

The facilily shall not violate applicable
requirements developed under State
implementation plan approved or
promulgated by the Administrator pursuant
to CAA Section 110, as amended.

40 CFR 257.3-7{b}




TABLE 21B

POTENTIAL FEDERAL CHEMICAL-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK

01-¢

VIRGINIA BEACH, VIRGINIA

. REQUIREMENT

\Water quality criteria

Discharges to water of the United
States and groundwater

33 USC 1314{a) and
42 USC 9621(d)(2)

Water quality criteria are not generally relevant and
appropriate in selecting cleanup ievels in groundwater,
because consumption of contaminated fish is not a concem.
However, a water quality criteria adjusted to reflect only
exposure from drinking the water may be useful in the
absence of a promulgated MCL or MCLG. Also, water
guality criteria may be relevant and appropriate for any
groundwater discharge to surface water.

Toxicity characteristic teaching
procedure {TCLP) regulatory ievels;
Persistent and bicaccumulative toxic
substances total threshold limit
concentrations (TTLCs) and soluble
threshold limit concentrations {STLCs).

Hazardous waste treatment,
storage, or disposal.

Title 22 CCR, 66261.24(a).

Applicable for determining whether waste is hazardous.

Groundwater protection standards;
Ownersfoperators of RCRA treatment,
storage, or disposal facilities must
comply with conditions in this section
that are designed to ensure that
hazardous constituents entering the
groundwater from a regulated unit do not
exceed the concentration limits for
contaminants of concern set forth under
Section 264.94 in the uppermost aguifer
underlying the waste management area
beyond the point of compliance.

Uppermost aquifer underlying a
waste management unit beyorid
the point of compliance; RCRA
hazardous waste, treatment,
storage, or disposal.

40 CFR 264.94, except
6624.94{a}{2}, and 94(b)

Applicable for hazardous waste TSD facililies; potentially
relevant and appropriate in site-specific circumstances,
such as when the source of the wasle is unknown but the
waste is similar in composition lo listed waste or when waste
conslituents have released or have the potential to release to
groundwater. See NCP criteria at 40 CFR 300.400{g}(2).

\Water quality standards

Discharges to water of the United
States

33 USC 1313 and 57 Federal
Register 60920-60921

Federal water quality standards would be applicable for any
discharges to surface waters. Dischargés to surface water
(from contaminated groundwater or surface runoff) should
be evaluated here, Discharges that would cecur as part of
the response action should be evaluated under action-
specific requirements.
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POTENTIAL FEDERAL CHEMICAL-SPECIFIC ARARSs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

Water quality criteria

Discharges to waters of the 33 USC 1314{a) and 42 USC
United States and groundwater. §9621(d)(2)

Federal water quality standards may be relevant and
appropriate for any discharges to surface water. Discharges
to surface water (from contaminated groundwater or surface
runcffy should be evaluated here. Discharges that would
occur as part of the response action should be evaluated
under action-specific reguirements.

Definilion of RCRA, hazardous waste

Whaste soil 40 CFR

Sections 261.21
261.22{a)(1), ; 261.23
261.24{a)(1}, and 261.100

Applicable for determining whether waste is hazardous.

Provisions of State Implementation Plan
{SIP) approved by EPA under Sectlon
110 of CAA.

Major sources or air pollutants. 40 USC 7410, portions of 40 CFR
52.220 applicable to state in which
site is located.

Need to evaluate whether emission of air pollutants
regulated by S1P is currently ocourring. Emissions that
would be part of the response aclion should be evaluated
under the action-specific requirements.
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TABLE2-1C

POTENTIAL FEDERAL LOCATION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

CocATIoN:

DETERMINATION

Within flocodplain

Actions taken should avoid adverse
effects, minimize potentiat harm,
restore and preserve natural and

Action that will occur in a floedplain,
i.e., lowiands, and refatively flat
areas adjoining inland and coastal

40 CFR 8, Appendix
A; excluding Sestions
8(a)(2), B(a)(4),

Check FEMA maps for the area.
Information reference should be
included In the comment.

beneficial values. waters and other flood-prone areas. | 6(a)(6);
40 CFR 6.302
Criticat habitat upen which Action to conserve endangered Determination of effect upon 16 USC 1536{a) EIS compieted for MILCON

endangered species or

threatened species depend

species or threatened species,
including consultation with the
Depariment of the Interior,

endangered or threatened species
or its habitat.

projects at the facility wilt have
information on endangered species
that have been observed in the site
vicinity, If endangered species are
present, the ecological assessment
should evaluate potential effects of
the contamination present and the
planned response action.

Wetland

Action to minimize the destruction,
loss, or degradation of wetlands.

\Wetland as defined by Executive
Order 11980 Section 7.

40 CFR 6, appendix A;
excluding Sections
6(a)2). 6(a)),
6(a)(6);

40 CFR 6.302

Using wetlands maps and other
site-specific information, determine
if there are any wetlands in the
Immediate vicinity of the site, If
wetlands are present, the site
investigation should determine if
they are currently being degraded
by the contamination at the site or if
they could be impacted by the
response action for the site,

Action to prohibit discharge of
dredged or il material into wetiand
without permit.

Wetland as defined by Executive
Order 11980 Section 7.

40 CGFR 230.10;
40 CFR 231 {2311,
23t2,207,2018

This requirement would be an
ARAR If discharge of dredged or fill
material to a wetland is planned as
part of the response action.

Within ceastal zone

Conduct activities in a manner
cansistent with approved State
management programs.

Activities affecting the coastal zone
inciuding lands thereunder and
adjacent shoreland.

Section 307(c) of 18
USC 1256(c); also see
15 CFR 930 and
923.45

If site is near a coastal area, check
with appropriate state agency to
determine the applicability of this
requirement. EIS for MILCON
projects at the facility may have this
information.

-y
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POTENTIAL VIRGINL. ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

Excavation Movement of excavated materials to new ] Material contalning RCRA 40 CFR 268.40 Land Disposal Restrictions not
location and placement in or on fand will hazardous wastes subject to regulated by State.
trigger land disposal restrictions for the land disposal restrictlons are
excavated waste of closure requirements | placed In another unit
for the unit in which the wasle is being
placed
Areas from which materials are excavated | RCRA hazardous waste piaced | VR 672-10-01, Part X,
may requlre cleanup 1o levels established  {at site after the effective date of Sections 10.10.1.1, 2
by closure requirements the requirements. and 10.11.1.1,2, except
as it cross-references
procedural
requirements
Wasle Pile Use a single liner and leachate collection | RCRA hazardous waste, non- VR 672-10-01, Part X, { Requirements may be ARAR for
system. Waste put into waste pile subject | contalnerized accumutation of Section 10.11.B soils stockpited onsite prior to
to land ban regulations. sollds, non-flammable treatment or disposal
hazardous waste that Is used
for treatment or storage
Closure of Waste At closure owner shall remove or Waste pile used to store VR 672-10-01, Part X,
Pile decontaminate all waste residue and hazardous waste Section 10.11.1.1, 2
equipment except reference to
procedural
requirements
Thermal Treatment | Establishes requirements for owners and | RCRA hazardous waste VR 672-10-01, Part X, | Would not be an ARAR if treatment
operators of interim status facilities that treatment ‘Sectlon 9,15 unit is determined to be an

thermally treat hazardous waste in devices
other than Incinerators

incinerator.

Land Treatment

Treatment unit design requirements and
speclifications

Facllities that treat or dispose of
hazardous waste In [and
treatment unlts

VR 672-10-01 Part X,
Section
10.12.8.1(b)and(c)

Design, construction, operation and
malntenance of land treatment uhits.

Facilities that treat or dispase of
hazardous waste In land
treatment units.

VR 672-10-01, Part X,
Sectlon 10.12.D




1-C

TABLE 2-2 A {Continued)
POTENTIAL YIRGINIA ACTION-SPECIFIC ARARSs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACIH, VIRGINIA

CITATION

Land Treatment

Wadose zone menitoring and response
requirements.

Facilities that treat or dispose of
hazardous waste in land
treatment units.

VR 671-10-01, Part X,
Section 10.12.

Closure of Land
Treatment Unit

Closure and postclosure care
requirements for hazardous waste fand
treatment units.

Land treatment unit used to
treat or dispose hazardous
waste,

VR 672-10-01, Par X,
Section 10.12K

Treatment when
waste will be land
disposed

Treatment of waste subject to ban cn land
disposal must attain levels achievable by
best demonstrated available treatment
technologies (BDAT) for each hazardous
constituent in each listed waste, if residual
is to be land disposed.

Placement of RCRA hazardous
waste in a landfill, surface
impoundment, waste pile,
injection well, land treatment
facility, salt dome formation, or
underground mine or cave

40 CFR 288

Not regulated by State. See Federal
Action-Specific ARARs.

Placement of waste
in land disposat unit

Altain land disposal treatment standards
before pulting waste into landfill in order to
comply with land ban restrictions,

Placement of RCRA hazardous
waste in a2 landfill, surface
impoundment, waste pile,
{njection well, land treatment
facility, salt dome formation, or
undergrotind mine or cave.

40 CFR 268.4

See Federal Action-Specific ARARs
Table.

Surface water
control

Prevent run-on and control and collect run-
off from a 24-hour 25-year storm. Prevent
over-topping of surface impoundments

RCRA hazardous waste
treated, stored, or disposed
after the effective date of the
requirements.

VR 672-10-01, Part X,
Sections 10.11.B;
10.120 and 10.138

Discharge to
groundwater from
regulated unit

Groundwater Protection Standards:
Ownersfoperators of RCRA treatment,
storage, or disposal facilities must comply
with conditions in this section that are
designed to ensure that hazardous
constituents entering the groundwater
from a reguiated unit do not exceed the
concentration limits for contaminants of
concern set forth under Section 264.94 in
the uppermost aquifer underiying the
waste management area beyond the point
of compliance.

Uppermost aquifer underlying a
waste management unit beyond
the point of compliance; RCRA
hazardous waste, treatment,
storage, or disposal.

VR 672-10-01, Part X,
Section 10.50

Standards require consideration of
cleanup to background.

Discharge to
groundwater from
regufated unit

Ownersfoperators of RCRA surface
impoundment, waste plie, land treatment
unit, or landfilt shall condust a monitoring

and response program for each regutated
unit .

Suiface Impoundment, waste
pile, fand treatment unit, or
landfill for which constituents in
or derived from waste in the unit
may pose a threat to human

health or the environment,

VR 672-10-01, Part X,
Section 10.5.8, except
as it cross-references

permit requirements
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TABLE 2-2 a {Continued)
POTENTIAL VIRGINIA ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

commeNTs -

Underground
injection of wastes

The underground injection control {UIC)
pregram prohibits injection activities that

An approved UIC program is
required in states listed under

40 CFR 144, 148, and
147

Mot regulated by State. See Federal
Action-Specific ARARs Table.

and treated allow movement of contaminants into Safe Drinking Water Act VR 680-14-01, Part |,
groundwater underground sources of drinking water {SDWA) Section 1422, Section 1.6(H)
which may result in violation of MCtls or
adversely affect heatth
Discharge to alr Provisions of State Implementation Ptan Major source of air pollutants VR 120-10,02 Specific pertinent rules are fisted
(SIP) approved by EPA under Section 110 below,
of CAA,
Virginia Ambient Air Quality Standards- Contamination of air affecting VR 120-03

standards for ambient air quality to protect
public health and welfare.

public health and welfare

Discharge of visible
emissions and
fugitive dust

Fugitive dust/emissions may not be
discharged to the atmosphere at amounts
in excess of standards

Any source of fugitive
dustfemissions

VR 120-04, Rule 4-3

Discharge of toxic
pollutants

Toxic poliutants may not be discharged to
the atmosphere at amounts [n excess of
standards.

Any emisslon from lhe
disturbance of soil, or ireatment
of soil or water, that do not
qualify for the exemptions under
Rule 4-3. .

VR 120-04, Rule 4-3

Hazardous
Materiais
Transportation

Hazardous materfals must be packaged,
marked, labelled, plagarded, and
transported in the manner required

Interstate carriers transporting
hazardous waste and
substances by motor vehicle.
Transportation of hazardous
material under contract with any
department of the execulive
branch of the Federal
government

49 CFR 171 and 172

See Federal Action-Specilic ARARs
Table.

Solid Waste
Disposal

A facllity shall not cause a discharge of
dredged material or fill material to waters
of the U.S. that is in violatlon of the
substantive requirements of CWA Section
404,

VR 672-20-10, Part V,
Sectlon 5.1.6{12)

A facllity or practice shall not cause
nonpolnt source poliution of waters of the
U.S. that violates applicable legal
substantive requirements implementing an
areawide or Statewide water quality
management plan approval by the
Administrator under CWA Section 208, as
amended.

VR 672-20-10, Part V,
Section 5.1.C(12)
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POTENTIAL VIRGINIA ACTION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

ACTION, - [

COMMENTS -

Solid Waste
Disposal

The facility or practice shall not engage in
cpen burning of residential, commercial,
institutional or industrial solid waste.

Not applicable to infrequent
burning of agricultural wastes In
the fleld, silvicultura! wastes for
forest management purposes,
landclearing debris from
emergency cleanup operations,
and ordnance.

VR 672-20-10, Part V,
Section 5.1.C(8)

The facility shali not violate applicable
requiremenis developed under a Siate
implementation plan approved or
promulgated by the Adminisirator pursuant
to CAA Section 110, as amended.

VR 672-20-10, Part V,
Section 5.1.C(8)

Discharge of
treated water to
surface waters.

Regulated point-scurce discharges
through the YPDES permitting program.
Permit requirements include compliance
with corresponding water quality
standards, establishment of a discharge
monitoring system, and completion of
regular discharge monitoring records

Applicable to discharge of
treated water to surface water.

VR 680-14001

Substantive requirements of VPDES
permit will be used to determine the
discharge limits for the discharge of
the ireated water to surface water on
site.
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POTENTIAL VIRGINIA CHEMICAL-SPECIFIC ARARSs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACITI, VIRGINIA

Waler quaiity standards based
on water use and class of
surface water

Discharges to surface
waters.

VR 6680-21-01.14

Water quality standards may be relevant and appropriate for any
groundwater discharge to surface waler,

Groundwater standards
established for State anti-
degradation Policy

Public water system

VR 680-21-04

May be relevant and appropriate for development of cleanup levels if
no MCL is available,

Toxicity characteristic leaching
procedure {TCLP) regulatory
levels.

Hazardous waste
{reatment, storage, or
disposal.

VR 672-10-01, Part Ill,
Seclion 3.2A

Appiicable for determining whether waste is hazardous.

Groundwater protection
standards; Owners/foperators of
RCRA treatment, storage, or
disposal facilities must comply
with condilions in this section
that are designed {o ensure that
hazardous constituents entering
the groundwater from a
regulated unit do not exceed the
concentration limits for
contaminants of concern set
forth under Seclion 264.94 in
{he uppermost aquifer
underlying the wasle
management area beyond the
polnt of compliance.

Uppermost aquifer
underlying a waste
management unit
beyand the point of
compliance;RCRA
hazardous wasle,
treatment , storage, or
disposal.

VR 672-10-01 Parl X,
Section 10.5.E, except
10.5.E(1}(b} and E{(2)

Applicable for hazardous waste TSD facilities; potentially relevant
and appropriate in site-specific circumstances, such as when the
source of the waste is unknown but the waste is similar in
composition to listed waste or when waste constituents have
released or have the potential to reiease to groundwater.

Water quality standards based
on water use and class of
surface water

Discharge to surface
waters.

VR 680-21-01.14

Water qualily standards would be applicable for any discharges to
surface waters. Discharges to surface water from contaminated
groundwater or surface runoff should be evaluated. Dlscharges that
would oceur as part of the response action should be evaluated
under action-specific requirements.
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POTENTIAL VIRGINIA LOCATION-SPECIFIC ARARs
NAVAL AMPHIBIOUS BASE LITTLE CREEK
YIRGINIA BEACH, VIRGINIA

. LOGATION

Within 100-year
floodplain

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

RCRA hazardous waste;
treatment, storage, or

disposal of hazardous waste.

VR 672-10-01, Part X,
Section 10.1.1{2)

Check FEMA maps for the area. Information
reference should be inciuded in comment.

Critical habitat upen
which endangered
species or
threatened species
depend

Action to conserve endangered species or
threatened species, including consultation
with the Virginia Board of Game and Inland
Fisheries.

Determination of effect upon
endangered or threatened
species or its habitat.

Code of Virginia
Section 29.1-563 et
seq. and 29-100 et
seq.

Biological assessment should be conducted
and submitted to VDEQ for review by the
Virginta Board of Game and [nland Fisheries
to determine whether endangered species or
{heir habitats are threatened by {he site.
Certain species of fish and wildlife are
identified as being threatened and are entitled
to special preservation and protection
measures under these statutes.

Wetland

Action to minimize the destruclion, loss, or
degradation of wellands.

Wetlands as defined by
Executive Order 11880
Section 7.

Code of Virginia
Seclion 62,1-13.1 et
seq. and VR 450-01-
0051

Using wetlands maps and other site-specific
information, determine if there are any
wetlands in the immediate vicinily of the site.
If wetlands are present, the site investigation
should determine if they are currently being
degraded by the contamination at the site or
if they could be impacted by the response
action for the site.

Adjacent to Coastal
Zone

Conduct activities in a manner consistent
with approved State management program

Activities affecting the
coastal zone including lands
thereunder and adjaceni
shoreland.

Section 307(c) of 16
USC 1456(c);

15 CFR 930 and
923.45

If activities impact a coastal zone, determine
if the activity is consistent with and applicable
to his requirement.




applicable to those remedial actions which involve groundwater treatment and/or discharges to surface
water,

Federal Ambient Water Quality Criteria (Clean Water Act) - The objective of the Clean Water Act is to

restore and maintain the chemical, physical, and biological integrity of the nation's waters. Analytical
results from groundwater at the site will be compared to Federal Ambient Water Quality Criteria or
standard analytical detection limits to ensure that these criteria are being met.

The Clean Air Act f 1976 (42 USC 7401) and CAA amendments _of gOVErN air emissions
resulting from remedial actions. National Ambient Air Quality Standards (NAAQS) were promulgated
under the Clean Air Act. NAAQS are available for six chemicals or groups of chemicals and for airborne
particulates. The sources of the contaminant and the route of exposure were considered in the formulation
of the standards, but the costs of achievement and the feasibility of implementing them were not
considered. The NAAQS allow for a margin of safety to account for unidentified hazards and effects.
During site remediation, it is necessary to keep particulate emissions to a minimum.

Section 112 of the Clean Air Act defines the National Emissions Standards for Hazardous Air Pollutants
(NESHAPs). NESHAPs are available for several compounds such as benzene, vinyl chloride, and
trichloroethylene. A number of other pollutants are recognized as hazardous, but no emission standards
have been developed for them. In these cases, other guidelines such as reference doses or carcinogenic
potency factors may be useful.

Reference Doses (RfDs) refer to the amount of a toxicant (in mg/day for a 70 kg adult) that is not
expected to result in adverse health effects after chronic exposure of the general population. They are
used to evaluate the potential for noncarcinogenic effects associated with exposure to site-related
constituents of concern.

Carcinogenic potency factors (CPFs) represent the upper 95 percent confidence limit of the carcinogenic
potency of a compound. The CPF is expressed as the lifetime cancer risk per a reference dose unit, or the

inverse of mg/kg/day. An upper bound estimate of cancer risk can be determined by converting the
estimated dose of a compound to an incremental lifetime cancer risk. CPFs for the site constituents of
concern were presented in the RA report in Section 6.0.

Virginia Air Pollution Control Regulations govern air emissions from remedial actions. The regulations
provide for the control and prevention of air pollution. These air quality standards may be applicable to
remedial actions involving direct or indirect emissions to the atmosphere.

Virginia Surface Water Standards - The Virginia Surface Water Standards are those standards set by the
Commonwealth of Virginia similar to those standards given by the Clean Water Act. Analytical resulis
from groundwater samples taken prior to discharge will be compared to the Virginia standards or standard

analytical detection limits to ensure that acceptable criteria are being met for the surface water. Refer to
Table 2-2 for additional ARARs from the State of Virginia.
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2.1.2  Location-Specific ARARs and TBCs

A partial listing of potential federal and state location-specific ARARs and TBCs is presented below. It
should be noted that such a list is not totally inclusive and must be reviewed for completeness periodically,
to evaluate if additions to, or deletions from, the list are required. At a minimum, this review should take
place every five years.

Wetlands Protection (Executive Order 11990) - Executive Order 11990 requires federal agencies
conducting certain activities to avoid, to the extent possible, the adverse impacts associated with the
destruction and loss of wetlands and to avoid support of new construction in wetlands if a practicable
alternative exists. It requires that action be taken to minimize the destruction, loss or degradation of
wetlands and to preserve and enhance the natural and beneficial values of wetlands.

Wetlands Construction and Management (40 CFR 6, Appendix A) - Requires federal agencies conducting

certain activities to avoid, to the extent possible, the adverse impacts associated with the destruction or
loss of wetlands and to avoid support of new construction in wetlands if a practicable alternative exists.

Fish_and Wildlife Coordination Act (16 USC 661, et. seq.) - The Fish and Wildlife Coordination Act

requires action to protect fish and wildlife from actions modifying streams or areas affecting streams. The
appropriate federal and state agencies and the U. S. Fish and Wildlife Service will be contacted in order to
determine if this Act affects the NAB Little Creek sites.

Endangered Species Act of 1973 (16 USC 1531) (40 CFR Part 502) - The Endangered Species Act

requires action to avoid jeopardizing the continued existence of listed endangered or threatened species or
modifications to their habitat.

In order to evaluate the requirements of the Endangered Species Act, the Fish and Wildlife Improvement
Act of 1978, the Fish and Wildlife Conservation Act of 1980, and the Fish and Wildlife Coordination Act,
the National Heritage Database has to be consulted. The report that is generated from this search provides
information on managed areas, rare plants and animals, and their status.

Coastal Zone Management Act - The Coastal Zone Management Act requires activities affecting land or
water uses in a coastal zone to certify noninterference with coastal zone management. It has been
determined that the site lies within the Virginia coastal zone.

Clean Water Act, Section 404 (Wetlands) - Section 404 of the Clean Water Act regulates the discharge of
dredged or fill material into certain waters (including wetlands). Dredge or fill material should not be
discharged into an aquatic ecosystem umnless it can be demonstrated that the discharge will not have an
adverse impact on the ecosystem.

National Historic Preservation Act (1 - This Act requires federal agencies to identify all affected
properties on or eligible for the National Register of Historic Places in the vicinity of the site when
considering remedial actions. The Virginia Office of Historic Places can be contacted to obtain a list of
Historic Places to determine and identify any historic landmarks/places in the general area of the site.
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Executive Order 1 dplain Management) requires federal agencies to evaluate potential effects of
the planned actions in a floodplain environment to reduce the risk of flood losses and to restore and
preserve the natural and beneficial values of the floodplain. The Flood Disaster Protection Act and the
National Flood Insurance Act and their implementation regulations (24 CFR 1909) require the purchase of
flood insurance before federal funds are spent for projects in a special flood hazard area in a community
participating in the National Flood Insurance Program. Coverage must continue throughout the useful life
of the project.

Virginia Wetlands Act, Title 62.1 - This act states that it is public policy of the Commonwealth of Virginia
to preserve the wetlands and prevent their despoliation and destruction and to accommodate necessary
economic development in a manner congistent with wetlands preservation. This act sets standards that
apply to the use and development of wetlands. Refer to Table 2-2 for additional ARARs from the State of
Virginia.

2.1.3  Action-Specific AR and TB

A partial listing of potential federal and state action-specific ARARs and TBCs is presented below, These
ARARSs govern activities undertaken as part of site remediation. It should be noted that such a list is not
totally inclusive and must be reviewed for completeness periodically, to evaluate if additions to, or
deletions from, the list are required. At a minimum, this review should take place every five years.

The ure ation and Recovery A RCRA), as amended, governs the generation,
transportation, storage, and disposal of hazardous wastes. RCRA (40 CFR 264) standards apply to
remedial actions that include on-site storage, off-site hauling and disposal of hazardous wastes, which may
be considered for this site. 40 CFR 264 and 265, Subparts 7, AA and BB address new regulations being
developed to provide standards for controlling hazardous volatile organic compound emissions. These
would be considered during groundwater treatment.

Idenfification and Listing of Hazardous Waste - The criteria for identifying the characteristics of hazardous
waste and for listed hazardous wastes are provided in RCRA, 40 CEFR Part 26l and Virginia Waste
Management Regulations VR 672-10-1. Any wastes found to be RCRA hazardous wastes will be stored,
treated and/or disposed according to the applicable regulations in these sections.

RCRA _Standards for Owners and Operators of Hazardous Waste Treatment, Storage. and Disposal
Facilities (40 CFR 264) - 40 CFR Part 264 regulates the treatment, storage and disposal of hazardous

waste. It will be determined which constituents of concern found on site are RCRA listed or characteristic
hazardous wastes. If RCRA hazardous wastes are found to be present on site, all applicable rules and
regulations as stated in 40 CFR Part 264 will be followed and the appropriate coordination will be
obtained.

RCRA Excavation and Fugitive Dust Requirements (40 CFR_264.251 and 264.254) - All excavation

activities will be designed and operated to comply with all applicable regulations in these sections, and to
minimize the threat to public health and the environment from the release of constituents of concern.
During the remedial activities, the site will be inspected and/or monitored for uniformity, damages and
imperfections, deterioration, improper operation of run-on and run-off control systems, proper functioning
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of wind dispersal control systems, the presence of leachate in (and the proper functioning of) leachate
collection and removal systems, and all other applicable requirements.

RCRA ILand Disposal Restrictions (40 CFR_268) - 40 CFR Part 268 identifies those RCRA hazardous

wastes that are restricted from land disposal. Waste that is land disposal restricted would be shipped off
site for disposal with the proper labels, manifests, and notification forms indicating that the waste is land
disposal restricted.

OSHA (29 CFR 1910, 1926, 1940) - These regulations provide occupational safety and health
requirements applicable to workers engaged in on-site field activities. Threshold Limit Values (TLVs)
refer to airborne concentrations of substances and represent conditions under which repeated exposures
are not expected to result in adverse effects. These ARARs are within the jurisdiction of the on-site health
and safety officer. Except for the No Action alternative, OSHA requirements apply to all other remedial
alternatives. Therefore, all workers will be trained in accordance with the regulations, and these
regulations will be enforced by the Site Health and Safety Officer during all remedial activities.

DOT Rules for Hazardous Materials Transport (49 CFR 107, 171.1 - 171.500) - DOT regulations govern

the off-site transport of hazardous materials for disposal and/or treatment. Waste handlers invelved in site
remediation activities must have all proper permits and certifications. These regulations will be applicable
to all remedial alternatives involving treatment or disposal of contaminated media or residues. The wastes
from the remedial activities will be classified for transportation based on the chemicals present in the
material. Shipping papers (including hazardous waste manifests) will be prepared that describe the
hazardous material to be transported and will include contents, shipper's name, proper shipping address,
hazard class, identification number, total quantity, and certification that the material is presented according
to DOT regulations. All wastes will be packaged according to DOT regulations with the proper markings
on each container.

SARA requires that federal agencies pursue permanent solutions. Implementations of alternatives that
provide permanent solutions has been evaluated in this report.

and Disturbing Activities are regulated under the Virgimia Stormwater Management Act, Sec. 10.1-
603.1 et seq.; Virginia Stormwater Management Regulations (VR 215-02-00), the Virginia Erosion and
Sediment Control Law, Code of Virginia 10.1-560 et seq., the Virginia Erosion and Sediment Control
Regulations (VR 625-02-00), as well as local stormwater management and sediment and erosion control
programs administered by the County Design. The Virginia Department of Environmental Quality has
delegated its authority to LANTDIV to review any land-disturbing activities, and erosion and
sedimentation control activities.

Virginia_Solid Waste Regulations (VR-672-20-10) - The purpose of these regulations is to establish

standards and procedures pertaining to the construction, operation, maintenance, closure and post-closure
of solid waste management facilities in the Commonwealth of Virginia in order-to protect the public
health, public safety, the environment, and natural resources. All Virginia Solid Waste Regulations will
be strictly adhered to during all remedial activities at NAB Little Creek, and all applicable permits will be
obtained.
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Virginia Hazardous Wagte Management Regulations (VR-672-10-01) - The purpose of these regulations is

to provide control of all hazardous wastes that are generated within, or transported to, the Commonwealth
of Virginia for storage, treatment, or disposal. These regulations establish a management control system
which assures the safe and acceptable management of a hazardous waste from the moment of its
generation through each step of management until the ultimate destruction or disposal. All Virginia
Hazardous Waste Management Regulations will be strictly adhered to during all aspects of the remedial
activities at NAB Litrle Creek.

Excavation/Offsite Disposal of Soils is regulated under Virginia Waste Management Act, Code of Virginia
Sections 10.1-1400 et seq.; Virginia Hazardous Waste Management Regulations (VHWMR) (VR 672-10-
1); Virginia Solid Waste Management Regulations (VSWMR) (VR 672-20-10), as well as the Resource
Conservation and Recovery Act (RCRA), 42 U.S.C. 6901, and the applicable regulations contained in
Title 40 of the Code of Federal Regulations; and the U. S. Department of Transportation Rules for
Transportation of Hazardous Materials, 49 CFR Parts 107, 171.1-172.558.

If the remedial response contemplated involves storage, treatment or disposal of a Virginia Hazardous
Waste Management Regulations (VHWMR)/RCRA hazardous waste, various VHWMR/RCRA
requirements may need to be complied with, as specified in VHHWMR and/or the applicable 40 CFR Parts.
Because Virginia administers an authorized state RCRA program, the VHWMR will serve as the
governing ARAR in place of the RCRA regulations contained in the 40 CEFR Parts, except for the Land
Disposal Restrictions of 40 CFR Part 268.

The transportation of hazardous waste must be conducted in compliance with VHWMR (VR 672-10-1)
Part V (Manifest Regulations for Hazardous Waste Management), and Part VII (Regulations Applicable to
Transporters of Hazardous Waste), VHWMR (VR 672-30-1) Regulations Governing the Transportation of
Hazardous Materials, and 49 CFR Parts 107, 171.1-172.558.

The deposits of any soil, debris, sludge or any other solid waste from a site must be done in compliance
with VSWMR (VR 672-20-10). Contaminated material from the site that is not classified as hazardous
may be classified as a special waste under Part VIII of VSWMR. Specific authorization from VDWM is
required before a landfill operator in Virginia can accept special wastes. Refer to Table 2-2 for additional
ARARs from the State of Virginia.

2.2 Remedial Action Objectives

Remedial Action Objectives (RAQs) are statements that specify site remediation goals and identify which
constituents of concern, media, and exposure pathways will be addressed by remedial actions. Remedial
or cleanup goals establish exposure levels that are protective of human health and the environment. They
are developed by considering ARARs, TBCs, the toxic or carcinogenic potential of constituents of
concern, aggregate risks posed by multiple constituents of concern or exposure pathways, and
environmental threats. The RAOs are subsequently used in screening of remedial technologies and in the
development and detailed evaluation of remedial alternatives.

Based on results of the previous investigations, nature and extent of contamination, and the risk
assessment presented in the preceding sections, the following RAOs are established for the site:
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Reduce the human health risks associated with the ingestion of site soils and groundwater;

Mitigate the migration of constituents of concern from the site groundwater to the nearby
surface water streams, and to the interconnected aquifers, if any. The water table aquifer
at the site is not used or likely to be used for drinking water purposes as the City of
Virginia Beach Public Utilities Department has indicated that it is standard practice to
prohibit the use of the shallow water aquifer as a potable source, and therefore,
restoration of the aquifer to drinking water levels is not considered a part of the objective;
and

Mitigate the human health risks attributable to Site 7 associated with ingestion of surface
water in Little Creek Cove and local canals near the site.
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3.0  IDENTIFICATION AND INITIAL SCREENING OF TECHNOLOGIES

General response actions are presented in this section to achieve the RAOs developed in Section 2.2.
Then, specific remedial technologies associated with the general response actions are described, The
discussion of these remedial technologies associated with a typical cleanup of contaminated soil and water
media were developed from: the Interim Final Guidance for Conducting RI/FS under CERCLA (October
1988); the Guidance on Remedial Actions for Contaminated Groundwater at Superfund Sites (December
1988); the revised Handbook for Remedial Action at Waste Disposal Sites (1985); experience on other
hazardous waste projects; knowledge of new technologies; and the best professional judgement of Foster
Wheeler Environmental Corporation engineers and scientists performing feasibility studies.

3.1 General Response Actions

Remediation technologies are categorized in terms of general response actions. General response actions
(GRAS) are broad categories of remedial actions capable of addressing the contamination problem at the
site. Some response actions may be sufficiently broad to be able to satisfy all the remedial action
objectives and cleanup goals for the site by themselves. Other response actions must be combined in
order to achieve the site remedial goals and cleanup objectives.

Based on the existing knowledge of the site, general response actions identified for remediation include:
no further action, limited action or institutional controls, containment, removal, collection, on-site and off-
site treatment, and on-site and off-site disposal. These response actions are applicable to all affected
media, soil, groundwater, surface water, and sediments, and are summarized below.

No Further Action: The NCP and SARA require the evaluation of a No Further Action alternative as a
basis for comparison with other remedial alternatives. CERCLA mandates a five-year review be
conducted to determine whether or not the contamination has spread. If necessary, appropriate action
would be considered at that time.

Institutional Controls Action: For this category of response action, no active remedial measures would be
conducted. However, existing and new monitoring wells at the site would typically be used to conduct a
long-term groundwater monitoring program. Periodic monitoring of soil can also be carried out. At
NAB Little Creek sites, monitoring of surface water and sediments is also considered appropriate due to
the potential for release of contaminants of concern into these media. Monitoring is implemented to
provide data to evaluate changes in site conditions and to assess potential risks over time.

The limited actions usually include institutional controls which can reduce potential hazards by reducing,
controlling or eliminating exposure to hazardous chemicals. These control measures typically include site
access restrictions, public awareness and educational programs, restriction on groundwater usage in a
specified area, and warnings against excavation and use of soil in the area.

Containment_Actions: These actions include technologies that involve little or no treatment, but provide
protection of human health and the environment by reducing the mobility of contaminants of concern and
risks of exposure. Containment technologies may require periodic monitoring to determine their
effectiveness. Containment actions consist of controlling groundwater movement through the use of
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technologies like capping, and horizontal and vertical barriers. Capping is an effective containment
measure at landfills to control volatile emissions from soils, eliminate direct exposure, and reduce
infiltration of contaminants with precipitation.

Removal technologies for solids refer to methods used to excavate and handle soils, sediments, wastes, or
other solid materials. Removal technologies for groundwater refer to methods used to collect or extract
groundwater such as extraction wells and interceptor trenches. These actions reduce the mobility of the
contartinants of concern through physical removal. Removal technologies provide no reduction in
toxicity or volume of wastes, but are usually used in conjunction with treatment or disposal technologies.
Removal technologies may also be used to reduce migration, as in the case of groundwater gradient
control.

Disposal: This category of response action can occur on-site or off-site. Disposal actions like collection
reduce the mobility of the contaminants of concern through physical deposition and may be used
separately or in conjunction with treatment technologies. However, by themselves, disposal actions do
not reduce the toxicity or the volume of the media that contain contaminants of concern. For solid
materials, disposal is usually accomplished in a properly permitted facility operating in full compliance
with all applicable regulations. If the waste is treated, on-site disposal is an option. In the case of
groundwater, disposal technologies typically include reinjection, discharge to surface waters, discharge to
the public water supply system, and discharge to a publicly owned treatment works (POTW).

Treatment: This category of response action is preferred under SARA and can occur either on-site or off-
site. Treatment technologies include physical, chemical, thermal and biological processes. Treatment
technologies are preferred because they generally reduce the toxicity, mobility or volume of hazardous
substances present at the site. Treatment technologies generally afford a higher degree of protection to
public health and the environment, since the reduction in toxicity, mobility or volume is permanent in
nature.

General response actions applicable to soils at the site are the following:

No Further Action,

Institutional Control Action,

Containment, and

Removal followed by Treatment and/or Disposal.

¢ & & &

The general response actions for groundwater are the following:

No Further Action
Institutional Control Action,
Containment Options, and
Collection and Treatment.

¢ & & O

The remediation efforts for surface water are driven by the fact that Little Creek Cove and the East and
West canals are heavily tidally influenced. In this scenario, collection and treatment of surface water is
not practical. The remediation efforts should focus on No Further Action, Institutional Control Action
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and Containment, in conjunction with the response actions for groundwater. Therefore the applicable
general response actions are:

. No Further Action
. Institutional Control Action, and
. Containment.

3.2 Remedial Technology Screening

The remedial technologies and associated process options are presented and screened in the following
sections. The factors used in this screening process were based on the USEPA document entitled
"Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA,” October
1988 and included effectiveness, implementability, and relative cost. Brief definitions of effectiveness,
implementability, and relative cost, as they apply to the screening process, are as follows:

Effectiveness - This evaluation focuses on the potential effectiveness of process options in handling the
estimated volume of contaminated media and meeting the remediation goals; the potential impacts to
human health and the environment during construction and implementation; and how proven and reliable
the process is with respect to the contaminants and conditions at the site.

Implementability - This evaluation encompasses both the technical and administrative feasibility of the
technology or process option. It includes an evaluation of pretreatment requirements, residuals
management, the relative ease or difficulty in obtaining the required permits, the availability of equipment
and materials, and operating and maintenance requirements. Process options that are clearly ineffective or
unworkable at the site are eliminated. ‘

Relative Cost - Cost plays a limited role in the screening process. Both capital as well as operating and
maintenance costs are considered. The cost analysis is based on engineering judgement, and each process
is evaluated as to whether costs are high, low or moderate relative to the other options within the same
technology type.

3.3 Identification and Screening of Soil Remedial Technologies

Table 3-1 presents a sumnmary of initial screening of soil remedial technologies.

3.3.1 No Further Action

The no further action alternative is evaluated to establish a baseline for comparison with other remedial
alternatives for the site. CERCLA mandates a five-year review to be conducted to determine whether or
not the contamination has spread. If necessary, appropriate action would be considered at that time.
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TABLE 3-1

INITIAL SCREENING OF SCIL REMEDIAL TECHNOLOGIES
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

General Response Remedial Process
Action Technology Option Description Screening Comments
No Further Action None Not Applicable No Action Required for consideration by NCP
Institutional Controls Access r - Fencing - Fence to reduce site access. Applicable
Resftrictions
Legal Land Use Land use restrictions to restrict future Patentially Applicable
Resfrictions Restrictions site uses.
[ Public Education Restoration Restoration Advisory Board meetings Applicable
Programs Advisory Board to restrict current and future land use
Meetings on base.
Sail Control Seil Monitoring Soil Sampling Sampling and analysis of surface and Not applicable alone. Could be used

Technologies

subsurface soils.

in conjunction with other RAOs.

Containment
Technologies

Composite Clay
Cap

Clay cap to prevent contact with soil
and restrict infiltration of precipitation.

Potentially Applicable

Soil Cover and

Soil layer to prevent contact with

Not applicable because landiill

Soil Removal
Technologies

Vegetative Layer contaminated soil. already covered and vegetated.
Excavation Conventional Removal of contaminated soil using Potentially Applicable
Excavation conventional excavation equipment.
Equipment
Off-Site Disposal | RCRA Hazardous Excavated soils are transported to a Potentially Applicable
Waste Landfill RCRA permitted facility for disposal.
Solid Waste Excavated soils are transported to a Potentially applicable to
Landfill permitted solid waste landfill for nonhazardous contaminated soil.

disposal.
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TABLE 3-1 \.ontinued)

INITIAL SCREENING OF SOIL REMEDIAL TECHNOLOGIES

NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

General Response Remedial Process
Action Technology Option Description Screening Comments
Soil Removal Excavation Conventional Removal of contaminated soil using Potentially Applicable
Technologies Excavation conventional excavation equipment.
Equipment
Physical Stabilization The process involves mixing the soil Potentially Applicable
Treatment with siliceous material and various
setting agents.
Solids involves modifying the size of solid Potentially Applicable
Processing material by physical means.
Solvent Extraction of contaminants by Not applicable to all
Extraction organic solvents. cantaminants of concern.
In-Situ Vacuum Subsurface organic contaminants Not Applicable
Extraction are vacuumed up via well.
Soil The extraction of contaminants from Potentially Applicable
Washing soil by mixing with water solvent,
surfactants, or chelating agents.
Soil Similar to soil washing except for Potentially Applicable
Fiushing performed in-situ.
Chemical Neutralization Changing the pH from either acidic or Not Applicable
Treatment basic to neutral.

Electro-Acoustic
Soil
Decontamination

Application of a DC electric field and
an acoustic field to a decontaminate
soils.

Not Applicable
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TABLE 3-1 (continued)

INITIAL SCREENING OF SOIL REMEDIAL TECHNOLOGIES
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

General Response Remedial Process
Action Technology Option Description Screening Comments
Soil Remaoval Biological Aerobic System of injection and extraction wells Potentially Applicable

Technologies Treatment to introduce bacteria and nutrients
(continued) under aerobic conditions in order to
degrade contaminants.
Anaerobic Natural degradation of organic Potentially Applicable
contaminants via microorganisms in

an anaerobic environment.

Composting Contaminated material is mixed with a Potentially Applicable
bulking agent such as manure or leaves.
Land Farming/ Aerobic digestion of biodegradable Potentially Applicable
Land Treatment material by microorganisms.
Thermal Rotary Kiln Volatilization and oxidation of organics Potentially Applicable
Treatment Incineration via contact with high temperatures and
oxygen.
Vitrification Involves combining the contaminated Patentially Applicable
soil with moiten glass at a temperature
of 1,500 degrees C or greater.

Low Temperature Use of moderate temperature Potentially Applicable

Thermal (400 to 800 degrees F) to

Desorption volatilize organics.




3.3.2 Institutional Controls

Institutional control options include access restrictions, land-use restrictions, and public education
programs.

Access Restrictions: Fencing is one of the options to restrict direct access to the site. There is a chain
link fence bordering the site to the south and east. Although the western border of the landfill is not
fenced, it is heavily wooded and adjacent to the ammunitions magazine area and an equipment storage
area. These areas are fenced and highly secured. Little Creek Cove borders the northern side of the site.
Locked gates control access to the site. Another form of access restriction is posting warning signs. This
can eliminate the risk pathways associated with ingestion or dermal contact by a child or an adult casually
wandering in. Fencing would not reduce toxicity, mobility, or volume; and it would not be effective in
reducing exposure to groundwater contamination.

Land-use restrictions: Probable land-use restrictions include prohibiting excavation or any other intrusive
activities at the site. In order to reduce exposure to groundwater, installing new wells screened in the
water table aquifer can be prohibited. A more severe measure would be prohibiting the use of existing
wells within a certain distance from the site. Also, no new well development in the deeper Yorktown
aquifer is anticipated in the vicinity of the site.

Public Education Programs: As part of the community involvement effort, area residents would be
appraised of the potential risks and their magnitude by preparation and distribution of informational press
releases and circulars, and conducting public meetings. NAB Little Creek has been conducting
Restoration Advisory Board (RAB) meetings, open to the public, at regular intervals.

3.3.3  Soil Control Technologies

Soil Monitoring: Soil monitoring would include periodic sampling and analysis of surface and subsurface
soils. Soil monitoring technology is not effective in achieving response objectives or in meeting ARARS.
However, soil monitoring is required to monitor soil contamination and to evaluate the progress and
effectiveness of any soil remediation that is implemented at the site. Even if no soil remediation is
implemented, monitoring at hazardous waste sites is usually conducted to determine whether contaminant
concentrations have decreased to safe levels through natural flushing and/or attenuation. Soil monitoring
is easily implemented, but would require long-term management efforts. At the site, soil monitoring will
have to be conducted if No ‘Action or Institutional Control alternatives are chosen.

Containment Technologies: The technology for in-situ conrainment of contaminated soils is capping the
contaminated areas with a low permeability cover to reduce infiltration and subsequent leaching of
contaminants from the soil into the groundwater, and to reduce potential direct contact hazards.

Capping: Two capping options will be considered: 1) a RCRA cap, 2) a multi-media (soil and HDPE
liner) cap.

A RCRA cap is a multi-layer cap satisfying the requirements of the EPA's RCRA Guidance Document,

(Surface Impoundments, Liner Systems and Freeboard Control, July 1982). The RCRA cap consists of a
two-foot thick compacted clay layer overlain by a high density polyethylene (HDPE) synthetic membrane
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liner, HDPE synthetic drainage net, and 2 to 3 feet of clean fill and topsoil. The topsoil layer would be
vegetated with grass to resist erosion.

A multi-media cap is a simplified version of the RCRA cap, and would consist of a 6-inch sand layer,
overlain by an HDPE liner and synthetic drainage net, overlain by 2 to 3 feet of cover soil, and vegetation
to resist erosion.

The placement of a cap over the contaminated soil areas of the site would provide containment and reduce
potential surface contact hazards posed by contaminated soils. A cap is also effective in minimizing
infiltration and subsequent leaching of contaminants in underlying soil.

A RCRA cap and a multi-media cap are both considered extremely effective in limiting infiltration, and
subsequent leaching of contaminants from the underlying soil. Both caps would require periodic
maintenance to prevent excessive erosion and to ensure the continued integrity of the liners.

Both types of caps are equally effective in reducing the potential for direct contact with contaminated soil,
and could be implemented to prevent direct contact with surface soils and limit infiltration through the
subsurface contaminated soils. The RCRA cap would be the most difficult to implement because the
overall thickness of a typical RCRA cap is 5 to 7 feet. If surface soil contamination surrounds existing
buildings or other structures, constructing a RCRA cap can be very difficult around those buildings. There
is no such concern at the site. A multi-media cap would be easier to construct since it can be only 3 to 4
feet thick. With the RCRA and multi-media caps, the capped area must be protected from future land use
in order to protect the integrity of the cap.

3.3.4  Soil Removal Technologies

The potentially applicable technology for removal of contaminated soil is excavation. Excavated soil
would be treated or disposed, and the excavation would then be backfilled with clean fill,

Excavation: The horizontal and vertical extent of contamination in surface and subsurface soils has not
been delincated precisely.  Therefore, the extent of excavation required to achieve the target cleanup
levels is difficult to estimate. However, the excavation option at the site, for example, may involve a
million cubic yards of soils. Excavation of such an amount of soil is a relatively large operation and may
be difficult to implement without disturbing the adjoining site operations. Structural supports are usually
required during excavation of contaminated soil near existing structures; however, this may not be a
concern at the site. Excavation would require staging areas for equipment, a stockpile area, and
equipment operating areas.

Excavation uses standard earthmoving equipment which is readily available, but the excavation would
have to be carefully staged and managed in order to reduce the possibility of spreading contamination via
fugitive dust emissions, storm-water runoff, and infiltration of precipitation through contaminated soil
stockpiles. There are risks of exposure to dust containing metals and SVOCs during excavation of the
contaminated materials. Ambient air monitoring and appropriate health and safery measures would be
required in order to protect worker health and safety.
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Excavation is not intended to reduce the toxicity or volume of contaminated soil; however, it 1s required
for subsequent treatment or off-site disposal.

3.3.5 Soil Disposal Technologies

Soil disposal can be accomplished either at on-site or off-site landfills. Given the site background and
current usage at NAB Little Creek, the on-site landfill option is ruled out. Disposal at off-site landfills
would involve transportation by a licensed hazardous waste hauler, preparing appropriate manifests,
following all DOT regulations, and finally disposing the soils at an approved, permitted commercial
facility. Facilities located in Virginia, Pennsylvania, the Carolinas, and Maryland would probably be
used. Additional analysis such as Toxicity Characteristic Leaching Procedure (TCLP) may be required to
characterize the contaminated soil. For those areas where TCLP results are above the regulatory levels,
the waste will have to go to a permitted facility as a RCRA hazardous waste. However, such a scenario is
not anticipated.

3.3.6 Soil Treamment Technologies

A large number of treatment technologies are applicable to the contaminants of concern in the soil. Some
of these technologies can be applied in-situ (without excavating the soil) while others require excavation
prior to treatment (ex-situ). On-site treatment can be accomplished by mobile treatment units that can be
set up at the site on a temporary basis, or by a semi-permanent treatment system which may be
constructed at the site. On-site treatment is usually more cost-effective than off-site treatment because of
the elimination of transportation costs, which typically comprise a large portion of overall costs for off-site
options. Potentially applicable treatment technologies for soil include:

Physical Treatment: Physical treatment involves technologies which separate chemicals from the soil,
whereupon the soil may then be backfilled or treated further by other methods. Physical treatment
processes that may be applicable at the site include stabilization (both in-situ and ex-situ), solids processing
(including crushing, grinding, or sieving to size-segregate material for subsequent treatment), solvent
extraction, soil vapor extraction, soil washing, and in-situ soil flushing.

Stabilization: Stabilization, also referred to as solidification or fixation, applies to processes involving
mixing of a setting agent with excavated or in-situ contaminated soils to form a durable product in which
contaminants are chemically bound and/or entrapped by the solidified mass. Typical additives include
Portland cement, flyash, kiln dust, lime, soluble silicates, gypsum, and various combinations of these
materials.

The purpose or goal of stabilization is to improve the handling and physical characteristics of sludges,
and/or to reduce the mobility of the contained pollutants. Stabilization may be required for residual
sludges or ash from other types of treatinent processes prior to disposal.

Organic wastes are not effectively immobilized by some stabilization processes. For example, organics
interfere with the setting reaction of Portland cement, affecting the durability and the characteristics of the
final product. Generally, this precludes the use of cement stabilization as a treatment for organic wastes.
Recently, however, it has been reported that PCB-contaminated soils and sediments have been
successfully treated with the addition of organophilic clays to reduce PCB mobility.
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Silicate-based processes involve the addition of a source of silicates along with a setting agent. Silicates
are often added in the form of fly ash, blast furnace slag, cement kiln dust, or soluble silicates (e.g.,
potassium or sodium silicate). The setting agent is typically Portland cement or lime, although other
suitable materials are available.

In-situ stabilization (soil mixing) of the surface and subsurface contaminated soils can be performed using
equipment and technology available from service vendors.  Stabilization of excavated soil or residual
treatment sludges can be performed in mixing pits.  Ex-situ stabilization can also be performed in
batches, but the preparation of materials involves the additional expense of excavation and additional risk
of exposure of site workers.

A stabilization option can be applicable to soils at the site if treatment is the preferred method.

Solids Processing: Solids processing utilizes sorting, crushing, grinding, shredding and screening to
elther sort out undesirable materials or modify the size of solid materials. Screening of site wastes may be
useful to help dewater and size-segregate debris prior to treatment. Screening may be applied to a wide
range of soils and mixed debris. Separation of soils according to size helps improve production from
crushing and grinding operations. Crushing and grinding may be used to reduce the size of solid wastes
and mixed debris prior to treatment or disposal. Reducing the size of the waste particles can enhance
subsequent waste treatment: 1) by liberating the hazardous waste from inert material; 2) by increasing
specific surface area; and 3) by breaking down oversized particles resulting in uniformly sized particles
for subsequent physical separation.

Solids processing is a well established technology which utilizes readily available equipment. Physical
hazards as well as the potential for dust emissions would have to be addressed.

Based on the evaluations presented so far, only stabilization will be the applicable treatment technology
carried forward to the remedial alternative development stage. Institutional controls, capping, excavation,
and disposal are also screened for further consideration as elements of remedial alternatives.

Solvent Extraction/ Chemical Extraction: Organic solvents, amines, or other polar solvents are used to
extract organic hazardous compounds from the soil/sludge matrix. With proper mixing and temperature,
high removal efficiencies are achieved in this process. This technology is suitable for sludges
contaminated with oils and semivolatile organics. The extracting solvent must be immiscible with the
aqueous phase and the density differential enables eventual separation. Use of this technology requires
excavation and possibly transport of site soils. Further, the treatment does not destroy the contaminants.
Solvent extraction is not effective in removing heavy metals, and therefore will not be considered further.

Soil Vapor Extraction: In-situ vacuum extraction removes VOCs from soil in the vadose or unsaturated
zone. Subsurface organic contaminants are "vacuumed up" via a well; vapor and liquids are separated;
and vapor is released to the atmosphere after activated carbon treatment. This is a simple technology and
does not require highly trained operators or sophisticated equipment. Recovery rate is a function of the
volatility of the contaminants, porosity of the vadose zone soils, and depth to groundwater. Use in
saturated, tarry or clayey soils is greatly restricted. This technology is primarily applied to VOCs, which
are not a concern at the site.
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Soil Washing: Soil washing mixtures employ water, surfactants, and oxidizing or reducing agents to
extract contaminants in the soil matrix. Many vendors have developed proprietary reagents to enhance
soil washing. Soil washing is effective for removal of heavy metals and other inorganics from coarse
soils. Washing fluids with good extraction coefficients and proper mixing are the keys to the success of
this process. This technology has recently been selected at many remedial sites. Soil washing is limited
in its effectiveness to remove organics from soil, and also needs excavation as an initial step. Therefore,
this technology is not a candidate for consideration in the development of remedial alternatives.

Soil Flushing: Soil washing, conducted in-situ, is soil flushing. However, the injection/recirculation of
washing fluids, soil characteristics, and uniformity become important parameters. Soil porosity and
mobility of washing fluids and contaminants have to be well demonstrated before undertaking an in-situ
remedy. Also, the washing fluids and solvents need to be less volatile and non-toxic, and safe and easy to
handle. Soil flushing is not very effective in removing organics in soil. At Site 7, where subsurface
characterization has not been fully undertaken, there are risks of spreading the flushing liquids, and with
it, the site contaminants further into the subsurface. These risks outweigh any benefits offered by the
technology.

Chemical Treatment: Chemical treatment processes involve chemical reactions with specific
contaminants. These reactions modify the contaminant so it is no longer hazardous or so that it may be
removed from the soil by some other process, often a physical removal. Neutralization and electro-
acoustic soil decontamination (ESD) are two technologies potentially applicable to site soils.

Neutralization: Neutralization is the process of changing the pH of the solution from acidic (below 7) or
alkaline (7-14) to a neutral value of 7. Waste acids and alkalis are neutralized to eliminate their reactivity
and corrosivity. The process should be performed in a well-mixed system. Care should be taken to
ensure completeness, compatibility, and prevent any formation of toxic products. This can be an
inexpensive process if waste acids are used to neutralize waste alkalis (equalization). Neutralization is
applicable only if liquid waste, either acidic or alkaline, is present. Neutralization or pH adjustment can
also be used as a pretreatment for other processes. Since there is no liquid waste present, application of
this technology in conjunction with other technologies at the site is limited.

Electro-Acoustic Soil Decontamination (ESD): This process is based on the synergistic application of a
d.c. electric field and an acoustic field to contaminated soils to increase the transport of leachants through
the soils. Applicability has been demonstrated for removal of heavy metals such as zinc and cadmiumn,
and other ionic compounds. It can be applied in-situ. The technology is still on a laboratory scale and
will not be considered any further.

Biological Treatment: Biological treatment uses microorganisms to biodegrade organic contaminants.
Both aerobic (requires oxygen) and anaerobic (does not require oxygen) processes can be utilized,
dependent upon the compound requiring treatment. Biodegradation can be conducted both in-situ and ex-
situ at the site.

Aerobic Biological Treatment: Organic molecules, primarily hydrocarbons, are oxidized to carbon
dioxide and water by microorganisms. These microorganisms require adequate levels of inorganic and
organic nutrient growth factors, oxygen, and sufficient biologic space. Aerobic treatment is used to treat
aqueous waste with low levels (BOD < 10,000 ppm) of non-halogenated organics and can easily handle
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variable wastewater and pollutant loads. The treatment requires consistent, stable operating conditions.
The process can be conducted in aerated lagoons, lined ponds, or in a trickling filter design. Large
surface area and retention time are key factors to ensure proper mixing. Light/nutrient imbalances may
result in algae blooms. Most of the organic contaminants can be destroyed in this manner if sufficient
microbial population, nutrients, oxygen, and biological mobility are present.

Anaerobic Digestion: Reduction of organic matter is achieved in an oxygen-free environment. A
number of proprietary engineered processes based on this principle are being marketed. An airtight
reactor is usually required to control the process and to sustain the anaerobic mechanism. Anaerobic
processes can handle organic loads higher than the aerobic process, and aqueous wastes with low to
moderate levels of organics can be treated. Certain halogenated organics are wreated more efficiently in
anaerobic methods.

In-Situ Biological Treatment: Organic contaminants in subsurface soils and groundwater are treated by
special strains of cultured bacteria and naturally occurring microorganisms. Usually the process is
aerobic, and proper pH, temperature, and oxygen concentration should be maintained. Nutrients have to
be pumped into the system. Interaction of microbes, oxygen, and nutrients is facilitated in a relatively
coarse/permeable soil. Care must be taken not to drive the contaminants into deeper zones by minimizing
their mobilization during the process. Moderate levels of risk reduction can easily be achieved by this
process. This technology has not yet been fully demonstrated. A pilot-scale study is highly recommended
prior to a full-scale setup.

Composting: Composting involves the storage of highly biodegradable and structuraily stable material
(e.g. wood chips) with a small percentage (less than ten percent) of biodegradable waste. Adequate
aeration and optimum temperature and moisture conditions have to be maintained. Composting is
relatively insensitive to toxicants. It has not yet been widely used in the hazardous waste field, but it is
potentially applicable to soils and sludges with high levels of organic contaminants. It is imperative to
collect composting leachate and treat it if required.

Land Farming/Land Treatment: This is a mechanism to conduct aerobic digestion on-site. The
contaminated soil is excavated and staged in the designated area, in a layer of pre-determined thickness.
Better control of the operating conditions is possible as compared with the in-situ option. The reaction
times are higher, but costs are lower as compared to a bioreactor. The phenols, PAHs, and VOCs in soils
can be destroyed in this manmer.

Biological treatment is a preferred technology for organic contaminants, but is not effective for metals.
Therefore, it will not be considered further in the compilation of remedial alternatives.

Thermal Treatment: Thermal treatment technologies utilize elevated temperatures to modify or destroy
contaminants in the soil. Thermal treatment processes that may be potentially applicable at the site include
Jow temperature thermal desorption, incineration, and in-situ vitrification.

Rotary Kiln Incineration: Wastes and auxiliary fuels are introduced to the high end of an inclined,

rotating kiln. Ash residue and exhaust gases are collected at the low end of the kiln and may be further
treated. This technology is intended primarily for solid organic waste. Explosive waste and wastes with
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high inorganic salts/heavy metals require special evaluation. Lead emissions can pose a serious problem
in this setup if lead is also present.

Vitrification: Hazardous wastes are converted ino a glassy substance utilizing very high temperatures.
This is usually done in-situ by inserting large electrodes into the soil, with graphite providing the starter
path. Between 1000 to 2000 °C, many organics are destroyed by pyrolysis, and inorganics are
immobilized when the soil melt cools down. The process is effective only on soils with significant levels
of silicates. The process has been applied to radioactive waste. Environmental impacts from off-gas must
be considered. The process is more appropriate to soils with high levels of heavy metals and silicates.

Low Temperature Thermal Desorption (LTTD): Volatile and semi-volatile organics can be removed at
moderate temperatures (up to 600 °C) from the contaminated soil. An inert carrier gas is typically used to
transport volatilized organics and water. Organics are condensed and treated separately. Several different
desorber/dryer designs are available. The process is designed to separate organics without any
decomposition. Levels below 1 ppm are usually accomplished. Some of the less volatile chemicals may
not be volatilized at low temperatures, especially if they are bound in a tarry sludge matrix.

Thermal treatment technologies are usually at the high end of the cost spectrum and therefore do not offer
a cost-effective solution to the low levels of contamination observed at the site. Therefore, these
technologies will not be considered further.

3.4  Identification and Screening of Groundwater Remedial Technologies
Table 3-2 presents a summary of initial screening of groundwater remedial technologies.

3.4.1 No Further Action

The No Further Action alternative is developed and evaluated to establish a baseline for comparison with
other remedial alternatives for the site. CERCLA mandates a five-year review to be conducted to
determine whether or not the contamination has spread. If necessary, appropriate action would be
considered at that time.

3.472 Institutional Controls

Institutional control options include access restrictions, land-use restrictions, and public education
programs.

Access Restrictions: Fencing is one option to restrict direct access to the site. A chain link fence borders
the site to the south and east. Locked gates control access to the site. Although the western border of the
landfill is not fenced, it is heavily wooded and adjacent to the ammunitions magazine area and an
equipment storage area. These areas are fenced and highly secured. Another form of access restriction 1s
posting warning signs. This can eliminate the risk pathways associated with ingestion or dermal contact
by a child or an aduit casually wandering in. Fencing would not reduce any toxicity, mobility, or volume;
as well as not being effective in reducing exposure to groundwater contamination.
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INITIAL SCREENING OF GROUNDWATER REMEDIAL TECHNOLOGIES

TABLE 3-2

NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

General Response Remedial Process
Action Technelogy Option Description Screening Comments
No Further Action None Not Applicable No Action Required for consideration by NCP
fMonitoring Groundwater On-going monitoring well sampling. Potentially Applicable
Monitoring
Institutional Controls Land Use Base Master Use of Base Master Plan to restrict Potentially Applicable

Restrictions

Plan current and future use of groundwater
on the Base.
Land Use Land use restrictions to restrict future Potentially Applicable
Restrictions use of groundwater, denial of well

permits, and acquisition of
groundwater rights.

Public Education

Meetings, Written

Public education activities such as

Potentially Applicable

Programs Notices, efc. meetings and written notices to inform
the public of potential health risks
associated with groundwater usage.
Groundwater Containment Barriers Horizontal Slurry walls, sheet-piling cut-off walls. Potentially Applicable
Technologies :
Gradient Control | Extraction Wells Use of extraction wells to control Potentially Applicable
groundwater fiow.
Groundwater Collection Collection Barrier Drain System of perforated pipe laid in Potentially Applicable

Technologies

Systems

trenches and backfilled with permeabie
media to intercept and collect
contaminated groundwater.

Extraction Wells

Series of wells to extract contaminated
groundwater.

Potentially Applicable
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INITIAL SCREENING OF GROUNDWATER REMEDIAL TECHNOLOGIES

TABLE 3-2 | Jntinued)

NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

General Response Remedial Process
Action Technology Option Description Screening Comments
Groundwater Treatment Physical Sedimentation/ Removal of solids from diiute Potentially applicable for metals
Technologies Treatment Clarification suspensions through gravity settling. pretreatment of groundwater.
Filtration Process by which suspended solids are Potentially applicable for metals
removed from solution by forcing the pretreatment of groundwater.
fluid through a porous membrane.
Air and Steam | Mixing large volume of air or steam with Potentially Applicable
Stripping water in a packed column or diffused
aeration chamber to promote transfer
of VOCs to air.
Carbon Adsorption of contaminants onto Potentially Applicable
Adsorption activated carbon by passing water
through a carbon vessel.
Reverse Use of high pressure to force water Potentially Applicable
Osmosis through a membrane leaving
contaminants behind.
Chemical lon Contaminated water is passed through Potentially Applicable
Treatment Exchange a resin bed where ions are exchanged
between resin and water.
Chemical Adjustment of pH of a solution to a value Potentially applicable for metals

Precipitation

where the constituents to be removed
have their lowest solubilities.

pretreatment of groundwater.

Chemical
Oxidation
Enhanced by UV
Photolysis

Oxidation of waste stream with UV light
to destroy contaminants.

Potentially Applicable




Land-Use Restrictions: Probable land-use restrictions to reduce exposure to groundwater include
prohibiting installation of new wells screened in the water table aquifer. A more severe measure would be
prohibiting the use of existing wells within a certain distance from the site. Also, no new well
development in the deeper Yorktown aquifer is anticipated in the vicinity of the site.

Public Education Programs: As part of the community involvement effort, area residents would be
apprised of the potential risks and their magnitude by preparation and distribution of informational press
releases and circulars and conducting public meetings. NAB Little Creek has been conducting Restoration
Advisory Board (RAB) meetings, open to the public, at regular intervals.

3.4.3 Groundwater Containment Technologies

Slurry Walls: Subsurface barriers such as sheet piling cut-off walls or slurry walls constructed of low
permeability material have been used on many sites to control groundwater movement. Vertical barriers
control groundwater by restricting movement across the barrier. The slurry wall is constructed by
backfilling an excavated trench with bentonite slurry. Sheet piling cut-off walls consist of interlocking
metal sheets, which may be plastic-coated to prevent galvanic corrosion, that are driven into the ground
using a pile driver or similar device. Construction of slurry walls is technically feasible unless the depth
becomes excessive. The cost of this option depends on the area which needs to be covered and the depth.

Shurry walls do not reduce the toxicity or volume of contaminated groundwater. They are effective in
controlling contaminated groundwater mobility if the bottom of the slurry wall intersects a natural zone of
low permeability, i.e. a confining clay layer. At the site, almost the entire area has a clay layer
underneath the fill material and sand layer. This clay layer is generally encountered at 20 to 25 feet bgs
and no more than 40 feet bgs. Therefore, slurry walls can be a potential containment measure, keyed
onto the clay layer.

Slurry walls are also used at some sites to reduce groundwater flow through the source and subsequent
leaching of contaminants into the groundwater. At the site, these considerations do not apply.

Other measures: Extraction wells are used as a containment measure, a discussion of which is presented
under the collection technologies. Caps of various type present another groundwater containment option
by preventing infiltration. Cap technologies are discussed under soil control technologies in Section
3.3.3.

344 Groundwate llection Technologies

Groundwater collection technologies involve the active manipulation (pumping) and management of
groundwater prior to subsequent treatment and/or disposal. Collection technologies are utilized to remove
the contaminated groundwater from the aquifer and to physically prevent or reduce plume migration. The
selection of an appropriate groundwater collection system depends upon the objectives of the remedial
action, the depth of contamination, and the geologic and hydrogeologic characteristics of the aquifer.

Barrier Drain Systems: The barrier drain system uses trench drains, tile drains or dual media drains to

collect and extract the groundwater downgradient of the contamination plume. This system is most useful
in formations with low transmissivity and when the flow of contaminated groundwater must be controlled

cto247\fs7.s3 3-16 7100-0247-00091



over a large area. It creates a continuous zone of influence in which groundwater flow is directed toward
the drain. The major activities associated with construction of subsurface drains are trench excavation,
trench stabilization, and installation of a perforated drain pipe and associated filter materials. The barrier
drain extraction system is well-demonstrated and highly reliable. Drains installed to depths in excess of
30 feet are difficult to construct and generally do not perform well. Barrier drains involve long-term
operations and do not treat groundwater, but act only as a preliminary collection step. The cost to install
barrier drains is relatively low to moderate. The hydrogeological characteristics at the site need to be
properly modeled before this option can be considered.

Extraction Wells: Extraction well systems consist of a series of wells installed into a stratum to remove
contaminated groundwater. These systems are most useful in formations with high transmissivity. They
can be installed and screened at any desired depth and location. The zone of influence and amount of
water that can be pumped from these wells depends primarily on the aquifer characteristics. The
extraction wells do not directly reduce the volume or toxicity of the contaminated water, but are used
rather as a support process prior to implementing a treatment technology. Additionally, the wells can be
used for gradient control to reduce the rate of contaminant migration. A scheme of varying the flow rates
can be used to optimize the removal from a specific zone of contamination. The extraction well system is
well-developed and highly reliable at hazardous waste sites. The cost of extraction well systems depends
on the number of wells, their depths, and the rate of pumping. The relative costs for this technology are
moderate. This technology option will be considered for the site.

3.4.5 Groundwater Disposal Technologies

Groundwater disposal can be accomplished either by reinjection, surface water discharge, transportation

to a local publicly owned treatment works (POTW) or a commercial treatment facility. Either reinjection

or surface water discharge would require a National Pollutant Discharge Elimination System (NPDES)-
permit, and these options can be considered only if extracted groundwater is treated to MCLs. It is not

yet determined whether a local POTW capacity is available. Disposal in a commercial treatment facility
would require permitting similar to soil disposal. These options can be further evaluated only after the

groundwater remediation strategy is further refined.

3.4.6 Groundwater Treatment Technologies

Treatment can be conducted on-site using mobile units or more permanent treatment plants contained
within buildings, or conducted off-site at a treatment facility. Although the same remedial technologies
are applicable for on-site or off-site treatment of contaminated groundwater, on-site treatment should be
considered first to minimize transportation and handling costs. The applicability of complete or partial on-
site treatment depends primarily on the availability of land for the treatment facilities. It is expected that
the groundwater treatment system would require a relatively large capacity and, therefore, off-site
treatment would not be technically practical and cost-effective. The available technologies for treating
groundwater include biological, physical and chemical processes.

Biological Treatment: Biodegradation is a treatment process whereby hazardous chemical substances
(primarily organic chemicals) may be transformed to non-toxic or less toxic metabolites through the
enzymatic action of microorganisms. Under optimum conditions, and through the use of appropriate
organisms, such degradation mechanisms may result in the complete mineralization of organic chemicals
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to carbon dioxide, water or methane, and biomass. Biodegradation of selected organic chemicals can be
conducted through the use of chemical-specific aerobic or anaerobic microorganisms. Such organisms
may be indigenous species that have been isolated and developed through various enrichment techniques
Or exogenous bacteria which were isolated from other sites or waste streams and developed for
commercial use, or they may be cultures that have been genetically engineered to degrade various
persistent synthetic compounds.

Biological treatment systems are dependent upon the ability of the microorganisms to biodegrade various
organic substrates. Studies have shown that the availability of oxygen (for aerobic systems) and
micronutrients like phosphorus and nitrogen, the proper pH, and temperature are important parameters to
be considered for biological treatment systems to function properly. Additional factors that may also be
necessary to biodegrade various organics include trace inorganic elements, cosubstrates such as glucose or
other readily degraded organics, or possible analog enrichment. Several factors may have a negative
influence on biological systems such as the presence of toxins or the formation of toxic metabolites,
preferred substrates, and contaminant concentrations that are high enough to be toxic or inhibitory. In
addition, it i3 possible that in some cases the groundwater contaminant concentrations are below the
threshold concentration where enzymes are produced and thus result in no degradation. Often more than
one species of microflora may be required to accomplish the complete degradation of a given substrate.

In general, mixed microbial cultures have a greater biodegradative capacity and provide a better
probability to reduce organic compounds to carbon dioxide and water.

Biological treatment could be applied to groundwater in-situ, or in a bioreactor system after
collection/extraction. The processes can be classified as aerobic or anaerobic, depending on whether the
microorganisms used thrive in the presence or absence of oxygen, respectively. Aerobic biodegradation is
achieved in the presence of oxygen and is the most widely used biological process. Aerobic process
options include activated sludge, trickling filters, and rotating biological contactors.  Anaerobic
biodegradation is performed by microorganisms that do not require oxygen. The most common anaerobic
process, anaerobic digestion, produces methane and carbon dioxide as byproducts of the degradation
process. New biotechnologies are considered to be those which use genetically engineered and mutated
microorganisms. Theoretically, these organisms can be developed to feed on only the major site
contaminants. These organisms are then released into the groundwater. After all the organic
contaminants are destroyed, the microorganisms die from lack of food. This treatment method is still in
the experimental stages.

Physical Treatment: Physical treatment processes utilize the differences in physical properties of the
contaminants to separate them from water. The water may then be discharged or treated further by other
methods. Potentially applicable physical treatment technologies include sedimentation, filtration, air and
steam stripping, carbon adsorption, and reverse osmosis.

Sedimentation/Clarification: Sedimentation or clarification is a process used to remove settleable
suspended particles from water. The equipment used produces quiescent hydraulic conditions so that
gravitational forces are able to settle out the.unstable solids. The typical designs of sedimentation tanks
involve a sloping bottom to collect the settled solids and an overflow weir for the supernatant (clear)
liquid. Once the particles reach the bottom, they are generally removed as an underflow, and their
movement is assisted by a series of slowly moving paddles, rakes or arms. This technology can be used
alone or in conjunction with precipitation.
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Filtration: Filtration is a process in which suspended and colloidal particles which are not readily
settleable are removed from water by physical entrapment on a given media. Fluid flow through the filter
medium may be accomplished by gravity or it may be pressure induced. Beds of granular marterial like
sand and anthracite are commonly used filters in water treatment. Other types of filters include vacuum
filters, plate and frame filters, and belt filters. These are often used 10 dewater sludges produced by
processes like sedimentation and chemical precipitation. Packed beds of granular material are usually
backwashed to remove the filter cake. The collected solids will require disposal and their costs will
depend on whether the material is considered hazardous or non-hazardous.

Air and Steam Stripping: Air stripping is a mass transfer process in which volatile contaminants in
water are transferred to the gaseous phase. This process works best on contaminants with high volatility
and low solubility. Generally, organic compounds with a Henry's Law constant greater than or equal to
3.0 liter-atm/mole can be readily removed from groundwater by air-stripping. Several contacting systems
can be used, such as mechanical surface aerators, diffused aeration, spray or tray towers, open channel
cascades, spray fountains, and counter-current packed towers. Surface aeration and counter-current
packed towers are considered to be the most energy efficient systems. Air-stripping might require
consideration of techniques to mitigate an atmospheric discharge of contaminants in the exhaust gas.
Packed tower systems are more amenable to air pollution controls. Generally, vapor phase carbon
adsorption beds, flare burner systems, and catalytic incineration are used for capture and/or destruction of
the volatilized contaminants. In the counter-current packed tower configuration, water 1s distributed over
the top of the packing material, while air is forced upward from the bottom of the tower. Primary factors
which govern the efficiency of the process include the air-to-water ratio, pressure drop, tower height,
surface area of the packing material, contact time, and temperature of the influent. Pretreatment of
suspended solids and inorganics like iron and manganese, may be necessary to avoid deposition on, and
subsequent clogging of, the packing material.

Steam-stripping uses steam to remove organics from aqueous waste in much the same way that
air-stripping works, but because of the heat involved in the process, is sometimes more effective on some
contaminants than air stripping alone. It is generally used for removal of organic compounds which are
relatively less volatile and more soluble, and can handle a wider concentration range of contaminants in
the influent stream. The towers used for steam stripping are generally smaller than those used for air
stripping because the higher temperatures used provide a greater driving force for removal. However, the
energy costs are generally much higher. Steam stripping is generally not used unless the contaminants
include compounds like methyl-ethyl ketone, xylenes, etc.

Carbon Adsorption: Carbon adsorption removes organics from aqueous wastes via surface attachment
between the organic solutes and the large internal pore structure of the activated carbon. This attachment
within the pores is due to a force of attraction known as the Van der Waals force, The major parameters
which influence the effectiveness of the adsorption include the solubility of the organic compound, the pH
and temperature of the influent, empty bed contact time, and the surface area/volume ratio of the
adsorbent. Typical activated carbon adsorption treatment systems include gravity flow or pressure flow
columns in series and/or parallel configurations with backwashing capability. Granular activated carbon is
generally used with loading rates of 0.5 to 5.0 gpm/sq.ft. This technology can treat. single-phase waste
streams with high molecular weights, high boiling points, low solubility and polarity, and relatively
non-polar chlorinated hydrocarbons and aromatics. Concentrations of up to 10,000 ppm can be
effectively treated using carbon adsorption; however, the process works best for aqueous streams with a
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suspended solids' concentration less than 100 ppm and a concentration of dissolved inorganics, oil, and
grease of less than 10 ppm. For these reasons, some pretreatment of the aqueous waste stream may be
necessary. The spent carbon must be either regenerated at an appropriate facility, or disposed as a
hazardous material.

Reverse Osmosis: Osmosis is a process which occurs whenever two solutions of different solute
concentration levels reach an equilibrium across a semi-permeable membrane. The solvent (water in this
case) will naturally flow from the less concentrated solution into the more concentrated solution. To
reverse this process, the solution with the high concentrations must be pressurized to a level higher than
the osmotic pressure. At sufficiently high pressures, usually 200-800 pounds per square inch (psi), the
water will flow out of the more concentrated solution, leaving the contaminants trapped on the other side
of the semi-permeable membrane. The volume of the concentrated waste is generally 10 to 20 percent of
the feed volume. This concentrated waste will require additional treatment which is usually expensive.
Reverse osmosis has been demonstrated to be effective for treatment of brackish waters and aqueous metal
wastes, and recent findings indicate it is useful in removing some specific organics from solution. The
effectiveness of this process is highly dependent on the chemical composition of the waste solution to be
treated and the characteristics of the membrane.

Chemical Treatment: Chemical treatment processes generally involve destruction of hazardous
substances by reaction with other chemical species to convert them into nonhazardous gases, liquids or
solids. Potentially applicable process options include ion exchange, chemical precipitation,
oxidation/reduction, and ultra-violet (UV) radiation induced photolysis. Chemical oxidation with ozone or
hydrogen peroxide enhanced by UV photolysis is often a very effective combination and is discussed
below.

Jon Exchange: Jon exchange is a process in which toxic ions are removed from solution by being
exchanged with relatively harmless ions held by the ion exchange material. Both organics and inorganics
can be removed by this process. However, removal of inorganics is more common. Jon exchange resins
are manufactured for removal of a wide variety of organic and inorganic ions. A practical upper
concentration limit for ion exchange is about 2500 to 4000 ppm. Contaminant concentrations in the
groundwater at NAB Little Creek sites are well below these levels. Due to the large variety of lons
present in the water, removal to levels below ARARs may be difficult. Generally, a train of resin beds in
series containing different resins for organics, cation and anion removal are typically used. The beds have
to be monitored for breakthrough and must be regenerated using a wide variety of regeneration chemicals
which may themselves be hazardous. Ion exchange can be used both as a pretreatment and as a polishing
step.

Chemical Precipitation: Precipitation is a physical and chemical technique that can be used to remove
metals from an aqueous stream. The metals can be precipitated out of solution by changing the chemical
equilibrium of the solution. It is generally achieved by adding a chemical that reacts directly with the
metal to form an insoluble product. When used prior to other treatment technologies, this process
eliminates the probability of reduced efficiency due to dissolved metals precipitation. The pH of the waste
stream can be adjusted to optimize the precipitation process. Usually, the pH varies between 8§ and 12.
Metals can be precipitated as hydroxides, carbonates, and sulfides. Typical precipitating agents include
calcium oxide, caustic soda, sodium sulfide, ferrous sulfide, and hydrogen sulfide gas.
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Chemical Oxidation Enhanced by UV Photolysis: Chemical oxidation enhanced by UV photolysis is an
emerging technology for cleanup and destruction of organics in groundwater. Commercial applications
using hydrogen peroxide and ozone as the oxidant have been developed. UV light reacts with hydrogen
peroxide and/or ozone molecules to form hydroxyl radicals. These very powerful chemical oxidants then
react with the organic contaminants in the water. In addition, many organic contaminants absorb UV light
and become more reactive to chemical oxidants. If carried to completion, the end products of the
oxidation process are carbon dioxide and water. Both hydrogen peroxide and ozone form hydroxyl
radicals under UV light catalysis. :

The UV/oxidation treatment technology may be used to oxidize a variety of chlorinated hydrocarbons,
including PCE and TCE. UV/oxidation will not eliminate inorganic contaminants; however, they could
be removed by precipitation prior to allowing the feed stream to enter the UV/oxidation unit. The system
has no filtering or adsorption media to dispose of or regenerate, and treats groundwater contaminated with
VOCs without air emissions or generation of hazardous wastes. There is no secondary waste management
necessary.

Design of a UV/oxidation treatment system is dependent upon many variables including the type and
concentration of organic contamination, the light transmittance of the water, and the type and
concentration of dissolved solids. Pretreatment of the contaminated groundwater may be necessary to
reduce the suspended solids content, since excessive suspended solids can occlude the UV light, thus
decreasing the effectiveness of the system. Additionally, precipitation of metals may be necessary to
reduce scaling and fouling of the unit.

Groundwater treatment is a significant issue only for sites where aquifer restoration is the remedial action
objective. Since this is not the case at IR Site 7, no groundwater treatment technologies will be retained
for alternative development.

3.5 Identification and Screening of Surface Water Remedial Technologies

Table 3-3 presents a summary of initial screening of surface water remedial technologies.

3.5.1 No Further Action

The no further action alternative is developed and evaluated to establish a baseline for comparison with
other remedial alternatives for the site. CERCLA mandates a five-year review to be conducted to
determine whether or not the contamination has spread. If necessary, appropriate action would be
considered at that time.

3.5.2 Institutional Controls

Institutional control options include access. restrictions, land-use restrictions, and public education
programs.
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TABLE 3-3

INITIAL SCREENING OF SURFACE WATER REMEDIAL TECHNOLOGIES
NAVAL AMPHIBIOUS BASE LITTLE CREEK
VIRGINIA BEACH, VIRGINIA

Generat Response Remedial Process
Action Technology Option Description Screening Comments
No Further Action None Not Applicable No Action Required for consideration by NCP
Monitoring Five year Conduct a five year review to determine Potentially Applicable
) review whether contamination has spread.
Institutional Controls Access Fencing and Fencing to prevent access, warning Potentially Applicable
Restrictions Warning Signs signs against unauthorized access.
Land Use Land use restrictions prohibiting use of

Restrictions

surface water for consumption, irrigation,
fishing, or any other recreational
purposes.

Potentially Applicable

Public Education

Meetings, Written

Public education activities such as

Presentiy being performed.

Programs Notices, efc. meetings and written notices 1o inform
the public of potential health risks
associated with surface water usage.
Surface Water Barriers Vertical Vertical barriers to restrict surface water

Containment Technologies

flow in the canals and around the Base.

Potentially Applicable

Run-on Prevention
and run-off
Interception

Run-on preventors
and run-off
interceptors

Use of run-on and run-off interceptors to
limit contact of landfill leachate with
surface water.

Potentially Applicable




Access Restrictions: Fencing is one option to restrict direct access to the site waters and nearby surface
water bodies; but it is not practical. Another form of access restriction is posting warning signs. This can
eliminate the risk pathways associated with ingestion or dermal contact by a child or an adult casually
wandering in. Access restrictions would not reduce any toxicity, mobility, or volume; and they would not
be effective in reducing exposure to groundwater contamination.

Land-use restrictions: Probable land-use restrictions include prohibiting any use of surface water for
consumption, irrigation, or fishing from site shorelines.

Public Education Programs: As part of the community involvement effort, area residents would be
apprised of the potential risks and their magnitude, which is currently being accomplished through RAB
meetings.

3.5.3 Surface Water Containment Technologies

Vertical barriers can be constructed to restrict the surface water flow in the canals in and around the site.
This will effectively eliminate migration of contaminants through surface waters. However, no such
measure is conceivable for the Little Creek cove.

Another containment method is to institute run-on prevention and runoff interception measures around the
landfill so that contaminants leached from the site soils would not be introduced into any surface water
body.

3.6 Summary of Remedial Technology Screening

Based upon the discussions provided above, the most feasible remedial technologies identified for use at
the site are summarized below.

Soils

Remedial alternatives for soils at the site were developed based on the GRAs and site-specific physical and
chemical characteristics. Remedial alternatives for soils will address contaminants which equal or exceed
the HI of 1 and/or the ICR of 1 x 10*, Remedial alternatives which may meet or exceed the RAOs for
soils at the site are categorized as follows:

. Alternative 1A - No Further Action

Alternative 2A - Institutional Control Action

Alternative 3A. - Ipstalling a Multi-media Cap

Alternative 4A - In-Situ Treatment by Chemical Fixation at Hot Spots
Alternative 5A - Excavation and Off-site Disposal of Soils at Selected Hot Spots
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Groundwater
Remedial alternatives for the site groundwater were developed based on the GRAs and site- -specific

physical and chemical characteristics. Remedial alternatives which may meet or exceed the RAOs for
groundwater at the site are categorized as follows:

. Alternative 1B - No Further Action and Monitoring

. Alternative 2B - Institutional Controls

J Alternative 3B - Multi-Media Cap

L Alternative 4B - Multi-Media Cap with Vertical Barriers

. Alternative 5B - Multi-Media Cap with Vemcal Barriers, Pumpmg & Treatment by
Chemical PICCIpItaIIOIl Discharge to POTW

Surface Water

Remedial alternatives for the site surface water and sediments were developed based on the GRAs and
site-specific physical and chemical characteristics. Treatment of surface water is not deemed necessary
since TAL metals are the only contaminants of concern at this time; and the water is not used as a potable
source. Remedial alternatives which may meet or exceed the RAOs for surface water at the site are
categorized as follows:

. Alternative 1C - No Further Action and Monitoring

. Alternative 2C - Institutional Controls

. Alternative 3C - Surface Controls, Vertical Barriers, and Collection
. Alternative 4C - Run-on Prevention, Runoff Interception

3.7 Identification of Alternatives

Based on the requirements of the remedial action objectives and the evaluation of remedial technologies
for the three media, the following five remedial alternatives have been identified for detailed analysis for
the site:

. Alternative 1: No Further Action.

. Alternative 2:  Institutional Control Action which will consist of land-use restrictions,
development and implementation of a public awareness program, limitation of site access,
and preparation of a top soil and vegetative cover on the open surfaces of the landfill and

monitoring.

. Alternative 3:  Capping the landfill using a Geosynthetic Clay Liner (GCL), monitoring
groundwater and surface water quality, implementing institutional controls such as land
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use restrictions and posting warning signs, and implementing a public awareness
program.

Alternative 4:  All of Alternative 3, plus a groundwater containment measure such as a
slurry wall around the entire landfill to prevent further migration of groundwater

contaminams of concern.

Alternative 5:  All of Alternative 2, plus the selective removal and/or treatment of
surface and subsurface soils.
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4.0  DETAILED ANALYSIS OF ALTERNATIVES

The detailed evaluation of remedial alternatives at the site was prepared in accordance with the USEPA
document entitled "Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA,” October 1988. This evaluation was conducted using the following criteria:

Tw ima r Threshold Criteria:

. Overall protection of human health and the environment
. Compliance with ARARSs

Five Balancing Criteria:

. Long-term effectiveness and permanence

. Reduction of toxicity, mobility, and volume through treatment
. Short-term effectiveness

) Implementability

. Cost

Two Modifying Criteria:

. State Acceptance

. Community Acceptance

This section defines these nine criteria. Each of the following five subsections present a detailed
description of an alternative, and the alternative's detailed evaluation based on the first seven criteria.
Evaluation according to the two modifying criteria, state and community acceptance, is not included in
this document at this time, since the state and public have not been provided with a formal opportunity to
review the detailed analysis of the remedial alternatives. Therefore, state and commnunity response will be
incorporated during finalization of this FS.

verall Protection of Human Health and the Environment; This criterion assesses whether each
alternative provides adequate protection of human health and the environment. Evaluation of the overall
protectiveness of an alternative focuses on whether a specific alternative achieves adequate protection, and
describes how site risks posed through each pathway being addressed by the FS are eliminated, reduced,
or controlled through treatment, engineering, or institutional controls. The assessment of overall
protection draws on the assessment of other evaluation criteria, especially compliance with ARARs, long-
term effectiveness and permanence, and short-term effectiveness.  This evaluation also allows
consideration of whether an alternative poses any unacceptable short-term or cross-media effects.
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Compliance with ARARs: This evaluation criteria determines whether each alternative will meet all of the
federal and state ARARSs that have been idemtified in Section 2.1. The following are addressed for each
alternative during the detailed analysis of ARARs:

. Compliance with chemical-specific ARARs. This factor addresses whether the ARARs can be

met or whether a waiver is appropriate.

. Compliance with Jocation-specific ARARs. This involves a consideration of whether the ARARSs
can be met or whether a waiver is appropriate.

. Compliance with action-specific ARARs. This involves determination of whether the ARARS can
be met or whether a waiver is appropriate.

Long-Term Effectiveness and Permanence: This evaluation addresses the results of a remedial action in
terms of the risk remaining at the site after response objectives have been met. The primary focus of this
evaluation is the extent and effectiveness of controls that may be required to manage the risk posed by
treatment residuals or untreated wastes. The following components of the criterion are addressed for each
alternative:

. Magnitude of Residual Risk. This factor assesses the residual risk remaining from untreated
waste or treatment residuals at the conclusion of remedial activities. -

. Adequacy and Reliability Controls. This factor assesses the adequacy and stability of controls, if
amy, that are used to manage treatment residuals or untreated wastes that remain at the site. It
also addresses the long-term reliability of management controls for providing continued protection
from residuals.

It also assess the potential need for replacement of the remedy and the continuing need for repairs to
maintain the permanence of the remedy.

Reduction of Toxicity, Mobility or Volume: This evaluation criterion addresses the statutory preference

for selecting remedial actions that use treatment technologies that permanently and significantly reduce
toxicity, mobility, or volume of the hazardous substances as their principal element. This evaluation
focuses on the following specific factors for a particular remedial alternative:

. The treatment processes the remedy will employ, and the materials they will treat
. The amount of hazardous materials that will be destroyed, recycled, or treated
. The degree of expected reduction in toxicity, mobility, or volume, including how the principal

threat is addressed through treatment
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. The degree to which the treatment will be irreversible

. The type and quality of treatment residuals that will remain following treatment

. The degree to which treatment reduces the inherent site hazards

Short-Term Effectiveness: This evaluation criterion addresses the effects of the alternative during the
construction and implementation phase until remedial response objectives are met. Under this criterion,
alternatives are evaluated with regard to their effects on human health and the environment during
implementation of the remedial action. The following factors are addressed as appropriate for each
alternative:

. Protection of workers during remedial actions. This factor assesses threats that may be posed to
workers and the effectiveness and reliability of protective measures that would be taken.

. Protection of the community during remedial actions. This aspect of short-term effectiveness
addresses any risk that results from implementation of the proposed remedial action, such as dust
from excavation, transportation of hazardous materiais, etc.

. Environmental impacts. This factor addresses the potential adverse environmental effects that
may result from the construction and implementation of an alternative, and evaluates the reliability
of the available mitigation measures in preventing or reducing the potential impacts.

. Time until remedial response objectives are achieved. This factor includes an estimate of the time
required to achieve protection for the entire site or for individual elements associated with specific
site areas or threats.

Implementability: The implementability criterion addresses the technical and administrarive feasibility of
implementing an alternative and the availability of various services and materials required during its

implementation. This criterion involves analysis of the following factors:

. Technical Feasibility: The relative ease of implementing or completing an action based on site
specific constraints, including the use of established technologies, including:

. Ability to construct the alternative as a whole (constructability)

. Operational reliability, or the ability of a technology to meet specified process efficiencies
or performance goals

. Ability to undertake future remedial actions that may be required
. Ability to monitor the effectiveness of the remedy
. Administrative Feasibility: The ability and time required to obtain any necessary approvals and

permits from other agencies
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Availability of Services and Materials: The availability of the technologies, materials, or services
required to implement an alternative, including:

. Available capacity and location of needed treatment, storage, and disposal services

. Availability of necessary equipment and specialists and provisions to ensure any necessary
additional resources

. Timing of the availability of prospective technologies under consideration

. Availability of services and materials, plus the potential for obtaining bids which are
competitive (which may be particularly important for innovative technologies)

Capital Costs: Capital costs consist of direct (construction) and indirect (non-construction and
overhead) costs. Direct costs include costs for equipment, labor and materials incurred to
develop, construct, and implement a remedial action. Indirect costs are expenditures for
engineering, financial, and other services that are not actually part of construction, but are
required to implement a remedial alternative.

Operation and Maintenance (O&M) Costs: O&M costs refer to post-COnstruction COsis necessary
to ensure the continued effectiveness of a remedial action. They typically refer to long-term
power and material costs (such as the operational costs of a water treatment facility), equiprment
replacement costs, and long-term monitoring costs.

Costs for Five-Year Review: CERCLA, as amended, Section 121(C) states that a five-year review
of a remedial action is required if that remedial action results in hazardous contaminants
remaining on-site.

Present Worth Analysis: This assessment is used to evaluate the capital and O&M costs of a
remedial alternative on a present worth basis. Present worth analysis is used to evaluate
expenditures that occur over different time periods by discounting all future costs to a cormmon
base year, usually the current year. This allows the comparison of remedial alternatives on the
basis of a single cost representing the amount of money that, if invested in the base year and
disbursed as needed, would be sufficient to cover all costs associated with the remedial action
over its planned life. A discount rate (interest rate) of five percent has been used during this FS to
calculate the present worth.

State Acceptance:

* The state's position and key concerns relative to the alternatives

. State comments on ARARs or the proposed use of waivers
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Community Acceptance:

. ‘The community's position and key concerns relative to the alternatives.

The evaluation of the state and community acceptance criteria will be incorporated after presenting the
draft final FS to the State and RAB members; these criteria will not be discussed until that time.

4.1 Detailed Evaluation of Alternative 1: No Further Action

The No Further Action alternative is evaluated as a baseline for comparison with other alternatives, as
required by the NCP.

4.1.1 Detailed Description of Alternative 1

The No Further Action alternative entails leaving the site as it currently exists with no additional remedial
work to be performed within or outside the site boundaries.

Because this alternative results in contaminants remaining onsite, CERCLA §121(c) requires that the site
be monitored and data be reviewed every 5 years for a period of 30 years to determine whether the
contamination has spread. The no further action decision is then re-evaluated against the monitoring data,
mobility of the contaminants is reassessed, and a determination is made as to whether or not additional
remedial action(s) are necessary.

4.1.2 veral tection of Human Health the Environment: Alternative 1

As no remedial actions are implemented under this alternative, human health and the environment are not
protected, The human health risks, described in the risk assessment, from groundwater, surface water,
and soil at the site would remain unmitigated. The possibility of groundwater being used as a potable
water supply is highly unlikely because the aquifer underlying the site is not currently used for drinking
water purposes. This alternative would not meet remedial action objectives and would not be protective of
the environment as there would be no reduction in long- or short-term risks relative to existing (baseline)
conditions. Other than the continued presence of contaminants onsite, there would be no direct impacts to
wetlands under the No Further Action alternative.

4.1.3 Compliance with ARARs: Alternative 1

As this alternative does not remove contaminated soils or provide containment of contaminated materials,
none of the applicable or relevant and appropriate RCRA standards (40 CFR Part 264 through 268) are
met. '

Federal and Virginia MCLs and health advisories are not achieved as the No Further Action alternative
does not enable compliance with these criteria.
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Location-specific ARARs and TBCs, including federal and state wetland and floodplain regulations, are
met under the No Further Action alternative since the wetlands and floodplains would not be disturbed.
However, the No Further Action alternative does not meet the intent of Executive Order 11990, which
requires federal agencies to minimize wetland degradation and to preserve and enhance the beneficial uses
of wetlands.

4.1.4 Long-Term Effectiveness and Permanence: Alternative 1

This alternative does not effectively prevent or reduce the magnitude of risk to human health or the
environment. The estimated risks identified in the risk assessment are not mitigated.

The No Further Action alternative does not result in a quantifiable long-term reduction in risk to
ecological receptors since contaminated soils are left in place. Remedial action objectives are not met.

4.1.5 Reduction of Toxicity, Mobility, or Volume: Alternative 1

Because no treatment technologies are employed, the toxicity, mobility, or volume of contaminants are not
reduced under this alternative.

4.1.6 Short-Te ectiveness: Alternative 1

As no remedial activities are undertaken during this alternative, there are no potential impacts to workers
responsible for implementing the alternative and no significant new risks to nearby residents are expected.
This alternative does not result in a quantifiable short-term increase or reduction in risk to ecological
receptors. Remedial action objectives are not met. Short-term habitat impacts due to remedial activities
will not occur.

This alternative does not require any time to implement as it does not involve any remediation.

4,17 Implementability: Alternative 1

As no remedial measures are implemented under this alternative, implementability, constructability, and
availability of materials and services are non-issues.

If additional remedial actions were required in the future, no component of this alternative would limit
such options.

4.1.8 Cost: Alternative 1

The costs of this alternative are expected to be approximately $25,000 in Year Five for the five-year
review and related monitoring.
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4.2 Detailed Evaluation of Alternative 2: Institutional Control Action

The major components of Alternative 2 include:

Fortification of the existing perimeter fence

. Land-use restrictions to restrict site access

. Implementation of a public awareness program including warning signs
. Reimforcement of existing soil/topsoil and vegetative cover

. Performance of semi-annual long-term environmental monitoring

. Performance of a five-year review of site conditions

4.2.1 Detailed Description of Alterpative 2

This is a partial containment alternative with no treatment. As part of the Best Management Practice,
NAB Little Creek has already undertaken various activities at the site to reduce any adverse human
exposure to the contaminants of concern. The site access has been limited, and the loose materials at the
site have been removed. A six inch soil cover has already been installed and vegetation planted which
will reduce the risks from soil contact and ingestion. The top soil layer and the vegetative layer will be
monitored and maintained on a periodic basis. Additional soil cover and topsoil will be added to portions
of the landfill to prevent erosion and ensure the stability of the vegetative layer.

This alternative includes the development and implementation of a public awareness program about the
hazards present at the site for the residents in the area surrounding the site. This program would include
the preparation and distribution of informational press releases and circulars and conducting public
meetings to seek public involvement in the remedial actions/decisions. These activities will serve to
enhance the public's knowledge of the conditions existing at the site.

This alternative also involves implementation of land-use restrictions to limit on-site excavation,
groundwater usage, and future land use. These restrictions will be incorporated into the Base Master
Plan. The land use restrictions will be revisited only if the base property is transferred outside Navy's
control in the future.

A chain-link fence around the perimeter of the site can prevent unknowing and unauthorized humans from
gaining access to the surface water. Such a fence is already present along portions of the site. Although
the western border of the landfill is not fenced, it is heavily wooded and adjacent to the ammunitions
magazine area and an equipment storage area. These areas are fenced and highly secured. Under this
alternative, further fortification of this fence will be performed as appropriate. Warning signs will be
placed along the fence.

As hazardous wastes remain onsite, long-term envirommental monitoring of the site is necessary to
monitor contaminant migration. Monitoring consists of semi-annual sampling of groundwater from nine
existing monitoring wells as well as limited surface water and sediment sampling. Groundwater, surface
water, and sediment samples will be analyzed for SVOCs, PCBs, and metals. Details of the monitoring
activities will be finalized in the remedial planning stage. During this stage, trigger levels will be
identified for the contaminants of concern. If trigger levels are exceeded, the remedial options may need
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reevaluation. The trigger levels will be established by taking into consideration the RAOs for the site, the
ARARs, and the fact that drinking water MCLs may not be the relevant trigger levels for this site.

Semi-annual monitoring analytical results will be reviewed at least every five years to ensure that the
remedy continues to provide adequate protection of human health and the environment. The data will be
evaluated for contaminant migration trends, and will be compared to trigger levels. The remedy
implemented will be re-evaluated against the new data and a determination shall be made as to whether
any addirional remedial action(s) are necessary.

4.2.2 Overall Protection of Human Health and the Environment: Alternative 2

Under this alternative, a reduction in short-term and long-term human health risks are anticipated,
compared to Alternative 1, the "No Further Action" alternative. Contact with contaminants in site media
is largely eliminated by fortifying the existing perimeter fence, keeping people away from the surface
water, and by installing soil cover, reducing soil contact and ingestion.

It is anticipated that site-related health risks will be reduced by this alternative. Contact with contaminated
soils would be reduced to acceptable levels due to the addition of top soil and land-use restrictions. The
soil and vegetative cover will further reduce infiltration and subsequent migration of contaminants for site
groundwater to nearby surface water. In addition, groundwater monitoring at the perimeter of the landfill
will also ensure that such migration is not taking place. Thus, remedial action objectives are satisfied.

4.2.3 Compliance with ARARs: Alternative 2

This alternative does not remove contaminated materials, but lowers the potential for receptors coming
into contact with contaminated media. The potential for contaminants to migrate from the area is reduced
but not eliminated.

Federal and Virginia MCLs and health advisories are not achieved as this alternative does not involve any
treatment and hence does not enable compliance with these criteria.

Actions triggering ARARs for this alternative include fence construction, posting warning signs, and
addition of the soil and topsoil cover on the landfill. Requirements for these activities include OSHA
health and safety standards. It is expected that these action-specific ARARs will be met by providing
proper personal protective equipment, specified training, and safety equipment to all workers who
perform remedial activities.

Location-specific ARARs and TBCs, including federal and state wetland and floodplain regulations, are
met under this alternative since the wetlands and floodplains would not be disturbed. However, this
alternative does not meet the intent of Executive Order 11990, which requires federal agencies to
minimize wetland degradation and to preserve and enhance the beneficial uses of wetlands.
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4.2.4 ILong-Term Effectiveness and Permanence: Alternative 2

The implementation of Alternative 2 mitigates part of the risks identified in the baseline risk assessment.
The non-carcinogenic risk from ingestion of surface soil is mitigated by interrupting the exposure
pathway. Installation of a six inch top soil cover effectively isolates the contaminated soils from potential
receptors, thereby greatly reducing the potential risks. The carcinogenic and non-carcinogenic risks for
ingestion of surface water and groundwater by trespassers and future residents is reduced to some extent
by land-use restrictions, fencing, and a public awareness program. The residual risks should meet the
criteria for carcinogenic and non-carcinogenic risks.

Long-term management activities would include semi-annual inspections and monitoring, top soil cover
repair, vegetation control, and a five-year review as previously described. Over time, it is likely that the
fence will be breached, requiring repair and additional education effort. However, regular fence
inspection and repair ensures that frequent or routine exposures to surface water do not occur. Land-use
restrictions are not completely effective as they could be disregarded by individuals unfamiliar with them
or intent on performing actions in violation of the restrictions. It is anticipated that this alternative is
effective for human health for the foreseeable future. However, it cannot be considered permanent as it
relies on maintenance of the top soil and vegetative cover, land-use restrictions, and semi-annual
inspections.

4.2.5 Reduction of Toxicity, Mobility, or Volume: Alternative 2

This alternative does not involve reduction of toxicity, mobility, or volume of the source of contamination

or the contaminated soils. Reduction of the rainfall infiltration will minimize the source of surface water

and groundwater contamination. This alternative provides no means for groundwater remediation. The

water table aquifer at the site is not used or likely to be used for drinking water purposes as the City of -
Virginia Beach Public Utilities Department has indicated that it is standard practice to prohibit the use of

the shallow water aquifer as a potable source.

4.2.6 Short-Term Effectiveness: Alternative 2

The identifiable short-term risks associated with this alternative include on-site worker safety and
environmental risks. The soil and topsoil cover on the landfill will be reinforced after surveying the areas
which need the reinforcement. Because the addition and reinforcement of the soil and topsoil cover
involves a significant amount of earthwork and will require the use of heavy earthmoving equipment,
there is a potential for work related accidents to occur. The use of proper operational procedures and
construction techniques will minimize the risk of any on-site accidents. Risk to workers due to dermal
contact with contaminated soils is also possible. Risks will be mitigated by ensuring that workers are
required to wear personal protection equipment.

The short-term impacts on the environment would be the traffic problems and an increase in noise levels
due to the comstruction activity. An appropriate local traffic control plan would be implemented to
manage trucks and other vehicles. Air monitoring will be performed during site remediation activities to
evaluate emissions. Proper dust control measures, such as water spray, would be provided to minimize
particulate emissions. Habitat impacts due to remedial activities will occur for a short period of time.
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4.2.7 Implementability: Alternative 2

. Technical Feasibili
The installation of the fence and the reinforcement of the soil and topsoil cover are easily implementable
tasks. The sampling and analysis of the samples, and the five-year site status reviews could also be

accomplished with little difficulty.

. Availability of Services and Materials

The services and materials required to successfully implement this alternative are readily available in the
area. Numerous contractors are available for competitive bidding to perform the work related to this
alternative.

. Administrative Feasibilit

Implementation of this alternative involves a fair amount of institutional administration. Significant long-
term management of an inspection and maintenance program to ensure the siructural and functional
integrity of the cap would be required. The development and implementation of the monitoring program
and subsequent five-year site status reviews require the involvement of many concerned environmental
agencies, such as, USEPA, Virginia Department of Health, and Virginia Department of Environmental

Quality.

Implementation of this alternative involves the development and implementation of institutional controls in
the form of land use restrictions that will limit on-site excavation. groundwater usage, and future
development. To ensure land use restrictions are effectively implemented, they will be documented in the
NAB Little Creek Master Plan, the comprehensive planning document consulted by Base personnel when
making planning, development, and construction decisions. In addition, steps will be taken to document
the land use restrictions in the NAB Little Creek and Atlantic Division, Naval Facilities Engineering
Command real estate files.

Additional steps also will be taken to ensure if the Site is ever transferred to another Federal government
entity or out of the Federal government’s possession, the land restrictions would continue in effect if
necessary based on the results of long term monitoring. If the Site were to be transferred to another
Federal entity, the land restrictions would be included in the appropriate transfer documents, with
monitoring conducted to ensure adherence to the restrictions. If the Site were to be transferred our of
Federal possession, the land use restrictions would be included in the deed effecting the transfer, uniess
further remedial efforts were agreed upon or required by law. It should be noted that Federal government
entities are subject to extensive requirements under CERCLA §120 (h) regarding cleanup of real property
to be transferred out of Federal hands.

42.8 Cost: Alternative 2

The total present worth of Alternative 2, over a 30 year period with five percent discount rate, is
approximately $1,380,864. This cost covers fence fortification, reinforcement of the soil/topsoil and
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vegetative cover, semi-annual monitoring, a five-year review, management of vegetative cap on the open
areas, public meetings, and administrative costs associated with land-use restrictions. For estimating
purposes, it is assumed that a 1-foot thick cover will have to be reworked on 5% of the landfill,
approximately 2 acres, and topsoil/vegetative cover on 25% of the landfill, approximately 10 acres. The
details of these costs are shown on Table 4-1.

4.3 Detailed Evaluation of Alternative 3: A Geosynthetic Clay Liner on the landfill; monitor
groundwater and surface water quality; institutional controls such as warning signs and
prohibition of intrusive activities.

‘The major components of Alternative 3 include:

Fortification of the existing perimeter fence

Land-use restrictions to restrict site access

Implementation of a public awareness program including warning signs

Installation of a Geosynthetic Clay Liner (GCL) to minimize percolation of precipitation
Performance of semi-annual long-term environmental monitoring

Performance of a five-year review of site conditions

4.3.1 Detailed Description of Alternative 3

This is a total containment alternative with no treatment. In this alternative, a Geosynthetic Clay Liner
(GCL) will be installed within the landfill boundary; this liner effectively substitutes for a clay cap. A
geomembrane such as HDPE will be placed on top of the GCL, and a vegetative layer will be maintained
over this cap configuration.

The public awareness program is identical to that described in Alternative 2, Section 4.2.1. It would
include public RAB meetings and presentations and informational releases to ensure public awareness
about the hazards present on site,

This alternative also involves implementation of land-use restrictions to limit on-site excavation,
groundwater usage, and future land use as described for Alternative 2, Section 4.2.1.

A chain-link fence around the perimeter of the site can prevent unknowing and unauthorized humans from
gaining access to the surface water. Such a fence is already present at portions of the site. Although the
western border of the landfill is not fenced, it is heavily wooded and adjacent to the ammunitions
magazine area and an equipment storage area. These areas are fenced and highly secured. Under this
alternative, further fortification of this fence will be performed as appropriate. Warning signs will be
placed along the fence.

Prior to installation of a GCL, the top surface will be regraded and compacted to provide a stable
foundation for placement of the GCL. The GCL will include an HDPE liner placed on top of the
prepared surface of the landfill to serve as an impervious base. Then the GCL (a low permeability
material) will be installed on top of the HDPE liner. It is estimated that the size of the landfill is about 38
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TABLE 4-1

COST ESTIMATE SUMMARY
- ALTERNATIVE 2 INSTITUTIONAL CONTROL ACTIONS AND MONITORING
SITE 7 - AMPHIBIOUS BASE LANDFILL

Present Worth
Capital Annual O&M/Replacement
ITEM Quantity Cost O&M 30 years, 5%

1. INSTITUTIONAL ACTIONS

1. Public Awareness Program NA 510,000 $2,000

2. Institutional Cantrols NA $10,000 $1,000

3. Monitoring (15 samples semiannually) 30 $30,000

4, Site Reviews NA $5,000

5. 1-foot Soil Cover on Bare Areas 2 acres $65.,000

6. Reinfarcement of Tapsoil/Vegetative Cover 10 acres $160,000

7. Management of Vegetative Cap NA $20,000

8. Site Fencing Fortification (in linear f1.) 6,600 $66.000 41,000

Subtotal: $59,000 $906,978
CONSTRUCTION SUBTOTAL $311,000
Health and Safety 5% $15,550
Bid Contingency 10% $31,100
Scope Contingency 10% $31.100
CONSTRUCTION TOTAL $388,75%0
Permitting and Legal 5% $19,438
Services During Construction 10% $38,875
~1 TOTAL IMPLEMENTATION COST $447,083

Engineering & Design 6% 26,824
TOTAL CAPITAL COSTS $473,886
TOTAL PRESENT WORTH $1,380,864

NOTES:
NA: Not Applicable
* Monitoring period of 30 years. Environmental sampling includes: groundwater, surface water, and sediment,
which are sampled semi-annually (a total of 15 samples assumed for estimation purposes).
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acres. Installation of this GCL will require approximately 1,655,280 square feet of HDPE liner and
1,655,280 square feet of GCL. This liner is considered extremely effective in limiting infiltration, and
subsequent leaching of contaminants from the underlying soil. Periodic maintenance of the liner would be
required to ensure its continued integrity.

As wastes remain onsite, long-term environmental monitoring of the site is necessary to monitor
contaminant migration. Monitoring consists of semi-annual sampling of groundwater from nine existing
monitoring wells as well as limited surface water and sediment samples. Groundwater, surface water, and
sediment samples will be analyzed for SVOCs, PCBs, and metals. Details of the monitoring activities will
be finalized in the remedial planning stage. During this stage, trigger levels will be identified for the
contaminants of concern. If trigger levels are exceeded, the remedial options may need reevaluation. The
trigger levels will be established by taking into consideration the RAOs for the site, the ARARs, and the
fact that drinking water MCLs may not be the relevant trigger levels for this site.

Semi-annual monitoring analytical results will be reviewed at least every five years to ensure the remedy
continues to provide adequate protection of human health and the environment. The data will be
evaluated for contaminant migration trends, and will be compared to trigger levels. The remedy
implemented will be re-evaluated against the new data and a determination shall be made as to whether
any additional remedial action(s) are necessary.

432 verall Protection an Health and the Envirgnment: Alternative 3

Under this alternative, a short-term increase in human health risks and a reduction in long-term human
health risks are anticipated, compared to Alternative 1, the "No Further Action" alternative. Contact with
contaminants in site media is largely eliminated by the following control measures: installation of the liner;
prevention of contact with contaminated soils; installation of a perimeter fence and warning signs;
prevention of contact with surface water; and implementation of institutional controls preventing contact
with groundwater. Human health impacts from various site activities can be minimized so that short-term
risks are not excessive.

It is anticipated that site-related health risks are reduced by this alternative. Contact with contaminated
soils is reduced greatly due to the presence of the liner, fencing, and land-use restrictions. Infiltration is
reduced and therefore, so is the potential for migration of contaminants of concern from site groundwater
to nearby surface water. Thus, remedial action objectives are satisfied.

4.3.3 Compliance with ARARs: Alternative 3

Actions triggering ARARs for this alternative include fence construction, posting warning signs, and
installation of the liner within the landfill. Requirements for these activities include: OSHA health and
safety standards, and RCRA facility standards pertaining to installation of the liner. It is expected that
these action-specific ARARs will be met by providing proper personal protective equipment, specified
training, and safety equipment to all workers who perform remedial activities, and by following RCRA
facility standards properly.
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This alternative does not remove contaminated materials, but provides containment of contaminated soils.
The potential for contaminants to migrate from the area is greatly reduced as the liner would reduce the
amount of contaminants discharged to the aquifer below the landfill by significantly reducing percolation
of precipitation.

Federal and Virginia MCLs and health advisories are not achieved as this alternative does not involve any
treatment. The water table aquifer at the site is not currently used for drinking water purposes, and
therefore, restoration of the aquifer to drinking water levels is not considered a remedial action objective.

Location-specific ARARs and TBCs, including federal and state wetland and floodplain regulations, could
be met under this alternative with proper mitigation. However, this alternative does not meet the intent of
Executive Order 11990, which requires federal agencies to minimize wetland degradation and to preserve
and enhance the beneficial uses of wetlands. Construction activities related to the installation of a
cap/slurry wall could be potentially destructive and severely disruptive to the flora and fauna indigenous to
the wetlands.

434 Long-Term Effectiveness and Permanence: Alternative 3

The implementation of Alternative 3 mitigates part of the risks identified in the baseline risk assessment.
The non-carcinogenic risk from ingestion of surface soil is mitigated by interrupting the exposure
pathway. Installation of a geosynthetic clay liner effectively isolates the contaminated soils from potential
receptors, thereby greatly reducing the potential risks. The carcinogenic and non-carcinogenic risks for
ingestion of surface water and groundwater by trespassers and future residents is reduced to some extent
by land-use restrictions, fencing, warning signs, and public awareness program. The residual risks should
meet the criteria for carcinogenic and non-carcinogenic risks. As the contaminated materials are not
treated, a failure of the liner may result in the recurrence of health risks via the direct contact scenario.
Resulting risks in the event of a failure of the liner tend to be small compared to baseline risks.

Long-term management activities would include semi-annual inspections and monitoring, liner repair, and
a five-year review as previously described. Over time, it is likely that the fence will be breached,
requiring repair and additional education effort. However, regular fence inspection and repair ensures
that frequent or routine exposures to surface water do not occur. Land-use restrictions are not completely
effective as they could be disregarded by individuals unfamiliar with them or intent on performing actions
in violation of the restrictions. It is anticipated that this alternative is effective for human health for the
foreseeable future. However, it cannot be considered permanent as it relies on maintenance of the liner,
land-use restrictions, and semi-annual inspections and monitoring.

4.3.5 Reduction of Toxicity. Mobility, or Volume: Alternative 3

This alternative does not involve reduction of toxicity or volume of the source of contamination or the
contaminated soils. The installation of a liner and the slurry wall, however, reduces the mobility of the
contaminants. Significant reduction of the rainfall infiltration will minimize the source of surface water
and groundwater contamination. This alternative provides no means for groundwater remediation. The
possibility of groundwater being used as a potable water supply is highly unlikely because the aquifer
underlying the site is not currently used for drinking water purposes.
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4.3.6 Short-Term Effectiveness: Alternative 3

The identifiable short-term risks associated with this alternative include on-site worker safety and
environmental risks. Because the installation of the liner within the landfill involves a significant amount
of earthwork and will require the use of heavy earthmoving equipment, there is a potential for work
related accidents to occur. The use of proper operational procedures and construction techniques will
minimize the risk of any on-site accidents. Risk to workers due to dermal contact with contaminated soils
is also possible. Risks will be mitigated by ensuring that workers are required to wear personal protection
equipment.

The short-term impacts on the environment would be the traffic problems and an increase in noise levels
due to the construction activity. An appropriate local traffic control plan would be implemented to
manage trucks and other vehicles. Air monitoring will be performed during site remediation activities to
evaluate emissions. Proper dust control measures, such as water spray, would be provided to minimize
particulate emissions. During remedial activities, the site habitat will be impacted due to traffic, noise,
odor, and dust; however, these impacts will be minimized.

4.3.7 Implementability: Alternative 3
. Technical Feasibility

The technical feasibility of installing a cap will require extensive investigation to determine the boundaries
of the landfill since currently, the boundaries are only estimated. Construction activities conducted on site
wetlands would require special attention. Preparation of the site would require the use of standard
construction procedures and equipment for grading and compaction. These traditional earth working
operations and equipment are readily available in the local area. The materials required for -he
installation of the liner should be available in surrounding locales. The installation of the fence and
warning signs is a readily available service and is easily accomplished. The sampling and analysis of the
samples and the five-year site status reviews could also be accomplished with little difficulty.

. Availability_of Services and Materials

The services and materials required to successfully implement this alternative are readily available in the
area. Numerous contractors are available for competitive bidding to perform the work related to this
alternative.

o Administrative Peasibility

Implementation of this alternative involves a fair amount of institutional administration. Significant long-
term management of an inspection and maintenance program to ensure the structural and functional
integrity of the cap would be required. Construction on and near wetlands would require appropriate
permits. The development and implementation of the monitoring program and subsequent five-year site
status reviews require the involvement of many concerned environmental agencies, such as, USEPA,
Virginia Department of Health, and Virginia Department of Environmental Quality.
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Implementation of this alternative involves the development and implementation of institutional controls in
the form of land use restrictions that will limit on-site excavation. groundwater usage, and future
development. To ensure land use restrictions are effectively implemented, they will be documented in the
NAB Little Creek Master Plan, the comprehensive planning document consulted by Base personnel when
making planning, development, and construction decisions. In addition, steps will be taken to document
the land use restrictions in the NAB Little Creek and Atlantic Division, Naval Facilities Engineering
Command real estate files.

‘Additional steps also will be taken to ensure if the Site is ever transferred to another Federal government
entity or out of the Federal government’s possession, the land restrictions would conrtinue in effect if
necessary based on the results of long term monitoring. If the Site were to be transferred to another
Federal entity, the land restrictions would be included in the appropriate transfer documents, with
monitoring conducted to ensure adherence to the restrictions. If the Site were to be transferred out of
Federal possession, the land use restrictions would be included in the deed effecting the transfer, unless
further remedial efforts were agreed upon or required by law. It should be noted that Federal government
entities are subject to extensive requirements under CERCLA §120 (h) regarding cleanup of real property
to be transferred out of Federal hands.

4.3.8 Cost: Alternative 3

The total present worth of Alternative 3, over a 30 year period with five percent discount rate, is
approximately $5,621,686. This cost covers fence fortification, semi-annual monitoring, the five-year
review, installation and maintenance of the liner, public meetings, and the associated administrative costs.
The details of these costs are shown on Table 4-2.

4.4  Detailed Evaluation of Alternative 4: Liner and Shurry Wall
The major components of Alternative 4 include:

. Fortification of the existing perimeter fence

. Land-use restrictions to restrict site access

Implementation of a public awareness program including warning signs
Installation of a GCL to minimize percolation of precipitation
Construction of a slurry wall around the landfili

Performance of semi-annual long-term environmental monitoring
Performance of a five-year review of site conditions

4.4.1 Detajled Description of Alternative 4

This is a total containment alternative with no treatment. In this alternative, the GCL will be installed
within the landfill, as in Alternative 3, and a soil-bentonite slurry wall will be constructed around the
perimeter of the landfill.
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TABLE 4-2

COST ESTIMATE SUMMARY

ALTERNATIVE 3: CAPPING USING GEOSYNTHETIC CLAY LINER (GCL)

SITE 7 - AMPHIBIOUS BASE LANDFILL

which are sampled semi-annually {a total of 15 samples assumed for estimation purposes).

Present Worth
Capital Annual O&M/Replacement
ITEM Quantity Cost o&M 30 years, 5%
1. INSTITUTIONAL ACTIONS
1. Public Awareness Program NA $10,000 $2,000
2. Institutional Controls NA 510,000 $1,000
3. Monitering (15 samples semiannually) 30 $30,000
4. Site Reviews NA $5,000
5. Site Fencing Fortification (in linear ft.) 6,600 $66,000 $1,000
Subtotal: 486,000 $39,000 $599,528
Il. SPECIFIC REMEDIAL ACTION
1. Site Preparation NA $50,000
2. Clearing & Gruhbing (in acres) 38 $57,000
3. Mobilization/ Demobilization NA $50,000
4, Geosythetic Clay Liner {GCL) {in sqg. feet) 1,655,280 $1,241,460
5. Geomembrane/HDPE liner (in square feet) 1,655,280 51,241,460
6. Topsoil and Vegetative Layer (in acres) 38 $570,000 $20,000
- Subtotal: $3,209,920 $20,000 $307.,450
CONSTRUCTION SUBTOTAL $3,295,920
Health and Safety 5% $164,796
Bid Contingency 10% $329,582
Scope Contingancy 10% $329,592
CONSTRUCTION TOTAL $4,119,900
Permitting and Legal 5% $205,985
Services During Construction 10% $411,990
TOTAL IMPLEMENTATION COST $4,737,885
Engineering & Design 6% $284,273
TOTAL CAPITAL COSTS $5,022,158
TOTAL PRESENT WORTH $5,621,686
NOTES:
NA: Not Applicable
* Monitoring period of 30 years. Environmental sampling includes: groundwater, surface water, and sediment,




The public awareness program is identical to that described in Alternative 2, Section 4.2.1. It would
include public RAB meetings and presentations and informational releases to insure public awareness
about the hazards present on site. ’

This alternative also involves implementation of land-use restrictions to limit on-site excavation,
groundwarer usage, and future land use as described for Alternative 2, Section 4.2.1.

A chain-link fence around the perimeter of the site can prevent unknowing and unauthorized humans from
gaining access to the surface water. Such a fence is already present along portions of the site. Although
the western border of the Jandfill is not fenced, it is heavily wooded and adjacent to the ammunitions
magazine area and an equipment storage area. These areas are fenced and highly secured. Under this
alternative, further fortification of this fence will be performed as appropriate. Warning signs will be
placed along the fence.

A full description of the geosynthetic clay liner is provided in Section 4.3.1 as part of Alternative 3. A
slurry wall will be constructed around the landfill, for a linear distance of approximately 6,600 feet,
extending to a° depth of about 20 feet below the ground surface and keyed into an underlying clay layer.
The confining clay layer is encountered between 8 feet bgs to 20 feet bgs at the site. The slurry wall is
constructed as a vertical trench that is excavated under a slurry, typically a mixture of soil-bentonite
backfill. The slurry essentially acts as a drilling fluid which shores the walls of the trench to prevent
collapse, and at the same time forms a cake on the bench walls to minimize fluid losses to the surrounding
ground. For the purposes of a cost estimate, the approximate measurement of 6,600 linear feet represents
a slurry wall around the entire landfill. In the event that Alternative 4 is selected, further evaluation will
be conducted to determine the boundaries of the landfill, because currently they are only estimated.

As wastes remain onsite, long-term environmental monitoring of the site is necessary to monitor
contaminant migration. Monitoring consists of semi-annual sampling of groundwater from nine existing
monitoring wells as well as limited surface water and sediment sampling. Groundwater, surface water,
and sediment samples will be analyzed for SVOCs, PCBs, and metals. Details of the monitoring activities
will be finalized in the remedial planning stage. During this stage, trigger levels will be identified for the
contamninants of concern. If trigger levels are exceeded, the remedial options may need reevaluation. The
trigger levels will be established by taking into consideration the RAQs for the site, the ARARs, and the
fact that drinking water MCLs may not be the relevant trigger levels for this site.

Semi-annual monitoring analytical results will be reviewed at least every five years to ensure that the
remedy continues to provide adequate protection of human health and the environment. The data will be
evaluated for contaminant migration trends, and will be compared to trigger levels. The slurry wall will
divert horizontal groundwater flow into the landfill and therefore prevent groundwater contact with the
contaminated soil in the landfill.

4.42 Overall Protection of Human Health and the Environment; Alternative 4
Under this alternative, a short-term increase in human health rigsks and a reduction in long-term human

health risks are anticipated, compared to Alternative 1, the "No Further Action” alternative. Contact with
contaminants in site media is largely eliminated by the following control measures: installation of the liner;
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prevention of contact with contaminared soils; installation of a perimeter fence and warning signs;
prevention of contact with surface water; and implementation of institutional controls preventing contact
with groundwater. Installation of the slurry wall will reduce infiltration and therefore reduce migration
and leaching of contaminants from the landfill, although the source of the contamination is not removed.
Human health impacts from various site activities can be minimized so that short-term risks are not
excessive.

It is anticipated that site-related health risks will be reduced by this alternative. The residual risk from
ingestion of surface water and dermal contact with soils will be within the target risk range of 10 to 10,
Contact with contaminated soils is reduced greatly due to the presence of the liner and land-use
restrictions. Infiltration is reduced and therefore, so is the potential for migration of contaminants of
concern from site groundwater to nearby surface water, In fact, the slurry wall will completely eliminate
any migration of contaminants of concern away from the landfill. Thus, remedial action objectives are
satisfied.

443 Compliance with ARARS: Alternative 4

Actions triggering ARARs for this alternative include fenc: construction and warning sign posting,
installation of a liner within the landfill, and installation of a soil-bentonite slurry wall around the
perimeter of the landfill. Requirements for these activities include: OSHA health and safety standards,
and RCRA facility standards pertaining to installation of the GCL and slurry wall. It is expected that these
action-specific ARARs can be met by providing proper personal protective equipment, specified training,
and safety equipment to all workers who perform remedial activities, and by following RCRA facility
standards properly.

This alternative does not remove contaminated materials, but provides containment of contaminated soils.
The potential for contaminants to migrate from the area is greatly reduced as the liner would reduce the
amount of contaminants discharged to the aquifer below the landfill by significantly reducing percolation
of precipitation. The slurry wall will divert horizontal groundwater flow into the landfill and therefore
prevent groundwater contact with the contaminated soil in the landfill.

Federal and Virginia MCLs and health advisories are not achieved as this alternative does not involve
treatment and hence does not allow these criteria to be met. The water table aquifer at the site is not
currently used for drinking water purposes, and therefore, restoration of the aquifer to drinking water
levels is not considered a remedial action objective.

Location-specific ARARs and TBCs, including federal and state wetland and floodplain regulations, could
be met under this alternative with proper mitigation. However, this alternative does not meet the intent of
Executive Order 11990, which requires federal agencies to minimize wetland degradation and to preserve
and enhance the beneficial uses of wetlands, since the installation of a cap will be more detrimental to the
wetlands than if no such action is taken. Construction activities related to the installation of a cap/slurry
wall could be potentially destructive and severely disruptive to the flora and fauna indigenous to the
wetlands.
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4.4.4 Long-Term Effectiveness and Permanence: Alternative 4

The implementation of Alternative 4 mitigates part of the risks identified in the baseline risk assessment.
The non-carcinogenic risk from ingestion of surface soil is mitigated by interrupting the exposure
pathway. Installation of the GCL effectively isolates the contaminated soils from potential receptors,
thereby greatly reducing the potential risks. The carcinogenic and non-carcinogenic risks for ingestion of
surface water and groundwater by trespassers and future residents is reduced to some extent by land-use
restrictions, fencing, warning signs, and a public awareness program. The residual risks should meet the
criteria for carcinogenic and non-carcinogenic risks. As the contaminated materials are not treated, a
failure of the liner or slurry wall may result in the recurrence of health risks via the direct contact
scenario. Resulting risks in the event of a failure of the liner tend to be small compared to baseline risks.

Long-term management activities would include semi-annual inspections and monitoring, liner repair, and
a five-year review as previously described. Over time, it is likely the fence will be breached, requiring
repair and additional education effort. However, regular fence inspection and repair ensures that frequent
or routine exposures to site soils do not occur. Land-use restrictions are not completely effective as they
could be disregarded by individuals unfamiliar with them or intent on performing actions in violation of
the restrictions. It is anticipated this alternative is effective for human health for the foreseeable furure.
However, it cannot be considered permanent as it relies on maintenance of the liner, slurry wall, land-use
restrictions, and semi-annual inspections and monitoring.

4.4.5 Reduction of Toxicity, Mobili r Volume: Alternative 4

This alternative does not involve reduction of toxicity or volume of the source of contamination or the
contaminated soils. The installation of a liner and the slurry wall, however, reduces the mobility of the
contaminants. Significant reduction of the rainfall infiltration will minimize the source of surface water
and groundwater contamnination. This alternative provides no means for groundwater remediation. The
possibility of groundwater being used as a potable water supply is highly unlikely because the aquifer
underlying the site is not currently used for drinking water purposes.

4.4.6 Short-Term Effectiveness: Alternative 4

The identifiable short-term risks associated with this alternative include on-site worker safety and
environmental risks. Because the installation of the liner within the landfill and slurry wall involves a
significant amount of earthwork and will require the use of heavy earthmoving equipment, there is a
potential for work related accidents to occur. The use of proper operational procedures and construction
techniques will minimize the risk of any on-site accidents. Risk to workers due to dermal contact with
contaminated soils is also possible. Risks will be mitigated by ensuring that workers are required to wear
personal protection equipment.

The short-term impacts on the environment would be the traffic problems and an increase in noise levels
due to the construction activity. An appropriate local traffic control plan would be implemented to
manage trucks and other vehicles. Air monitoring will be performed during site remediation activities to
evaluate emissions. Proper dust control measures, such as water spray, would be provided to minimize
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articulate emissions. During remedial activities, the site habitat will be impacted due to the traffic, noise,
odor, and dust; however, these impacts will be minimized.

447 Implementability: Alternative 4

. Technical Feasibility

The technical feasibility of installing a cap and a slurry wall will require extensive investigation to
determine the boundaries of the landfill since currently, the boundaries are only estimated. Construction
activities conducted on site wetlands would require special attention. Preparation of the site would require
the use of standard construction procedures and equipment for grading and compaction. These traditional
carth working operations and equipment are readily available in the local area. The materials required for
the installation of the liner and slurry wall should be available in surrounding locales. The installation of
the fence and warning signs is a readily available service and is easily accomplished. The sampling and
analysis of the samples and the five-year site status reviews could also be accomplished with little
difficulty.

. Availability of Services and Materials

The services and materials required to successfully implement this alternative are readily available in the
area. Numerous contractors are available for competitive bidding to perform the work related to this
alternative.

. Administrative Feasibility

Implementation of this alternative involves a fair amount of institutional administration. Significant long-
term management of an inspection and maintenance program to ensure the structural and functional
integrity of the cap would be required. Construction on and near wetlands would require appropriate
permits. The development and implementation of the monitoring program and subsequent five-year site
status reviews require the involvement of many concerned environmental agencies, such as, USEPA,
Virginia Department of Health, and Virginia Department of Environmental Quality.

Implementation of this alternative involves the development and implementation of institutional controls in
the form of land use restrictions that will limit on-site excavation. groundwater usage, and future
development. To ensure land use restrictions are effectively implemented, they will be documented in the
NAB Little Creek Master Plan, the comprehensive planning document consulted by Base personnel when
making planning, development, and construction decisions. In addition, steps will be taken to document
the land use restrictions in the NAB Little Creek and Atlantic Division, Naval Facilities Engineering
Command real estate files.

Additional steps also will be taken to ensure if the Site is ever transferred to another Federal government
entity or out of the Federal government’s possession, the land restrictions would continue in effect if
necessary based on the results of long term monitoring. If the Site were to be transferred to another
Federal entity, the land restrictions would be included in the appropriate transfer documents, with
monitoring conducted to ensure adherence to the restrictions. If the Site were to be transferred out of
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Federal possession, the land use restrictions would be included in the deed effecting the transfer, unless
further remedial efforts were agreed upon or required by law. It should be noted that Federal government
entities are subject to extensive requirements under CERCLA §120 (h) regarding cleanup of real property
to be transferred out of Federal hands.

4.4.8 Cost: Alternative 4

The total present worth of Alternative 4, over a 30 year period with five percent discount rate, is
approximately $13,667,086. This cost covers fence fortification, semi-annual monitoring, the five-year
review, management of containment technologies, public meetings, and the associated administrative
costs. The details of these costs are shown on Table 4-3.

4.5 Detailed Evaluation of Alternative 5: Selective Removal and/or Treatment of Soils

The major components of Alternative 5 include:

o Fortification of the existing perimeter fence

. Land-use restrictions to restrict site access

. Implementation of a public awareness program including warning signs

. Removal or Treatment of selected surface and subsurface areas of the landfill
. OR under Option B, conduct on-site stabilization of these selected soils

o Performance of semi-annual long-term environmental monitoring

. Performance of a five-year review of site conditions

4.5.1 Detailed Description of Alternative 5

In this alternative, limited quantities of surface and subsurface soils containing contaminants of concern
will be excavated and transported to an off-site permitted TSD facility for disposal. The investigations to-
date have not identified any hot spots in the surface and near-surface soils at the site. Therefore,
additional investigations would be conducted to identify the areas of significantly elevated concentrations.
The significant concentrations will be those above ten times the related concentration criteria, or any other
rmultiple agreed upon by the regulatory parties and NAB Little Creek.

Under Option B of Alternative 5, the limited quantities of soils will be treated on-site using a soil
stabilization technology, rather than disposing them off-site. Based on the nature of contaminants of
concern, stabilization using lime and silicate should be effective in immobilizing them to the soil matrix.

Prior to investigations designed to identfy potential hot spots, it is difficult to estimate the amount of
excavation, treatment or disposal required. The landfill currently covers 38 acres and may consist of
500,000 cy of waste. For the purposes of estimation, a five percent area is assumed to potentially contain
hot spots; this is approximately 1.9 acres or 82,650 sf. An average of threefeet is used for the vertical
extent of the hot spot; three feet should be adequate for near-surface risks but higher extent is possible for
groundwater concern. This yields a remediation target volume of 82,650 cy.
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TABLE 4-3

COST ESTIMATE SUMMARY
ALTERNATIVE 4: CAPPING USING GEOSYNTHETIC CLAY LINER (GCL) & SLURRY WALL
SITE 7 - AMPHIEIOUS BASE LANDFILL

Present Worth
Capital Annual O&M/Replacement
ITEM Quantity Cost 0&M 30 years, 5%

1. INSTITUTIONAL ACTIONS

1. Public Awareness Program NA $10,000 $2,000

2. Institutional Controls NA 10,000 41,000

3. Menitoring (15 samples semiannually) 30 430,000

4, Site Reviews 55,000

5. Site Fencing Fartification (in linear ft,) $66,000 $1,000

Subtotal: 586,000 $39,000 $5949,528

Il. SPECIFIC REMEDIAL ACTION

1. Site Preparation NA $50,000

2. Clearing & Grubbing (in acres) 38 $57,000

3. Mobilization/ Demobilization NA $50,000

4. Geosythetic Clay Liner (GCL) (in sg. feet) 1,655,280 51,241,460

5. Geomembrane/HDPE liner (in square feet) 1,655,280 $1,241,460

6. Slurry Wall to a depth of 20 ft.(in linear ft.) 6,600 $5,280,000 $5,000

7. Topsoil and Vegetative Layer (in acres) 38 $570,000 420,000

Subtotal: $8,489,920 $25,000 $384,313

CONSTRUCTION SUBTOTAL $8,675,820
Health and Safety 5% $428,796
Bid Contingency 10% $857,582
Scope Contngency 10% $857,592
CONSTRUCTION TOTAL $10,719,900
Permitting and Legal 5% $535,995
Services During Construction 10% $1,071.89%0
TOTAL IMPLEMENTATION COST $12,327,885
Engineering & Design 6% $739,673
TOTAL CAPITAL COSTS $13,067,558
TOTAL PRESENT WORTH $13,667,086

NOTES:
NA: Not Applicable
* Monitoring penod of 30 years, Envirenmental sampling includes: groundwater, surface water, and sediment,
which are sampled semi-annually (a total of 15 samples assumed for estimation purposes).



Various vendors including Laidlaw, Envirite Corporation, and Clean Harbor have indicated the feasibility
of accepting the site soils at their transfer stations in Virginia for final destination to their disposal facilities
in South Carolina, Pennsylvania, and Maryland. Total transportation and disposal costs are expected to
range between $180 and $240 a ton, or between $270 and $360 a cubic yard.

The public awareness program is identical to that described in Alternative 2, Section 4.2.1. It would
include public RAB meetings and presentations and informational releases to insure public awareness
about the hazards present on site.

This alternative also involves implementation of land-use restrictions to limit on-site excavation,
groundwater usage, and future land use as described for Alternative 2, Section 4.2.1.

A chain-link fence around the perimeter of the site can prevent unknowing and unauthorized humans from
gaining access to the surface water. Such a fence is already present along portions of the site. Although
the western border of the landfill is not fenced, it is heavily wooded and adjacent to the ammunitions
magazine area and an equipment storage area. These areas are fenced and highly secured. Under this
alternative, further fortification of this fence will be performed as appropriate. Warning signs will be
placed along the fence.

As some hazardous wastes will remain onsite, long-term environmental monitoring of the site will be
necessary to monitor contaminant migration. Monitoring will consist of semi-anmual sampling of
groundwater from nine existing monitoring wells as well as limited surface water and sediment samples.
Groundwater, surface water, and sediment samples will be analyzed for SVOCs, PCBs, and metals.
Details of the monitoring activities will be finalized in the remedial planning stage. During this stage,
trigger levels will be identified for the contaminants of concern. If trigger levels are exceeded, the
remedial options may need reevaluation. The trigger levels will be established by taking into
consideration the RAOs for the site, the ARARs, and the fact that drinking water MCLs may not be the
relevant trigger levels for this site.

Semi-annual monitoring analytical results will be reviewed at least every five years to ensure the remedy
continues to provide adequate protection of human health and the environment. The data will be
evaluated for contaminant migration trends, and will be compared to trigger levels. The remedy
implemented will be re-evaluated against the new data and a determination shall be made as to whether
any additional remedial action(s) are necessary.

4.5.2 Overall Protection of Human Health and the Environment: Alternative 5

Under this alternative, a short-term increase in human health risks and a reduction in long-term human
health risks are anticipated, compared to Alternative 1, the "No Further Action" alternarive. Contact with
contaminants in site media is largely eliminated by excavation/treatment of soils around potential hot-spot
areas, by installing a perimeter fence and warning signs, and by implementing -institutional controls
preventing contact with surface water and groundwater. Contaminant migration is reduced by this
alternative, the source of contamination is either partially removed or treated. Human health impacts
from various site activities can be minimized with appropriate measures, so that short-term risks are not
excessive,
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It is anticipated that site-related health risks are reduced by this alternative. Contact with contaminated
soils 1s reduced greatly due to the removal/treatment of hot spots, fencing, and land-use restrictions.
Potential for migration of contaminants of concern from site groundwater to nearby surface water is also
reduced due to source removal/treatment. Thus, remedial action objectives are satisfied.

4.5.3 Compliance with ARARs: Alternative 5

Actions triggering ARARs for this alternative include fence construction, posting warning signs, and
excavation and treatment of surface and subsurface soils around hot-spot areas. Requirements for these
activities include: OSHA health and safety standards, RCRA excavation and fugitive dust requirements,
RCRA land disposal restrictions, DOT regulations for hazardous materials transport, and Virginia solid
waste regulations. It is expected that these action-specific ARARs can be met by providing proper
personal protective equipment, specified training, and safety equipment to all workers who perform
remedial activities, and by following RCRA facility standards and DOT regulations properly.

This alternative removes contaminated materials or provides containment through stabilization. The
potential for contaminants to migrate from the area is greatly reduced as highly contaminated soils will be
excavated or stabilized.

Federal and Virginia MCLs and health advisories are not achieved as this alternative does not mnvolve
treatment of the groundwater and hence does not allow these criteria to be met. The water table aquifer at
the site is not used or likely to be used for drinking water purposes as the City of Virginia Beach Public
Utilities Department has indicated that it is standard practice to prohibit the use of the shallow water
aquifer as a potable source, and therefore, restoration of the aquifer to drinking water levels is not
considered a remedial action objective.

Location-specific ARARs and TBCs, including federal and state wetland and floodplamn regulations, could
be met under this alternative with proper mitigation. However, this alternative does not meet the intent of
Executive Order 11990, which requires federal agencies to minimize wetland degradation and to preserve
and enhance the beneficial uses of wetlands, since the soil removal activities will be more detrimental to
the wetlands than if no such action is taken. Construction activities related to the removal of soils could
be potentially destructive and severely disruptive to the flora and fauna indigenous to the wetlands.

4.5.4 Long-Term Effectiveness and Permanence: Alternative 5

The implementation of Alternative 5 mitigates part of the risks identified in the baseline risk assessment.

The non-carcinogenic risk from ingestion of surface soil is mitigated by excavation and removal of soils
around hot-spot areas, thereby removing/treating the exposure media. Institutional controls and selective
stabilization effectively isolates the contaminated soils from potential receptors, thereby greatly reducing
the potential risks. The carcinogenic and non-carcinogenic risks for ingestion of surface water and
groundwater by trespassers and future residents is reduced to some extent by land-use restrictions,
fencing, warning signs, and a public awareness program. The residual risks should meet the criteria for
carcinogenic and non-carcinogenic risks. The recurrence of health risks via the direct contact scenario
depends on the amount of residual contaminants left behind after removal or stabilization. Resulting risks
would be very small compared to baseline risks.
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Long-term management activities would include semu-annual inspections and monitoring, and a five-year
review as previously described. Over time, it is likely that the fence will be breached, requiring repair
and additional educational effort. However, regular fence inspection and repair ensures that frequent or
routine exposures to site soils do not occur. Land-use restrictions are not completely effective as they
could be disregarded by individuals unfamiliar with them or intent on performing actions in violation of
the restrictions. It is anticipated this alternative is effective for human health for the foreseeable future.
However, it cannot be considered permanent as it relies on maintenance of the land-use restrictions and
semi-annual inspections and monitoring.

455 eduction icit ili r Volume: Alternativ

This alternative reduces both the mobility and volume of the source of contamination and the contaminated
soils through excavation of soils around hot-spot areas. The stabilization option reduces mobility and
toxicity. ~ This alternative provides no means for groundwater remediation. The possibility of
groundwater being used as a potable water supply is highly unlikely because the aquifer underlying the
site is not currently used for drinking water purposes.

456 Short-Term Effectiveness: Alternative S

The identifiable short-term risks associated with this alternative include on-site worker safety and
environmental risks. Because excavation and off-site disposal of soils from hot-spot areas or on-site
stabilization efforts involve a significant amount of earthwork and will require the use of heavy
earthmoving equipment, there is a potential for work related accidents to occur. The use of proper
operational procedures and construction techniques will minimize the risk of any on-site accidents. Risk
to workers due to dermal contact with contaminated soils is also possible. Risks will be mitigated by
ensuring that workers are required to wear personal protection equipment. ‘

The short-term impacts on the environment would be the traffic problems and an increase in noise levels
due to the construction activity. An appropriate local traffic control plan would be implemented to
manage trucks and other vehicles. Air monitoring will be performed during site remediation activities to
evaluate emissions. Proper dust control measures, such as water spray, would be provided to minimize
particulate emissions. During remedial activities, the site habitat will be impacted due to the traffic, noise,
odor, and dust; however, these impacts will be minimized.

4.5.7 Implementability: Alternative 5

. Technical Feasibili

Preparation of the site would require the use of standard construction procedures and equipment for
grading and compaction. These traditional earth working operations and excavation equipment are readily
available in the local area. Construction activities conducted on site wetlands would require special
attention. Off-site facilities have been identified to accept excavated soils. The chemicals and materials
required for the stabilization efforts should be available in surrounding locales. The installation of the
fence and warning signs is a readily available service and is easily accomplished. The sampling and
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analysis of the samples and the five-year site status reviews could also be accomplished with little
difficulty.

. Avajlability of Services and Materials

The services and materials required to successfully implement this alternative are readily available in the
area. Numerous contractors are available for competitive bidding to perform the work related to this
alternative. Various vendors including Laidlaw, Envirite Corporation, and Clean Harbor have indicated
the feasibility of accepting the site soils at their transfer stations in Virginia for final destination to their
disposal facilities in South Carolina, Pennsylvania, and Maryland.

. Administrative Feasibility

Implementation of this alternative involves a fair amount of institutional administration. Significant long-
term management of an inspection and maintenance program to ensure the structural and functional
integrity of the cap would be required. Construction on and near wetlands would require appropriate
permits. The transporter as well as the TSD facility will also need appropriate permits. The development
and implementation of the monitoring program and subsequent five-year site status reviews require the
involvement of many concerned environmental agencies, such as, USEPA, Virginia Department of
Health, and Virginia Department of Environmental Quality.

Implementation of this alternative involves the development and implementation of institutional controls in
the form of land use restrictions that will limit on-site excavation. groundwater usage, and future
development. To ensure land use restrictions are effectively implemented, they will be documented in the
NAB Little Creek Master Plan, the comprehensive planning document consulted by Base personnel when
making planning, development, and construction decisions. In addition, steps will be taken to document
the land use restrictions in the NAB Little Creek and Atlantic Division, Naval Facilities Engineering
Command real estate files.

Additional steps also will be taken to ensure if the Site is ever transferred to another Federal government
entity or out of the Federal government’s possession, the land restrictions would continue in effect if
necessary based on the results of long term monitoring. If the Site were to be transferred to another
Federal entity, the land restrictions would be included in the appropriate transfer documents, with
monitoring conducted to ensure adherence to the restrictions. If the Site were to be transferred out of
Federal possession, the land use restrictions would be included in the deed effecting the transfer, unless
further remedial efforts were agreed upon or required by law. It should be noted that Federal government
entities are subject to extensive requirements under CERCLA §120 (h) regarding cleanup of real property
to be transferred out of Federal hands.

4.5.8 Cost: Alterpative 5

Costs to implement this alternative depend on the extent of potential hot spots identified during the pre-
remedial mvestigation. Unit costs for off-site disposal range between $200 and $250 a ton; whereas unit
costs for on-site stabilization will be approximately 25% of those costs. The decision of whether to
expend a large (on the order of $750,000) amount for on-site setup of stabilization equipment will depend
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- on the quantity of soils. Therefore, an accurate estimate to implement this alternative can be presented
during the remedial design stage, if appropriate.

For comparison purposes, costs have been calculated to remove and dispose of 82,600 cy of soils, along
with other remedial components. The total present worth of Alternative 5, over a 30 year period with five
percent discount rate, is approximately $43,224,529 with off-site disposal and 513,629,114 with on-site
stabilization. This cost covers fence fortification, semi-annual monitoring, the five-year review,
management of treatment, disposal and containment technologies, public meetings, and the associated
administrative costs. The details of these costs are shown on Table 4-4A and B.
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TABLE4-4 A

COST ESTIMATE SUMMARY

ALTERNATIVE 5A: REMOVAL AND OFF-SITE LANDFILL

SITE 7 - AMPHIBIOUS BASE LANDFILL

Present Worth

Capital Annual QO &M/Replacement
ITEM Quantity Cast O&M 30 years, 5%
1. INSTITUTIONAL ACTIONS
1. Public Awareness Program NA $10,000 $2,000
2. Institutional Controls NA 510,000 $1,000
3. Monitering (15 samples semiannually) 30 $30,000
4, Site Reviews NA $5,000
5. Site Fencing Fertification (in linear ft.) 6,600 466,000 $1,000
Subtotal: 486,000 $39,000 $599,528
It. SPECIFIC REMEDIAL ACTION
1. Site Preparation NA $50,000
2, Pre-Remedial investigation NA £100,000
3. Mobitization/ Demobilization NA 450,000
4, Excavation of Hot Spots (in cubic yards) 82,650 $2,066,250
5. Disposal at Off-Site Landfill {in cy) 82,650 $24,7395,000
6. Backfill with Clean Seil (in cy) 82,650 $826,500
Subtotal; $27,887,750 $0 $0
CONSTRUCTION SUBTQTAL $27,973,750
Health and Safety 5% $1,398,688
Bid Contingency 10% $2,797,378
Scope Contingency 10% $2,787.375
CONSTRUCTION TOTAL $34,967,188
Permitting and Legal 5% $1,748,359
Services During Construction 10% $3,496,719
TOTAL IMPLEMENTATION COST 340,212,266
Engineering & Design 6% $2,412,738
TOTAL CAPITAL COSTS $42,625,002
TOTAL PRESENT WORTH $43,224,529

NOTES:
NA: Not Applicable

M Monitaring period of 30 years. Environmental sampling includes: groundwater, surface water, and sediment,

which are sampled semi-annually {(a total of 15 samples assumed for estirmation purposes).

4-29



TABLE 4-4 B

COST ESTIMATE SUMMARY
ALTERNATIVE 5B: STABILIZATION OF SELECTED SOIL MATERIALS
SITE 7 - AMPHIBIOUS BASE LANDFILL

Present Worth
Capital Annual O&M/Replacement
ITEM Quantity Cost O&M 30 years, 5%
1. INSTITUTIONAL ACTIONS
1. Public Awareness Program NA $10,000 . $2,000
2. Institutional Controls NA $10,000 $1,000
3. Monrtoring (15 samples semiannually) 30 $30,000
4. Site Reviews §5,000
5. Site Fencing Fortification (in linear f1.} $66,000 $1.000
Subtaotal: $86,000 $39,000 599,528
il. SPECIFIC REMEDIAL ACTION
1. Site Preparation NA $50,000
2. Pre-Remaedial investigation NA $100,000
3. Mobilization/ Demcbilization NA $50,000
4. Soil Stabilization (in cy) $8,265,000 $10,000
Subtotal: $8,465,000 $10,000 $153,725
CONSTRUCTION SUBTOTAL $8,551,000
Health and Safety 5% $4.27,650
Bid Contingency 10% $885,100
Scope Contingency 10% $855,100
CONSTRUCTION TOTAL $10,688,750
Permitting and Legal 5% 534,438
Services During Construction 10% $1,068,875
=+ TOTAL IMPLEMENTATION COST $12,292,063
Engineering & Design 6% $737.524
TOTAL CAPITAL COSTS $13,029,688
TOTAL PRESENT WORTH $13,628,114

NOTES:
NA: Not Applicable
* Monitoring period of 30 years, Environmental sampling includes: groundwarter, surface water, and sediment,
which are sarmnpled serm-annually (a total of 15 samples assumed for estimation purposes).
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5.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

This section compares the alternatives with respect to the evaluation criteria presented in Section 4.0. The
comparison is presented qualitatively, identifying substantive differences between alternatives. A
summary of the comparison is presented in Table 5-1.

5.1 Overall Protection of Human Health and the Environment

All of the alternatives, except Alternative 1 (no further action) provide adequate protection of human
health and the environment. Risks through dermal contact of soils and ingestion of surface water are
largely reduced by blocking human contact with site contaminants. As long as fencing, institutional
control, soil cover, capping, and/or slurry wall are maintained, site related risks will remain low.

5.2 Compliance with ARARs

All alternatives, except Alternative 1, can be designed and implemented to satisfy all action-specific
ARARs. Aliernative 1 does not meet RCRA standards since the waste is neither removed nor contained.

Chemical-specific ARARs such as Federal and Virginia MCLs and health advisories are not achieved as
none of the alternatives involve treatment of the entire contaminated landfill mass. The water table aquifer
at the site is not currently used for drinking water purposes, and therefore, restoration of the aquifer to
drinking water levels is not considered a remedial action objective.

Location-specific ARARs and TBCs, including federal and state wetland and floodplain regulations, could
be met under all alternatives with proper design and management. However, these alternatives do not
meet the intent of Executive Order 11990, which requires federal agencies to minimize wetland
degradation and to preserve and enhance the beneficial uses of wetlands.

53 Long-Term Effectiveness and Permanence

Alernative 1 does not prevent or reduce the magnitude of risk to human health or the environment. It is
the only alternative that fails to address human health risks associated with dermal contact of soils.

Alternatives 2 through 5 are expected to mitigate part of the risks identified in the baseline risk
assessment. The non-carcinogenic risk from dermal contact of surface soil is mitigated by interrupting the
exposure pathway. Installation of a top soil cover, single-layer cap, or excavation and removal of soils
around hot-spot areas effectively isolates the contaminated soils from potential receptors, thereby greatly
reducing the potential risks. The carcinogenic and non-carcinogenic risks for ingestion of surface water
and groundwater by trespassers and future residents is reduced to some extent by land-use restrictions,
fencing, and public awareness program.
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TABLE _-4

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

Alternative 2

Institutlonal Control Action: Alternative 4 Alternatlve §
Land-Use Restrictions, Alternative 3 Single Layer Cap, Removal of Treatment
Alternative 1 Fencing, Top Soll and Slngle Layer Cap, Slurry Wall, of Selected Solls,
Critetla No Further Action Vegetative Cover Institutional Controls Institutional Controls Instltutlonal Controls
Overall Protectiveness

Human Heatth Prataction

Eavironmental Proteclicn

Compllance with ARARs

Chamical-Specific ARARs

Location-Specific ARARs

Aclion-Specific ARARs

Na significant reduction in risk from
baseline condilions.

Risks fo residen adull from dermal
conlac] with soil exceed guidelines.

Risks lo resident or trespasser
adult from ingastion of surface
waler exceed guidelines.

If site groundwater was used as a
polable water source,
unacceplable risks cauld result.

Allows conlinued conlamination of
groundwater and surface waler,

Federal and Virginia MCLs and
health advisories ara not met in
both groundwater and surface
waler.

Localion-specific ARARs are not
affected by this allarnative.

None of the relevant and
appropriate RCRA standards are
mel.

Top soil cover reduces direct
contact with seil risks 1o less than
104,

Instiluiional confrols provide
prolection against risks from
groundwaler and surface waler
Ingesiion.

Human heallh impacis from various
site aclivities will be minimized as
necessary.

Continued conlamination is
curiailed {0 a lesser degree by use
of alop soil cover.

Faderal and Virginia MCLs and
health advisories are not met in
both groundwater and surface
waler.

Fadaral and state wetland
floodplain regulations are met.

Execulive Order 11880
requiremenls regarding wellands
is nol mel.

OSHA healih and safety standards
are to be met during conslruction.

Singla layer cap reduces direct
contac! with soll risks lo less than
105,

Institulionat canlrols provide
pratection against risks from
grouyndwaler and surface waler
ingestion,

Human health impacts fram various
site activities will be minimized as
necessary.

Conlinued confaminalion is
curiailed by use of a cap.

Federal and Virginia MCLs and
health advisories are not met in
both groundwater and surface
water,

Federal and state welland
flopdplain regulalions are mel.

Executive Order 11990
requirements regarding wellands
is nol mel.

OSHA heallh and safely standards
are lo be mel during construclion.

RCRA facility standards perlaining
to cap will be met,

Single layer cap reduces direct
contac wilh soil risks o less than
104,

Institutional controls provide
prolection against risks from
groundwaler and surface water
ingeslion.

Human health impacts from various
site aclivitles will be minimized as
nacessary.

Continued contaminafion is
curlaited by use of acapand a
slurry wall.

Federal and Virginia MCLs and
health advisaries are not met in
poth groundwater and surface
waler.

Faderal and state welland
floodplain regulalions could be met
with proper millgalion.

Execulive Order 11880
requirements regarding wetlands
is not met.

OSHA heaith and safely standards
are to be mel during conslruction.

RCRA facllity standards pertaining
to cap and slurry wall will be met.

Single layer cap reduces dires!
contacl with soif risks 1o Jess than
10s.

Instilufional controls provide
protection against risks from
groundwalar and surface water
ingestion.

Human health impacts from various
sile aclivities will be minimized as
necessary.

Canfinued contamination is
curtailed 1o a greater degree by
this allernafive.

Fedaral and Virginia MCLs and
health advisaries are not met in
both groundwater and surface
water.

Excavation in welland resulis in
need 1o restore wellands.

Executive Crder 11880
requirements regarding wellands
is not mat.

OSHA health and safely standards
are to be mel during construclion.

RCRA excavalion and fugilive
dust requirements, and land
disposal resiriclions are 1o be met.

DOT regulatiens for hazardaus
materials iransport and Virginia
solid wasle regulaticns are to be
met.
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TABLE 5-1 (continued)

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

Criterfa

Alternative 1
No Further Actlon

Alternative 2
Institutional Control Actlon:
Land-Use Restrictions,
Fencing, Top Sail and
Vegetative Cover

Alternative 3
Single Layer Cap,
Institutlonal Controls

Alternative 4
Single Layer Cap,
Slurry Wall,
Institutional Controls

Alternative §
Remaval or Treatment
of Selected Soiis,
Institutlonal Controls

Long-Term Effectiveness
and Performance

Magnilude of Residual Risk
- Dermal contaci with soil

- Fulure groundwater
ingestion

- Current and future ingeslion
of surface water.

Adequacy and Reltabiiity of
Controls

Meed for 5-Year Review

Humans risks up to 10 for fulure
resident aduit are unchanged.

Humans risks up to 104 for fulure
resident adull are unchanged if
groundwater tobe used as a
potable water supply source.

Risks of up to 104 frem ingesiion of
surface waler are unchanged.

No conirofs over remaining
contamination.

Mo reliabllity.

As waste ramains on sile, reviews
are required.

Reduces risks from soil exposure
by interrupling the exposure
pathway.

ins¥itutional control used to control
use of contaminated groundwaler.
Unauthorized use would resul! in
increased risk.

Insfilutional control used to conlral
use of contaminated surface water.
Unauthorized use would result in
increased risk.

Risk to groundwater and surface
water controlled by institutionat
controls. However, they are
limited in effectiveness. Tap cover
controls contaminated soil.

Reliability of {op cover can be high
if maintained. !nstitulional controls
are not very reliable.

Environmental monitoring required
to ensure the integrity of
engineesing conlrols.

Substantive review requiremenis
will be met through periodic reviews
of long-term menitoring data.

Reduces risks from soi! exposure
by inferrupling the exposure
palhway.

Institutional control used to control
use of contaminated groundwater.
Unauthorized use would result in
increased rigk.

Instilulional contrel used to conlral
use of conlaminated surface water.
Unauthorized use would resuit in
increased risk.

Risk to groundwater and surface
water controiled by institutional
confrols. However, they are
{imited in effectiveness. Top cover
eanirols contaminated soil. Capis
effective in reducing infiliration and
prevenling exposure io
contaminated soils.

Reliabllity of cap can be high if
malntained. Instiluiional controls
are not very reliable.

Environmental moniloring required
o ensure the intagrity of
engineering canirals.

Substantive review requirements
will be met through periadic reviews
of long-term moniloring data.

Reduces risks from soil expasure
by interrupting 1he expasure
pathway.

Instituffonal contro! used to control
use of contaminated groundwaler.
Unauthorized use would result in
increased risk.

tnstilutional contrel used to control
use of contaminated surface waler.
Unautherized use would resull in
increased iisk.

Risk to groundwater and surface
water controtled by instilulional
controls. However, they are
limited in effectiveness. Top cover
controls canlaminated soit. Capis
effective in reducing infiltration and
preventing exposure to
contaminaled soils.

Slurry wall would reduce
permeability of site soils and
reduces groundwater ftow ihrough
contaminated areas.

Raliability of cap and sturry wall can
e high if properly maintained.
Institutfonal controls are not reliable.

Environmental monitoring required”
to ensure the inlegrity of
engineering conirols.

Subsianiive review requirements
will be met through periodic reviews
of long-term monitoring data.

Risks are reduced 1o less than
10+ by excavation and removal
of soils.

Instilutional eonirol used to contro!
use of conlaminated groundwater.
Unaulherized use would resull in
increased risk.

Institutianal conlrol used o conlrol
use of contaminated surface water,
Unaulhorized use would rasull in
increased risk.

Risk to groundwater and surface
waler controlled by instilulional
controls. However, they are
limited in effectiveness. Top cover
conlrols contaminated soil. Cap is
effective in reducing infiltvation and
prevenling exposure to
contaminated soils.

Remaval of soil from holspot areas
reduces the amount of
contaminalion on site,

Institulional controls are nol very
reliable. Removal is very refiable.
Stabilization {s not as highly
reliable.

Environmental monitoring required
to ensure the integrity of
engineering conirels.

Substantive review requirements
will be met through periodic reviews
of long-term monitering data.
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TABLE 5-1 (L_.(tinued)

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

Alternative 2

Institutional Control Action: Alternative 4 Alternative &
Land-Use Restrictions, Alternative 3 Single Layer Cap, Removal or Treatment
Alternative 1 Fencing, Top Soll and Single Layer Cap, Slurry Wall, of Selected Soils,
Criterla No Further Action Vegetalive Cover Institutional Controls Institutlonal Controls Institutlonal Controls
Reduction of Toxicity,

Mobifity, or Volume
through Treatment

rEaatment Process Used

Amount Destroyed or Trealed
Reduction of Toxicity, Mability,
or Yolume

Irrevarsitle Trealment

Type and Quantity of Residuals
Remaining After Trealment

Short-Term Effectiveness

Community Protection

Worker Protection

Environmental Impacts

Time Until Prclection is
Achieved,

Norne
Mona

Maona

Mone

Na trealment.

No nel increass in short-lerm risks.

No remedial worker exposures.

Continued impact from existing
condifions.

Prolection is never achleved.

None

- Nehe

Nene

Top soil cover could be removed.

No treatment.

Moderate increase in short-lerm
risks associated wilh sile
disturbance.

Compliance with OSHA standards
wili mitigale risks.

Disturbance of wellands.

Fencing, iop soii, and vegelalive
cover installed in 8 months.

Nene

None

No reduction of toxicity, mobility, or
volume will be accomplished.

Cap could be removed although at

great cost.

Mo freaiment,

Moderate increase in shori-term
risks associated with site
dislurbance.

Inhalation hazard from dust
emissions is miligated by proper
controls.

Compliance wilh OSHA standards
will mitigate risks.

Disturbance of wetlands.
Increase in traffic and noise levels.

Cap will be inslalled in 6 monlhs,

None

None

No reduclion of 1oxicity or volume.
Mobility of groundwaler oulside the

enclosure will be reduced.

Cap and slurry wall could be
removed, although at greal cosl.

No freatment,

Moderale increase in short-term
risks associated wilh sile
dislurbance.

Inhalation hazard from dusl
emissicns is mitigaled by proper
controls.

Compliance with OSHA standards
will mitigale risks.

Dislurbance of wetlands.
Increase in iraffic and noise levels,
Protection will be achieved

approximalely 12 monihs after
iniliation of remady.

Stabilizalion in 5B.
Approximately 82,600 cy.
Reduction in valume of
contaminated soil achieved.
Removal or treatmen of soil is

irreversible.

Mo treatment.

Moderale increase in short-term
risks associated with site
disfurbance.

Inhalation hazard Trom dusl
emissions is miligated by proper
controls.

Compliance with OSHA siandards
will mitigale risks.

Dislurbance of wetlands.
{ncrease in traffic and nofse levels.
Prolection will be achieved

approximately 12 monlhs after
Inffialion of remedy.
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TABLE 5-1 (confinued)

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

Alternatlve 2

institutfonal Control Actlon: Alternative 4 Alternatlve &
Land-Use Restrictions, Alternative 3 Single Layer Cap, Removal or Treatment
Alternative 1 Fencing, Top Soll and Slingte Layer Cap, Slurry Wall, of Selected Sails,
Criterla MNo Further Action Vegetative Cover institutional Gontrots Institutional Controls {nstitutional Contrals
Implementablity

Technical Feasihility

- Canstructability and
Operational Reliability

- Fulure Aclions

- Monitorability

Adminisirative Feasibility

Availability of Services,
Capacities, Equipment,
Spacialists, Materials, and
Technelogies.

Requires no construction or
operafion.

Does noi preciude fulure
operations.

Easily monifored,

Long-term coordination between
EPA, Virginia DOH, and DCEQ is

required for monitoring and reviews.

Mone required.

Ali componenis of this alternative
are easily consiructable.

Fulure monitoring will be required 1o
provide nolice of containment
failure before significan exposure
OCCUTS.

Proposed 30-year moniloring of
groundwaler, surface water, and
sediments {o confirm no migralion
of remaining contamination.

Long-tarm coordination between
EPA, Virginia DOH, and DOEQ is
required for monitoring and reviews.

Readily available equipmeni and
materials for top soil cover.

Experienced coniractors readily
avaflable.

Lawyers for instiluling land use
restrictions are readily available.

All components of this allernative
are easily consiructable.

Future monitoring will be required to
provide notice of containment
faifure before significant exposure
OCoUrS.

Proposed 30-year monitoring of
groundwater, surface water, and
sedimenis to confirm no migration
of remaining contamination.

Lang-term coordination between
EPA, Virginia DOH, and DOEQ is
required for menilering and reviews.

Readily available equipment and
materials for top soil covar,

Experienced conlraclors readily
available.

Lawyers for instiluting fand use
restrictions are readify available.

All componenis of this allemalive
are easily constructable,

Future monitoring will be required 1o
provide nolice of conlainment
failure before significant exposure
DGCUrS.,

Proposed 30-year monitoring of
groundwater, surface water, and
sedimenis to confirm no migration
of remaining conlaminalion.

Long-term coordination between
EPA, Virginia DOH, and DOEQ is
required for monitoring and reviews.

Readily available equipment and
materials for iop soil cover,

Experienced contractors readily
availahle.

Lawyers for instituting land use
restriclions are readily available.

All components of this allernative
are easily constructable,

Fulure menitoring will be required 1o
provide nolice of containment
failure before significant exposure
DECUTS.

Proposed 30-year monitoring of
groundwater, surface water, and
sediments to confirm no migration
of remaining contamination.

Long-term coordination between
EPA, Virginia DOH, and DOEQ is
required for monitoring and reviews.

Readily available equipment and
materials for top soil cover.

Experienced confraclors readily
available.

Lawyers for instituting land use
restriglions are readily available.

GOST
{Nei present worth over ihe next
30 years at a 5% discount rate)

$25,000

$1,380,864

$5,621,686

$13,667,086

$40,224,529 (disposal}
$13,629,114 (stabilization)




-

Since the alternatives do not entirely remove the source of contamination from the site, the site remedy
must be reviewed every 5 years. Semi-annual monitoring is proposed for a possible period of 30 years.

5.4 Reduction of Toxicity, Mobility, or Volume

The reduction of toxicity, mobility, or volume of the contaminants of concern vary between the
alternatives evaluated.  Alternative 1 provides no reduction in the toxicity, mobility, or volume of
contaminated media.

Alternatives 2 through 4, which involve the installation of a soil cover, cap, or slurry wall, reduce the
mobility of the source of contamination. A significant reduction of the rainfall infiltration will minimize
the source of surface water and groundwater contamination. Alternatives 2 through 5 provide no means
for groundwater remediation. The water table aquifer at the site is not used or likely to be used for
drinking water purposes as the City of Virginia Beach Public Utilities Department has indicated that it is
standard practice to prohibit the use of the shallow water aquifer as a potable.

Alternative 5, which involves the excavation of soils around hot-spot areas and installation of a cap and
slurry wall, reduces both the volume and mobility of contaminants.

5.5 Short-Term Effectiveness

Alternative 1 is the best in terms of short-term effectiveness as it results in no site disturbance. Since there
is no excavation or earth moving, site contaminants will not be released to the air at a significantly
increased rate. This alternative best protects the community in the short term. This alternative does not
achieve long-term protection of human health.

Alternatives 2 through 5 include a significantly greater amount of site disturbance compared to Alternative
1, resulting in the need for mitigation activities to reduce air emissions. Because these alternatives involve
a significant amount of earthwork and will require the use of heavy earthmoving equipment, the potential
for work related accidents to occur exists. The use of proper operational procedures and construction
techniques will minimize the risk of any on-site accidents. The risk to workers due to dermal contact with
contaminated soils is also possible. These risks will be mitigated by ensuring that workers are required to
wear appropriate personal protection equipment.

The short-term impacts on the environment would be the traffic problems and an increase in noise levels
due to the construction activity. An appropriate local traffic control plan would be implemented to
manage trucks and other vehicles. Air monitoring will be performed during site remediation activities to
evaluate emissions. Proper dust control measures, such as water spray, would be provided to minimize
particulate emissions.

Alternatives 2 through 5 would also have a short-term impact on the site habitat due to traffic, noise, odor,

and dust; however, these impacts will be minimized. This impact is minimal under Alternative 2 and
highest under Alternative 4, with Alternatives 3 and 5 falling in between.
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5.6 Implementability

. Technical Feasibility

As Alternative 1 involves no remedial measures, technical feasibility is not an issue. The earth working
equipment, materials, and construction procedures required for Alternatives 2 through 5 are conventional
and are used extensively in commercial and industrial applications and are available in surrounding
locales. Under Alternatives 3 and 4, construction activities conducted on site wetlands would require
special attention. The installation of the fence and warning signs is a readily available service and is easily
accomplished. The sampling and analysis of the samples, and the five-year site status reviews could also
be accomplished with little difficulty.

. Avajlability of Services and Materials

The services and materials required to successfully implement any of Alternatives 2 through 5 are readily
available in the area. Numerous contractors are available for competitive bidding to perform the work
related to these alternatives.

. Adminjstrative Feasibility

Implementation of these alternatives involves a fair amount of institutional administration. Significant
long-term management of an inspection and maintenance program to ensure the structural and functional
integrity of the cap would be required. Construction on and near wetlands would require appropriate
permits. The development and implementation of the monitoring program and subsequent five-year site

status reviews require the involvement of many concerned environmental agencies, such as, USEPA,-

Virginia Department of Health, and Virginia Department of Environmental Quality.

Implementation of these alternatives involves the development and implementation of institutional controls
in the form of land use restrictions that will limit on-site excavation. groundwater usage, and future
development. To ensure land use restrictions are effectively implemented, they will be documented in the
NAB Little Creek Master Plan, the comprehensive planning document consulted by Base personnel when
making planning, development, and construction decisions. In addition, steps will be taken to document
the land use restrictions in the NAB Little Creek and Atlantic Division, Naval Facilities Engineering
Command real estate files.

Additional steps also will be taken to ensure if the Site is ever transferred to another Federal government
entity or out of the Federal government’s possession, the land restrictions would continue in effect if
necessary based on the results of long term monitoring. If the Site were to be transferred to another
Federal entity, the land restrictions would be included in the appropriate transfer documents, with
monitoring conducted to ensure adherence to the restrictions. If the Site were to be transferred out of
Federal possession, the land use restrictions would be included in the deed effecting the transfer, unless
further remedial efforts were agreed upon or required by law. It should be noted that Federal government
entities are subject to extensive requirements under CERCLA §120 (h) regarding cleanup of real property
to be transferred out of Federal hands.
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5.7 Cost

Cost estimates were developed for each of the potential remedial alternatives. The quantities of materials

and equipment sizes utilized for these estimates are considered conservative due to data limitations and are
biased roward the high side,

The details of the cost estimates are presented in Tables 4-1 through 4-4. The present worth costs were
calculated using a discount rate of 5% and a 30-year time interval.
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6.0 RECOMMENDATION

Based on the comparative analysis presented in Section 5.0, Alternative 2 is identified as the most cost-
effective remedial action alternative. Alternative 2, Institutional Control Action, satisfies all of the RAOs
for Site 7. RAOs were presented in Section 2.2 and are reproduced below:

. Reduce the human health risks associated with the ingestion of site soils and groundwater;

. Mitigate the migration of constituents of concern from the site groundwater to the nearby surface
water streams, and to the interconnected aquifers, if any. The water table aquifer at the site is not
used or likely to be used for drinking water purposes as the City of Virginia Beach Public Utilities
Department has indicated that it is standard practice to prohibit the use of the shallow water
aquifer as a potable source, and therefore, restoration of the aquifer to drinking water levels is not
considered a remedial action objective; and

. Mitigate the human health risks attributable to Site 7 associated with ingestion of surface water in
Little Creek Cove and local canals near the site.

Alternative 2 is designed to meet these RAOs through:

. Land use restrictions;

. Access restrictions including fence fortification;

. Installation, maintenance, and monitoring of a soil and vegetative cover on the landfill;
. Long-term monitoring of groundwater, surface water, and sediment quality; and

. Public information programs.

These actions are estimated to cost $1,380,864 over the next 30 years.

If this alternative is accepted by the state and the public, specifics of the remedial action’s components will
be prepared under a Remedial Design document.
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