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Executive Summary

This report presents the Feasibility Study (FS) for Site 2 at St. Juliens Creek Annex. This
report was prepared under the United States Navy, Naval Facilities Engineering Command
(NAVFAC) Mid-Atlantic, Comprehensive Long-term Environmental Action Navy III,
Contract N62470-02-D-3052, Contract Task Order 0054 for submittal to NAVFAC, the
United States Environmental Protection Agency, and the Virginia Department of
Environmental Quality.

Potential human health and/or ecological risks have been identified at Site 2 from exposure
to soil (surface soil and combined surface and subsurface soil), sediment and sediment pore
water, shallow groundwater, and surface water. Additionally, waste present at the site,
though not fully characterized, is assumed to pose potential risk to human health and
ecological receptors.

This FS develops Remedial Action Objectives (RAOs) to protect human health and the
environment, identifies applicable or relevant and appropriate requirements (ARARs) and
to-be-considered criteria, and develops and evaluates remedial alternatives to prevent
unacceptable risk from exposure to contaminants at Site 2. Remedial alternatives were
developed by combining process options retained following the initial screening process. To
avoid evaluating an unmanageable number of alternatives, only the most logistically and
technically sensible combinations for the given site conditions were carried forward. The
following eight remedial alternative combinations were retained for detailed evaluation and
comparative analysis:

Alternative 1 - No Action

Alternative 2 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment), and
Monitored Natural Attenuation (High- and Low-Concentration, Naphthalene, and
Heptachlor Epoxide Target Areas)

Alternative 3 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment),
Sheet Pile (High-Concentration Target Area), and Monitored Natural Attenuation
(Low-Concentration, Naphthalene, and Heptachlor Epoxide Target Areas)

Alternative 4 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment),
Enhanced Reductive Dechlorination (High-Concentration Target Area), and
Monitored Natural Attenuation (Low-Concentration, Naphthalene, and Heptachlor
Epoxide Target Areas)

Alternative 5 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment),
Enhanced Reductive Dechlorination (High- and Low-Concentration Target Areas),
and Monitored Natural Attenuation (Naphthalene and Heptachlor Epoxide Target
Areas)

Alternative 6 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment),
Funnel and Gate (High- Concentration Target Areas), and Monitored Natural
Attenuation (Low-Concentration, Naphthalene, and Heptachlor Epoxide Target
Areas)
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Alternative 7 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment and
High-Concentration Target Area), and Monitored Natural Attenuation (Low-
Concentration, Naphthalene, and Heptachlor Epoxide Target Area)

Alternative 8 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment and
High-Concentration Target Area), Enhanced Reductive Dechlorination (Low-
Concentration Target Area), and Monitored Natural Attenuation (Naphthalene and
Heptachlor Epoxide Target Areas)

This FS provides a detailed analysis of each alternative against the National Oil and
Hazardous Substance Pollution Contingency Plan (NCP) criteria followed by the
comparative analysis of the remedial alternatives against one another.

Alternative 1, no action, does not meet the statutory requirements of the NCP and is not a
viable remedial action for this site. The following discussion, therefore, applies only to
Alternatives 2 through 8.

All alternatives are protective of human health and the environment. Performance
monitoring will be conducted and land use controls (LUCs) will be maintained to provide
adequate protection of human health and the environment by controlling exposure to
contaminated site media until the RAOs are met and while waste remains in place. All
alternatives are also expected to comply with ARARs.

Each of the alternatives is expected to achieve long-term effectiveness and permanence once
RAOs are met. The residual risks for each alternative are anticipated at the relatively same
magnitude, though Alternatives 7 and 8 may have slightly lower residual risk due to the
excavation and off-site disposal of the area with the highest contaminant concentrations.
With proper engineering, planning, and implementation, controls can be put in place to
monitor all the alternatives effectively to verify continued compliance with RAOs. LUCs
will need to be continually enforced until the RAOs are achieved and while waste remains
in place. Alternatives 3 and 6 have a lower level of confidence due to their reliance on
containment and the potential for failure over time and the need for replacement or
maintenance.

Alternatives 4, 5, and 8 each achieve a reduction of toxicity, mobility, and volume through
treatment. Alternative 5 provides for active treatment in a larger area of the site, and is
therefore rated higher than Alternatives 4 and 8. Treatment is not a component of
Alternatives 2, 3, or 7.

Alternatives 2 through 6 have similar levels of short-term effectiveness, though Alternative
5 has the highest short-term effectiveness as a result of the shortest timeframe for achieving
RAOs. Each of these alternatives requires limited intrusiveness, resulting in a low risk to
community and workers from exposure to site contaminants. Under each alternative,
protection of the community and workers is possible through proper engineering and
implementation. Each of the alternatives results in a permanent loss of the existing wetland,
but would be offset through compensatory wetland mitigation. Alternatives 7 and 8 have
the lowest level of short-term effectiveness due to the significant intrusiveness involved
with their implementation and associated potential risk of exposure to site contaminants.

The implementability of Alternatives 2, 4, and 5 is similarly high as their technologies are
readily available, reliable, able to be monitored for effectiveness, and can be followed by
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other remedial actions, if necessary. The implementability of Alternative 5 is highest because
it involves implementation of a common, reliable technology (enhanced reductive
dechlorination) over the largest area. Alternative 4 has a slightly lower implementability
due to the fact that treatment area is smaller. Alternatives 3, 6, 7, and 8 have similarly lower
levels of implementability. Alternatives 3 and 6 have lower implementability because they
use technology in a newer, less frequently used application, which lacks proven
effectiveness. The implementability of Alternatives 7 and 8 is low because they require
significant deep excavation, most of which will be conducted below the water table, and will
require significant engineering controls.

The costs associated with each of the alternatives is presented in the following table,
including the capital cost, operation and maintenance present value, and total present value.

Operation and
Maintenance Present

Alternative Total Capital Value Total Present Value
1 $ - $ - $ -
2 $1,255,000 $1,124,000 $2,379,000
3 $2,965,000 $1,047,000 $4,012,000
4 $2,161,000 $3,587,000 $5,748,000
5 $3,714,000 $7,536,000 $11,250,000
6 $3,257,000 $1,834,000 $5,091,000
7 $22,868,000 $1,015,000 $23,883,000
8 $24,421,000 $4,964,000 $ 28,800,000
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SECTION 1

Introduction and Background

This report presents the Feasibility Study (FS) for Installation Restoration (IR) Site 2,

St. Juliens Creek Annex (SJCA), Chesapeake, Virginia. This report was prepared under the
U.S. Navy, Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic,
Comprehensive Long-term Environmental Action Navy (CLEAN) III, Contract N62470-02-
D-3052, Contract Task Order 0054 for submittal to NAVFAC, the U.S. Environmental
Protection Agency (USEPA), and the Virginia Department of Environmental Quality.

The FS was performed in accordance with the process outlined in the Navy’s IR Program,
which is consistent with the National Contingency Plan (NCP) and Section 120 of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as
amended by the Superfund Amendments and Reauthorization Act (SARA).

1.1 Objective

Previous investigations have identified potential human health and ecological risks
associated with contamination in shallow groundwater, waste, soil, sediment, and surface
water at Site 2. The nature and extent of contamination, human health risk assessment
(HHRA), and ecological risk assessment (ERA) are documented in the Site 2 Expanded
Remedjial Investigation (RI) report (CH2M HILL, 2008). In response to these findings, this FS
presents the remedial action objectives (RAOs) developed to protect human health and the
environment, identifies applicable or relevant and appropriate requirements (ARARs) and
to-be-considered (TBC) criteria, and develops and evaluates remedial alternatives to prevent
unacceptable risk from exposure to contaminants at Site 2.

1.2 St. Juliens Creek Annex Description and History

SJCA comprises approximately 490 acres at the confluence of St. Juliens Creek and the
Southern Branch of the Elizabeth River in the City of Chesapeake, southeastern Virginia
(Figure 1-1). Most of the surrounding area is developed and includes residences, schools,
recreational areas, and shipping facilities for several large industries.

SJCA began operations as a naval ammunition facility in 1849. The facility was one of the
largest ammunition depots in the United States involving wartime transfer of ammunitions
to other naval facilities. Decontamination was performed in, around, and under ordnance-
handling facilities at SJCA in 1977 after ordnance operations had ceased. The SJCA facility
has also provided non-ordnance services, including degreasing; operation of paint shops,
machine shops, vehicle and locomotive maintenance shops, pest control shops, battery
shops, print shops, electrical shops, boiler plants, wash racks, and potable water and salt
water fire-protection systems; fire-fighter training; and storage of oil and chemicals.

Activity at SJCA has decreased in recent years, and many of the aging structures are being
demolished. The current primary mission of SJCA is to provide a radar-testing range and
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various administrative and warehousing facilities and light industrial shops for nearby
Norfolk Naval Shipyard and other local naval activities. Defense Reutilization and
Marketing Office storage, Space and Naval Warfare Systems Command, Mid-Atlantic
Regional Maintenance Center, and a cryogenics school are currently located within SJCA.

1.3 Site 2 Description and History

Site 2 is a former waste disposal area covering approximately 5.7 acres at the corner of

St. Juliens Road and Cradock Street, in the southern portion of SJCA (Figure 1-2). In earlier
documents, Site 2 was referred to as “Dump B” or “Landfill B.” Mixed municipal wastes,
abrasive blast media (ABM), waste ordnance, organics (including solvents), and inorganics
were reportedly disposed of at Site 2. Operations at Site 2 began in 1921 and continued until
some time after 1947. Initially, refuse was burned openly on site and was used to fill in the
adjacent swampy area (Site 2 inlet). The total volume of waste accumulated prior to burning
was estimated to be 35,000 cubic yards (yd?). In 1942, an incinerator was installed to replace
the open burning practices. The total volume of waste burnt in the incinerator was
estimated to be 15,000 yd3.

Former Buildings 278 /279, located just north of and adjacent to the Site 2 inlet, were
designated as IR Site 17 (Figure 1-3). Lead-acid battery maintenance reportedly began at
Buildings 278/279 in 1954, and the waste acid electrolyte was collected and hauled offsite
for disposal. Buildings 278/279 were demolished in 2003 but the concrete foundation
remains in place. In 1989, the site was used to store heavy equipment and machinery.
Construction debris (concrete, brick, and wood), as well as ABM, are visible on the ground
surface. Because of its proximity to Site 2, the SJCA Project Management team agreed to
close Site 17 with no further action under the IR program and expand the Site 2 boundary to
include its extent (NAVFAC, 2004).

Four former revetted aboveground storage tanks (removed between 1986 and 1990) and one
underground storage tank were located east of Site 2 (Figure 1-3). Fuel oil and diesel may
have been stored in these tanks. The Site 2 inlet has historically received discharges from
vehicle and equipment wash racks and ordnance degreasing operations, located north of
Site 2. Upgradient buildings were historically used as machine, vehicle, and locomotive
maintenance shops; electrical shops; and munitions loading facilities.

Currently, the site is bounded to the north by a parking lot, to the east by a grass-covered
field, to the west by a storm water drainage ditch and Cradock Street, and to the south by St.
Juliens Road and St. Juliens Creek (Figure 1-3). A water body (inlet) surrounded by brush,
trees, and grass that is directly connected to St. Juliens Creek through a 36-inch culvert is
located in the center of Site 2. This inlet is tidally influenced and drains surface water from
adjoining land into the creek. Grassed drainage ditches (approximately 2 to 3 feet [ft] deep)
originate north of Site 2 along Cradock Street and discharge storm water runoff to the inlet.
An underground storm drainage system originates approximately 1,000 ft northeast of the
Site 2 area, within IR Site 21, and outlets to the north end of the inlet.

The subsurface geology at Site 2 consists of the fine to coarse silty and clayey sands of the
Columbia aquifer, underlain by the high plasticity clay of the Yorktown confining unit. The
Columbia aquifer extends to a depth of between 15 and 25 ft below ground surface (bgs).
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The Yorktown confining unit is approximately 30 ft thick at Site 2 and lies above the fine to
coarse shelly sands of the Yorktown aquifer. The locations of the hydrostratigraphic cross
sections depicting the subsurface environment at Site 2 are shown in Figure 1-4. The cross
sections are aligned in north-south and east-west directions across the site, as presented in
Figures 1-5 and 1-6, respectively.
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SECTION 2

Scope and Results of Environmental
Investigation

The following investigations have been conducted at Site 2 and at Site 17, which was
included within the Site 2 boundary in February 2003 based on its proximity to Site 2:

e Initial Assessment Study (Navy Engineering and Environmental Support Activity, 1981)

e Preliminary Assessment (NUS Corporation, 1983)

e Resource Conservation and Recovery Act Facility Assessment (A.T. Kearney and K.W.
Brown and Associates, Inc., 1989)

e Aerial Photographic Site Analysis (USEPA Region III, 1995)

e Relative Risk Ranking System Data Collection (CH2M HILL, 1996)

e Hazard Ranking System Documentation Record (Tetra Tech EM Inc., 2000)

e Site 17 Site Investigation (CH2M HILL, 2001a)

e Site 2 RI/HHRA/ERA (CH2M HILL, 2004a)

e Expanded RI (CH2M HILL, 2008)

The scope of these investigations included collection, analysis, and evaluation of shallow
and deep groundwater, surface and subsurface soil, sediment and sediment pore water, and
surface water. No potential human health or ecological risks were identified from exposure
to deep groundwater, and it is therefore not discussed within this FS. Potential human
health and/or ecological risks were identified from exposure to soil (surface soil and
combined surface and subsurface soil), sediment and sediment pore water, shallow
groundwater, and surface water (Table 2-1). Additionally, waste present at the site, though
not fully characterized, is assumed to pose potential risk to human health and ecological
receptors. The results of the investigation and risk assessments for those media to be
addressed as part of this FS are presented in the Expanded RI report (CH2M HILL, 2008)
and summarized in the following subsections.

2.1 Nature and Extent of Contamination

The extent of waste at Site 2 is conservatively estimated to be approximately 3.9 acres, based
on the waste delineation activities conducted during the RI (Figure 2-1); however, there is
uncertainty about the extent because of the limited number of test pits around the waste
perimeter. Additional waste delineation activities may be conducted to refine (reduce or
expand) the boundary. The waste has been observed to be as thick as 11 ft in some locations
and is present within the unsaturated zone and the saturated zone. Subsurface waste
consists of ABM, burnt/stained soil, concrete, asphalt, brick, metal, glass, wood, solvents,
munitions and explosives of concern (MEC)-related scrap, and potential MEC.

Constituents of concern (COCs) in surface and subsurface soil at Site 2 consist of inorganics,
semivolatile organic compounds (SVOCs) (all polycyclic aromatic hydrocarbons [PAHs]),
pesticides, and one polychlorinated biphenyl (PCB) (Figure 2-2). Inorganics in soil were
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detected in samples located throughout the extent of waste. The highest concentrations of
these inorganics were generally located within the ABM waste areas. In surface soil, PAHs
and pesticides were identified at elevated concentrations across the site with no definitive
pattern. In surface soil, the PCB aroclor-1260 was significantly elevated in the northern
portion of the site, within the area of former Site 17. In subsurface soil, the pesticide 4,4’-
dichlorodiphenyltrichloroethane (DDT) was significantly elevated at one location near the
southeast corner of former Building 130.

COCs in groundwater consist of chlorinated volatile organic compounds (CVOCs), one
SVOC (a PAH), and one pesticide (Figure 2-3). A CVOC plume has been delineated in the
shallow groundwater. Trichloroethene (TCE) and its degradation products were the most
frequently detected contaminants in the shallow aquifer. TCE is the most horizontally
extensive CVOC, detected in shallow groundwater at SJS02-MW10S and extending
approximately 420 ft to downgradient monitoring well SJS02-MW16S. The TCE, cis-1,2-
dichloroethene (DCE), and vinyl chloride (VC) plumes (Figures 2-4, 2-5, and 2-6,
respectively) trend south-southeast following the direction of groundwater flow towards St.
Juliens Creek. The plumes have not migrated to the east of the inlet. Vertically, the CVOC
plume extends to the bottom of the Columbia aquifer (Figure 2-7, depicting TCE).
Concentrations are vertically stratified within the aquifer; the highest concentrations are
generally located at the base of the aquifer/top of the confining unit. The highest CVOC
concentrations were located between the discontinuous organic, sandy clay located in the
Columbia aquifer and the interbedded clay layers, representing the top of the Yorktown
confining unit. Dense non-aqueous phase liquid (DNAPL) was not physically observed
during site investigations. However, one “rule of thumb” indicator that DNAPL may be
present is the presence of chemicals that are known to behave as DNAPL (because of their
hydrophobic nature and density) at concentrations greater than 1 percent of their pure
phase solubility of TCE in water. One percent of the pure phase solubility of TCE in water is
11,000 pg/L. The maximum TCE concentration in Columbia aquifer wells (330,000 pg/L) is
approximately 30 percent of the TCE solubility level, indicating the potential presence of
DNAPL. The SVOC and pesticide were detected in isolated monitoring wells and were not
delineated during investigation activities.

COCs in surface water consist of CVOCs and inorganics (Figure 2-8). CVOC concentrations
were highest at the upstream drainage outfall locations and decreased downstream. CVOCs
were detected more frequently and at higher concentrations than inorganics. Inorganics
were detected in samples collected throughout the inlet, with the highest concentrations
detected at the most downstream locations, which may be a result of their proximity to St.
Juliens Creek, a brackish water body.

COCs in sediment consist of CVOCs, SVOCs, pesticides, PCBs, and inorganics, and COCs in
sediment pore water consist of CVOCs (Figure 2-9). The highest concentrations of CVOCs
were detected in the western drainage ditch just south of SJS02-MW10S, where the highest
concentrations of CVOCs were detected in shallow groundwater. SVOCs were detected in a
localized area near the center of the inlet. Pesticides and PCBs were detected throughout the
inlet, with no discernable pattern. Elevated inorganics were detected throughout the inlet,
with the highest concentrations occurring within the central portion. COCs identified in the
sediment of the outfall transect sediment consist of SVOCs, pesticides, and inorganics. The
highest concentrations were detected in the sample collected adjacent to the outfall.
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SECTION 2—SCOPE AND RESULTS OF ENVIRONMENTAL INVESTIGATION

2.2 Fate and Transport of Contamination

As depicted in the conceptual site model (Figure 2-10), the current primary migration
pathways of COCs at Site 2 are comprised of:

e Dissolved contaminant migration downgradient with groundwater flow (advection),
additionally resulting in migration to residual pore space

e Back diffusion or dissolution of DNAPL sorbed or trapped in the residual pore space at
the top of the Yorktown confining unit into shallow groundwater

e Surface water runoff erosion of metals, SVOCs, pesticides, and PCBs in surface soil and
deposition as sediment

e Leaching of metals from surface soil and sediment into surface water
e Leaching of metals from buried wastes into groundwater

e Groundwater discharge to the leaking storm sewer system that runs through Site 21 and
south towards St. Juliens Creek

There is evidence that CVOCs in groundwater are biodegrading under reductive
dechlorination. Concentrations of parent product (TCE) and daughter products (cis-1,2-DCE
and VC), as well as natural attenuation indicator parameters (ethane) indicate that reductive
dechlorination is occurring at the site.

2.3 Human Health Risk Assessment

The HHRA was conducted to evaluate the potential human health risks associated with
current receptors (adult and adolescent trespasser and adult landscaper) and hypothetical
future receptors (construction worker, industrial worker, adult resident, child resident,
lifetime resident) and exposure scenarios (ingestion, dermal contact, inhalation [showering],
inhalation [indoor air]) if no remedial action is implemented for soil, groundwater,
sediment, and surface water. Due to the uncertainties associated with quantifying the risks
associated with the inhalation [indoor air] future pathway; such as uncertainties with future
building size, air exchange systems, and foundations; risks associated with this pathway
were not quantitatively evaluated in the risk assessment. Based on the elevated contaminant
concentrations detected in the shallow groundwater, it is assumed that vapor intrusion from
the shallow groundwater into indoor air would pose unacceptable risks to future receptors.
If building construction is proposed in the future for Site 2, a more detailed risk evaluation
will be conducted with the proposed building dimensions and air exchange parameters and
the future groundwater concentrations to determine if the restriction could be revised. A
summary of the reasonable maximum exposure (RME) and central tendency exposure
(CTE) risk estimates from the quantitative risk assessment is provided in Tables 2-2 and 2-3,
respectively. The tables identify the scenarios in which the non-carcinogenic hazard is above
the USEPA’s target hazard index (HI) of 1.0 and the carcinogenic risk is outside of the
USEPA’s target risk range of 10+ to 10-.

Several constituents identified as posing potential risk in shallow groundwater (2,6-
dinitrotoluene, arsenic, iron, lead, manganese, and thallium) were not carried through as
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COC:s for shallow groundwater based on multiple lines of evidence presented in the
Expanded RI, such as the consideration of background statistical testing, site history,
frequency of detection, and risk level (CH2M HILL, 2008). An additional line of evidence
supporting risk management of lead that was not included in the Expanded Rl is that the
average total lead concentration (5.2 ng/L) across the site was below the action level

(15 ng/L). Table 2-1 presents a summary of the retained COCs.

2.4 Ecological Risk Assessment

The ERA was conducted to evaluate the potential risks associated with current receptors
(terrestrial plants, soil invertebrates, benthic-dwelling organisms, water column-dwelling
aquatic life, avian piscivores, avian vermivores, and reptiles) if no remedial action is
implemented for surface soil, surface water, and sediment.

Potential risks to terrestrial plants and soil invertebrates were identified from the presence
of inorganics, pesticides, one PCB, and PAHs in surface soil. There are potential risks to
benthic-dwelling organisms from the presence of pesticides, PCBs, PAHs and inorganics in
inlet sediment. The sediment pore water analysis indicated a very limited potential for
CVOCs to adversely affect benthic-dwelling organisms. CVOCs were detected along the
western branch of Site 2 inlet at concentrations that could adversely affect aquatic life. There
are limited potential risks to water column-dwelling aquatic life from the presence of
inorganics and volatile organic compounds (VOCs) in Site 2 surface water. There are
minimal potential risks to avian piscivores from the presence of mercury in sediment and to
avian vermivores and reptiles from the presence of lead and zinc in the surface soil. The
elevated concentrations in surface soil are localized, with the highest concentrations of
inorganics triggering the potential risk detected in the central portion of Site 2, in the area
identified as containing ABM.

Several constituents identified as posing potential risk in sediment and/or surface water are
not considered to be site-related or pose minimal risk. Those constituents (carbon disulfide,
arsenic, mercury, and vanadium in sediment and carbon disulfide in surface water) were
not carried through as COCs. Table 2-1 presents a summary of the retained COCs.
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TABLE 2-1

Summary of Site 2 Constituents of Concern
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

COCs

Surface Soil

Combined Surface
and Subsurface
Soil

Shallow
Groundwater

Surface Water

Sediment

Sediment Pore
Water

Volatile Organic Compounds

1,1,2-Trichloroethane

1,1-Dichloroethene

Chloroform

Methylene chloride

Tetrachloroethene

Trichloroethene

Vinyl chloride

cis-1,2-Dichloroethene

trans-1,2-Dichloroethene

S X X X X X< | X< | < | <

Semivolatile Organic Compounds

2-Methylnaphthalene

pas

Acenaphthene

>

Acenaphthylene

Anthracene

>

Benzo(a)anthracene

>

[IBenzo(a)pyrene

>

[IBenzo(b)fluoranthene

[IBenzo(g,h,i)perylene

(IBenzo(k)fluoranthene

[[Chrysene

[IDibenz(a,h)anthracene

SIS > XXX X< X< | < | <

(IDiethylphthalate

[[Fluoranthene

([Fluorene

[indeno(1,2,3-cd)pyrene

[INaphthalene

[Phenanthrene

(lPyrene

XXX XX | >

S X X > XX X < X< X< | >< | >

Pesticides/PCBs

4,4-DDD

>

4,4-DDE

>

4,4-DDT

Aroclor-1254

Aroclor-1260

Alpha-Chlordane

Gamma-Chlordane

(IDieldrin

XXX X |><

[[Heptachlor epoxide

Inorganics

Aluminum

Antimony

Barium

[Cadmium

[[Chromium

([Copper

[[Cyanide

XXX || >

(liron

[lLead

pas

[(Manganese

Nickel

XXX X X< < | >

Vanadium

Zinc

Human health risk drivers
Ecological risk drivers
Human health and ecological risk drivers




TABLE 2-2
Summary of RME Cancer Risks and Hazard Indices
Site 2 Feasibility Study Report

St. Juliens Creek Annex
Chesapeake, Virginia

Chemicals with Cancer Risks | Chemicals with Cancer Risks Chemicals with Cancer Hazard
Receptor Media Exposure Route |Cancer Risk >10" >10"° and <10™ Risks >10° and <10°® Index Chemicals with HI>1
Current/Future Surface Soil Ingestion 1.9E-06 0.092
Trespasser - Adult Dermal Contact 6.0E-07 0.24
Inhalation NA NA
Total 2.5E-06 0.34
Surface Water Ingestion 9.2E-07 0.019
Dermal Contact 1.5E-06 bis(2-Ethylhexyl)phthalate 0.075
Inhalation NA NA
Total 2.4E-06 bis(2-Ethylhexyl)phthalate 0.095
Sediment Ingestion 1.7E-06 0.057
Dermal Contact 4.7E-06 Benzo(a)pyrene 0.72
Inhalation NA NA
Vinyl chloride, Benzo(a)pyrene,
Total 6.4E-06 Arsenic 0.78
All Media Total 1.1E-05 1.2
Current/Future Surface Soil Ingestion 9.9E-07 0.13
Trespasser - Adolescent Dermal Contact 1.2E-06 1.3 Vanadium
Inhalation NA NA
Total 2.2E-06 1.5 Vanadium
Surface Water Ingestion 4.7E-07 0.027
Dermal Contact 5.5E-07 0.074
Inhalation NA NA
Total 1.0E-06 0.10
Sediment Ingestion 8.5E-07 0.079
Dermal Contact 1.7E-06 0.71
Inhalation NA NA
Total 2.6E-06 0.78
All Media Total 5.8E-06 2.3
Current/Future Surface Soil Ingestion 1.0E-06 0.048
Landscaper - Adult Dermal Contact 5.1E-07 0.21
Inhalation NA NA
Total 1.5E-06 0.26
All Media Total 1.5E-06 0.26
Future Resident Soil* Ingestion NA 0.68
Adult Dermal Contact NA 1.1
Inhalation NA 0.00056
Total NA 1.8 Vanadium
Surface Water Ingestion NA 0.019
Dermal Contact NA 0.075
Inhalation NA NA
Total NA 0.095
Sediment Ingestion NA 0.057
Dermal Contact NA 1.4 Chromium
Inhalation NA NA
Total NA 1.5 Chromium
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TABLE 2-2

Summary of RME Cancer Risks and Hazard Indices

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Chemicals with Cancer Risks | Chemicals with Cancer Risks Chemicals with Cancer Hazard
Receptor Media Exposure Route |Cancer Risk >10" >10"° and <10™ Risks >10° and <10°® Index Chemicals with HI>1
1,1,2-Trichloroethane, Vinyl
Shallow chloride, cis-1,2-Dichloroethene,
Futur.e Resident Adult Groundwater . Naphthalene, Heptachlor epoxide,
(continued) Ingestion NA 232 Iron, Manganese
Vinyl chloride, cis-1,2-
Dermal Contact NA 19 Dichloroethene, Naphthalene
Vinyl chloride, trans-1,2-
Inhalation NA 41 Dichloroethene, Naphthalene
1,1,2-Trichloroethane, Vinyl
chloride, cis-1,2-Dichloroethene,
trans-1,2-Dichloroethene,
Naphthalene, Heptachlor epoxide,
Total NA 292 Iron, Manganese
All Media Total NA 295
Future Resident Soil* Ingestion NA 6.3 Antimony, Iron, Vanadium
Child Dermal Contact NA 71 Vanadium
Inhalation NA 0.0020
Total NA 13 Antimony, Iron, Vanadium
Surface Water Ingestion NA 0.091
Dermal Contact NA 0.11
Inhalation NA NA
Total NA 0.21
Sediment Ingestion NA 0.54
Dermal Contact NA 77 Chromium
Inhalation NA NA
Total NA 77 Chromium
1,1,2-Trichloroethane, 1,1-
Dichloroethene, Vinyl chloride, cis-
1,2-Dichloroethene, trans-1,2-
Dichloroethene, Naphthalene,
Shallow Heptachlor epoxide,2,6-
Groundwater Dinitrotolune, Arsenic, lron,
Ingestion NA 541 Manganese
Vinyl chloride, cis-1,2-
Dichloroethene, Naphthalene,
Dermal Contact NA 44 Heptachlor epoxide
Inhalation NA NA
1,1,2-Trichloroethane, 1,1-
Dichloroethene, Vinyl chloride, cis-
1,2-Dichloroethene, trans-1,2-
Dichloroethene, Naphthalene,
Heptachlor epoxide,2,6-
Dinitrotolune, Arsenic, Iron,
Total NA 585 Manganese
All Media Total NA 676
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TABLE 2-2

Summary of RME Cancer Risks and Hazard Indices

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Chemicals with Cancer Risks | Chemicals with Cancer Risks Chemicals with Cancer Hazard
Receptor Media Exposure Route |Cancer Risk >10" >10"° and <10™ Risks >10° and <10°® Index Chemicals with HI>1
Benzo(a)pyrene,
Future Resident Dibenz(a,h)anthracene, 4,4'-DDE,
Adult/Child Soil* Ingestion 4.7E-05 Arsenic 4,4'-DDT, Aroclor-1260 NA
Benzo(a)pyrene,
Dibenz(a,h)anthracene, Aroclor-
Dermal Contact 1.7E-05 1260, Arsenic NA
Inhalation 4.2E-10 NA
Benzo(a)anthracene,
Benzo(b)fluoranthene,
Dibenz(a,h)anthracene,
Indeno(1,2,3-cd)pyrene, 4,4'-DDE,
Total 6.4E-05 Benzo(a)pyrene, Arsenic 4,4'-DDT, Aroclor-1260 NA
Surface Water Ingestion 8.5E-06 Vinyl chloride, Arsenic NA
Dermal Contact 2.4E-06 bis(2-Ethylhexyl)phthalate NA
Inhalation NA NA
Vinyl chloride, bis(2-
Total 1.1E-05 Ethylhexyl)phthalate, Arsenic NA
Vinyl chloride, Benzo(a)pyrene,
Sediment Ingestion 6.3E-06 Arsenic NA
Benzo(a)anthracene,
Vinyl chloride, Benzo(a)pyrene, Benzo(b)fluoranthene,
Dermal Contact 1.6E-04 Dibenz(a,h)anthracene, Arsenic Indeno(1,2,3-cd)pyrene NA
Inhalation NA NA
Benzo(a)anthracene,
Vinyl chloride, Benzo(a)pyrene, Benzo(b)fluoranthene,
Total 1.6E-04 Dibenz(a,h)anthracene, Arsenic Indeno(1,2,3-cd)pyrene NA
1,1,2-Trichloroethane,
Tetrachloroethene, Ethylbenzene, Methylene chloride,
Shallow Trichloroethene, Vinyl chloride, |Chloroform, cis-1,3-Dichloropropene,
Groundwater** Ingestion 2.0E-01 Heptachlor epoxide, Arsenic Dibromochloromethane, Carbazole |Heptachlor, RDX NA
Chloroform,
Tetrachloroethene, 1,1,2-Trichloroethane, Carbazole, |Dibromochloromethane,
Dermal Contact 1.4E-02 |Trichloroethene, Vinyl chloride |Heptachlor epoxide Ethylbenzene, Heptachlor, Arsenic NA
Trichloroethene, Vinyl chloride,
Inhalation 6.6E-03 [Naphthalene 1,1,2-Trichloroethane, Chloroform |Ethylbenzene, Tetrachloroethene NA
1,1,2-Trichloroethane,
Tetrachloroethene,
Trichloroethene, Vinyl chloride, Ethylbenzene, Methylene chloride,
Heptachlor epoxide, Chloroform, cis-1,3-Dichloropropene,
Total 2.2E-01 [Naphthalene, Arsenic Dibromochloromethane, Carbazole |Heptachlor, RDX NA
All Media Total 2.2E-01 NA
Future Soil* Ingestion 6.9E-07 0.86
Construction Worker Dermal Contact 1.4E-07 0.23
Inhalation 3.4E-09 0.00020
Total 8.4E-07 1.1
Shallow Ingestion NA NA
Groundwater Dermal Contact 2.1E-04 |Vinyl chloride Trichloroethene Tetrachloroethene 7.9 Vinyl chloride
Inhalation 2.1E-05 Trichloroethene Vinyl chloride 3.1 Naphthalene
Total 2.3E-04 |Vinyl chloride Trichloroethene Tetrachloroethene 11 Vinyl chloride, Naphthalene
All Media Total 2.3E-04 12
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TABLE 2-2

Summary of RME Cancer Risks and Hazard Indices

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Chemicals with Cancer Risks | Chemicals with Cancer Risks Chemicals with Cancer Hazard
Receptor Media Exposure Route |Cancer Risk >10" >10"° and <10™ Risks >10° and <10°® Index Chemicals with HI>1
Benzo(a)pyrene,
Dibenz(a,h)anthracene, 4,4'-DDT,
Future Industrial Worker Soil* Ingestion 1.0E-05 Arsenic 0.48
Benzo(a)pyrene,
Dermal Contact 4.7E-06 Dibenz(a,h)anthracene 1.3 Vanadium
Inhalation 3.4E-09 0.00020
Benzo(a)pyrene,
Dibenz(a,h)anthracene, 4,4'-DDT,
Total 1.5E-05 Aroclor-1260, Arsenic 1.8 Vanadium
1,1,2-Trichloroethane, Chloroform,
Dibromochloromethane,
Tetrachloroethene, Carbazole, Vinyl chloride, cis-1,2-
Shallow Ingestion 2.9E-02 [Trichloroethene, Vinyl chloride [Heptachlor epoxide, Arsenic Heptachlor 83 Dichloroethene
Groundwater Dermal Contact NA NA
Inhalation NA NA
1,1,2-Trichloroethane, Chloroform,
Dibromochloromethane,
Tetrachloroethene, Carbazole, Vinyl chloride, cis-1,2-
Total 2.9E-02 [Trichloroethene, Vinyl chloride [Heptachlor epoxide, Arsenic Heptachlor 83 Dichloroethene
All Media Total 2.9E-02 85

NA - Not applicable, pathway incomplete.
*Surface and subsurface soil combined.

**Inhalation pathway risk based on adult exposure only.
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TABLE 2-3

Summary of CTE Cancer Risks and Hazard Indices
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

Chemicals with Cancer Risks| Chemicals with Cancer Risks Chemicals with Cancer Hazard
Receptor Media Exposure Route |Cancer Risk >10" >10° and <10 Risks >10° and <107 Index Chemicals with HI>1
Current/Future Surface Soil Ingestion 1.6E-07 0.0087
Trespasser - Adolescent Dermal Contact 1.2E-08 0.0031
Inhalation NA NA
Total 1.7E-07 0.012
All Media Total 1.7E-07 0.012
Future Resident Soil* Ingestion NA 0.067
Adult Dermal Contact NA 0.020
Inhalation NA NA
Total NA 0.087
Sediment Ingestion NA 0.015
Dermal Contact NA 0.18
Inhalation NA NA
Total NA 0.19
Vinyl chloride, cis-1,2-
Shallow Ingestion NA 23 Dichloroethene,
Groundwater Dermal Contact NA 1.9 cis-1,2-Dichloroethene
Inhalation NA
Vinyl chloride, cis-1,2-
Total NA 26 Dichloroethene
All Media Total NA 27
Future Resident Soil* Ingestion NA 0.63
Child Dermal Contact NA 0.18
Inhalation NA NA
Total NA 0.81
Sediment Ingestion NA 0.14
Dermal Contact NA 3.0 Chromium
Inhalation NA NA
Total NA 3.1 Chromium
1,1,2-Trichloroethane, Vinyl
chloride, cis-1,2-Dichloroethene,
Shallow trans-1,2-Dichloroethene, Iron,
Groundwater Ingestion NA 78 Manganese
Dermal Contact NA 3.7 cis-1,2-Dichloroethene
Inhalation NA NA
1,1,2-Trichloroethane, Vinyl
chloride, cis-1,2-Dichloroethene,
trans-1,2-Dichloroethene, Iron,
Total NA 82 Manganese
All Media Total NA 86
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TABLE 2-3

Summary of CTE Cancer Risks and Hazard Indices
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

Chemicals with Cancer Risks| Chemicals with Cancer Risks Chemicals with Cancer Hazard
Receptor Media Exposure Route |Cancer Risk >10" >10° and <10 Risks >10° and <107 Index Chemicals with HI>1
Future Resident Sediment Ingestion 1.5E-06 NA
Benzo(a)pyrene,
Adult/Child Dermal Contact 6.5E-06 Dibenz(a,h)anthracene, Arsenic NA
Inhalation NA NA
Benzo(a)pyrene,
Total 8.0E-06 Dibenz(a,h)anthracene, Arsenic NA
Methylene chloride, cis-1,3-
Tetrachloroethene, 1,1,2-Trichloroethane, Chloroform, | Dichloropropene, Carbazole,
Shallow Ingestion 1.6E-02 |Trichloroethene, Vinyl chloride |Dibromochloromethane, Arsenic |Heptachlor epoxide NA
1,1,2-Trichloroethane, Chloroform,
Dibromochloromethane, Carbazole,
Groundwater Dermal Contact 8.5E-04 |Trichloroethene, Vinyl chloride |Tetrachloroethene Heptachlor NA
1,1,2-Trichloroethane, Chloroform,
Inhalation 2.0E-04 |Trichloroethene Vinyl chloride Naphthalene NA
Methylene chloride, cis-1,3-
Tetrachloroethene, 1,1,2-Trichloroethane, Chloroform, | Dichloropropene, Carbazole,
Total 1.7E-02 |Trichloroethene, Vinyl chloride |Dibromochloromethane, Arsenic  |Heptachlor epoxide NA
All Media Total 1.7E-02 NA
Future Soil* Ingestion 2.5E-07 0.14
Construction Worker Dermal Contact 1.7E-08 0.011
Inhalation NA NA
Total 2.7E-07 0.15
Shallow Ingestion NA NA
Groundwater Dermal Contact 2.8E-05 Trichlorothene, Vinyl chloride Tetrachloroethene 0.67
Inhalation 2.3E-06 Trichloroethene 0.12
Total 3.1E-05 Trichlorothene, Vinyl chloride Tetrachloroethene 0.78
All Media Total 3.1E-05 0.9
Future Soil* Ingestion 7.2E-07 0.063
Industrial Worker Dermal Contact 6.4E-08 0.021
Inhalation NA NA
Total 7.8E-07 0.084
Chloroform,
1,1,2-Trichloroethane, Dibromochloromethane, Heptachlor Vinyl chloride, cis-1,2-
Shallow Ingestion 2.0E-03 |Trichloroethene, Vinyl chloride |Tetrachloroethene epoxide, Arsenic 16 Dichloroethene
Groundwater Dermal Contact NA NA
Inhalation NA NA
Chloroform,
1,1,2-Trichloroethane, Dibromochloromethane, Heptachlor
Total 2.0E-03 |Trichloroethene, Vinyl chloride |Tetrachloroethene epoxide, Arsenic 16
All Media Total 2.0E-03 16

NA - Not applicable, pathway incomplete.
*Surface and subsurface soil combined.
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FIGURE 2-4

Horizontal Extent of TCE in Groundwater
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia
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Note: The most recent analytical data from the sample locations shown were used to define the plume extent.



FIGURE 2-5
Horizontal Extent of cis-1,2-DCE in Groundwater
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia
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Note: The most recent analytical data from the sample locations shown were used to define the plume extent.



FIGURE 2-6

Horizontal Extent of Vinyl Chloride in Groundwater
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

I Concentrations Above 2 ug/L
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Note: The most recent analytical data from the sample locations shown were used to define the plume extent, with the
following exceptions, where the reporting limit for the most recent round was above the MCL: Monitoring wells SJS02-MW11S
and -MW14S and at DPT grab samples SJS02-GW13 and -GW16. To interpolate the plume extent, the previous 2004 VC
concentration at SJIS02-MW11S was used. Since there was no historic data for the other locations, the reporting limit was used

in the interpolation.



FIGURE2-7

Vertical Extent of TCE in Groundwater
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia
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Note: The most recent analytical data from the sample locations shown were used to define the plume extent. TCE
concentrations at monitoring well SJS02-MW11S in June 2007 were reported as 10 U pg/L, above the MCL of 5 pg/L. Since
previous TCE concentrations at this well were reported above 10 ug/L, a value of 10 pg/L was used in the plume interpolation.
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St. Juliens Creek Annex
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SECTION 3

Remedial Action Objectives and Applicable or
Relevant and Appropriate Requirements

This section discusses the NCP and CERCLA objectives, and identifies the Site 2 RAOs and
ARARSs for the remedial actions considered in this FS.

3.1 National Contingency Plan and Comprehensive
Environmental Response, Compensation, and Liability Act
Objectives

The NCP requires that the selected remedy meet the following objectives:

e Each remedial action selected shall be protective of human health and the environment
[40 Code of Federal Regulations (CFR) 300.430 (f)(ii) (A)].

¢ Onsite remedial actions that are selected must attain those ARARs identified at the time
of the Record of Decision (ROD) signature [40 CFR 300.430 (f)(ii)(B)].

e Each remedial action selected shall be cost-effective, provided that it first satisfies the
threshold criteria set forth in §300.430(f)(1)(ii)(A) and (B). A remedy shall be deemed
cost-effective if its costs are proportional to its overall effectiveness.

e Each remedial action shall use permanent solutions and alternative treatment
technologies or resource-recovery technologies to the maximum extent practicable
{40 CFR 300.430 (f)(ii)(E)].

According to the NCP, the following expectations should be considered when developing
the remedial alternatives:

e Treatment should be used to address the principal threats posed by a site, wherever
practicable. Principal threats for which treatment is most likely to be appropriate include
liquids, areas contaminated with high concentrations of toxic compounds, and highly
mobile materials [40 Code of Federal Regulations (CFR) 300.430 (a)(iii)(A)].

e Engineering controls, such as containment, should be used for waste that poses a
relatively low long-term threat or where treatment is impracticable (CFR) 300.430

(a)(iii)(B)]-

e Combinations of methods should be used, as appropriate, to achieve protection of
human health and the environment. Treatment of the principal threats posed by a site,
with priority placed on treating liquid, highly toxic or highly mobile waste, should be
combined with engineering and institutional controls, as appropriate, for treatment of
residuals and untreated waste (CFR) 300.430 (a)(iii)(C)].
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FEASIBILITY STUDY REPORT FOR SITE 2

e Usable groundwater should be returned to beneficial use wherever practicable. When
restoration is not practicable, prevention of further migration of the plume, prevention
of exposure to contaminated groundwater, and evaluation of further risk reduction
should be conducted (CFR) 300.430 (a)(iii)(C)].

The statutory scope of CERCLA was amended by SARA to include the following general
objectives for remedial action at all CERCLA sites:

e Remedial actions “shall attain a degree of cleanup of hazardous substances, pollutants,
and contaminants released into the environment and of control of further releases at a
minimum which assures protection of human health and the environment” (Section
121(d)(1)).

e Remedial actions in which treatment that “permanently and significantly reduces the
volume, toxicity, or mobility of the hazardous substances, pollutants, and contaminants
is a principal element are to be preferred” (Section 121(b)(1)). If the treatment or
recovery technologies selected are not a permanent solution, an explanation must be
published (Section 121 (b)(1)(G)).

e The least-favored remedial actions are those that include “offsite transport and disposal
of hazardous substances or contaminated materials without treatment” where
practicable treatment technologies are available (Section 121(b)(1)).

e The selected remedy must comply with or attain the level of any standard, requirement,
criteria, or limitation under federal environmental law or any promulgated standard,
requirement, criteria, or limitation under a state environmental or facility siting law that
is more stringent than any federal standard, requirement, criteria, or limitation (Section

121(d)(2)(A))-

3.2 Remedial Action Objectives

RAOs consist of medium-specific goals for protecting human health and the environment.
Unacceptable risks associated with exposure to waste, soil (surface soil and combined
surface and subsurface soil), sediment and sediment pore water, surface water, and shallow
groundwater have been identified for Site 2 (Table 2-1). Potential future human health
exposure routes are summarized in Tables 2-2 and 2-3.

The RAOs for the protection of human health and the environment for waste, soil, sediment,
and sediment pore water are:

e Prevent direct media contact with human and ecological receptors at concentrations that
pose unacceptable risks

e Prevent migration of contaminants through surface water runoff and erosion pathways
e Prevent or minimize transport of COCs from waste to site media

The RAOs for the protection of human health and the environment for shallow
groundwater (including any residual DNAPL within shallow groundwater) are:

e Reduce contaminant source mass to the maximum extent practicable
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SECTION 3—REMEDIAL ACTION OBJECTIVES AND APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

e DPrevent activities that might cause migration of CVOCs in the Columbia aquifer to the
underlying Yorktown aquifer

e Prevent CVOC migration from the shallow groundwater to surface water and sediment

e Reduce CVOC concentrations in shallow groundwater to the maximum extent
practicable and maintain land use controls until concentrations allow for unlimited use
and unrestricted exposure (Unlimited use includes industrial, commercial, recreational,
and residential land use while unrestricted exposure includes exposure due to ingestion,
inhalation, or dermal contact)

The RAO for the protection of the environment for surface water is:

e Minimize degradation of surface water through source control in shallow groundwater,
waste, surface soil, and sediment

3.2.1 Development of Risk-Based Preliminary Remediation Goals

In order to achieve RAOs, preliminary remediation goals (PRGs) have been developed for
COCs presenting a potential risk to human health or ecological receptors (Table 2-1).

Human Health Preliminary Remediation Goals

For shallow groundwater COCs with maximum contaminant levels (MCLs), risk-based
cleanup goals were not calculated; MCLs were established as the PRGs because the MCLs
are considered to be protective and allow for unlimited use and unrestricted exposure.
However, the MCLs may not be stringent enough when the collective risks from all
compounds detected in groundwater are considered. Therefore, the total risk and hazard
associated with use of MCLs as PRGs were calculated to confirm the selected PRGs are
acceptable (Appendix A). The total risk level associated with the use of MCLs as the PRGs
for the COCs falls within the acceptable range of 10 to 10-¢ for each COC for residential use.
However, the combined risk level for all the COCs is 2.1 x 10-4for residential use, which is
slightly outside of the acceptable range. Additionally, the hazard level for each of the COCs
is below an HI except for heptachlor epoxide, which has an HI = 1.5 for residential use.
Under the industrial scenario, the risk level with the use of MCLs as PRGs for the COCs falls
within the acceptable range of 10 to 106, and the total hazard level is below the HI of 1.
Therefore, the use of MCLs as the PRGs for the industrial scenario is acceptable, and the
land use controls will be established to prevent residential use until concentrations decrease
below a level which allow for unrestricted exposure. The risk-based cleanup goals were
compared to the SJCA 95 percent background upper tolerance limits (UTLs) (if applicable),
and the higher of the two values was selected as the PRG.

Risk-based cleanup goals were calculated for the COCs in soil and sediment, and
naphthalene! in shallow groundwater using equations presented in USEPA's Risk
Assessment Guidance for Superfund Volume 1, Part B (USEPA, 1991) that were revised to
incorporate the ingestion, dermal absorption, and inhalation of volatiles and particulate
pathways for future residents. The same exposure assumptions used in the HHRA to
estimate intake via ingestion, dermal contact, and inhalation from soil, sediment, and
groundwater were used for the risk-based cleanup goal calculations (CH2M HILL, 2008).

1 Naphthalene is the only shallow groundwater COC that does not have a MCL.
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Risk-based cleanup goals were calculated to ensure that the total HI to a target organ does
not exceed 1.0. Details of the calculation methods are provided in Appendix A, Tables 1
through 16.

USEPA has not established traditional toxicity factors, such as reference doses or cancer
slope factors, for lead. Exposure to lead is regulated by USEPA based on the concentration
of lead in blood. The blood-lead concentration is estimated using a physiologically based
Integrated Exposure Uptake Biokinetic Model, Adult Lead Model. Average lead
concentrations of less than 400 milligrams per kilogram (mg/kg) in soil at a site are
considered adequately protective of human health under residential land use scenarios
(USEPA, 1994).

The risk-based cleanup goals for soil and sediment were compared to the 95 percent
background UTLs for bohicket soil (CH2M HILL, 2005). The use of this background soil
type was selected because the sediment within the inlet is classified as the bohicket soil type.
The site topography causes surface runoff to flow across the site to the inlet, potentially
resulting in soil being deposited as sediment. Therefore, although the upland soil at Site 2 is
classified as munden-tetotem soil, the 95 percent background UTLs for bohicket soil were
used in the development of the soil PRGs based on the potential for deposition of soil with
higher COC concentrations than the established sediment PRGs into the inlet. The risk-
based cleanup goal for naphthalene in shallow groundwater was compared to the 95
percent background UTLs for groundwater (CH2M HILL, 2004b) because it was the only
COC in groundwater with an established UTL. If a background UTL has been established
for a COC, the higher of the risk-based cleanup goal and the background UTL was selected
as the PRG; if there was no established background UTL for a COC, the calculated risk-
based cleanup goal was selected as the PRG (Appendix A, Table 16). The human health
PRGs are shown on Table 3-1. Exceedances of the human health PRGs for shallow
groundwater, surface soil, subsurface soil, and Site 2 sediment are shown on Tables 3-2
through 3-5, respectively. The sample locations of the soil and sediment PRG exceedances
are shown on Figure 3-1, and the portions of the shallow groundwater plume as delineated
in the Expanded RI (CH2M HILL, 2008) that exceed PRGs are shown on Figure 3-2.

Ecological Preliminary Remediation Goals

The following subsections summarize the development of PRGs for the COCs identified in
surface soil and sediment. Because remediation of other media would address the ecological
risks identified in sediment pore water and surface water, no PRGs were developed for
those media.

Sediment. Sediment PRGs for benthic invertebrates were established based on consideration
of the same ecological literature-based toxicity screening values used in the Expanded RI
(CH2M HILL, 2008), the sediment bioassay results, and SJCA background/reference data.

The outcomes of the 28-day sediment amphipod (L. plumulosus) bioassays reported in the
ERA were used to identify chemical concentrations in Site 2 sediments that are protective of
benthic organisms. Regression analyses did not establish a clear relationship between
chemical concentration and bioassay organism response. Therefore, in order to establish a
protective concentration based on the bioassay data for each ecological COC, a data sorting
approach consisting of the following steps was taken:
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SECTION 3—REMEDIAL ACTION OBJECTIVES AND APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

e Chemical analytical data were sorted by concentration

e The highest detected concentration of a chemical for which there was no statistically
significant bioassay organism response (survival, growth, and/or reproduction) based
on comparison to the laboratory control was identified

e The highest detected concentration without a significant bioassay organism response
was selected as a protective concentration for this metric

The 95 percent background UTLs for bohicket soil (CH2M HILL, 2001b) were used to
develop PRGs for the Site 2 sediment. These UTLs were used because the sediment within
the inlet is classified as the bohicket soil type. For St. Juliens Creek sediment, the 95 percent
reference UTLs were also considered. The 95 percent reference UTLs were developed to
account for the fact the St. Juliens Creek receives chemical inputs from multiple sources
unrelated to Site 2, including other SJCA activities and offsite developed areas to the south
and west of SJCA (CH2M HILL, 2005); therefore, the higher background/reference value
was selected for use in the development of the PRG.

The literature-based toxicity screening values and sources, sediment bioassay results, and
the appropriate background values (either the 95 percent background UTLs for bohicket soil
and/or the 95 percent reference UTLs for St. Juliens Creek sediment) were compared, and
the highest of the three values was selected as the PRG, unless the sediment bioassay result
was lower than the literature-based toxicity value, in which case the sediment bioassay
result was selected (Appendix A, Tables 17 through 19). The ecological PRGs for the Site 2
sediment and St. Juliens Creek sediment are presented in Table 3-6. Exceedances of the
ecological PRGs for the Site 2 sediment and the St. Juliens Creek sediment are shown on
Tables 3-5 and 3-7, respectively, and the sample locations of the exceedances are shown on
Figure 3-1.

Surface Soil. Soil PRGs were established based on consideration of ecological literature-
based toxicity screening values and SJCA background data. The 95 percent background
UTLs for Munden-Tetotem soil (CH2M HILL, 2001b) were used to develop PRGs for the
soil. The literature-based toxicity screening values and background values were compared,
and the highest of the values was selected as the PRG, unless the sediment bioassay result
was lower than the literature-based toxicity value (Appendix A, Tables 17 through 19).

The ecological PRGs for Site 2 surface soil are presented in Table 3-6. Exceedances of the
ecological PRGs for surface soil are shown on Table 3-3, and the sample locations of the
exceedances are shown on Figure 3-1.

3.2.2 Development of Remediation Areas

Remediation areas have been established to address potential human health and ecological
risks associated with waste, soil, sediment, and shallow groundwater, based on the sample
locations exceeding the PRGs and as described in the following subsections. Remediation
areas have not been developed for sediment pore water and surface water, as the associated
risk would be addressed via the remediation of waste, soil, sediment, and shallow
groundwater.

WDC.083080002.AMD 3-5



FEASIBILITY STUDY REPORT FOR SITE 2

Shallow Groundwater

Areas where shallow groundwater exceeds the PRGs have been identified. Additionally,
remedial action target areas were defined in shallow groundwater to support future
development of remedial alternatives. The target areas were divided into the following
(Figure 3-2):

e High-concentration target area: characterized by the highest CVOC concentrations in the
subsurface (as indicated by a membrane interface probe electron capture device reading
above 500,000 microvolts?) and dissolved TCE concentrations (7,800 pg/) which are
greater than what the natural attenuation capacity (NAC) of the aquifer can stabilize.
The NAC is the “contaminant-lowering capacity of an aquifer per unit length (feet or
meters) of flowpath” (Chapelle, et al., 2003) and was used to calculate the concentration
to which the high concentration area would need to be reduced in order for the steady-
state TCE groundwater concentration at St Juliens Creek to be less than the MCL.
Derivation of the NAC is included in Appendix L of the Expanded RI (CH2M HILL,
2008).

e Low-concentration target area: includes the entire area where CVOC concentrations in
shallow groundwater exceed PRGs, outside of the high-concentration target area, and
consists predominantly of dissolved-phase TCE, cis-1,2-DCE, and VC.

e Naphthalene target area: consists of the isolated area in the vicinity of monitoring well
SJS02-MW10S, where naphthalene exceeds the PRG. The limits of this target area have
not been delineated and would be confirmed through development and implementation
of a future monitoring plan.

e Heptachlor epoxide target area: consists of the isolated area in the vicinity of monitoring
well S]S02-MWO08S, where heptachlor epoxide exceeds the PRG. The limits of this target
area have not been delineated and would be confirmed through development and
implementation of a future monitoring plan.

Waste

The waste has not been fully characterized and is therefore assumed to pose a potential risk
to human health and the environment. Due to the heterogeneity of the waste spatially across
the site and the shallow water table, full characterization would require complete excavation
of the waste. The waste area is estimated to cover approximately 3.9 acres (Figure 3-1);
however, additional waste delineation activities to refine the area may be performed in
association with the remedial design.

Soil and Sediment

Human health risk-based remediation areas have been developed based on PRG
exceedances of the available analytical data. Most of the human health risk-based
remediation area is encompassed within the waste boundary; however, three additional
sample locations (SJS17-5001, SJS17-SO03, and SJS17-SO04) outside of the waste boundary
were identified for remediation in order to be protective of human health (Figure 3-1). The

2ECD response, presented in the Expanded R, that corresponded to the highest CVOC concentrations detected in soil and
groundwater and were indicative of potential DNAPL (CH2M HILL, 2008)
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SECTION 3—REMEDIAL ACTION OBJECTIVES AND APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

remediation area for these sample locations has been delineated horizontally by the existing
sample location to the north not contributing to an unacceptable human health risk (SJS17-
S0O02) and by physical boundaries (e.g., asphalt parking lot) in the absence of existing
analytical data.

Ecological risk-based remediation areas were developed to address areas outside of the
human health risk-based remediation area. Most of the ecological remediation area is
encompassed within the waste boundary and human health remediation area, with the
exceptions of the vicinities of SJS02-S502, SJS02-5505, SJS02-5507, SJS02-SS19, SJS17-S002,
SJS02-SD15, and SJS02-SD20, as follows:

The concentrations of some inorganics detected in S]JS02-5502, SJS02-S505, and SJS02-
SS07 exceeded the ecological PRGs; however, the locations are not included in the
remediation area. The concentrations are similar in magnitude to the PRG and the
locations are outside of the areas where CERCLA-related activities were conducted. The
site wide average concentration for the inorganics will be well below the soil PRG after
remediation of the waste area. Site-wide averaging is appropriate for terrestrial
receptors, as wildlife generally don’t remain in discrete locations. Regarding soil
invertebrates, site-wide averaging is not intended to be protective of soil invertebrates
within a localized area, but is instead intended to provide a site-wide indication of
potential impacts to soil invertebrate populations. Using an average concentration is
reasonable since the primary objective of the soil invertebrate assessment endpoint is to
maintain an invertebrate population which is robust enough to serve as a viable food
source to higher trophic-level predators (e.g., shrew). Because higher trophic-level
predators are mobile and can forage throughout the site, localized impacts will not affect
the viability of soil invertebrates as a food source. An average concentration, which
provides an indication of overall site-wide impact, therefore provides the best indication
of potential risk associated with this assessment endpoint.

The concentration of DDE detected at sample location SJS02-5519 exceeded the
ecological PRG; however, the location is not included as an ecological risk-based
remediation area. Although the DDE concentration (560 ] pg/kg) at this location slightly
exceeds the ecological PRG of 532 ng/kg, the concentration is consistent with
concentrations detected throughout the SJCA facility during the background
investigation. Sample location SJS02-SS19 is located outside of the site boundary, which
was developed based on identification of potentially impacted areas through a review of
historical aerial photographs and refined based on investigation activities. Therefore, the
concentration detected is likely associated with historical basewide application of
pesticides, and remediation is not required.

A remediation area in the vicinity of sample location SJS17-SO02 has been added, and it
is delineated horizontally based on physical boundaries (e.g., asphalt parking lot)
(Figure 3-1).

The concentration of cyanide detected in sample location SJS02-SD15 exceeded the
ecological PRG; however, the location is not included as an ecological risk-based
remediation area. The concentration of cyanide in sample SJS02-SD15, which was
collected within St. Juliens Creek, is greater than the cyanide concentrations in each of
the sediment samples collected within Site 2. Cyanide was either not detected (SJS02-
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SDO08) or detected at a concentration below the ecological PRG (S]S02-SD08, 0.22 ]
mg/kg) at the two locations within St. Juliens Creek closer to Site 2. Therefore, it is likely
that Site 2 is not the source of the cyanide identified in sample SJS02-SD15, and no
remediation is required.

e A remediation area has been established in the vicinity of SJS02-SD20, located within St.
Juliens Creek adjacent to the outfall. The remediation area has been delineated
horizontally by the existing sample locations to the southwest and southeast not
contributing to an unacceptable human health risk (5JS02-SD17 and SJS02-SD08) and by
the culvert outfall to the north (Figure 3-1). The vertical extent of the remediation area
will be delineated through additional sampling during development of the remedial
design or during the remedial action.

3.3 Applicable or Relevant and Appropriate Requirements

As required by Section 121 of CERCLA, remedial actions carried out under Section 104 or
secured under Section 106 must attain the levels of standards of control for hazardous
substances, pollutants, or contaminants specified by the ARARs of federal and state
environmental laws and state facility-siting laws, unless waivers are obtained. According to
USEPA guidance, remedial actions should also be based on non-promulgated TBC criteria
or guidelines if the ARARs do not address a particular situation.

ARARs are identified by USEPA as either being applicable to a situation or relevant and
appropriate to it:

e “Applicable” requirements are standards and other environmental protection
requirements of federal or state law dealing with a hazardous substance, pollutant,
contaminant, action being taken, location, or other circumstance at a CERCLA site.

e “Relevant and appropriate” requirements are standards and environmental protection
criteria of federal or state law that, although not “applicable” to a hazardous substance,
pollutant, contaminant, action being taken, location, or other circumstance, address
problems or situations sufficiently similar to those encountered at the CERCLA site that
their use is well suited to the particular site. A requirement that is relevant and
appropriate must be met as if it were applicable. TBC criteria are non-promulgated
advisories or guidance issued by federal or state government that are not legally
binding, and do not have the status of potential ARARs. TBCs are evaluated along with
ARARs and may be implemented by USEPA when ARARs are not fully protective of
human health and the environment.

Onsite CERCLA response actions must meet substantive requirements but not
administrative requirements. Substantive requirements deal directly with actions or with
conditions in the environment. Administrative requirements implement the substantive
requirements by prescribing procedures such as fees, permitting, and inspection that make
substantive requirements effective. This distinction applies to onsite actions only; offsite
response actions are subject to all applicable standards and regulations, including
administrative requirements such as permits.
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SECTION 3—REMEDIAL ACTION OBJECTIVES AND APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Three classifications of requirements are defined by USEPA in the ARAR determination
process: chemical-specific, location-specific, and action-specific. These classifications are
described below. The remedial action alternatives developed in this FS were analyzed for
compliance with the potential federal and state ARARs and are provided in Appendix B.

Chemical-specific ARARs are health or risk management-based numbers or methodologies
that result in the establishment of numerical values for a given medium that would meet the
NCP “threshold criterion” of overall protection of human health and the environment.
These requirements generally set protective cleanup concentrations for the COCs in the
designated media, or set safe concentrations of discharge for response activity. Federal and
Commonwealth of Virginia chemical-specific regulations that have been reviewed are
summarized in Appendix B.

Location-specific ARARs restrict response activities and media concentrations based on the
characteristics of the surrounding environments. Location-specific ARARs may include
restrictions on response actions within wetlands or floodplains, near locations of known
endangered species, or on protected waterways. Federal and Commonwealth of Virginia
location-specific regulations that have been reviewed are summarized in Appendix B.

Action-specific ARARs are usually technology- or activity-based requirements or limitations
on actions taken with respect to hazardous substances. Federal and Commonwealth of
Virginia action-specific ARARs that may affect the development and conceptual
arrangement of response alternatives are summarized in Appendix B.
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TABLE 3-1

Human Health Preliminary Remediation Goals
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

Chemical [ PRG

Surface Soil and Subsurface Soil

Inorganics (mg/kg)

Antimony 26.4
Iron 53,529
Lead 400*
Vanadium 72
Sediment

Inorganics (mg/kg)
[[Chromium [ 53
Groundwater

\VOCs (ug/L)

1,1,2-Trichloroethane 5
1,1-Dichloroethene 7
Tetrachloroethene 5
Trichloroethene 5
cis-1,2-Dichloroethene 70
[[Chloroform 80
[[Methylene chloride 5
trans-1,2-Dichloroethene 100
Vinyl chloride 2
SVOC (ug/L)

Naphthalene | 170
[lPesticide (ug/L)

[[Heptachlor Epoxide [ 0.2

*Average site-wide concentration
NA - not applicable



TABLE 3-2

Shallow Groundwater PRG Exceedances
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

Station ID H SJS02-GWO01 SJS02-GW02 SJS02-GW03 SJS02-GW04 SJS02-GW05 SJS02-GW06 SJS02-GWO07 SJS02-GW08 SJS02-GW09 SJS02-GW10 SJS02-GW11 SJS02-GW12
uman
Sample ID Health PRG SJS02-GW01-07B | SJS02-GW02-07B | SJS02-GW03-07B | SJS02-GW04-07B | SJS02-GW05-07B | SJS02-GW06-07B | SJS02-GW07-07B | SJS02-GW08-07B | SJS02-GW09-07B* | SJS02-GW10-07B | SJS02-GW11-07B | SJS02-GW12-07B
Sample Date 05/14/07 05/14/07 05/14/07 05/14/07 05/15/07 05/15/07 05/15/07 05/15/07 05/15/07 05/15/07 05/16/07 05/16/07
Chemical Name
olatile Organic Compounds (ug/L)
1,1,2-Trichloroethane 5 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U
1,1-Dichloroethene 7| 1U 1U 1U 110 1U 1U 1U 1U 1U 1U 1U 1U
Chloroform 80| 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U
Methylene chloride 5] 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U
Tetrachloroethene 5] 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U
Trichloroethene 5] 042 J 1U 1U 3,900 1U 1U 0.78 J 1U 0.46 J 0.59 J 0.44 J 0.57 J
inyl chloride 2U 2U 1.3J 160 2U 2U 2U 3.2 06J 17 2U 7.3
cis-1,2-Dichloroethene 70 1U 1U 5 5,300 1U 1U 1.1 6.5 1.8 2.2 1U 4.4
[trans-1,2-Dichloroethene 100| 1U 1U 1U 42 1U 1U 1U 1U 1U 1U 1U 1U
Semi-volatile Organic Compounds (pg/L)
Naphthalene 170 NA NA NA NA NA NA NA NA NA NA NA NA
"Pesticide/PonchIorinated Biphenyls (ug/L)
"Heptachlor epoxide 0.2] NA NA NA NA NA NA NA NA NA NA NA NA

Notes:

Bold blue text represents human health PRG exceedance

NA - Not analyzed

U - Analyte not detected

J - Result may be estimated

B - Possible blank contamination

K - Reported value may be biased high
L - Reported value may be biased low
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TABLE 3-2

Shallow Groundwater PRG Exceedances

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Station ID Human SJS02-GW13 SJS02-GW14 SJS02-GW15 SJS02-GW16 SJS02-GW17 SJS02-GW18 SJS02-GW19 SJS02-GW20
Sample ID Health PRG SJS02-GW13-13-07B | SJS02-GW13-15-07B | SJS02-GW14-13-07B | SJS02-GW14-6-07B | SJS02-GW15-13-07B | SJS02-GW16-11-07B | SJS02-GW16-14-07B | SJS02-GW17-17-07B | SJS02-GW17-21-07B | SJS02-GW18-19-07B | SJS02-GW19-13-07B | SJS02-GW20-14-07B
Sample Date 05/17/07 05/17/07 05/17/07 05/17/07 05/17/07 05/17/07 05/17/07 05/18/07 05/18/07 05/18/07 05/18/07 05/18/07
Chemical Name
olatile Organic Compounds (ug/L)
1,1,2-Trichloroethane 5 20U 5,000 U 2,500 U 500 U 500 U 2,500 U 20,000 U 5U 50 U 1,400 J 5U 1U
1,1-Dichloroethene 7| 20U 5,000 U 2,500 U 500 U 500 U 2,500 U 20,000 U 5U 200 1,000 U 5U 1U
(Chloroform 80§ 20U 5,000 U 2,500 U 500 U 500 U 2,500 U 20,000 U 5U 50 U 1,000 U 5U 1U
Methylene chloride 5] 100 U 25,000 U 12,500 U 2,500 U 2,500 U 12,500 U 100,000 U 25U 250 U 5,000 U 25U 5U
Tetrachloroethene 5] 20U 5,000 U 2,500 U 500 U 500 U 2,500 U 20,000 U 5U 50 U 1,000 U 5U 1U
Trichloroethene 5] 3,600 950 J 530,000 J 28,000 89,000 64,000 370,000 1.7 J 2,000 210,000 540 1.2
inyl chloride 2 280 10,000 U 2,200 J 310J 2,100 5,000 U 40,000 U 1,000 1,900 7,200 11 2U
cis-1,2-Dichloroethene 704 940 12,000 75,000 J 24,000 36,000 5,000 6,900 J 68 7,100 87,000 410 1.7
[trans-1,2-Dichloroethene 100§ 19J 5,000 U 2,500 U 500 U 500 U 2,500 U 20,000 U 074 J 92 1,200 J 5U 1U
Semi-volatile Organic Compounds (pg/L)
IINaphthalene 170 NA NA NA NA NA NA NA NA NA NA NA NA
"Pesticide/PonchIorinated Biphenyls (ug/L)
"Heptachlor epoxide 0.2] NA NA NA NA NA NA NA NA NA NA NA NA

Notes:

Bold blue text represents human health PRG exceedance

NA - Not analyzed

U - Analyte not detected

J - Result may be estimated

B - Possible blank contamination

K - Reported value may be biased high

L - Reported value may be biased low
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TABLE 3-2

Shallow Groundwater PRG Exceedances

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Station ID Human SJS02-MW01S SJS02-MW02S SJS02-MW03S
Sample ID Health PRG SJS02-GW1S-001 SJS02-GW1S-002 | SJS02-GW1S-003 | SJS02-MWO01S-07B | SJS02-GW2S-001 SJS02-GW2S-002 | SJS02-GW2S-003 | SJS02-MW02S-07B | SJS02-GW3S-001 SJS02-GW3S-002 | SJS02-GW3S-003 | SJS02-MW03S-07B
Sample Date 07/16/97 11/06/97 05/18/99 06/04/07 07/23/97 11/06/97 05/18/99 06/01/07 07/17/97 11/06/97 05/19/99 06/01/07
Chemical Name
olatile Organic Compounds (ug/L)
1,1,2-Trichloroethane 5 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
1,1-Dichloroethene 7| 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
(Chloroform 80§ 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
Methylene chloride 5] 2B 2B 2U 0.17 B 1B 2B 2U 0.35 B 2B 2B 05B 0.31 B
Tetrachloroethene 5] 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
Trichloroethene 5] 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
inyl chloride 2 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
cis-1,2-Dichloroethene 704 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
[trans-1,2-Dichloroethene 100§ 1U 1U 1U 05U 1U 1U 1U 05U 1U 1U 1U 05U
Semi-volatile Organic Compounds (pg/L)
IINaphthalene 170 10U 10U 11U NA 10 U 10U 10 U NA 10 U 10U 11U NA
"Pesticide/PonchIorinated Biphenyls (ug/L)
"Heptachlor epoxide 0.2] 0.05 U 0.05 U 0.0580 U NA 0.05 U 0.05 U 0.0660 U NA 0.05 U 0.05 U 0.0570 U NA

Notes:

Bold blue text represents human health PRG exceedance

NA - Not analyzed

U - Analyte not detected

J - Result may be estimated

B - Possible blank contamination

K - Reported value may be biased high

L - Reported value may be biased low
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TABLE 3-2

Shallow Groundwater PRG Exceedances

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Station ID H SJS02-MW04S SJS02-MW05S SJS02-MW06S SJS02-MW07S SJS02-MW08S
uman

Sample ID Health PRG SJS02-GW4S-001 | SJS02-MW04S-07B | SJS02-GW5S-001 | SJS02-MWO05S-07B | SJS02-MWO06S-03D | SJS02-MWO06S-07B | SJS02-MWO07S-03D | SJS02-MWO07S-04D | SJS02-MWO07S-07B | SJS02-MWO08S-03D | SJS02-MWO08S-07B
Sample Date 05/19/99 06/01/07 05/18/99 05/31/07 12/11/03 05/29/07 12/12/03 12/02/04 06/04/07 12/12/03 05/29/07
Chemical Name

olatile Organic Compounds (ug/L)
1,1,2-Trichloroethane 5] 1U 05U 1U 05U 05U 05U 10 13,000 R 31 05U 05U
1,1-Dichloroethene 7| 1U 05U 1U 05U 05U 05U 200 J 1,500 L 300 J 05U 05U
(Chloroform 80§ 0.200 B 05U 0.600 B 05U 1.1 05U 2,500 R 55L 0.8 J 0.71 05U
Methylene chloride 5] 0.700 B 017 B 2U 0.18 B 0.67 B 0.28 B 1.5 B 26 L 5B 0.75 B 0.11 B
Tetrachloroethene 5 1U 05U 1U 05U 05U 05U 21 34 L 26 05U 05U
Trichloroethene 5] 0.800 J 05U 0.800 J 0.67 05U 05U 82,000 270,000 210,000 0.32 J 05U

inyl chloride 2 1U 05U 1U 05U 05U 05U 3,600 13,000 R 2,600 J 05U 05U
cis-1,2-Dichloroethene 704 0.300 J 05U 1U 0.34 J 05U 05U 34,000 34,000 30,000 0.59 05U
|trans-1,2-Dichloroethene 100' 1U 05U 1U 05U 05U 05U 160 J 540 L 550 J 05U 05U
Semi-volatile Organic Compounds (pg/L)
Naphthalene 1704 12U NA 11U NA 5U NA 120 NA NA 5U NA
"Pesticide/PonchIorinated Biphenyls (ug/L)
"Heptachlor epoxide 0.2] 0.0590 U NA 0.0550 U NA 0.05 U NA 0.05 U NA NA 1.11 NA

Notes:

Bold blue text represents human health PRG exceedance

NA - Not analyzed

U - Analyte not detected

J - Result may be estimated

B - Possible blank contamination

K - Reported value may be biased high
L - Reported value may be biased low
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TABLE 3-2

Shallow Groundwater PRG Exceedances

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Station ID H SJS02-MW09S SJS02-MW10S SJS02-MW11S SJS02-MW128 SJS02-MW13S SJS02-MW14S SJS02-MW158
uman
Sample ID Health PRG SJS02-MW09S-03D | SJS02-MW09S-07B | SJS02-MW10S-04D | SJS02-MW10S-07B | SJS02-MW11S-04D | SJS02-MW11S-07B | SJS02-MW12S-04D | SJS02-MW12S-07B | SJS02-MW13S-04D | SJS02-MW13S-07B | SJS02-MW14S-07B | SJS02-MW15S-07B
Sample Date 12/11/03 06/01/07 12/03/04 06/06/07 12/02/04 06/04/07 12/02/04 05/30/07 12/02/04 06/01/07 06/06/07 06/05/07
Chemical Name
olatile Organic Compounds (ug/L)
1,1,2-Trichloroethane 5 05U 05U 170 L 63 05U 10U 05U 05U 0.5 UJ 05U 13,000 U 25,000 U
1,1-Dichloroethene 7| 05U 05U 280 L 47 05U 10U 05U 05U 0.5 UJ 05U 13,000 U 25,000 U
Chloroform 80 05U 05U 130 L 6J 05U 10U 05U 05U 0.5 UJ 05U 13,000 U 25,000 U
Methylene chloride 5] 0.87 B 02B 41L 3B 05U 10U 05U 0.16 B 0.5 UJ 0.34 B 1,300 B 3,700 B
Tetrachloroethene 5] 05U 05U 39 L 22 05U 10U 05U 05U 0.5 UJ 05U 13,000 U 25,000 U
Trichloroethene 5] 05U 05U 330,000 J 77,000 50 10U 16 B 049 J 12 B 05U 84,000 240,000
inyl chloride 05U 05U 960 L 1,900 J 05U 10U 05U 05U 0.5 UJ 05U 13,000 U 32,000
cis-1,2-Dichloroethene 70 05U 05U 23,000 L 21,000 05 J 10U 1.2 3.1 0.5 UJ 05U 30,000 130,000
[trans-1,2-Dichloroethene 100| 05U 05U 720 L 240 J 05U 10U 05U 05U 0.5 UJ 05U 13,000 U 25,000 U
Semi-volatile Organic Compounds (pg/L)
Naphthalene 170 5U NA 1,300 NA 11U NA 11U NA 11U NA NA NA
"Pesticide/PonchIorinated Biphenyls (ug/L)
"Heptachlor epoxide 0.2] 0.05 U NA 0.06 UJ NA 0.06 UJ NA 0.06 UJ NA 0.05 U NA NA NA

Notes:

Bold blue text represents human health PRG exceedance

NA - Not analyzed

U - Analyte not detected

J - Result may be estimated

B - Possible blank contamination

K - Reported value may be biased high
L - Reported value may be biased low
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TABLE 3-2

Shallow Groundwater PRG Exceedances

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Station ID H SJS02-MW16S SJS02-PZ01 SJS02-PZ02 SJS02-PZ03 SJS02-PZ04 SJS02-PZ05 SJS02-PZ06 SJS02-PZ07 SJS02-PZ08 SJS02-PZ09 SJS17-GWO01
uman
Sample ID Health PRG SJS02-MW16S-07B | SJS02-MW16S-07C | SJS02-PZ01-07B | SJS02-PZ02-07B | SJS02-PZ02-19-07B | SJS02-PZ03-07B | SJS02-PZ04-07B | SJS02-PZ05-07B | SJS02-PZ06-07B | SJS02-PZ07-07B | SJS02-PZ08-07B | SJS02-PZ09-07B| SJS17-GWO01
Sample Date 06/05/07 07/13/07 05/22/07 05/23/07 05/24/07 05/23/07 05/23/07 05/24/07 05/23/07 05/29/07 05/24/07 05/24/07 04/04/96
Chemical Name
olatile Organic Compounds (ug/L)
1,1,2-Trichloroethane 5 10U 05U 1U 1U 1U 50 U 500 U 1,000 U 1U 05U 1U 1U 10U
1,1-Dichloroethene 7| 10U 05U 1U 1U 1U 200 620 1,000 U 1U 05U 1U 1U 10 U
(Chloroform 80§ 10U 05U 1U 1U 1U 50 U 500 U 1,000 U 1U 05U 1U 1U 10U
Methylene chloride 5] 10U 0.15 B 5U 5U 5U 250 U 2,500 U 5,000 U 5U 0.18 B 5U 5U 8 BJ
Tetrachloroethene 5] 10U 05U 1U 1U 1U 50 U 500 U 1,000 U 1U 05U 1U 1U 10U
Trichloroethene 5] 62 12 1U 1U 1U 1,600 45,000 100,000 1.3 05U 0.8J 1U 10U
inyl chloride 2 0.7 J 0.35 J 2U 2U 2U 3,500 6,100 1,000 J 7.9 22 0.52 J 3.4 10U
cis-1,2-Dichloroethene 704 9J 6.2 1U 1U 1U 7,700 48,000 17,000 1.1 05U 1U 1U NA
[trans-1,2-Dichloroethene 100§ 10U 05U 1U 1U 1U 58 1,100 1,000 U 1U 05U 1U 1U NA
Semi-volatile Organic Compounds (pg/L)
Naphthalene 1704 NA NA NA NA NA NA NA NA NA NA NA NA 20 U
"Pesticide/PonchIorinated Biphenyls (ug/L)
"Heptachlor epoxide 0.2] NA NA NA NA NA NA NA NA NA NA NA NA 0.062 U

Notes:

Bold blue text represents human health PRG exceedance

NA - Not analyzed

U - Analyte not detected

J - Result may be estimated

B - Possible blank contamination

K - Reported value may be biased high

L - Reported value may be biased low
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TABLE 3-3

Surface Soil PRG Exceedances
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Station 1D $JS02-SS01 5JS02-5502 SJS02-5503 SJS02-5504 SJS02-5S05 SJS02-5506 5JS02-5507 SJS02-5S08 SJS02-5S09 $JS02-5510 SJS02-S511 5JS02-5512
Sample ID Human Health | Ecological || SJS02-S501-000 | SJS02-SS02-000 | SJS02-SS03-000 | SJS02-SS04-000 | SJS02-SS05-000* | SJS02-SS06-000 | SJS02-SS07-000 | SJS02-SS08-000 | SJS02-SS09-000 | SJS02-SS10-000 |SJS02-S511-000| SJS02-SS12-000
Sample Depth PRG PRG 0-3" bgs 0-3" bgs 0-3" bgs 0-3" bgs 0-3" bgs 0-3" bgs 0-3" bgs 0-3" bgs 0-3" bgs 0-3" bgs 0-6" bgs 0-6" bgs
Sample Date 06/25/97 06/25/97 06/25/97 06/25/97 06/25/97 06/25/97 06/25/97 06/25/97 06/25/97 06/25/97 04/21/99 04/21/99
Chemical Name

Semivolatile Organic Compounds (ug/kg)

Acenaphthene - 29,000 370 U 100 J 170 J 1,700 U 700 U 1,600 U 1,600 U 1,700 U 360 U 330 U 350 UJ 410 UJ
Acenaphthylene - 29,000|| 370 U 350 U 820 J 1,700 U 700 U 1,600 U 1,600 U 1,700 U 37 J 89 J 350 UJ 76 J
Anthracene - 29,000|| 370 U 150 J 590 J 1,700 U 700 U 1,600 U 1,600 U 1,700 U 360 U 330 U 350 UJ 410 UJ
Benzo(a)anthracene - 1,100] 370 U 430 2,300 290 J 220 J 1,600 U 390 J 1,700 U 140 J 120 J 350 UJ 160 J
[[Benzo(a)pyrene - 1,100] 370 U 360 1,400 J 370 J 190 J 1,600 U 340 J 1,700 U 130 J 130 J 350 UJ 270 J
[[Benzo(b)fiuoranthene - 1,100] 370 U 580 1,700 J 660 J 270 J 1,600 U 440 J 1,700 U 280 J 240 J 350 UJ 310 J
[[Benzo(g,hiperylene - 1,100] 370 U 160 J 890 J 280 J 78 J 1,600 U 1,600 U 1,700 U 76 J 160 J 350 UJ 250 J
[[Benzo(k)fluoranthene - 1,100] 370 U 290 J 1,100 J 320 J 150 J 1,600 U 270 J 1,700 U 87 J 120 J 350 UJ 89 J
[lchrysene - 1,100] 370 U 470 2,700 400 J 210 J 1,600 U 370 J 1,700 U 150 J 150 J 350 UJ 170 J
[[Dibenz(a,hjanthracene - 1,100] 370 U 54 J 1,700 U 1,700 U 700 U 1,600 U 1,600 U 1,700 U 360 U 330 UJ 350 UJ 410 UJ
"Fluoranthene - 1,100] 370 U 910 5,000 460 J 340 J 1,600 U 650 J 1,700 U 200 J 140 J 350 UJ 130 J
[[Fruorene - 29,000|| 370 U 110 J 380 J 1,700 U 700 U 1,600 U 1,600 U 1,700 U 360 U 330 U 350 UJ 410 UJ
[Iindeno(1,2,3-cd)pyrene - 1,100] 370 U 180 J 800 J 310 J 86 J 1,600 U 210 J 1,700 U 88 J 110 J 350 UJ 200 J
"Naphthalene - 29,000|| 370 U 52 J 1,700 U 1,700 U 700 U 1,600 U 1,600 U 1,700 U 360 U 330 U 350 UJ 410 UJ
[lPhenanthrene - 1,100] 370 U 850 4,400 1,700 U 94 J 1,600 U 310 J 1,700 U 53 J 414 350 UJ 56 J
HPyrene - 1,100 370 U 350 U 7,200 550 J 320 J 1,600 U 590 J 220 J 240 J 230 J 350 UJ 210 J
Pesticide/Polychlorinated Biphenyls (ug/kg)

4,4-DDD - 100 19 2.8 J 84 J 30 J 13J 8.9 J 24 57 J 4,200 7 1.60 J 410 UJ
4,4 -DDE - 532 82 J 19 260 J 210 110 33U 120 25 460 37 1.60 J 1,400 J
4,4-DDT - 237 54 92 J NA 170 J 30 12 23 13J 900 79 34 2,100 J
Aroclor-1260 - 100 74 U 15J 110 J 110 J 70U 54 J 160 U 17 J 350 U 33U 35 UJ 41 UJ
Total Metals (mg/kg)

Aluminum - 7,669 5,120 8,810 6,590 3,470 3,110 18,600 4,350 4,920 6,160 2,680 1,960 4,400
Antimony 26.4 | 038 U 0.35 U 74 0.41B 05B 41B 09B 04 U NA NA 0.540 U 0.520 U
Copper - 70| 5.1 8.4 421 30.4 27.9 4,260 46.9 64.9 25.6 54.6 5.70 28.5
[liron 53,529 3,669 6,120 2,560 106,000 5,460 5,850 106,000 6,170 7,630 7,280 6,060 2,600 4,000
Lead 400 120|| 8.8 23.8 450 82.6 96.3 2,370 97.8 87.1 49.3 84.6 17.9 305
\anadium 72 26.6|| 15.6 125 66.1 20.9 22.2 40.2 12.9 23.9 19.7 19.9 3.80 J 57.4
Zinc - 38| 132 B 54.6 2,020 127 118 7,560 185 147 415 164 36.3 273
Notes:

Bold blue text represents human health PRG exceedance

Shaded cell represents ecological PRG exceedance

-- No criteria established
*Based on site-wide average
NA - Not analyzed

B - Analyte not detected above the associated blank

J - Reported value is estimated

K - Reported value may be biased high
L - Reported value may be biased low
U - Analyte not detected
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TABLE 3-3

Surface Soil PRG Exceedances
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Station ID SJS02-SS13 SJS02-SS14 SJS02-SS15 SJS02-SS16 SJS02-SS17 SJS02-SS18 SJS02-SS19 SJS02-SS20 SJS17-S001 SJS17-S002 SJS17-S003 SJS17-S004
Sample ID Human Health | Ecological | SJS02-SS13-000 | SJS02-SS14-000 | SJS02-SS15-000 | SJS02-SS16-000* | SJS02-SS17-000 | SJS02-SS18-000 | SJS02-SS19-000 | SJS02-SS20-000 | SJS17-SS01-000 | SJS17-SS02-000* | SJS17-SS03-000 | SJS17-SS04-000
Sample Depth PRG PRG 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs 0-6" bgs
Sample Date 04/21/99 04/21/99 04/21/99 04/21/99 04/21/99 04/21/99 04/21/99 04/21/99 02/14/01 02/14/01 02/14/01 02/14/01
Chemical Name

Semivolatile Organic Compounds (ug/kg)

Acenaphthene - 29,000 380 UJ 390 UJ 400 UJ 420 UJ 390 UJ 360 UJ 380 UJ 410 UJ 63 J 85 J 64 J 370
[Acenaphthylene - 29,000 130 J 390 UJ 110 J 420 UJ 390 UJ 78 J 380 UJ 74 J 140 120 600 110
Anthracene -- 29,000 92 J 390 UJ 43 J 420 UJ 65 J 360 UJ 380 UJ 52 J 160 190 320 790
Benzo(a)anthracene - 1,100 440 J 390 UJ 200 J 140 J 530 J 220 J 380 UJ 360 J 690 720 1,500 2,000
"Benzo(a)pyrene - 1,100 450 J 390 UJ 270 J 140 J 500 J 280 J 380 UJ 380 J 680 640 1,600 2,100
"Benzo(b)ﬂuoranthene - 1,100 670 J 390 UJ 350 J 210 J 570 J 400 J 57 J 590 J 710 590 2,000 1,400
"Benzo(g h,i)perylene - 1,100 400 J 390 UJ 250 J 120 J 330 J 270 J 380 UJ 340 J 650 590 1,600 1,500
"Benzo(k)ﬂuoranthene - 1,100 220 J 390 UJ 110 J 62 J 170 J 140 J 380 UJ 200 J 620 490 1,600 1,300
"Chrysene -- 1,100 420 J 390 UJ 220 J 130 J 550 J 210 J 380 UJ 390 J 770 840 1,900 2,200
||D|benz (a,h)anthracene -- 1,100 380 UJ 390 UJ 400 UJ 420 UJ 390 UJ 360 UJ 380 UJ 410 UJ 190 180 400 440
"Fluoranthene -- 1,100 530 J 390 UJ 250 J 160 J 920 J 230 J 45 J 510 J 1,400 1,700 2,700 4,400
"Fluorene -- 29,000 380 UJ 390 UJ 400 UJ 420 UJ 390 UJ 360 UJ 380 UJ 410 UJ 48 J 72 J 62 J 380 L
"Indeno 1,2,3-cd)pyrene -- 1,100 320 J 390 UJ 200 J 96 J 250 J 210 J 380 UJ 290 J 540 460 1,500 1,300
"Naphthalene -- 29,000 380 UJ 390 UJ 400 UJ 420 UJ 390 UJ 360 UJ 380 UJ 410 UJ 14 J 42 J 53 J 250
"Phenanthrene -- 1,100 160 J 390 UJ 110 J 87 J 610 J 45 J 380 UJ 180 J 650 1,100 620 4,000
HPyrene -- 1,100 100 J 390 UJ 420 J 170 J 1,200 J 460 J 48 J 740 J 1,300 1,700 2,900 4,600
Pesticide/Polychlorinated Biphenyls (ug/kg)

4,4'-DDD -- 100 230 J 3.90 UJ 551J 4.10 UJ 20 J 30 J 3.80 UJ 4.10 UJ 61 J 120 710 140
4,4'-DDE -- 532 1,200 J 12J 120 J 42 J 110 J 510 J 560 J 7,200 J 1,300 160 210 1,100
4,4'-DDT -- 237 2,100 J 4.90 J 110 J 34 J 49 J 150 J 230 J 12,000 J 1,300 320 300 1,200
Aroclor-1260 -- 100 38 UJ 39 UJ 40 UJ 41 UJ 39 UJ 36 UJ 38 UJ 41 UJ 150 44 U 2,700 C 110
Total Metals (mg/kg)

Aluminum -- 7,669 5,960 2,750 6,400 7,500 4,530 2,300 4,620 8,710 6,210 3,600 5,320 5,350
Antimony 26.4 -- 15J 0.570 U 0.570 U 1.10 J 0.530 J 2J 0.580 U 240 J 1.1J 0.53 UL 351J 6.3 J
Copper -- 70 99.4 5.90 17.4 113 56.5 90.7 7.10 87.2 102 J 183 J 569 J 5,030 J
"Iron 53,529 3,669 16,200 5,740 3,750 11,700 5,580 8,910 2,800 15,000 8,850 K 8,980 K 45,200 K 24,800 K
Lead 400* 120 203 13.1 60.2 282 87.9 159 24.4 793 144 K 331 K 1,270 K 3,130 K
Vanadium 72 26.6 25.7 7.80 J 23.3 27.5 18.7 24.7 16.9 138 76.7 20.7 7538 1,410
Zinc -- 38| 626 31.7 76.1 508 126 445 45.9 1,020 221 K 404 K 1,570 K 2,150 K
Notes:

Bold blue text represents human health PRG exceedance

Shaded cell represents ecological PRG exceedance

-- No criteria established
*Based on site-wide average
NA - Not analyzed

B - Analyte not detected above the associated blank

J - Reported value is estimated

K - Reported value may be biased high
L - Reported value may be biased low
U - Analyte not detected
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TABLE 3-4

Subsurface Soil PRG Exceedances
Site 2 Feasibility Study Report

St. Juliens Creek Annex
Chesapeake, Virginia

Bold blue text represents human health PRG

exceedance

*Based on site-wide average

NA - Not analyzed

J - Result may be estimated

L - Reported value may be biased low

U - Analyte not detected

Station ID SJS02-SB01 SJS02-SB02 SJS02-SB03 SJS02-SB04 SJS02-SB05 SJS02-SB06 SJS02-SB07 SJS02-SB08 SJS02-SB09 SJS02-SB10 SJS02-SB11 SJS02-SB12 SJS02-SB13 SJS02-SB15
Sample ID Human Health || SJS02-SB01-003 | SJS02-SB02-002 | SJS02-SB03-000 | SJS02-SB04-004 | SJS02-SB05-002 | SJS02-SB06-001 SJS02-SB07-001 SJS02-SB08-001 SJS02-SB09-001 SJS02-SB10-001 SJS02-SB11-001 SJS02-SB12-001 SJS02-SB13-001 SJS02-SB15-001
Sample Depth PRG 3-5' bgs 0-4' bgs 3-5' bgs 0-4' bgs 0-3' bgs NA 0-4' bgs NA NA NA NA NA NA NA
Sample Date 06/25/97 06/25/97 06/25/97 06/25/97 06/25/97 04/21/99 04/21/99 04/21/99 04/21/99 04/21/99 04/21/99 06/28/01 06/29/01 06/30/01
Chemical Name

Total Metals (mg/kg)

Antimony 26.4 0.37 U NA NA 0.63 J 0.33 U 0.600 UL 0.540 UL 0.450 UL 0.580 UL 0.560 UL 0.680 L 77.7 53.1 2.2
Iron 53,529 15,000 2,360 16,700 11,700 1,850 2,230 8,950 7,890 7,030 10,100 21,000 210,000 66,400 48,700
"Lead 400% 74.3 10.3 885 55.8 5.3 3.10 13 31.7 23.8 50.1 185 8,850 1,670 1,210
"Vanadium 72 24 6.5 J 27.5 21.5 5.3 J 6 J 29.5 26.6 17.8 29.8 38.6 21.8 73 34.2
Notes:




TABLE 3-5

Sediment PRG Exceedances
Site 2 Feasibility Study Report

St. Juliens Creek Annex
Chesapeake, VA

Station ID Human Ecological SJS02-SDO1 SJS02-SD02 SJS02-SD03 SJS02-SD04 SJS02-SD05 SJS02-SD06 SJS02-SDO07 SJS02-SD09 SJS02-SD24 SJS02-SD25 SJS02-SD26
Sample ID Health PRG PRG SJS02-SD01-000 | SJS02-SD02-000 | SJS02-SD03-000 | SJS02-SD03-00-04D | SJS02-SD04-001 | SJS02-SD05-001 | SJS02-SD05-00-04D | SJS02-SD06-001 | SJS02-SD06-00-04D | SJS02-SD07-001 | SJS02-SD09 | SJS02-SD24-00-04D | SJS02-SD25-00-04D | SJS02-SD26-00-04D
Sample Date 07/14/97 07/14/97 06/26/97 10/06/04 04/16/99 04/16/99 10/06/04 04/16/99 10/06/04 04/16/99 07/18/01 10/06/04 10/06/04 10/06/04
Chemical Name

Semi-volatile Organic Compounds (ug/kg)

2-Methylnaphthalene - 70 330U 9,100 UJ 1,300 UL 1,700 U 480 UJ 670 UJ 1,200 U 760 UJ 1,000 U 930 UJ 440 U 700 U 250 J 1,100 U
Acenaphthene - 292 330U 9,100 UJ 1,300 UL 1,700 U 480 UJ 670 UJ 1,200 U 760 UJ 1,000 U 930 UJ 440 U 700 U 490 J 1,100 U
Anthracene - 332 330U 9,100 UJ 130 L 1,700 U 480 UJ 170 J 1,200 U 100 J 1,000 U 930 UJ 440 U 700 U 1,200 1,100 U
Benzo(a)anthracene - 749 87 J 9,100 UJ 440 L 1,700 U 480 UJ 1,300 J 150 J 380J 280 J 930 UJ 100 J 100 J 3,500 270 J
"Benzo(a)pyrene - 732 793 9,100 UJ 660 L 1,700 U 480 UJ 910 J 200 J 360 J 380 J 930 UJ 100 J 140 J 3,900 280 J
"Benzo(g,h,i)perylene - 670 86 J 9,100 UJ 580 L 1,700 U 480 UJ 690 J 210J 230 J 410 J 930 UJ 440 U 150 J 2,700 J 230J
"Benzo(k)fluoranthene - 467 59 J 9,100 UJ 470 J 1,700 U 480 UJ 420 J 1,200 U 170 J 210 J 930 UJ 60 J 78 J 1,000 150 J
"Chrysene - 986 130 J 9,100 UJ 680 L 1,700 U 480 UJ 1,400 J 190 J 360 J 390 J 930 UJ 120 J 120 J 3,300 390 J
"Dibenz(a,h)anthracene - 292 330 U 9,100 UJ 1,300 UL 1,700 U 480 UJ 670 UJ 1,200 U 760 UJ 1,000 U 930 UJ 440 U 700 U 500 J 1,100 U
"Diethylphthalate - 200 330 U 9,100 UJ 250 L 1,700 U 480 UJ 670 UJ 1,200 U 760 UJ 1,000 U 930 UJ 440 U 700 U 840 U 1,100 U
"Fluoranthene - 2,500 330U 930 J 850 L 180 J 480 UJ 2,200 J 270 J 880 J 540 J 930 UJ 190 J 180 J 4,300 430 J
"Fluorene - 292 330 U 9,100 UJ 1,300 UL 1,700 U 480 UJ 793 1,200 U 760 UJ 1,000 U 930 UJ 440 U 700 U 550 J 1,100 U
||Indeno(1,2,3-cd)pyrene - 600 84 ] 9,100 UJ 530 L 1,700 U 480 UJ 500 J 160 J 180 J 320 J 930 UJ 440 U 120 J 1,800 J 180 J
"Naphthalene - 292 330U 9,100 UJ 1,300 UL 1,700 U 480 UJ 670 UJ 1,200 U 760 UJ 1,000 U 930 UJ 440 U 700 U 280 J 1,100 U
||Phenanthrene - 376 47 3 9,100 UJ 190 L 1,700 U 480 UJ 1,100 J 1,200 U 530 J 190 J 930 UJ 150 J 700 U 5,300 260 J
HPyrene - 1,905} 230 J 1,200 J 1,100 L 170 J 48 ) 3,100 J 290 J 850 J 7200 930 UJ 220 J 2100 9,400 J 610 J
Pesticide/Polychlorinated Biphenyls (ug/kg)

Aroclor-1254 - 22.7] 33U 110 J 120 U 170 U 47 UJ 65 UJ 120 U 75 UJ 100 U 93 UJ 44 U 70 U 84U 110 U
Aroclor-1260 - 22.7] 33U 110 UJ 69 J 170 U 47 UJ 65 UJ 120 U 75 UJ 100 U 93 UJ 44 U 70 U 84 U 110 U
Dieldrin - 2.9 33U 11 UJ 36 133 4.70 UJ 6.5 UJ 1.8J 7.5 UJ 1.4 9.30 UJ 44U 0911 1.2 291
alpha-Chlordane - 9.1 17U 7313 28 8.6 U 2.40 UJ 79 J 7.6 40 J 21 7.70 J 22U 551J 23 34
|gamma-Chlordane - 9.7 17U 9.81J 29J 8.6 U 2.40 UJ 96 J 12 58 J 317 12 22U 10 41 49
Total Metals (mg/kg)

Barium - 121] 1543 55.7 J 109 J 49.9 ) 410 102 83.6 J 89.3 131 79.4J 81.2 59.9 74.1 121
Cadmium - 10.9| 0.14 J 4 251 4.6 0.530 J 8.20 8.5 7.30 12.3 4.60 9.2 3.6 4.4 10.9
Chromium 53 260 6.5 277 2,630 249 11.6 1,180 905 1,900 1,920 392 55.9 600 387 260
Copper - 421 4.4 344 2,620 327 18.2 1,200 1,040 2,030 1,790 494 160 692 521 421
Cyanide - 0.1 0.54 U 14U 21U 0.13 U 0.584 0.417 U 0.34 0.524 U 0.14 U 0.549 U NA 0.4 0.55 0.14 U
Lead - 351 155 161 545 201 14.9 312 408 366 495 250 211 260 323 351
"Nickel - 44 1.8B 16.4 K 415 23.6 J 21 32.6 45.8 35.9 41.2 29.1 8.3 23.3 25.3 21.2
"Zinc - 758" 19.2 416 1,400 L 424 ) 42.8 888 991 J 1,120 1,470 J 539 405 619 J 1,270 J 758 J
Notes:

Bold blue font represents human health PRG exceedance

Shaded cell represents ecological PRG exceedances

NA - Not Analyzed

B - Analyte not detected above associated blank
J - Reported value is estimated

K - Reported value may be biased high

L - Reported value may be biased low

U - Analyte not detected
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TABLE 3-6

Ecological Preliminary Remediation Goals
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

Chemical PRG
Surface Soil (mg/kg)
Inorganics (mg/kg)
Aluminum 7,669
Copper 70
Iron 3,669
Lead 120
Vanadium 26.6
Zinc 38
Pesticides/PCB (ug/kg)
4,4-DDD 100
4,4-DDE 532
4,4-DDT 2371
Aroclor-1260 100
SVOCs (ug/kg)
Acenaphthene 29,000
Acenaphthylene 29,000
Anthracene 29,000
Benzo(a)anthracene 1,100
Benzo(a)pryene 1,100
Benzo(b)fluoranthene 1,100
Benzo(g,h,i)perylene 1,100
Benzo(k)fluoranthene 1,100
Chrysene 1,100
Dibenz(a,h)anthracene 1,100
Fluoranthene 1,100
Flourene 29,000
Indeno(1,2,3-cd)pyrene 1,100
Naphthalene 29,000
Phenanthrene 1,100
Pyrene 1,100
Site 2 Sediment (mg/kg)
Inorganics (mg/kg)
Barium 121
Cadmium 10.9
Chromium 260
Copper 421
Cyanide 0.1
Lead 351
Nickel 44
Zinc 758
Pesticides/PCBs (ug/kg)
Aroclor-1254 22.7
Aroclor-1260 22.7
Alpha-Chlordane 9.1
Gamma-Chlordane 9.7
Dieldrin 29
SVOCs (ug/kg)
2-Methylnaphthalene 70
Acenaphthene 292
Anthracene 332
Benzo(a)anthracene 749
Benzo(a)pryene 732
Benzo(g,h,i)perylene 670
Benzo(k)fluoranthene 467
Chrysene 986
Dibenz(a,h)anthracene 292
Diethylphehalate 200
Fluoranthene 2500
Flourene 292
Indeno(1,2,3-cd)pyrene 600
Naphthalene 292
Phenanthrene 376
Pyrene 1905




TABLE 3-6

Ecological Preliminary Remediation Goals
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

Chemical PRG
St. Juliens Creek Sediment (mg/kg)
Inorganics (mg/kg)
Barium 121
Cadmium 10.9
Chromium 260
Copper 421
Cyanide 0.67
Lead 351
Nickel 44
Zinc 758
Pesticides/PCB (ug/kg)
Aroclor-1254 22.7
Aroclor-1260 22.7
Alpha-Chlordane 9.1
Gamma-Chlordane 9.7
Dieldrin 29
SVOCs (ug/kg)
2-Methylnaphthalene 70
Acenaphthene 292
Anthracene 492
Benzo(a)anthracene 1300
Benzo(a)pryene 1100
Benzo(g,h,i)perylene 672
Benzo(k)fluoranthene 1400
Chrysene 1500
Dibenz(a,h)anthracene 410
Diethylphehalate 608
Fluoranthene 2600
Flourene 292
Indeno(1,2,3-cd)pyrene 624
Naphthalene 292
Phenanthrene 920
Pyrene 1905




TABLE 3-7

St. Juliens Creek Sediment PRG Exceedances
Site Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, VA

Station ID Ecological SJS02-SD08 SJS02-SD15 SJS02-SD16 SJS02-SD17 SJS02-SD18 SJS02-SD19 SJS02-SD20
Sample ID PRG SJS02-SD08-001 | SJS02-SD08-002 |  SJIS02-SD15-00-04A SJS02-SD16-00-04A SJS02-SD17-00-04A SJS02-SD18-00-04A SJS02-SD19-00-04A SJS02-SD20-00-04A
Sample Date 04/14/99 10/27/99 01/06/04 01/06/04 01/06/04 01/06/04 01/06/04 01/06/04
Chemical Name

Semi-volatile Organic Compounds (ug/kg)

2-Methylnaphthalene 70 550 UJ NA 700 U 700 U 490 U 670 U 640 U 750 U
Acenaphthene 292 550 UJ NA 700 U 700 U 490 U 670 U 640 U 750 U
Anthracene 492 550 UJ NA 833 140 J 81 120 J 640 U 4103
Benzo(a)anthracene 1,300 86 J 160 L 250 3 540 J 250 3 4703 99 J 1,100
[[Benzo(a)pyrene 1,100] 91 J 100 L 610 J 880 520 1,100 84 J 1,600
[[Benzo(g.h.iperylene 672 83 J 130 L 700 U 88 J 280 J 560 J 640 U 760
[[Benzo(kfiuoranthene 1,400] 773 130 L 340 J 630 J 340 J 580 J 78 J 970
[lchrysene 1,500 1203 550 L 350 J 610 J 370 J 680 82 J 1,800
[[pibenz(a,hyanthracene 410 550 UJ NA 120 J 210 J 100 J 190 J 640 U 290 J
[[Diethylphthalate 608|| 550 UJ 100 L 700 U 700 U 490 U 670 U 640 U 750 U
[[Fluoranthene 2,600|| 150 J 240 L 440 J 860 350 J 700 130 J 2,300
[[Fluorene 292|| 550 UJ NA 700 U 700 U 490 U 670 U 640 U 750 U
[Iindeno(1,2,3-cd)pyrene 624 78 J 100 L 330 J 470 J 270 J 500 J 640 U 750
[INaphthatene 292|| 550 UJ NA 700 U 700 U 490 U 670 U 640 U 750 U
[lPhenanthrene 920 550 UJ 160 L 700 U 1103 573 76 3 640 U 190 J
HPyrene 1,905 130 J 230 L 580 J 1,100 460 3 890 120 3 1,800
Pesticide/Polychlorinated Biphenyls (ug/kg)

Aroclor-1254 227 54 UJ NA 70 U 70 U 49U 67 U 64 U 75 U
Aroclor-1260 227 54 UJ NA 70 U 70 U 49U 67 U 64 U 75 U
Dieldrin 2.9 5.40 UJ NA 7U 7U 49U 6.7 U 6.4 U 75U
[latpha-chiordane 9.1 0.820 J NA 36U 36U 163 34U 33U 6.7
gamma-Chlordane 9.7 153 NA 36U 36U 213 34U 33U 19
Total Metals (mg/kg)

Barium 121 152 J 263 385 J 438 216 J 35.6 J 409 68.5 J
Cadmium 109 110 J 15 0.08 U 0.073 U 0.78 0.14J 0.076 U 45
Chromium 260 67.1 84.1 325 36.7 61.8 476 30.1 443
Copper 421 94.8 115 92.6 K 47.8 K 111 K 79.6 K 10.1 K 461 K
Cyanide 0.67, 180 L 0.400 U 0.86 J 0.27 U 0.22 3 0.26 U 0.32J 3
Lead 351 54.2 64.8 83.1 77.0 65.4 98.8 16.8 219
[INicke! 44 7103 8.60 J 136 J 167 85 14.4 146 J 20
[lzinc 758 173 203 249 K 173 K 225 K 251 K 61.6 K 609 K
Notes:

Shaded cell represents ecological PRG exceedances

NA - Not Analyzed

B - Analyte not detected above associated blank

| - Interferences present which may cause the results to be biased high

J - Reported value is estimated

K - Reported value may be biased high
L - Reported value may be biased low
R - Unreliable result

U - Analyte not detected
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Legend Figure 3-1

Waste, Soil, and Sediment Remediation Areas
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

[ Site 2 Boundary 8 Human Health Risk-Based Remediation Area

[ Extent of Waste* Ecological Risk-Based Remediation Area
Wetland (O Human Health PRG Exceedance
@ Surface Soil Sample Location () Ecological PRG Exceedance
@ Subsurface Soil Sample Location Human Health and Ecological PRG Exceedance

° : .
Sediment Sample Location *Human health and ecological risk are

assumed within the extent of waste. CH2MHILL




Legend

D Site Boundary - Low-Concentration Target Area (COCs > PRG)
Drainage [ High-Goncentration Target Area (TGE > 7,800 pg/L)*
Demolished Building Heptachlor Epoxide Target Area*

Wetland Naphthalene Target Area*

@ Shallow Monitoring Well Location *Actual limits have not been delineated. Extent will be confirmed
) N during the Remedial Action and through implementation of a
— Estimated Groundwater Flow Direction monitoring plan.

Figure 3-2

Groundwater Remediation Areas
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia
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SECTION 4

Screening of Remedial Technologies and
Identification of Remedial Alternatives

General response actions are broad responses, remedies, or technologies developed to meet
site-specific RAO(s) and address COCs, migration pathways, and exposure routes. The
general response actions listed below have been identified for the remediation of Site 2:

¢ No Action

e Insitu Treatment

e Containment

e Removal

¢ Administrative and Engineering Controls
e Monitoring

The No Action response is included in accordance with the NCP to serve as a baseline for
evaluation of the remedial actions.

In situ Treatment response actions are in situ methods of reducing the toxicity, mobility,
volume, or mass of contaminants in groundwater. Treatment technologies include
biological, chemical, or thermal processes.

The Containment response actions are methods to reduce the exposure and/or mobility of
contaminants in waste, soil, sediment, or shallow groundwater. Containment technologies
can be biological, physical, or chemical in nature.

The Removal response actions would reduce or remove the volume of contaminants in
waste, soil, sediment, or shallow groundwater. This response action can be applied to the
entire site or select areas.

Administrative and Engineering Controls consist of a number of alternatives that can be used
alone or as part of another response action. Administrative land use controls (LUCs) include
activities such as restricting groundwater use through land-use, deed, or access restrictions
and regulations promulgated to require a permit for various activities (e.g., excavation,
installation of wells). Engineering controls physically limit access or land use on a property
or exposure to contaminated media through engineered structures.

The Monitoring response action includes a groundwater sampling and analysis program to
assess the behavior of contaminants over time, natural processes attenuating the
contaminants, and performance of an active remediation.

4.1 Screening of Remedial Technologies

Prior to developing potential remedial alternatives to address contamination of Site 2 as a
whole, the technologies were screened. Waste, soil, sediment, and shallow groundwater
were considered individually or in combination for the screening of each technology.
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Surface water and sediment pore water contamination would be addressed via the
remediation of waste, soil, sediment, and shallow groundwater and were therefore not
factored into the screening.

The screening process incorporated the Navy’s preference to select a remedy that would
minimize impacts to current land use, meet proposed RAOs, and minimize the timeframes
during which the treatment technology would have to be operated and maintained. The
recent initiative by USEPA for consideration of sustainable environmental practices in
remediation, which favors remedies with lower carbon footprints, was also incorporated.
Technologies were divided into process options and screened out for a variety of reasons
depending on their effectiveness, operations and maintenance (O&M) costs, and consistency
with the established RAOs. Table 4-1 summarizes the screening process, and is color-coded
based on the media considered for each technology.

Technologies retained for further consideration included those that prevent direct contact
with contaminants or have the potential to significantly reduce contaminant concentrations
or contaminant mass flux and are cost-effective given the size of the target treatment areas
and the levels of contamination. Technologies retained for the groundwater component also
complement the naturally occurring biodegradation of CVOCs. No Action was retained as a
baseline comparison of alternatives.

For the waste, soil, and sediment, the following were retained:

e Cover - Retained for the waste, soil, and sediment (within Site 2) based on its ability to
effectively remove direct contact between the contaminants and potential receptors.

e Excavation (Site 2) - Retained for the excavation of unsaturated and saturated soil,
sediment, and waste within the high-concentration target area based on its effectiveness
in removing contaminant mass and reducing toxicity in a short timeframe.

e Excavation (St. Juliens Creek) - Retained for the excavation of sediment within
St. Juliens Creek based on its effectiveness in removing contaminant mass and reducing
toxicity in a short timeframe.

e LUCs - Retained because of the relatively low cost and effectiveness in preventing direct
contact between contaminants and potential receptors, provided controls are properly
maintained.

For shallow groundwater, the following were retained:

e Enhanced reductive dechlorination (ERD) - Retained for all shallow groundwater
based on its proven effectiveness, compatibility with existing site conditions, ability to
treat CVOC back diffusion with minimal maintenance, low safety hazard during
implementation, and moderate cost. ERD includes biostimulation (addition of carbon
and/or nutrients) and bioaugmentation (addition of microbial cultures).

e Permeable reactive barrier (PRB) - Retained for the low-concentration target area as a
contingency measure based on its effectiveness in passively intercepting and degrading
the CVOC plume prior to off-site migration; low safety hazard during implementation
through limited subsurface disturbance and downgradient placement, which reduces
the likelihood of encountering hazardous waste or MEC; and moderate cost.
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e Slurry wall/sheet pile - Retained for the high-concentration target area based on its
effectiveness in reducing contaminant mass flux from its source and ease of
implementation through limited subsurface disturbance, which reduces the likelihood of
encountering hazardous waste or MEC.

e Funnel and gate - Retained for high-concentration target area based on its effectiveness
in preventing a lateral increase in the contaminant plume plus treatment to reduce the
contaminant mass and ease of implementation through limited subsurface disturbance,
which reduces the likelihood of encountering hazardous waste or MEC.

e LUCs - Retained for all shallow groundwater based on relatively low cost and
effectiveness in preventing direct contact between contaminants and potential receptors,
provided controls are properly maintained.

e Monitored natural attenuation (MNA) - Retained for all shallow groundwater based on
its potential effectiveness from naturally occurring processes and resulting low capital
and O&M costs.

e Performance monitoring - Retained for combination with all shallow groundwater
options to monitor the continued effectiveness of each alternative.

4.2 Development of Remedial Alternatives

Remedjial alternatives were developed by combining process options retained following the
initial screening process presented in Table 4-1. To avoid evaluating an unmanageable
number of alternatives, only the most logistically and technically sensible combinations for
the given site conditions were carried forward. Eight remedial alternative combinations
were developed and provide a range of less to more aggressive technologies. All
alternatives, with the exception of No Action, meet Site 2 RAOs. The alternatives are as
follows:

Site 2 Waste, St. Juliens

Soil, and Creek High- Low- Heptachlor
Sediment Sediment Concentration  Concentration Naphthalene Epoxide
Alternative Area Area Target Area Target Area Target Area Target Area
1 No Action No Action No Action No Action No Action No Action
2 Cover Excavation MNA MNA MNA MNA
3 Cover Excavation Sheet Pile MNA MNA MNA
4 Cover Excavation ERD MNA MNA MNA
5 Cover Excavation ERD ERD MNA MNA
6 Cover Excavation Funnel and MNA MNA MNA
Gate
7 Cover Excavation Excavation MNA MNA MNA
8 Cover Excavation Excavation ERD MNA MNA
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In addition to the remedial alternatives for each component, a PRB contingency has been
developed independently for addition to any of the alternatives.

The remedial alternatives component areas listed above are shown on Figure 4-1. The
remedial alternatives developed in the following sections are intended to be conceptual.
Assumptions are provided for each of the alternatives for the purpose of evaluating the
alternatives. However, actual details will be developed during the remedial design phase
and may vary.

421 Development of Common Components for Alternatives

Several components are common to multiple alternatives. With the exception of Alternative
1 (No Action), each of the remedial alternatives evaluated requires installation of a cover,
excavation of St. Juliens Creek sediment, MNA of the naphthalene and heptachlor epoxide
target areas, implementation of LUCs to prevent unacceptable risk exposure, and
performance monitoring. A description of these common components follows to reduce the
redundancy in the individual alternative descriptions:

Cover Over Waste, Soil, and Sediment

The proposed cover would extend over the waste area with the exception of the portion that
is currently covered by the existing asphalt parking lot. The area of the cover is estimated at
3.4 acres, as shown on Figure 4-2, and may be refined as described in Section 3.2.2. The
proposed cover and existing asphalt prevent direct contact by human and ecological
receptors with the site media (soil and sediment) and minimize infiltration of precipitation
through the media. By placing a soil cover over the Site 2 inlet, surface water will be
removed from the site and therefore risk from this exposure pathway will no longer be
applicable. The cover alternative incorporates actions for erosion and sediment control
protection, maintenance and performance monitoring (soil cover inspection), and LUCs
(future land use management). For each of the alternatives, with the exception of
Alternative 3, a soil cover is assumed. For Alternative 3, an impermeable multimedia cover
would be installed over the portion of the site encapsulated by sheet pile. Details of this
exception are provided in Section 4.2.4.

Prior to installation of the cover, this alternative would require re-routing the drainage
system (storm sewer system and overland flow) through a constructed conduit, either below
ground surface or in an aboveground drainage ditch. For the FS conceptual design, it was
assumed that the storm sewer system would be re-routed to the southwest under the
parking lot northwest of Site 2, pass under Cradock Street through a culvert, and tie into the
drainage ditch on the western side of Cradock Street. Overland drainage would be directed
around the cover via drainage ditches installed along the western and eastern sides of the
cover. The western drainage would pass under Cradock Street through a culvert and tie into
the existing drainage ditch. The eastern drainage would lead to a new culvert, passing
under St. Juliens Road and outletting to St. Juliens Creek. The proposed drainage route is
shown on Figure 4-2, and more detailed assumptions are provided with the cost estimates
(Appendix C).

Once the drainage has been re-routed, the cover installation consists of modifying the site
topography to ensure drainage/ prevent pooling and placing a layer of low permeability soil
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over the Site 2 waste, soil, and sediment. Before the cover is installed, erosion and sediment
controls would be implemented in accordance with the Virginia Erosion and Sediment Control
Handbook, Third Edition (Virginia Department of Conservation and Recreation, 1992) and
site vegetation would be cleared. For this FS conceptual design, it is assumed that general
fill would be used to fill in the inlet and achieve a minimum 2 percent slope for drainage
and maximum 3H:1V slope for stability across the site. If offsite borrow materials —
including general fill, vegetative support material, and topsoil —are used, they would be
certified clean through analytical testing of VOCs, SVOCs, pesticides/ PCBs, and metals and
comparison to Regional Screening Levels and the 95 percent Bohicket background UTL. The
soil cover is assumed to be a minimum of 2 ft thick, consisting of an 18-inch vegetative
support layer overlain by a 6-inch topsoil layer, and would be stabilized with native grasses
and wildflowers to prevent erosion. Vegetative stabilization would consist of hydroseeding
all or portions of the site to establish a vegetative stand of temperature- and drought-
resistant native grasses and wildflowers.

Eleven shallow groundwater monitoring wells and one deep groundwater monitoring well
located within the waste, soil, and sediment remediation areas would be affected by the
cover installation. For this FS, it is assumed that they would be abandoned, although
modification may be possible. Additionally, abandonment of three deep groundwater
monitoring wells outside of the remediation area is assumed because the deep groundwater
investigation is complete and no further action is required (CH2M HILL, 2008). It is
assumed that seven replacement shallow groundwater monitoring wells would be installed
after the cover is completed. The actual number of wells to be abandoned and locations of
replacement monitoring wells would be selected based on the monitoring plan that would
be developed in association with the remedial design. It is assumed that monitoring wells
would be constructed of 2-inch inside diameter Schedule 40 polyvinyl chloride (PVC) screen
and riser with 10-ft-long well screens. The monitoring wells would be constructed to the top
of the Yorktown confining unit, located approximately 15 to 25 ft bgs.

Because of the historical site activities, it is assumed that an Explosives Safety Submission
would be required before beginning any intrusive activities at the site. The level of MEC
support necessary would depend on the activities and must be endorsed by Naval
Ordnance Safety and Security Administration and Department of Defense Explosive Safety
Board. For purposes of this FS, it is assumed that an unexploded ordnance (UXO) team,
consisting of one to four people, would provide support (e.g., avoidance or construction) for
all intrusive activities at Site 2. Specific assumptions for team size and support procedures
are provided within the cost estimated for each alternative (Appendix C). The UXO support
personnel would have direct control of all intrusive activities in order to achieve maximum
operational safety. The UXO support team would be responsible for identifying any
potential MEC-related items through the use of visual observation, all-metals detectors,
and/or mechanical screening as appropriate based on the activity. It is assumed that no
intrusive activities may take place without the presence of the UXO support team.

Installation of the cover would result in permanent loss of the existing wetland and require
compensatory mitigation. It is assumed that an offsite compensatory mitigation wetland
would be constructed. A potential site (IR Site 19) has been identified for wetland creation,
and a conceptual design for the area has been prepared to evaluate the feasibility of the site
and estimate the associated cost for consideration in evaluating the alternatives (Appendix
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D). For this FS it is assumed that material excavated to create the compensatory mitigation
wetland would be used as general fill to achieve the required slopes during construction of
the cover; however, the material may come from another approved offsite source. Because
IR Site 19 was previously closed with no further action after a removal action was
conducted to remove all soil posing unacceptable risk, no additional analytical testing
would be required.

Excavation of St. Juliens Creek Sediment

The sediment from within the remediation area in St. Juliens Creek would be excavated and
disposed offsite (Figure 4-2). Prior to excavation, erosion and sediment controls would be
implemented in accordance with the Virginia Erosion and Sediment Control Handbook, Third
Edition (Virginia Department of Conservation and Recreation, 1992). Based on the
proximity of the remediation area to the shoreline, it is assumed that the sediment would be
excavated from the shore using a long-reach excavator. Disposal facility selection would be
based on the results of waste-characterization samples and would be approved by the Navy
before any material is transported offsite.

Monitored Natural Attenuation of the Naphthalene and Heptachlor Epoxide Target Areas

MNA would be implemented to address the naphthalene and heptachlor epoxide target
areas. Assumptions associated with the frequency, duration, and analytes are provided in
the cost estimates (Appendix C) and would be developed in association with a future
monitoring plan.

MNA is a viable alternative where conditions conducive to natural degradation of
contamination are evident. MNA is a passive treatment that relies on physical (dilution,
volatilization, and adsorption), biological (aerobic and anaerobic biodegradation), and
chemical processes (abiotic transformation) to naturally reduce the toxicity, mobility, and
volume, mass, or concentration of contaminants. The effectiveness of the natural attenuation
processes would be periodically monitored.

Naphthalene can undergo aerobic and anaerobic biodegradation. Similar to aromatic VOCs,
it can be used as an electron donor source and is mineralized ultimately to carbon dioxide.
The rate of biodegradation would be impacted by the extent of naphthalene sorption and
available electron acceptors. Naphthalene is retarded, or has a slower contaminant velocity
because of sorption, in groundwater more than the CVOCs present at Site 2.

Heptachlor epoxide attenuation is reliant upon a combination of physical, chemical, and
biological processes. It strongly sorbs to soil; therefore, it is highly retarded in groundwater
and is not expected to migrate once it enters groundwater, which is likely the reason for the
small isolated plume observed at Site 2. Therefore, even though anaerobic biodegradation
and abiotic photolysis rates are generally very low in the environment, contaminant
mobility is reduced, allowing these processes to reduce contaminant mass without plume
migration. Concurrently, dispersion and dilution work to reduce contaminant
concentrations. For this FS it is assumed that one new monitoring well would be installed
downgradient of the heptachlor epoxide target area as part of the MNA remedy (Figure 4-
2).

4-6 WDC.083080002.AMD



SECTION 4—SCREENING OF REMEDIAL TECHNOLOGIES AND IDENTIFICATION OF REMEDIAL ALTERNATIVES

Land Use Control Implementation

Implementation and maintenance of LUCs would be required until RAOs are achieved and
while waste remains in place. Administrative LUCs include activities such as restricting site
access and use and groundwater use and though land use, deed, or access restrictions and
regulations promulgated to require a permit for various activities (e.g., excavation,
installation of wells). Engineering controls physically limit access or land use on a property
or exposure to contaminated media through engineered structures (e.g., fences, signs).

4.2.2 Alternative 1 - No Action

Alternative 1 is the no-action alternative. Under this scenario, no remedial action would be
taken at Site 2, and waste and contaminants in the soil, sediment, surface water, and shallow
groundwater would remain in place. Alternative 1 is required as a baseline for comparison
of alternatives.

4.2.3 Alternative 2 - Cover (Waste and Soil), Excavation (St. Juliens Creek
Sediment), and Monitored Natural Attenuation (High- and Low-Concentration,
Naphthalene, and Heptachlor Epoxide Target Areas)

This alternative consists of installation of a soil cover over the Site 2 waste, soil, and
sediment remediation area, excavation of the St. Juliens Creek sediment remediation area,
and MNA of the naphthalene and heptachlor epoxide target areas, as described in Section
4.2.1 (Figure 4-3). Additionally, MNA would be used to address the high- and low-
concentration target areas. The actual phasing of the remedial alternative components
would be determined during the remedial design; however, for the development of the FS
cost estimates, the following sequence is assumed: The installation of the cover would be
completed first. Once the drainage modifications and cover installation are complete, the
sediment in St. Juliens Creek would be excavated. MNA of the high- and low-concentration
target areas and the naphthalene and heptachlor epoxide target areas would be conducted
concurrently. Once CVOC concentrations at the downgradient edge of the low-
concentration area are below cleanup goals, the sediment in St. Juliens Creek would be
excavated.

A component of the natural attenuation for CVOCs includes biological reductive
dechlorination, which is a naturally occurring, microbially mediated, anaerobic process in
which chlorine atoms on a parent CVOC molecule are sequentially replaced with hydrogen.
In the reductive dechlorination process, electrons are transferred from an electron donor
source to the CVOC compound, which functions as the electron receptor. Therefore, an
external electron donor source is required for the reaction to occur. Potential electron donor
sources include biodegradable organic co-contaminants, native organic matter, or substrates
intentionally added to the subsurface. Anaerobic (reducing) conditions are required for
reductive dechlorination of many CVOCs, and the process should proceed more readily
when competing electron acceptors such as dissolved oxygen, nitrate, manganese(IV), ferric
iron, and sulfate are depleted or present at lower concentration levels.

The predominant parent COC at Site 2 is TCE, and its principal anaerobic biodegradation
pathway is as follows:

TCE = cis-1,2-DCE = VC = ethene—> ethane
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The transformation rate for each step varies but tends to become slower with progress along
the breakdown sequence, and may result in accumulation of 1,2-DCE and VC. However,
these chemicals can also be biodegraded via aerobic degradation pathways.

Based on the presence of degradation products at Site 2 (cis-1,2-DCE, VC, ethane, and
ethane), complete dechlorination of TCE has been occurring in groundwater and is expected
to continue (CH2M HILL, 2008). Geochemical parameters also indicate that conditions are
favorable for reductive dechlorination in groundwater. Cis-1,2-DCE and VC mineralization
may also be occurring, as suggested by the decreasing concentrations of these contaminants
in downgradient wells, along with elevated carbon dioxide concentrations. Natural
attenuation processes should decrease contaminant mass over time; however, total organic
carbon concentrations in groundwater are relatively low (3 to 6 milligrams per liter) given
the depositional environment and may limit the rate of reductive dechlorination at the site.

For evaluation of this alternative, it is assumed that three new groundwater monitoring
wells would be installed within the high- and low-concentration target zones. The assumed
monitoring frequency and analyte list are provided with the cost estimates (Appendix C).

424 Alternative 3 - Cover (Waste and Soil), Excavation (St. Juliens Creek
Sediment), Sheet Pile (High-Concentration Target Area), and Monitored Natural
Attenuation (Low-Concentration, Naphthalene, and Heptachlor Epoxide Target
Areas)

This alternative consists of installation of a cover over the Site 2 waste, soil, and sediment
remediation area, excavation of the St. Juliens Creek sediment remediation area, installation
of sheet pile in the high-concentration target area, and MNA in the low-concentration,
naphthalene, and heptachlor epoxide target areas, as described in Section 4.2.1 (exception
provided in next paragraph). The actual phasing of the remedial alternative components
would be determined during the remedial design; however, for the development of the FS
cost estimates, the following sequence is assumed: The installation of the cover would be
initiated first to establish a relatively level ground surface. Sheet pile installation, as
described in the following paragraph, would be conducted once the grading component of
the cover is complete; the cover layer would be installed after the sheet pile. Once the
drainage modifications of the cover component are complete, the sediment in St. Juliens
Creek would be excavated. MNA of the low-concentration target area and the naphthalene
and heptachlor epoxide target areas would be conducted concurrently. Details of the St.
Juliens Creek sediment remediation area, naphthalene target area, and heptachlor epoxide
target area components are provided in Section 4.2.1. Details of the low-concentration target
area component are provided in Section 4.2.3.

Sheet pile would be installed to encapsulate the high-concentration target area. It is assumed
for this FS that approximately 700 linear ft of sheet pile would be installed around the high-
concentration target area on all sides. The proposed location for the sheet pile is presented
on Figure 4-4. This sheet pile would create a hydraulic barrier to prevent contaminants from
migrating downgradient and prevent groundwater influx from entering into the high-
concentration target area. This would eliminate the source of CVOCs to the low
concentration target area, which would continue to naturally attenuate, and should enable
the plume to shrink faster than if the sheet pile was not used.
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The steel sheet piles would be driven into the subsurface and keyed into the confining unit
(up to a depth of 25 ft bgs) using conventional vibration equipment. Once set to the required
depth, the joint cavities would be flushed clean with pressurized water and grouted to
prevent contaminant migration. This alternative requires limited maintenance and sheet pile
inspection. The monitoring planned to be conducted within the other target areas in
association with the MNA component would confirm that mass flux from this area has been
prevented.

The cover over the Site 2 soil, sediment, and waste remediation area would be installed as
described in Section 4.2.1, with the exception of the area encapsulated by the sheet pile. For
that area of the site, the 2-ft soil cover would be replaced by an impermeable multimedia
cover. As indicated above, because groundwater would be contained within the sheet pile
area, an impermeable cover is necessary in that area to prevent infiltration of surface

water —if allowed to occur, infiltration could raise the water table within the sheet pile area.
Once the appropriate site grade has been established as described in Section 4.2.1 and the
sheet pile is in place, the impermeable multimedia cover would be installed. For this FS
conceptual design, it is assumed that the impermeable multimedia cover would consist of a
40 mil linear low density polyethylene geomembrane, overlain by an 18-inch vegetative
support layer and 6-inch topsoil layer.

4.2.5 Alternative 4 — Cover (Waste and Soil), Excavation (St. Juliens Creek
Sediment), Enhanced Reductive Dechlorination (High-Concentration Target Area),
and Monitored Natural Attenuation (Low-Concentration, Naphthalene, and
Heptachlor Epoxide Target Areas)

This alternative consists of installation of a soil cover over the Site 2 waste, soil, and
sediment remediation area, excavation of the St. Juliens Creek sediment remediation area,
ERD in the high-concentration target area, and MNA to address the low-concentration,
naphthalene, and heptachlor epoxide target areas. The actual phasing of the remedial
alternative components would be determined during the remedial design; however, for the
development of the FS cost estimates, the following sequence is assumed: The installation of
the cover would be completed first to establish a relatively level ground surface. Once the
drainage modifications and cover installation are complete, the sediment in St. Juliens Creek
would be excavated. The ERD (via biostimulation and bioaugmentation [if necessary])
within the high-concentration target area would be implemented in phases, as described
below, after installation of the cover. MNA of the low-concentration target area and the
naphthalene and heptachlor epoxide target areas would be conducted concurrently. Details
of the Site 2 waste, soil, and sediment remediation area, St. Juliens Creek sediment
remediation area, naphthalene target area, and heptachlor epoxide target area components
are provided in Section 4.2.1. Details of the low-concentration target area component are
provided in Section 4.2.3.

ERD would be implemented in the high-concentration target area (Figure 4-5) by adding a
suitable substrate (soluble or insoluble) and a microbial culture, if necessary, to the
subsurface. The substrate serves multiple purposes: which include creation of strongly
reducing conditions and production of an electron donor source for reductive
dechlorination. The substrate may also include nutrients, such as B12, which is used by the
dechlorinating bacteria. The selected microbial culture would be capable of reductively
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dechlorinating TCE and its daughter products, thereby preventing the accumulation of DCE
or VC. Bioaugmentation is not necessary if the population of reductive dechlorinators is
present at a suitable population size.

The most commonly used insoluble ERD substrates are Hydrogen Release Compound®
(HRC®) and vegetable oil (emulsified and non-emulsified). Linoleic and other long-chain
fatty acids in the vegetable oil slowly dissolve in water over time and are broken down by
native microorganisms to lower molecular weight fatty acids such as pyruvate and
propionate. Ultimately, the oil degrades to form acetic acid and hydrogen. The hydrogen
and dissolved organic carbon from the acetic acid are then available to support reductive
dechlorination of chlorinated solvents. Both emulsified vegetable oil and HRC® can last
several weeks to years. The benefit of the long-lasting donors is that operation and
maintenance is minimized.

Soluble ERD substrates include benzoate, lactate, acetate, propionate, butyrate, methanol,
ethanol, sucrose, molasses, and hydrogen. These substrates are water soluble, degrade
rapidly, and are transported with groundwater flow. Because these substrates degrade
rapidly, they require more frequent injections than insoluble substrates. They are typically
injected as aqueous solutions into an aquifer using injection wells or direct-push technology
(DPT) methods.

For the purpose of this FS conceptual design and cost estimate, the use of Emulsified Oil
Substrate (EOS®), a slow-release substrate, is assumed, although another substrate may later
be selected. A bench-scale microcosm study, using site-collected soil and groundwater, can
be performed prior to ERD injection in association with the remedial design to help
determine if the appropriate microbial population is present in the subsurface for ERD. It
can also provide guidance on selecting the most effective substrate at enhancing the
reductive dechlorination of CVOC:s at Site 2. EOS® is a patented, engineered, food-grade,
emulsified soybean oil mixed with lactate and trace nutrients. The oil droplets are small
enough to pass through most pores in the soil. It is a biodegradable, non-hazardous
substrate with low viscosity, and is expected to be a long-lasting time-release additive to
enhance the CVOC bioremediation process. Although for this alternative, MNA is
considered to be the remedy for the naphthalene target area, the nutrients in EOS® should
also facilitate the biodegradation of naphthalene present within the high CVOC
concentration area.

Design details are conceptual in nature and presented in this FS to develop costs for
alternative comparison. EOS® is estimated to remain effective in the aquifer for 2 years. This
FS assumes EOS® substrate injection into 40 permanent injection wells located within the
high-concentration target area. Delivery via injection wells increases the ease at which
future injections can be conducted. Additionally, based on results from similar remediation
sites, injection of the ERD substrate is anticipated to take a considerable amount of time.
Therefore, injection via DPT may not be cost-effective because the DPT rig would need to
remain onsite for an extended period of time. For this FS, it was assumed that the injection
would be performed along nine barrier lines. Each line would consist of one to seven
injection wells set at 20-ft centers (Figure 4-5). The barrier lines would be placed 35 ft apart,
allowing for 1 pore volume of groundwater to advect, or flush, between the injection lines
per year, further distributing the substrate in the subsurface. At Site 2, the hydraulic
gradient direction is expected to trend towards St. Juliens Creek to the southwest once the
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tidal inlet is filled in and the localized surface water influence is removed. Following the
installation of the soil cover, water levels will be measured in all monitoring wells to
confirm the direction of groundwater flow and modify the ERD barrier alignments shown in
Figure 4-5, if necessary. The monitoring will also, in combination with the performance
monitoring described below, support the decision of whether or not the contingency PRB
should be implemented (Section 4.2.10). The injection well layout can be modified in the
future based on the achievable site radius of influence. The injection wells would be
constructed of 2-inch diameter PVC, with 10-ft continuous slot (wire-wrapped) well screens.
The wells would be constructed to the top of the Yorktown confining unit, located
approximately 15 to 25 ft bgs.

The bench-scale microcosm study will also evaluate whether bioaugmentation is necessary.
For the purpose of this FS conceptual design and cost estimate, the use of the culture BAC-
9™, is assumed, although another culture may later be selected. BAC-9™ is a dechlorinating
Dehalococcoides (DHC) species culture capable of degrading PCE, TCE, cis-1,2-DCE, and
VC to ethane. The bioaugmentation culture can be injected into the permanent injection
wells or via direct push methods with nitrogen or argon gas. The FS conceptual design
assumes that re-injection would occur every 2 years, similar to the biostimulation schedule.
However, actual re-injection frequency would be based on performance monitoring results.
ERD of the high-concentration target area would be conducted in phases to allow flexibility.
For the initial injection, only a few injection wells would be installed. Based on the results of
injection into these wells, the remedial system could be optimized before installing the
remaining injection wells and implementing future injection points. For this FS, a radius of
influence of 10 ft is assumed based on site characteristics. Approximately 141,000 gallons of
the diluted EOS® solution (approximately 3,500 gallons per well) would be injected into the
treatment zone. The EOS® solution volume estimates are based on a maximum oil retention
by aquifer material of 0.003 kilograms (kg) of oil per kg of soil and an injection contact
efficiency of 75 percent. To avoid surfacing of the ERD substrate, the average injection rate is
assumed to be approximately 3 gallons per minute (gpm) at each injection well. This
assumption is based on previous implementation at another site in Virginia with similar
hydrogeological characteristics. EOS® would be diluted to an approximate 3 percent
solution before injection to minimize impact to the hydraulic conductivity of the lithology.
A sodium bromide tracer can be added to the solution to monitor EOS® transport following
the initial injection and would be monitored using a Hach® selective ion electrode for
bromine. For the microbial culture to be effective, reducing conditions need to be
established in the subsurface. Therefore, the bioaugmentaion injection could be conducted
up to 8 weeks after the biostimulation injection based on measured reduction-oxidation
(redox) conditions. Approximately 1 liter of the BAC-9™ culture would be injected at each
well and flushed with water. Design parameters may be modified based on the results of the
initial injection. It is assumed that nine additional injections would be required, based on the
persistence of the EOS® in the subsurface. For the FS, it is assumed re-injections would occur
every 2 years for a 20-year period. Performance monitoring within the ERD injection area is
important to ensure that effective and optimal conditions are established for the
microorganisms, and to determine whether or not the contingency PRB is necessary (Section
4.2.10). For this FS, it is assumed that one new downgradient shallow groundwater
monitoring well would be installed (Figure 4-5). The new monitoring well, and the
monitoring wells installed in association with the MNA component of the alternative,

WDC.083080002.AMD 4-11



FEASIBILITY STUDY REPORT FOR SITE 2

would be used to monitor the effectiveness and performance of the ERD technology. The
monitoring assumptions, including frequency, duration, and analyte list, are provided in the
cost estimates (Appendix C). The monitoring approach includes analytes that would help to
assess whether CVOCs are decreasing because of degradation or partitioning into the EOS®
and to monitor substrate transport. Performance monitoring would continue after active
remediation ceases if CVOC concentrations in groundwater continue to exceed PRGs.

4.2.6 Alternative 5 - Cover (Waste and Soil), Excavation (St. Juliens Creek
Sediment), Enhanced Reductive Dechlorination (High-Concentration and Low-
Concentration Target Areas), and Monitored Natural Attenuation (Naphthalene and
Heptachlor Epoxide Target Areas)

This alternative consists of installation of a soil cover over the Site 2 waste, soil, and
sediment remediation area, excavation of the St. Juliens Creek sediment remediation area,
ERD in the high- and low-concentration target areas, and MNA in the naphthalene and
heptachlor epoxide target areas. The actual phasing of the remedial alternative components
would be determined during the remedial design; however, for the development of the FS
cost estimates, the following sequence is assumed: The installation of the cover would be
completed first to establish a relatively level ground surface. Once the drainage
modifications and cover installation are complete, the sediment in St. Juliens Creek would
be excavated. The ERD within the high- and low-concentration target areas would be
implemented in phases, as described below, after installation of the cover. MNA of the
naphthalene and heptachlor epoxide target areas would be conducted concurrently with
ERD performance monitoring. Details of the Site 2 waste, soil, and sediment remediation
area, St. Juliens Creek sediment remediation area, naphthalene target area, and heptachlor
epoxide target area are provided in Section 4.2.1. Details of the implementation of ERD in
the high-concentration target area are provided in Section 4.2.5.

ERD would also be implemented in the low-concentration target area to reduce CVOC
concentrations in shallow groundwater more quickly by enhancing the degradation of
CVOCs. For this FS, it is assumed that EOS® would be injected via approximately 68
permanent injection wells. Design details are conceptual in nature and presented in this FS
to develop costs for alternative comparison. A bench-scale microcosm study, using site-
collected soil and groundwater, can be performed prior to ERD injection in association with
the remedial design to determine if the appropriate microbial population exists at Site 2 or if
bioaugmentation is necessary. Additionally the study can designed to help define other
injection details (e.g. if EOS® or another substrate is most effective at enhancing the
reductive dechlorination of CVOCs at Site 2 and if any pH adjustment is necessary). Similar
to Alternative 4, permanent injection wells are initially assumed based on the length of time
required to inject the proposed volume of ERD substrate. The injection wells would be
placed along thirteen injection row barriers with two to seven injection wells per barrier, not
including wells located in the high concentration area (Figure 4-6). The barriers would be set
approximately 35 ft apart, allowing for 1 pore volume of groundwater to advect, or flush,
between the injection lines per year, helping distribute the substrate. At Site 2, the hydraulic
gradient direction is expected to trend towards St. Juliens Creek to the southwest once the
tidal inlet is filled in and the localized surface water influence is removed. Following the
installation of the soil cover, water levels will be measured in all monitoring wells to
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confirm the direction of groundwater flow and modify the ERD barrier alignment, if
necessary. The monitoring will also, in combination with the performance monitoring
described below, support the decision of whether or not the contingency PRB should be
implemented (Section 4.2.10). For this FS, it is assumed the injection points would be set at
20-ft centers and set to the top of the Yorktown confining unit. Approximately 240,000
gallons of diluted EOS® solution (approximately 3,500 gallons per well) would be injected
into the treatment zone. The EOS® solution volume estimates are based on a maximum oil
retention by aquifer material of 0.003 kilograms (kg) of oil per kg of soil and an injection
contact efficiency of 75 percent. To avoid surfacing of the ERD substrate, the average
injection rate is assumed to be approximately 3 gpm at each injection well. EOS® would be
diluted to an approximate 3.4 percent solution before injection to minimize impact to the
hydraulic conductivity of the lithology. For the microbial culture to be effective, reducing
conditions need to be established in the subsurface. Therefore, the bioaugmentaion injection
could be conducted up to 8 weeks after the biostimulation injection based on measured
reduction-oxidation (redox) conditions. Approximately 1 liter of the BAC-9™ culture would
be injected at each well and flushed with water. Design parameters would be modified
based on the results of the initial injection. It is assumed that nine additional rounds of
injection would be required based on the persistence of the EOS® in the subsurface and the
elimination of the continued source of CVOCs to the area through treatment of the high-
concentration target area. For the FS, it is assumed re-injections would occur every 2 years
for a 20-year period.

Performance monitoring would be conducted as described in Section 4.2.5. Two new
shallow groundwater monitoring wells are assumed (Figure 4-6). These new monitoring
wells, along with select existing monitoring wells, would be used to monitor the
effectiveness and performance of the ERD technology and determine whether or not the
contingency PRB is necessary (Section 4.2.10). The monitoring assumptions, including
frequency, duration, and analyte list, are provided in the cost estimates (Appendix C). The
monitoring approach includes analytes that will help to assess whether CVOCs are
decreasing because of degradation or partitioning into the EOS®and to monitor substrate
transport. Performance monitoring would continue after active remediation ceases if CVOC
concentrations in groundwater continue to exceed PRGs.

4.2.7 Alternative 6 — Cover (Waste and Soil), Excavation (St. Juliens Creek
Sediment), Funnel and Gate (High- Concentration Target Area), and Monitored
Natural Attenuation (Low-Concentration, Naphthalene, and Heptachlor Epoxide
Target Areas)

This alternative consists of installation of a cover over the Site 2 waste, soil, and sediment
remediation area, excavation of the St. Juliens Creek sediment remediation area, installation
of a funnel and gate system in the high-concentration target area, and MNA in the low-
concentration, naphthalene, and heptachlor epoxide target areas. The actual phasing of the
remedial alternative components would be determined during the remedial design;
however, for the development of the FS cost estimates, the following sequence is assumed:
The installation of the cover would be initiated first to establish a relatively level ground
surface. Installation of the funnel and gate system, as described in the following paragraph,
would be conducted once the grading component of the cover is complete; the cover layer
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would be installed after the funnel and gate system. Once the drainage modifications and
cover installation are complete, the sediment in St. Juliens Creek would be excavated. MNA
of the low-concentration target area and naphthalene and heptachlor epoxide target areas
would be conducted concurrently. Details of the Site 2 waste, soil, and sediment
remediation area, St. Juliens Creek sediment remediation area, naphthalene target area, and
heptachlor epoxide target area components are described in Section 4.2.1. Details of the
implementation of MNA in the low-concentration target area are described in Section 4.2.3.

A funnel and gate system would be installed to the west, east, and south of the high-
concentration target area in the northern and central portions of the site (Figure 4-7). This
technology uses natural gradients and impermeable walls to drive contaminated
groundwater through an in situ treatment system. At Site 2, the hydraulic gradient direction
is expected to trend towards St. Juliens Creek to the southwest once the tidal inlet is filled in
and the localized surface water influence is removed. This is the same alignment that
CVOCs in the high-concentration target area have traveled, based on the shape of the
groundwater plume. The funnel portion would consist of two impermeable cutoff walls
installed within the aquifer to direct flow toward the permeable gate portion of the system.
The gate would consist of a trenched area filled with a reactive agent that can enhance
reductive dechlorination of CVOCs passing through the gate, thus reducing mass flux and
concentration.

For this FS, it is assumed the gate would extend approximately 70 ft long and 4 ft wide to a
maximum depth of 25 ft bgs, and that it would be constructed using continuous one-pass
trenching and backfilled with 70 percent gravel and 30 percent mulch (Figure 4-7). Zero-
valent iron and activated carbon are unlikely choices for Site 2 because the tidal flux and
brackish water conditions would likely retard the effectiveness of these materials. This
installation method uses a large “chain” excavator with 2-ft-wide buckets to dig the trench
while concurrently backfilling it. The trencher progresses slowly along the trench alignment
to form a continuous wall. To enhance biodegradation even further, for this FS it is assumed
that EOS® would be injected into the permeable gate every 2 years for a period of 30 years. It
is assumed that EOS® would be injected at a 3 percent solution to avoid decreasing the
permeability of the gate. Design details are conceptual in nature and presented in this FS to
develop costs for alternative comparison.

The two funnel walls would be located along the eastern and western sides of the high-
concentration target area, at lengths of approximately 350 ft on each side (Figure 4-7). This
should prevent the CVOCs from spreading laterally as the groundwater flow hydraulics
change after the tidal inlet if backfilled. To prevent contaminated groundwater from going
around the funnel walls, they would be extended slightly upgradient of the high-
concentration target area. The walls would be set within the top of the Yorktown confining
unit, up to a depth of 25 ft. To limit excavation and reduce the risk of potential vertical
migration, funnel walls can be constructed of sheet pile or bentonite slurry using a vibrating
beam barrier. For this FS, it is assumed that the funnel walls would be constructed of sheet
pile, similar to Alternative 3. By directing or funneling the groundwater towards a treatment
gate, the natural groundwater flow velocity may be increased several times. Therefore,
groundwater modeling would be required to develop the final design.

Performance monitoring would be conducted to ensure the effectiveness of the gate.
Monitoring assumptions, including frequency, duration, and analyte list, for both the
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performance monitoring and MNA components of this alternative, are provided in the cost
estimates (Appendix C).

4.2.8 Alternative 7 - Cover (Waste and Soil), Excavation (St. Juliens Creek
Sediment and High-Concentration Target Area), and Monitored Natural
Attenuation (Low-Concentration, Naphthalene, and Heptachlor Epoxide Target
Areas)

This alternative consists of partial excavation to address the high-concentration target area,
installation of a soil cover over the Site 2 waste, soil, and sediment remediation area,
excavation of the St. Juliens Creek sediment remediation area, and MNA to address the low-
concentration, naphthalene, and heptachlor epoxide target areas. The actual phasing of the
remedial alternative components would be determined during the remedial design;
however, for the development of the FS cost estimates, the following sequence is assumed:
The excavation of waste, soil, and sediment within the high-concentration target area would
be conducted first. This would be followed immediately by the construction of the soil
cover. Once the drainage modifications and cover installation are complete, the sediment in
St. Juliens Creek would be excavated. MNA of the low-concentration, naphthalene, and
heptachlor epoxide target areas would be conducted concurrently. Details of the cover over
the Site 2 waste, soil, and sediment remediation area, St. Juliens Creek sediment remediation
area, naphthalene target area, and heptachlor epoxide target area components are described
in Section 4.2.1. Details of the implementation of MNA in the low-concentration target area
are described in Section 4.2.3.

Excavation and offsite disposal of waste, surface soil, subsurface soil, and sediment would
be conducted within the high-concentration target area (Figure 4-8). It is anticipated that
this excavation would concurrently remove a large portion of the area with elevated
naphthalene concentrations; however, because the limits of the naphthalene target area have
not been defined, MNA would be the primary component for that target area, as described
in Section 4.2.1. Excavation of the high-concentration target area would significantly reduce
contaminant mass by removing CVOC-contaminated soil. This would subsequently reduce
the time required to reduce CVOC concentrations in shallow groundwater.

The excavation area covers approximately 24,500 square ft. The excavation would be
conducted to the top of the Yorktown confining unit, up to a depth of approximately 25 ft
bgs. Dewatering would be required because the water table is typically present at 3 to 7 ft
bgs. Because of the depth of the excavation and soil properties, a structural support system
(shoring) would be required for areas of the excavation, in particular near the parking area
and roads, where sloping could not be performed to achieve a safe excavation. No
confirmation samples would be required because the excavation would be performed to
remove the bulk of contaminant source mass and not to achieve soil PRGs. Erosion and
sediment and storm water controls would be implemented to prevent contamination
migration throughout implementation of this alternative, in accordance with the Virginia
Erosion and Sediment Control Handbook, Third Edition (Virginia Department of Conservation
and Recreation, 1992).

Excavated materials would be mechanically screened to identify any MEC-related items
before being loaded for offsite disposal. Materials excavated from below the current water
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table at the time of the excavation may require dewatering before being screened. A
dewatering pad would be constructed on the site to allow water to drain from the soil
sufficiently to allow mechanical screening; it is assumed that this dewatering will be
sufficient to allow for offsite transportation, and no stabilization agents would be required.
Water from the dewatering pad would be contained, analyzed, and transported to an offsite
facility for treatment or disposal.

All excavated materials would be loaded into haul trucks and transported to an offsite
disposal facility. Disposal facility selection would be based on the results of waste-
characterization sample analysis, which would be collected at the rate required by the
disposal facility. For cost-estimating purposes, is assumed the unsaturated soil within the
high-concentration target area would be classified as non-hazardous and the saturated soil
would be classified as hazardous.

4.2.9 Alternative 8 — Cover (Waste and Soil), Excavation (St. Juliens Creek
Sediment and High-Concentration Target Area), Enhanced Reductive
Dechlorination (Low-Concentration Target Area), and Monitored Natural
Attenuation (Naphthalene and Heptachlor Epoxide Target Areas)

This alternative consists of partial excavation to address the high-concentration target area,
installation of a cover over the Site 2 waste, soil, and sediment remediation area, excavation
of the St. Juliens Creek sediment remediation area, excavation in the high-concentration
target area, ERD in the low-concentration target area, and MNA in the naphthalene and
heptachlor epoxide target areas (Figure 4-9). Implementation of this alternative will be as
described in Section 4.2.8 for Alternative 7, with the only exception being the use of ERD in
the low-concentration zone. The actual phasing of the remedial alternative components
would be determined during the remedial design; however, for the development of the FS
cost estimates it is assumed that the ERD component would be implemented after the cover
installation and would be conducted as described for Alternative 5 (Section 4.2.8).

4.2.10 Contingency Permeable Reactive Barrier

A PRB has been developed as a contingency measure for potential addition to any of the
remedial alternatives. Placement of the soil cover, which is a component of each alternative,
will likely result in changes in the shallow groundwater flow over time, and in turn the
contaminant migration. The remedial alternatives are believed to be protective based on
current conditions, but there is uncertainty with how conditions may change (e.g.,
groundwater flow trending more towards St. Juliens Creek) as the remedy is implemented,
as indicated in the preceding sections. If changes in contaminant migration trends are
observed through the groundwater monitoring program, a contingency PRB may be
installed to prevent offsite contaminant migration.

PRBs are constructed underground to intercept groundwater flow and provide a
preferential path through reactive materials. As groundwater passes through the reactive
materials, contaminants are treated and transformed into harmless by-products. If
necessary, a contingency PRB could be installed downgradient of Site 2, similar to the “gate”
described in Section 4.2.7.
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For this FS conceptual design, it is assumed that the PRB would extend approximately 250 ft
long and 4 ft wide to a maximum depth of 25 bgs adjacent to St. Juliens Road, and that it
would be constructed using continuous one-pass trenching and backfilled with 50 percent
gravel, 40 percent mulch, and 10 percent wood chips (Figure 4-2). To enhance
biodegradation even further, for this FS it is assumed that EOS® would be injected into the
PRB every 2 years for a period of 30 years. It is assumed that EOS® would be injected at a 3
percent solution to avoid decreasing the permeability of the PRB. These design details are
only conceptual in nature to provide a cost estimate. EOS® is proposed in this FS since it is
consistent with the remedial alternatives. However, zero valent iron, or another material,
may be a consideration based on future site conditions. It is assumed that three new
monitoring wells would be installed to monitor the effectiveness of the PRB. The assumed
monitoring frequency and analyte list are provided with the cost estimate (Appendix C).
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TABLE 4-1

Screening of Remedial Technologies

Feasibility Study Report for Site 2
St. Juliens Creek Annex
Chesapeake, Virginia

Effectiveness
Protection of Human Health and the Environment
Compliance with ARARs

promote abiotic in situ oxidation of CVOCs.
Oxidants react directly with the contaminants
producing innocuous substances such as carbon
dioxide, water, and chloride.

« Reaction occurs quickly with dissolved contaminants but may
leave sorbed mass and DNAPL largely untreated and some back
diffusion may occur.

* Requires good contact between COCs and reagent.

« Fine-grained lithology, where present, would make uniform
distribution difficult and limit effectiveness.

« Naturally occurring metals (such as chromium) may be temporarily
mobilized under high redox conditions.

« Oxidizing conditions produced are not compatible with other
remedial technologies involving reducing conditions (ISCR, ERD).
« Short-term risks to site workers from handling of oxidants or
storage of chemicals on site.

« Potential short-term risks to the environment if reagents are
discharged into surface water since oxidizing reagents are so
reactive.

waste, and potential MEC may present
challenges.

« High total oxidant demand at site due to organic
matter would require application of large amounts
of reagents.

« Chemical oxidants quickly create oxidizing
conditions in groundwater; however it may be
difficult to maintain oxygenated conditions due to
organic environment.

« Technology would need to be obtained from
specialized vendor.

« Effective life of treatment reagents is short.

« Source area and high organic carbon content
areas would likely require multiple applications.

required because of the high oxidant
demand due to COCs and peat.

« Multiple treatments would likely be
required.

« High cost of reagents is not cost-
effective for low CVOC concentration area
given the limitations of the technology and
anticipated future land use.

General Short-Term Effectiveness Implementability . .
Response Environmental Remedial Long-Term Effectiveness Technical Implementability Primary Screening
Actions Media Technology Process Options Descriptions Reduction of Toxicity, Mobility, and Volume through Treatment Administrative Implementability Relative Cost Range Retain Reject I_ Screening Comment
No Action All None None No action. May result in reduced contaminant Low High No Cost X Retained for baseline
concentrations over time as a result of naturally |+ Evidence of natural degradation processes exists. However, time |No work required, so easily implementable. comparison.
occurring processes. to achieve RAOs may be decades or more in some areas.
* Short-term risks to human health and environment from exposure
to COCs in site media until RAOs are achieved.
In Situ Treatment |Site 2 Waste, Soil, [Physical Solidification/ Solidifying or stabilizing agents are mixed with Moderate Low to Moderate High X Rejected. Technology has high

Sediment and St.  [Treatment Stabilization contaminated soil to physically or chemically bind |+ Effective for inorganics. « Buried waste must be removed prior to mixing in [+ High cost associated with excavation of cost and significant health and

Juliens Creek contaminants. « Effectiveness for VOC, SVOCs, and pesticides may be minimal; stabilization/solidification materials. waste and potential MEC. safety concerns due to

Sediment leachability testing would be required to assess. « Special procedures required due to potential of [+ Additional costs for soil mixing and required excavation of waste
« Long-term effectiveness may decrease over time if site is not encountering MEC during excavation. stabilizing/solidifying materials. and potential presence of
maintained. « In St Juliens Creek, shoring and de-watering « Contaminated soil and sediment would MEC. Technology also has
« Effectiveness within St. Juliens Creek may decrease over time would be required during installation. be stabilized onsite and would have no limited known effectiveness for
since treated sediment would remain under water. « Solidified soil may inhibit future site use since disposal costs. VOCs, SVOCs, and pesticides.
« Excavation (required prior to solidification/ stabilization to remove [intrusive constructions activities would be very May limit future land use since
waste) presents a short-term risk to site workers, who may be difficult to implement. intrusive construction activities
exposed to high contaminant concentrations and potential MEC. « Reagent delivery and soil mixing can be difficult. would be very difficult to
* Runoff of contaminated media during soil mixing presents a short- |+ Wetland re-establishment would be unlikely and implement. Technology would
term risk to the environment. offsite compensatory mitigation would be required. be difficult to implement within

St. Juliens Creek due to
presence of surface water.
Groundwater Chemical In Situ Chemical Oxidants (peroxide, persulfate, permanganate, or |Moderate Moderate Moderate to High X Rejected. Low technology
Treatment Oxidation (ISCO) ozone) are injected into the subsurface to « Effective for CVOCs, PAHSs, and chlorinated pesticides. « Presence of underground and overhead utilities, [+ Large quantity of reagent would be compatibility with current site

conditions. High carbon
content and CVOC
concentrations result in very
high oxidant demand which
may be technically impractical
and/or result in high costs.
Oxidants could pose short-term
risk to site workers and the
environment.

In Situ Chemical
Reduction (ISCR)

Reducing agents (zero-valent iron [ZVI]) are
added into the subsurface via direct injection,
high-pressure injection, or soil mixing to promote
abiotic in situ reduction. In tight soils, high
pressure injections typically result in a larger
radius of influence than direct injection, due to
the fracturing cause by the high pressure.

Moderate

« Effective for CVOCs. Not effective for PAHs or pesticides.

« Reaction occurs quickly with dissolved contaminants but may
leave sorbed mass and DNAPL largely untreated and some back
diffusion may occur.

« Requires good contact between COCs and reagent.

« Fine grained lithology, where present, may make uniform
distribution difficult and would limit effectiveness.

« Naturally occurring metals (iron, manganese, arsenic, vanadium)
may be mobilized under low redox conditions.

« Brackish tidal water may limit effectiveness of ZVI.

« Short-term risks to site workers from handling of reducing agents
or storage of chemicals on site. Soil mixing presents a short-term
risk due to exposure to high contaminant concentrations and
potential MEC.

Low to Moderate

« Buried waste in treatment area must be removed
prior to soil mixing.

« Presence of underground and overhead utilities,
waste, and potential MEC may present
challenges.

« Fracturing and injection would not likely achieve
adequate reagent distribution due to aquifer
heterogeneity and buried waste.

« Technology would need to be obtained from
specialized vendor.

« Relatively long-lived treatment reagents.

« Source area may require multiple applications.

Moderate to High

« Removal of buried waste and potential
MEC would be required for soil mixing.

* Multiple treatments would likely be
required.

« High cost of reagents is not cost-
effective for low CVOC concentration area
given the limitations of the technology and
anticipated future land use.

X Rejected. Difficult to distribute
reagents through direct or high
pressure injection at Site 2.
Reagent distribution more
successful through soil mixing;
however, excavation would
require waste and potential
MEC removal and disposal.
High short-term risk to site
workers from exposure to high
CVOC concentrations and
potential MEC. High costs
associated with removal and
disposal of waste and potential
MEC and modified mixing
system (required based on site
logistics). Technology may not
address CVOCs at top of
confining unit.

ZVI is injected or mixed into the soil in an
emulsified form (EZVI) to promote abiotic in situ
reduction. Since the reagent is in an emulsified
form, it can potentially address DNAPL and
pneumatic fracturing to distribute the EZVI is not
necessary. The oil in the emulsification also
provides a carbon source for reductive
dechlorination.

Moderate to High

« Effective for CVOCs. Not effective for PAHs or pesticides.

« Although EZVI would address DNAPL, it would likely not be able to
make contact with the high CVOC concentrations sorbed/trapped to
the top of the confining unit and some back diffusion may occur.

« Treatment can work quickly and last for years.

« Requires good contact between COCs, DNAPL, and reagent.

« Fine-grained lithology, where present, may make uniform
distribution difficult and would limit effectiveness.

« Naturally occurring metals (iron, manganese, arsenic, vanadium)
may be mobilized under low redox conditions.

« Brackish tidal water may limit effectiveness of EZVI.

« Short-term risks to site workers from handling of reducing agents
or storage of chemicals on site.

Moderate

« In situ application has not been demonstrated at
a large scale.

» Adequate reagent distribution may be difficult
due to aquifer heterogeneity and presence of
buried waste.

« High viscosity (~1,942 centipoise) of EZVI
reduces the achievable radius of influence.

« Although EZVI can address DNAPL, contact is
required. Therefore, a very good understanding of
where DNAPL is located is required, which is very
difficult to obtain.

« Technology would need to be obtained from
specialized vendor.

« Regulatory approval for use of surfactant in the
EZVI may be required.

« Source area may require multiple applications.

Moderate to High

« Nanoscale ZVI is more costly than
regular ZVI and ERD materials.

« Numerous injection points would be
required.

« High cost of reagents is not cost-
effective for low CVOC concentration area
given the limitations of the technology and
anticipated future land use.

X Rejected. Technology is not
proven at large scale and is
reported to be difficult to
adequately distribute in
subsurface due to high
viscosity. Additionally, a very
good understanding of where
DNAPL is located is required
for the technology to be most
effective. As a result costs are
moderate to high and
technology may still not
address CVOCs at top of
confining unit. Mixture uses
surfactant which may require
regulatory approval.
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Screening of Remedial Technologies
Feasibility Study Report for Site 2

St. Juliens Creek Annex
Chesapeake, Virginia

Effectiveness
Protection of Human Health and the Environment
Compliance with ARARs

downgradient migration. Treatment can be
chemical (e.g., ZVI barrier) or biological (e.g.,
mulch bio-barrier). PRBs can be constructed by
trenching or by injecting materials.

the barrier. Can be effective for PAHs and pesticides depending on
the chemical or biological material.

* Does not treat areas upgradient of the barrier or sorbed mass and
DNAPL. Heptachlor epoxide is only located in one monitoring well
above the cleanup goal; therefore the plume has not appreciably
migrated. Since pesticides are more likely to sorb to the natural
organics in soil than advect with groundwater, this plume is not
expected to reach the gate and therefore will not be treated. The
source of naphthalene appears to be upgradinet of the barrier;
however the exent of the plume is unknown. Naphthalene is also
not expected to appreciably migrate at Site 2 based on its low
concentrations in groundwater and transport properties.

« The PRB effectiveness/efficiency may be limited by the tidal flow
conditions, dependent on the selected reagent.

« Short-term risks to site workers and environment during trenching
of barrier from exposure to high contaminant concentrations and
potential MEC.

infrastructure and utilities.

« A one pass trench could be utilized to prevent
the need for shoring and dewatering.

« Biological or chemical materials may need to be
obtained from specialized vendor.

« Presence of underground and overhead utilities,
waste, and potential MEC may present
challenges, causing location of barrier to be
modified or some possible excavation.

located within small area.

« If MEC is encountered and/or hazardous
waste needs to be disposed of during
construction, costs would be increased.

+ Reagents may need to be replaced over
time.

General Short-Term Effectiveness Implementability X X
Response Environmental Remedial Long-Term Effectiveness Technical Implementability Primary Screening
Actions Media Technology Process Options Descriptions Reduction of Toxicity, Mobility, and Volume through Treatment Administrative Implementability Relative Cost Range Retain Reject Screening Comment
Biological Enhanced Reductive |Electron donor or nutrients are injected into the ~ [Moderate to High Moderate to High Moderate X Retained. Technology has
Treatment Dechlorination (ERD) |subsurface to promote the reductive « Effective for CVOCs. While ERD does not specifically apply to « Easily implemented, proven viable technology. [+ More cost effective for low-to-moderate proven effectiveness, is
dechlorination (biostimulation). Common PAHSs and pesticides, injection nutrients can also enhance the + Adequate reagent distribution may be difficult concentrations than other in situ methods. compatible with site conditions,
substrates are molasses, lactate, alcohols, bioremediation of these COCs. due to aquifer heterogeneity and presence of « Soluble substrates are more inexpensive has a low short-term risk to site
emulsified vegetable oil, and other proprietary * Requires contact between microorganisms and donor within buried waste if highly viscous and/or non-soluble [than more viscous substrates but workers for food-grade
products (e.g., HRC, EOS). contaminant plume. substrate is used. generally require more O&M. substrates, and moderate cost.
Microbial cultures capable of reductively « Can reduce large concentrations quickly in the aqueous phase. * Substrates may need to be obtained from « Costs may increase if bioaugmentation If slow-release substrate is
dechlorinating CVOCs can also be injected into |- If slow-release substrate is injected near the top of the Yorktown  [specialized vendor. required. used, technology can address
the subsurface (bioaugmentation). confining unit, the technology can address back diffusion of CVOCs [+ Effective life of treatment reagents can be short back-diffusion of CVOCs with
over a long period of time. (lactate) or long-lived (EOS). Long-lived limited maintenance.
« Presence of TCE degradation products indicates that the substrates require minimal maintenance.
appropriate microbial population is present and that chloroform « High-Concentration Target Area may require
inhibition is not an issue. ERD degradation rates may be slower for |multiple applications if short-lived substrate is
DCE and VC. used. Potentially effective with one application in
« Fine-grained lithology, where present, may make uniform low concentration areas if long-lived substrate is
distribution difficult and would limit effectiveness. Using less- used.
viscous substrates will increase the radius of influence and « Bioaugmentation requires reducing conditions to
distribution. be present in the subsurface before injection.
« Naturally occurring metals (iron, manganese, arsenic, vanadium)
may be mobilized under low redox conditions. However, once
treatment is completed, redox conditions should return to baseline
levels.
« Handling of ERD reagents or storage of chemicals on site
presents a short-term risk to site workers. Very low safety risk from
substrate when using food grade donor.
« Long-lived substrates require minimal maintenance, reducing
carbon footprint.
Aerobic Dilute solution containing primary substrate Low to Moderate Low to Moderate High X Rejected. Technology relies on
Bioremediation via  |(inducer, e.g., toluene, phenol, methane) is « Effective for Site 2 CVOCs. PAHs can undergo aerobic « In situ application has not been demonstrated at [+ Expensive to implement over a large oxidizing conditions; reducing
Co-metabolism injected into the subsurface to enhance bioremediation without cometabolism; the oxygenated environment |a large scale. area because of high O & M costs conditions currently found at
cometabolic breakdown. Inducers serve as will effectively enhance this process. Not effective for pesticides. « Air sparging or injection of oxygenated water associated with oxygen supply. the site. Technology has high
carbon sources that activate aerobic enzyme » May leave sorbed mass and DNAPL largely untreated and some  |may not immediately create oxidizing conditions [+ Operation of the alternative would also O&M costs and lack of proven
systems known to degrade CVOCs. Oxygen is back diffusion may occur. and it may be difficult to maintain oxygenated require high energy consumption. effectiveness on large scale.
supplied via oxygenated injection water or by air |+ Considerable uncertainty on rate and extent of biodegradation that |conditions in organic environment. Has a high carbon footprint.
sparging. can be achieved. » Adequate reagent distribution may be difficult Regulatory approval is
* Requires good contact between COCs and reagent. due to aquifer heterogeneity and presence of uncertain.
« Fine-grained lithology, where present, may make uniform buried waste.
distribution difficult and would limit effectiveness. « Breakdown product toxicity to microbes can
« Short-term risks to site workers from handling of injection oceur.
substrates or storage of chemicals on site. « Substrates may need to be obtained from
« Operation and maintenance of system results in high carbon specialized vendor.
footprint. « Regulatory approval for use of specific inducer
compounds, which are regulated (e.g. toluene)
may be required.
Bio-Chemical Permeable Reactive |Barriers are constructed in strategic locations to  |Moderate to High Moderate Moderate to High X Retained as a contingency
Treatment Barrier (PRB) intercept and treat contaminants and prevent « Effective for CVOCs dissolved in groundwater that passes through |+ Trenching approach may be constrained by site [+ Costs are minimized if technology is measure.
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Effectiveness
Protection of Human Health and the Environment
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« Waste buried beneath the water table may still leach into
groundwater.

« In preparation of the cover, site grading may require some
excavation, presenting short-term risks to site workers from
exposure to high contaminant concentrations and potential MEC.

contaminated soil and waste or resulting in
exposure to MEC. Hazardous waste disposal is
possible. Likelihood of encountering MEC could
be minimized by limiting the amount of ground
disturbance and relying mostly on fill to establish
an even grade.

« In St Juliens Creek, cover would need to remain
under water to maintain existing storm water
hydraulics. Therefore, excavation, shoring, and de-|
watering would be required during installation to
maintain existing grading, Soil cover maintenance
would be difficult.

« Backfill materials are readily available.

» Wetland re-establishment would be unlikely and
compensatory mitigation would be required.

« Inspections and long term monitoring of cover
would be required.

waste; hazardous waste disposal may be
required,

« Wetland restoration/mitigation and
minimal O&M would be required.

General Short-Term Effectiveness Implementability X X
Response Environmental Remedial Long-Term Effectiveness Technical Implementability Primary Screening
Actions Media Technology Process Options Descriptions Reduction of Toxicity, Mobility, and Volume through Treatment Administrative Implementability Relative Cost Range Retain Reject Screening Comment
Physical Thermal Subsurface is heated by delivering separate High Low to Moderate Moderate to Very High X Rejected. Technology will
Treatment Technologies (e.g., |electric phases through electrodes to promote in |+ Effective for VOCs, DNAPL, PAHs, and pesticides. « In situ application has not been demonstrated at [+ Cost may be moderate for High- probably have negative
electrical resistance [situ generation of steam to vaporize target * Increases the rate of contaminant removal. a large scale. Concentration Target Area due to short impacts on ecology and
heating) compounds. Resulting vapors and steam are « Applicable in low permeability soils. * Implementation may be difficult over a large timeframe. potential MEC. Effectiveness
extracted and treated. « Effectiveness may be decreased due to the high water table and  [treatment area, particularly with buried waste, and [+ Very costly to implement in large, low- may be hindered by high water
buried waste. may be constrained by existing pavement. concentration areas. table and buried waste.
* Requires significant infrastructure, disrupting the environment. « Significant infrastructure required. « Operation of the alternative would also Technology has high O&M
« Short-term risks to site workers from exposure to high CvOC « Impact by thermal technology will be extensive; [require high energy consumption. costs. Has a high carbon
concentrations. therefore exact location of DNAPL not as footprint.
« Elevated temperatures poses short-term risks to the environment, |important.
creating uninhabitable conditions for the local ecology. « Treatment may have negative impacts on
« Operation and maintenance of system results in high carbon potential MEC and release contaminants from
footprint. waste (e.g. increasing vapor pressure,
deteriorating outside containment) which would
need to be addressed.
« Technology would need to be obtained from
specialized vendor.
« Migration of contaminant vapors can occur if not
controlled.

Air Sparging/ Soil Air is injected into saturated matrices to remove [Moderate Moderate High X Rejected. Technology is not

Vapor Extraction target compounds through volatilization. AS is « Effective for VOCs, PAHs, and some pesticides. However, there is |+ Significant infrastructure required. « Not cost-effective for large plumes or low compatible with existing

(AS/SVE) usually coupled with SVE for collection/treatment |a lack of evidence that VOCs at Site 2 will degrade under « Implementation may be difficult over a large concentration areas. reducing conditions at site and
of displaced VOCs. oxygenated conditions. treatment area, particularly with buried waste. « Aquifer heterogeneity and buried waste has high O&M costs. Has a

« VOCs volatilized from the sparging would likely get trapped on * May be difficult to maintain oxygenated would require numerous sparge points. high carbon footprint.
organic matter as it travels from the sparge area. conditions due to organic environment. « Operation of the alternative would also
« May leave sorbed mass and DNAPL largely untreated and some [+ Migration of contaminant vapors can occur if not [require high energy consumption.

back diffusion may occur. controlled.

« Distribution of air may not be evenly distributed due to aquifer

heterogeneity and not effectively treat CVOCs in fine-grained and

organic lithology. Most effective with tight well spacing (~25') in

permeable, homogeneous media; significantly less effective in low

permeability soils or stratified soils observed at Site 2.

« Favors large saturated thickness and depth to groundwater

(greater than 5 feet). Depth to groundwater at Site 2 is ~3 to 7 feet

bgs.

* Requires significant infrastructure, disrupting the environment.

« Short-term risks to site workers from exposure to high CVOC

concentrations.

« Operation and maintainence of system results in high carbon

footprint.

'ﬁushing Surfactants, cyclodextrin, cosolvents, or treated |Moderate Moderate Moderate to High X Rejected. May lack regulatory
water are injected / extracted or re-circulated to [+ Effective for VOCs, PAHs and some pesticides. « Implementation may be difficult over a large « Not cost-effective for large plumes or low approval for flushing agents,
facilitate removal of contaminants in subsurface. |+ Increases the rate of removal by increasing solubility or mobility of |treatment area, particularly with buried waste. concentration areas. potentially mobilize

contaminant; may mobilize contamination beyond current plume « System for treating extracted water would need [+ Operation of the alternative would also contamination, and extracted

extent. to be implemented. require high energy consumption. water would need to be treated

» Waste and fine-grained lithology can inhibit the effectiveness of [+ Treatment and disposal of extracted water can or disposed of. Has a high

the injection, extraction, and recirculation system. be problematic. carbon footprint.

« Short-term risks to site workers from handling of flushing reagents. |+ Flushing agent may need to be obtained from

« Operation and maintenance of system results in high carbon specialized vendor.

footprint. « Regulatory approval may be required for use of

some flushing agents
[Containment Site 2 Waste, Soil, [Cover Cover (soil or Natural soils, soil admixtures, clay, and/or Moderate to High High Moderate to High X (Site 2 [X (St. Juliens [Retained for Site 2 waste, soil,

Sediment and St. impermeable) synthetic membranes are placed over « Effective for all COCs by removing direct contact risk pathways if [+ Within Site 2, some grading may be required to [ Cost is dependent on size of cover. Waste, Soil, Creek and sediment. Technology
Juliens Creek contaminated area. cover is maintained. create an even surface for cover installation, « Potential additional costs associated with and Sediment) |would be effective for all
Sediment « Reduces/prevents infiltration into the subsurface. potentially requiring offsite disposal of some disposal of some contaminated soil and Sediment) COCs. Contaminated soil and

waste disposal, including
hazardous waste, may be
required, but is expected to be
limited. Wetland mitigation
would be required.

Rejected for St. Juliens Creek
sediment. Soil cover would
need to be located under water
to maintain the existing site
hydraulics; therefore
installation and maintenance
would be difficult.
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» CVOC mass in subsurface soil remains in place to act as a
continuing source to groundwater contamination, thereby potentially
re-contaminating other media that groundwater discharges to.

« Short-term risk to site workers due to exposure to high
contaminant concentrations and potential MEC.

St. Juliens Creek is below surface water,
substantial dewatering and shoring would be
required.

« Presence of underground utilities, hazardous
waste, and potential MEC presents challenges.
Work may need to be stopped if and when these
challenges appear and continue slower than
scheduled. Underground utilities might need to be
re-located.

* Wetland restoration would be required.

hazardous waste disposal, and water
management.

« Within St. Juliens Creek, MEC presence
and hazardous waste disposal is less
likely and excavation areas are more
isolated, Water management is still
required.

General Short-Term Effectiveness Implementability X X
Response Environmental Remedial Long-Term Effectiveness Technical Implementability Primary Screening
Actions Media Technology Process Options Descriptions Reduction of Toxicity, Mobility, and Volume through Treatment Administrative Implementability Relative Cost Range Retain Reject Screening Comment
Groundwater Physical Vertical |Slurry Wall/Sheet Vertical wall is constructed around the Moderate to High Moderate to High Moderate X (High X (Low |Retained for High-

Barrier Piling boundaries of contamination to prevent - Effective at containing all COCs. « Since the depth to the Yorktown confining unit is |+ Costs are dependent on the size of the Concen- Concen- |Concentration Target Area.
downgradient migration. Walls can be » Some soil-bentonite backfills or slurry walls may deteriorate over |only 15 to 25 feet bgs, vertical walls can easily be [area being contained. tration Target|tration Target|Technology only requires
constructed with an excavated trench filled with a |time. keyed into the top of the confining unit. « If MEC is encountered and/or hazardous Area) Area, limited intrusive activities into
bentonite slurry or soil-bentonite mix or with steel |+ An impermeable barrier will not reduce contaminant mass, only « Limited trenching may be required for slurry waste needs to be disposed of during Naphthalene |the subsurface; therefore
sheet piling. contaminant flux. walls. Sheet piling can be driven in, limiting construction, costs would be increased. Target Area, |decreases the probability of

« If trenching is required, short-term risks to site workers and intrusive activities. Heptachlor [encountering buried waste and
environment from exposure to high contaminant concentrations and |+ Presence of underground and overhead utilities, Epoxide |potential MEC. Would reduce
potential MEC. waste, and potential MEC may present Target Area) |[mass flux from source area,
challenges, causing location of barriers to be decreasing the time for plume
modified or some possible excavation. stabilization and risk to offsite
receptors. Rejected for Low
Concentration, Naphthalene,
and Heptachlor Epoxide Target
Areas due to the extent of the
plume that would need to be
enclosed.

Bio-Chemical Funnel-and-Gate Low permeability walls (funnels) are constructed |Moderate to High Moderate Moderate to High X (High X (Low [Retained for High-

Treatment on the outside of the source or plume to contain |+ Effective for CVOCs dissolved in groundwater which pass through |+ Since the depth to the Yorktown confining unit is [+ Costs are dependent on the size of the Concen- Concen- |Concentration Target Area.
and direct contaminated groundwater through a  |the gate. Can be effective for PAHs and some pesticides depending [only 15 to 25 feet bgs, vertical walls can easily be [area being contained. tration Target|tration Target| Technology would contain the
permeable in situ treatment system (gate). on the biological or chemical material. keyed into the top of the confining unit. « If MEC is encountered and/or hazardous Area) Area, high concentration from
Treatment can be chemical (e.g., ZVI barrier) or [+ Does not treat areas upgradient of the barrier or sorbed mass and |+ Biological or chemical materials may need to be [waste needs to be disposed of during Naphthalene |spreading laterally and provide
biological (e.g., mulch bio-barrier). Walls are DNAPL. Heptachlor epoxide is only located in one monitoring well  |obtained from specialized vendor. construction, costs would be increased. Target Area, [some treatment to groundwater
usually constructed of bentonite slurry or sheet  [above the cleanup goal; therefore the plume has not appreciably « A one pass trench could be utilized to prevent « Reagents may need to be replaced over Heptachlor |leaving the area, reducing
piling. migrated. Since pesticides are more likely to sorb to the natural the need for shoring and dewatering. time. Epoxide |mass concentration and flux.

organics in soil than advect with groundwater, this plume is not « Presence of underground and overhead utilities, Target Area) |Rejected for Low CVOC area
expected to reach the gate and therefore will not be treated. The waste, and potential MEC may present since the gate would need to
source of naphthalene appears to be upgradinet of the barrier; challenges, causing location of barriers to be be placed closer to the
however the exent of the plume is unknown. Naphthalene is also modified or some possible excavation. brackish creek and influx of
not expected to appreciably migrate at Site 2 based on its low tidal water and therefore less
concentrations in groundwater and transport properties. likely to be effective.

* The funnel walls prevent the plume from spreading horizontally.

They also help control the flow gradient, negating some of the

impacts of the tidal flow.

« Short-term risks to site workers and environment during trenching

of barrier from exposure to high contaminant concentrations and

potential MEC.

Removal Site 2 Waste, Soil, |Full Excavation [Excavation Contaminated soil (unsaturated and saturated High Moderate High to Very High X I-Rejected. Implementability of
Sediment, St. zone soil in High-Concentration Target Area), « Effective for all COCs by quickly removing the contaminant mass |+ Backfill materials are readily available. High disposal and implementation costs process option would be very
Juliens Creek sediment, and waste from Site 2 and St. Juliens  |and exposure to human health and the environment due to soil, + Because contaminated media at Site 2 extend  [associated with potential MEC presence, difficult. Costs would be very
Sediment and High- Creek are removed and disposed at an approved |sediment, and waste. significantly below the water table and sediment in |potential hazardous waste disposal, and high and there is significant
Concentration offsite landfill. + Removal of High-Concentration Target Area, which is a continuing |St. Juliens Creek is below surface water, water management. short-term risk to site workers.
Target Area source to groundwater, would effectively reduce contaminant mass [substantial dewatering and shoring would be

allowing for natural attenuation to treat dissolved phase required.

contamination. « Space constraints and physical features will limit

« The top of the confining unit is not a solid clay but intermixed sand |the ability to achieve excavation stability through

and clay layers. Contaminants sorbed to top of Yorktown confining [sloping and may result in the need for sheet pile

unit will need to be left in place to avoid providing pathway for or other structural practices.

vertical migration. May still have back diffusion from CVOCs « Presence of underground utilities, hazardous

sorbed/trapped at the top of the Yorktown confining unit. waste, and potential MEC presents challenges.

« If used, sheet piles used to shore the excavation would need to be |Work may need to be stopped if and when these

driven into the Yorktown confining unit for stability, creating a challenges appear and continue slower than

potential pathway for vertical migration. scheduled. Underground utilities might need to be

« Short-term risk to site workers due to exposure to high re-located.

contaminant concentrations and potential MEC. » Wetland restoration would be required.
Site 2 Waste, Soil, |Partial Excavation |Excavation Contaminated unsaturated zone soil and Low Moderate High to Very High X (St. Juliens| X (Site2 |Retained for St. Juliens Creek
Sediment and St. sediment and waste are removed and disposed |+ Effectively removes contaminated surface soil, sediment, and « Backfill materials are readily available. « Within Site 2, high disposal and Creek Waste, Soil, |sediment. Since an isolated hot
Juliens Creek at an approved offsite landfill. some waste, reducing exposure to human health and the « Because contaminated media at Site 2 extend  |implementation costs associated with Sediment) and spot can be identified, partial
Sediment environment due to those media. significantly below the water table and sediment in |potential MEC presence, potential Sediment) |excavation would be very

effective at removing
contaminated sediment quickly
and cost-effectively. Rejected
for Site 2 waste, soil, and
sediment. Isolated hot spots
can not be identified so the
majority of the site surface
would need to be excavated.
Would require an additional
process option to address
other site media.
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General Short-Term Effectiveness Implementability X X
Response Environmental Remedial Long-Term Effectiveness Technical Implementability Primary Screening
Actions Media Technology Process Options Descriptions Reduction of Toxicity, Mobility, and Volume through Treatment Administrative Implementability Relative Cost Range Retain Reject Screening Comment
Site 2 Waste, Soil, |Partial Excavation |Excavation Unsaturated and saturated soil in the High- Moderate to High Moderate High to Very High X (High Retained. Source removal
Sediment, and High-| Concentration Target Area is removed and « Effective at quickly removing contaminant mass (CVOC). « Presence of potential MEC and hazardous waste [High disposal and implementation costs Concen- would be very effective at
Concentration disposed at an approved offsite landfill. » Removal of High-Concentration Target Area, which is a continuing |disposal may pose challenges. associated with potential MEC presence, |tration Target| removing contaminant mass
Target Area source of contaminants to groundwater, would effectively reduce « Backfill materials are readily available. potential hazardous waste disposal, and Area) and toxicity in very short time
contaminant mass, allowing for natural attenuation of dissolved « Because contaminated media extend water management. period.
phase contamination. significantly below the water table, substantial
« The top of the confining unit is not a solid clay but intermixed sand |dewatering and shoring would be required.
and clay layers. Contaminants sorbed to top of Yorktown confining |+ Space constraints and physical features will limit
unit will need to be left in place to avoid providing pathway for the ability to achieve excavation stability through
vertical migration. May still have back diffusion from CVOCs sloping and may result in the need for sheet pile
sorbed/trapped at the top of the Yorktown confining unit. or other structural practices.
« If used, sheet piles used to shore the excavation would need to be |* Wetland restoration would be required.
driven into the Yorktown confining unit for stability, creating a
potential pathway for vertical migration.
* Short-term risk to site workers due to exposure to high
contaminant concentrations and potential MEC.
Groundwater Groundwater Pump and Treat Groundwater is extracted and treated in an ex- Moderate to High for containment Moderate High X Rejected. Technology would
Collection situ treatment system. Extraction system can be |Low to Moderate for area treatment (contaminant mass « Significant infrastructure required. « Operation and maintenance would be require significant operation
designed to achieve hydraulic containment (to  |removal) + Presence of underground and overhead utilities, |required for many years. and maintenance over long
prevent off-site migration of contaminants) or for |« Effective for all COCs. waste, and potential MEC may present « Aquifer heterogeneity may require timeframe. Has a high carbon
hotspot treatment. + May leave sorbed mass and DNAPL largely untreated and some ~|challenges. numerous extraction wells. footprint. Technology is not
back diffusion may occur. « Treatment and disposal of extracted water can [+ Operation of the alternative would consistent with Navy policy.
« Fine grained lithology, where present, may limit effectiveness of ~ |be problematic. require high energy consumption.
extraction * Requires long-term operation and maintenance.
+ Rate of contaminant mass removal tends to decrease as + Is not consistent with Navy policy.
concentrations decrease, resulting in long timeframe to achieve low
cleanup goals.
* The length of technology operation may be extended extensive
due to back diffusion and dissolution of organics contaminants from
saturated soil.
« Short-term risks to site workers from exposure to high CVOC
concentrations.
« Operation and maintenance of system results in high carbon
footprint.
IAdministrative or JAll Land Use Deed Notifications  |Deed notifications are issued for property areas  |Moderate High Low X Retained. Required for areas
Engineering Controls and Permits that don't meet the RAOs to restrict groundwater |- Relies on proper enforcement for administrative control to be Easily implementable which do not meet RAOs after
Controls and land use. Regulations are promulgated to effective. treatment.
require a permit for various activities (i.e., * No short-term risk to site workers.
excavation, installation of wells, etc.). * Restrictions will not address ecological risks.
Monitoring Groundwater Monitoring Monitored Natural Regular, long-term groundwater monitoring and |Low to Moderate High Low to Moderate X Retained. May be applicable if
Attenuation (MNA) / [data evaluation is conducted to assess « Effective at reducing COC concentrations in all media but may not |+ Easily implementable Costs are dependent on the length, there are no immediate risks to
Performance effectiveness of natural and/or active treatment |effectively control migration of the plume within a reasonable « Poses little disruption to the environment. frequency, number, and type of monitoring human health and the
Monitoring processes. Monitoring is necessary to timeframe. that is required. environment or as part of
demonstrate that contaminant concentrations * Long timeframe required to achieve RAOs, particularly if residual treatment train following active
continue to decrease, to verify that potentially DNAPL is present. treatment. Poses little
toxic transformation products are not created at [+ For CVOCs and PAHSs, the lack of nutrients or microorganisms disruption to the environment.
levels that are a threat to human health; that the  [may limit their degradation. CVOCs are also limited by the Cost-effective if the length,
impacted area is not expanding; and that there availability of electron donors. frequency, number of
are no changes in hydrogeologic, geochemical, |+ Short term risk to site workers due to exposure to high monitoring locations is limited.
or microbiological parameters that might reduce |contaminant concentrations during sampling and well installation. Monitoring required for any
the effectiveness of the remedial action. « Short-term risks to human health and environment from exposure alternative.
to COCs in site media until RAOs are achieved.
Notes:

Effectiveness includes the capability of the process options to meet the RAOs for the estimated areas and columns of contamination, the potential impacts to human health and the environment during construction and implementation of the process option; and the proven effectiveness

and reliability of process option with respect to the contaminants and conditions at the site.
Implementability includes the technical implementabilty of a process option with respect to the site conditions and administrative feasibility (i.e. ability to obtain necessary permits, equipment, or workers and the availability of treatment, storage, and disposal services.
Relative cost is for comparative purposes only. Process options are evaluated on the basis of engineering judgment relative to the other technologies that perform similar functions.

:’Remedial technology evaluated for all media: Site 2 waste, soil, and sediment, St. Juliens Creek sediment, and shallow groundwater.
:’Remedial technology evaluated for Site 2 waste, soil, and sediment and St. Juliens Creek sediment.
:’Remedial technology evaluated for shallow groundwater.
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Legend Figure 4-1

D Site Boundary D Low-Concentration Target Area (COCs > PRG) Remedial Alternative Component Areas
Drainage High-Concentration Target Area Site 2 Feasibility Study Report
Demolished Building 1 (rcE = 7,800 ugitand ECD > 5 milion uv)* St. Juliens Creek Annex

Heptachlor Epoxide Target Area* iraini

Wetland P P 9 *Actual limits have not been delineated. Chesapeake, Virginia

D Naphthalene Target Area” Extent will be confirmed during the .

D Site 2 Waste, Soil, and Sediment Area Remedial Action and through implementation

of a monitoring plan. CH2MHILL

@ Shallow Monitoring Well Location
D St. Juliens Creek Sediment Area
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Legend [ Extent of Waste Heptachlor Epoxide Target Area Figure 4-2
[ Site Boundary  — Storm Sewer Lines S Naphthalene Target Area Common Alternative Components

Wetlands --- Potential New Storm Sewer Line Excavation Area ; o
[ Cover Potential New Drainage @ Proposed Shallow Monitoring Well Site 2 gfis':?'“ty SCtUd{(F;‘eport
Drainage ~— Drainage/Sewer Line to be Removed or Closed .Cfllj lens Lee Vi nnex
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@ Shallow Monitoring Well ¥ Shallow Monitoring Well to be Abandoned and/or Replaced
@ Deep Monitoring Well ¥ Deep Monitoring Well to be Abandoned

== Contingency PRB CH2MHILL
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Legend [ Extent of Waste Figure 4-3
[ Site Boundary — Storm Sewer Lines [/ Excavation Area g

[ Cover --- Potential New Storm Sewer Line ~~ TCE Plume Centerline Site 2 F Agﬁrtnag;/e d2 :;{ayoﬁ
Drainage Potential New Drainage [ MNAArea Ite = Feasibility otudy hepo
@ Proposed Shallow Monitoring Well = Contingency PRB St. Juliens Creek Annex

@ Shallow Monitoring Well to be Replaced 120 Chesapeake, Virginia
¥ Shallow Monitoring Well to be Abandoned

¥ Deep Monitoring Well to be Abandoned
*Monitoring well will not be replaced or monitored CH2MHILL

Feet




The final monitoring well network will be developed in the remedial design.
*Monitoring well will not be replaced or monitored

**Actual location of sheet pile will be determined once the extent of the
high-concentration target area is confirmed during the Remedial Action
and through implementation of a monitoring plan.

Legend [ Extent of Waste Figure 4-4
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The final monitoring well network will be developed in the remedial design.
*Monitoring well will not be replaced or monitored
**Actual location of the ERD Area will be determined once the extent

of the high-concentration target area is confirmed during the Remedial
Action and through implementation of a monitoring plan.
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The final monitoring well network will be developed in the remedial design.
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The final monitoring well network will be developed in the remedial design.
*Monitoring well will not be replaced or monitored

**Actual location of the funnel wall and gate will be determined once

the extent of the high-concentration area is confirmed during the Remedial
Action and through implementation of a monitoring plan.
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The final monitoring well network will be developed in the remedial design.
*Monitoring well will not be replaced or monitored

**Actual excavation limits of the high-concentration area will be determined
once the extent of that area has been confirmed during the Remedial
Action and through implementation of a monitoring plan.
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The final monitoring well network will be developed in the remedial design.

*Monitoring well will not be replaced or monitored

**Actual excavation limits of the high-concentration area will be determined
once the extent of that area has been confirmed during the Remedial

Action and through implementation of a monitoring plan.
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SECTION 5

Detailed Evaluation of Alternatives

In this section, the evaluation of alternatives developed in the previous section is discussed
to provide a basis for selecting a remedy. Section 5.1 discusses the criteria used to evaluate
the alternatives, and Section 5.2 discusses the evaluation of the alternatives.

5.1 Evaluation Criteria for Remedial Alternatives

The remedial alternatives were evaluated against a common set of criteria. Each alternative
was developed to address threats to human health and/or the environment posed by
contamination at Site 2. The NCP requires that the remedial alternatives be evaluated
against the following nine criteria:

e Overall protection of human health and the environment

¢ Compliance with ARARs

e Long-term effectiveness and permanence

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

e Implementability

e Cost

e State acceptance

e Community acceptance

The first two criteria are threshold criteria that must be achieved by alternatives at a
minimum, and the next five are considered primary balancing criteria. These first seven
criteria form the basis of the detailed evaluation of alternatives. The last two criteria, state
and community acceptance, are modifying criteria, and would be addressed in the Proposed
Plan and ROD for Site 2.

The detailed alternative analysis is the means for assembling and evaluating technical and
policy considerations to develop the rationale for selecting a remedy. Each of the nine
criteria is described below.

5.1.1 Overall Protection of Human Health and the Environment

This criterion provides a final check to assess whether each alternative provides adequate
protection of human health and the environment. The overall assessment of protection
draws on the assessments conducted under other evaluation criteria, especially long-term
effectiveness and performance and short-term effectiveness. This evaluation focuses on
whether each alternative achieves adequate protection and describes how site risks are
eliminated, reduced, or controlled. This criterion allows for consideration of whether an
alternative poses any unacceptable short-term or cross-media impacts.
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5.1.2 Compliance with Applicable and Relevant and Appropriate Requirements

This criterion is used to determine whether each alternative will meet all of the federal and
state ARARs that have been identified. A discussion of the ARARs was presented in Section
3.3. The following factors were considered as each alternative was evaluated for this
criterion on state and federal levels:

e Compliance with location-specific ARARs

e Compliance with chemical-specific ARARs

e Compliance with action-specific ARARs

e Compliance with other criteria, advisories, or guidelines

5.1.3 Long-Term Effectiveness and Permanence

This criterion addresses the results of the remedial action in terms of risk remaining at the
site after response objectives have been met. The primary focus of this evaluation is the
extent and effectiveness of the controls that may be required to manage the risk posed by
treatment residuals and/or untreated wastes. The following factors were considered as each
alternative was evaluated for this criterion:

e Magnitude of estimated residual risk
e Adequacy and reliability of controls

5.1.4 Reduction in Toxicity, Mobility, and Volume

This criterion addresses the statutory preference for selecting remedial actions that employ
treatment technologies that permanently and significantly reduce toxicity, mobility, or
volume of hazardous substances and thereby reduce the principal threats at a site. The
following factors were considered as each alternative was evaluated for this criterion:

e Treatment processes used and materials treated

e Amount of hazardous material destroyed or treated

e Degree of expected reduction in toxicity, mobility, or volume

e Degree to which treatment is irreversible

e Type and quantity of residuals remaining after treatment

e Satisfaction of the statutory preference for treatment as a principal element

5.1.5 Short-term Effectiveness

This criterion addresses the effects of the alternative on human health and the environment
during the construction and implementation phases until RAOs are met. The following
factors were considered as each alternative was evaluated for this criterion:

e Protection of community during remedial actions
e Protection of workers during remedial actions

e Environmental impacts

e Time to achieve the RAOs
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SECTION 5—DETAILED EVALUATION OF ALTERNATIVES

5.1.6 Implementability

The evaluation of implementability includes the technical and administrative feasibility of
implementing each alternative, as well as the availability of services and materials required
for implementation. The following factors were considered as each alternative was
evaluated for this criterion:

e Technical feasibility
— Ability to construct and operate the technology
— Reliability of the technology
— Ease of undertaking additional remedial action, if necessary
— Ability to monitor effectiveness of the remedy

e Administrative feasibility
— Ability to coordinate with and obtain approvals from other agencies
— Availability of offsite treatment, storage, and disposal services and capacity
— Availability of necessary equipment and specialists
— Availability of prospective technologies

5.1.7 Cost

This criterion evaluates alternatives based on the associated capital cost and O&M cost to
achieve the RAOs. The estimated cost of each remedial option is expressed as present value
based on an assumed discount rate of 4.9 percent over a 30-year operation period. The
discount rate was selected based on the Federal Office of Management and Budget

(http:/ /www.whitehouse.gov/omb/fedreg/2008/013008_discountrate.pdf). The 30-year
O&M period is assumed for evaluation purposes only; the actual O&M period could be
much longer in some cases, but would have minimal impact to the cost estimate based on
the discount rate. Total costs are expressed over a plus 50 to minus 30 percent range.

5.1.8 State Acceptance

This criterion evaluates the ethnical and administrative issues and concerns the state may
have regarding each of the alternatives. This criterion is not discussed in this report but will
be addressed in the ROD.

5.1.9 Community Acceptance

Typically, community comment and acceptance is noted in the ROD and is a result of the
community review of the proposed plan.

5.2 Evaluation of Remedial Alternatives

The detailed analysis of remedial alternatives comprises individual and comparative
evaluation of the remedial alternatives. During the individual evaluation, each alternative
was assessed against the NCP criteria described in Section 5.1. The results were then
arrayed to compare the alternatives and identify the key tradeoffs among them. This
approach provides decision makers with sufficient information to adequately compare the
alternatives, select an appropriate remedy for the site, and demonstrate satisfaction of the
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remedy selection requirements in the ROD. The individual evaluation for each alternative is
summarized in Table 5-1.

The comparative evaluation is described in the following sections. Each of the criteria were
divided into their subcriteria. A qualitative comparative analysis for each sub-criteria was
employed using a ranking system of 1 to 10, with 1 being the lowest valued metric and 10
being the highest. A score of 1 indicates the alternative does not meet any of the attributes of
the criteria. A score of 10 indicates that alternative meets all attributes of the criteria. The
scores between 1 and 10 reflect the degree to which an alternative meets all the attributes of
the criteria. The results of the ranking for each alternative are summarized in Tables 5-2 and
5-3. Table 5-2 provides a summary of the scoring for each alternative against the NCP
criteria. Table 5-3 provides a more detailed breakdown, including the scoring of the
individual subcriteria. Figure 5-1 presents a graphical representation of the overall
alternative rankings. Figure 5-2 presents a graphical representation of the balancing criteria
ranking for each alternative to reflect its increased level of detail.

5.2.1 Overall Protection of Human Health and the Environment

All alternatives, with the exception of the Alternative 1, are protective of human health and
the environment. Performance monitoring will be conducted and LUCs will be maintained
to provide adequate protection of human health and the environment by controlling
exposure to contaminated site media until the RAOs are met and while waste remains in
place.

5.2.2 Compliance with ARARs

All alternatives, with the exception of Alternative 1, are expected to comply with ARARs.
The applicability of most ARARs is the same for Alternatives 2 through 8, with the
following exceptions. All alternatives require compliance with regulations established to
prevent discharge to surface water because of construction of the cover; however, the
excavation components of Alternatives 7 and 8 require additional measures to be taken to
prevent discharge of groundwater encountered during the excavation. Alternatives 4, 5, 6,
and 8 require compliance with underground injection regulations because underground
injections are a component of these alternatives. Although all alternatives require
compliance with control measures established for the use and/or presence of asbestos,
chloroflourocarbons used as aerosol propellants, hexavalent chromium, and PCBs, the
ARAR is applicable for Alternatives 6, 7, and 8 because these alternatives require excavation
of soil and sediment in which PCBs have been detected and waste in which the exact
contents are unknown. The ARARs are provided in Appendix B.

5.2.3 Long-Term Effectiveness and Permanence
Magnitude of Residual Risk

Once RAOs are achieved, all alternatives except Alternative 1 are expected to have residual
risks of approximately the same magnitude. However, Alternatives 7 and 8 received the
highest scores because the high-concentration target area would be excavated and would
include removal of DNAPL and waste. Alternative 1 scored the lowest because it would not
achieve the RAOs.
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SECTION 5—DETAILED EVALUATION OF ALTERNATIVES

Adequacy and Reliability of Controls

With proper engineering, planning, and implementation, controls can be put in place to
monitor all the alternatives effectively to verify continued compliance with RAOs. A cover
would require periodic inspection to assure it is still effective in preventing infiltration. A
monitoring plan needs to be implemented to provide for an adequate frequency of
monitoring to detect any indications of contaminant rebound or migration that could
threaten human or ecologic receptors, or threaten compliance with ARARs. LUCs need to be
continually enforced until the RAOs are achieved and while waste remains in place.

Alternatives 2, 4, 5, 7, and 8 received the highest scores because their controls are reliable.
Alternatives 3 and 6 received lower scores because there is a higher potential for the need to
replace components of the sheet pile and funnel and gate. Alternative 1 scored the lowest
because no controls would be in place to monitor.

5.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment

Treatment Process Used and Materials Treated

Alternative 5 received the highest score because it employs an active treatment within both
the high- and low-concentration target areas. Alternative 4 received the next highest score
because an active remedy is employed within the high-concentration target area. Alternative
6 scored lower because although an active remedy is used to address the high-concentration
target area, it relies on groundwater flow to passively direct groundwater in the high-
concentration target area through the gate for treatment. Alternative 8 received an even
lower score because it includes active treatment in only the low-concentration target area.
Alternatives 1, 2, 3, and 7 received the lowest scores because treatment is not a component
of these alternatives.

Amount of Hazardous Materials Destroyed or Treated

The relative differences in scores and the rationale for the scores for this sub-criteria mirror
those for the Treatment Process Used and Materials Treated sub-criteria. The larger the area
and the higher the concentrations are within the area in which active treatment is employed,
the higher the amount of hazardous materials are destroyed or treated and the higher the
score. Alternatives 1, 2, 3, and 7 received the lowest scores because treatment is not a
component of these alternatives.

Degree of Expected Reductions in Toxicity, Mobility or Volume

The relative differences in scores and the rationale for the scores for this sub-criteria mirror
those for the Treatment Process Used and Materials Treated sub-criteria. The larger the area
and the higher the concentrations are within the area in which active treatment is employed,
the higher the degree of reduction in toxicity, mobility, or volume, and the higher the score.
Alternatives 1, 2, 3, and 7 received the lowest scores because treatment is not a component
of these alternatives.

Degree to Which Treatment is Irreversible

The relative differences in scores and the rationale for the scores for this sub-criteria mirror
those for the Treatment Process Used and Materials Treated sub-criteria. The larger the area
and the higher the concentrations are within the area in which active treatment is employed,
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the lower the potential is for rebound and the higher the score. Alternatives 1, 2, 3, and 7
received the lowest scores because treatment is not a component of these alternatives.

Type and Quantity of Residual Remaining After Treatment

The relative differences in scores for this sub-criteria mirror the scores for the Treatment
Process Used sub-criteria. The larger the area and the higher the concentrations are within
the area in which active treatment is employed, the smaller the residual quantities are after
treatment and the higher the score. Alternatives 1, 2, 3, and 7 received the lowest scores
because treatment is not a component of these alternatives.

5.2.5 Short-Term Effectiveness

Protection of Community during Remedial Actions

Alternative 1 received the highest score because it would not involve any activities that
would affect the community. Alternatives 2 through 6 received equally high scores based on
their minimal impacts to the community during implementation (e.g., increased truck traffic
for delivery of cover material, but limited offsite transportation of hazardous material).
Alternatives 7 and 8 scored lower because of the large volume of truck traffic that will be
passing through communities and on public roads and highways as cover material is
transported to the site and significant quantities of waste and potentially hazardous
materials are transported offsite.

Protection of Workers during Remedial Actions

All workers can be protected during completion of remedial actions through
implementation of health and safety programs. However, there is a relationship between the
scale of construction and potential injury or exposure to hazards associated with remedial
activities —the more intensive the construction project, the greater the probability of injury.

Alternative 1 scored the highest because it would not include any activities involving
workers. Alternative 2 received the next highest score because its treatment of groundwater
relies on natural degradation rather than employing an active treatment, providing the least
exposure to hazards by workers. Alternatives 4 and 5 posed a slightly higher risk to workers
during implementation because of the handling and potential exposure to reagents and a
slightly higher chance of encountering MEC. Alternative 3 scored slightly lower because of
the increased potential to encounter MEC during installation of the sheet pile. Alternative 6
scored even lower because of the increased potential to encounter MEC and to be exposed to
waste during installation of the gate and potential exposure to reagents, Alternatives 7 and 8
scored the lowest because they are the most intrusive alternatives and present increased
potential for workers to encounter MEC, waste, and hazardous soil and groundwater
during excavation.

Environmental Impacts

With the exception of Alternative 1, all alternatives would have some level of negative
impact to the environment. Installation of the cover would create a permanent loss of
wetlands at the site. However, this loss would be offset by compensatory wetland
mitigation. As part of the cover, stormwater and surface water would be re-routed at the
site, resulting in disturbances of areas outside of the site boundary. Installation of the cover
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may also alter the groundwater flow direction and rate, which may impact contaminant
migration; however, a contingency PRB has been incorporated for consideration and
application in this potential occurrence. Excavation of sediment from St. Juliens Creek,
which is also a component of all alternatives, would temporarily alter the creek’s ecosystem.
Environmental impacts from potential erosion would increase as the level of intrusive
activities increases. All of these impacts can be minimized through proper engineering and
planning.

Alternative 1 received the highest score because it would not include any activities that
would impact the environment. Alternatives 2, 4, and 5 scored the next highest because they
include the least amount of construction or intrusive activities. Alternatives 3 and 6 received
slightly lower scores because of the increased level of intrusiveness associated with
installation of the sheet pile and funnel and gate. Alternatives 7 and 8 scored the lowest
based on their highest level of intrusiveness, the potential to mobilize DNAPL sorbed to the
confining unit, and potential environmental impacts from offsite transportation and
disposal of hazardous materials. Also, Alternatives 7 and 8 will likely result in the highest
green-house gas emissions based on their increased use of machinery for excavation and
water management, which is contrary to the initiative for federal agencies to implement
sustainable practices (January 2007, EO Executive Order 13423).

Time until Remedial Action Objectives are Achieved

The timeframe associated with achieving the RAOs associated with each remedial
technology is uncertain. Alternatives 1 through 3 and Alternative 6 have a greater risk of an
extended remedial timeframe since no area treatment or excavation of the source is being
conducted. The remaining alternatives would achieve the waste, soil, and sediment RAOs in
a moderate period of time with consideration of the challenges of treating DNAPL. Each
alternative would achieve the shallow groundwater RAOs at different timeframes.
Alternative 8 received the highest score because it would remove the high-concentration
target area in the shortest time period and provide active treatment in the low-concentration
target area. Alternatives 7, 5, and 4received decreasing scores as less active treatments
would be used to address the high- and low-concentration target areas. The scores for
Alternatives 7 through 2 represent the relative estimated differences in time to achieve
RAOs, when considering the role of MNA, containment, active treatment, and excavation.

5.2.6 Implementability
Ability to Construct and Operate the Technology

Alternative 1 received the highest score because it requires no action. Alternatives 2 through
8 scored relatively high because the engineering and construction services required for each
of the technologies are readily available. Alternative 2 scored the highest of Alternatives 2
through 8 because the only technology included for treatment of the low- and high-
concentration target areas would be MNA, which is a frequently used technology and the
least complicated technology being evaluated to construct. Alternatives 4 and 5 received
lower scores because ERD would be used, increasing the construction and operation
component of the alternative. Alternatives 3 and 6 scored lower because they use
technologies (sheet pile and funnel and gate) that are implemented less frequently than the
MNA and ERD. Alternative 6 received a lower score than Alternative 3 because the
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construction and operation of the funnel and gate is more involved than that of the sheet
pile. Alternatives 7 and 8 scored lower than the other alternatives because of the technical
challenges associated with implementation and because the excavation component would
require significant material handling and transportation. Technical challenges include
maintaining a stable excavation to a significant depth (approximately 25 ft bgs) below the
water table, managing water, and addressing challenges associated with the higher potential
of encountering MEC and hazardous waste. The material handling would require extensive
measures for the protection of workers. Alternative 8 received a lower score than
Alternative 7 to factor in the additional construction and operation of ERD in the low-
concentration target area.

Reliability of the Technology

Alternatives 2 through 8 are reliable provided they are designed and implemented
appropriately. MNA and ERD would require more intensive monitoring than other
technologies (e.g., excavation) to verify they continue to operate on a path toward achieving
RAOs. Alternative 8 scored the highest because the high-concentration target area would be
excavated and the low-concentration target area would be addressed with an active
treatment, thus achieving RAOs the fastest. Alternative 5 received the next highest score
because it would employ active treatment in both the high- and low-concentration areas.
Alternatives 4, 6, and 7 scored lower because of the use of only MNA in the low-
concentration target area. Alternatives 2 and 3 scored even lower because these alternatives
would rely on MNA or sheet piling in the low- and high-concentration areas, resulting in an
extended period of time required to achieve RAOs. Alternative 1 scored the lowest because
it would be the most unreliable alternative, as it is not expected to achieve RAOs.

Ease of Undertaking Additional Remedial Actions, if Necessary

Additional remedial actions can be undertaken with all these alternatives, if necessary.
Alternatives 3 and 6 scored lower than the rest of the alternatives because of the installation
of impermeable barriers, which could be a hindrance to technologies that rely on
groundwater transport.

Ability to Monitor Effectiveness of Remedy

Alternatives 2 through 8 can be designed with effective monitoring programs; therefore,
they all received high scores. Periodic inspection of the cover will help to verify that it still
provides protection from vertical infiltration. Alternatives 3 and 6 received slightly lower
scores because the sheet pile and funnel and gate would require additional monitoring to
ensure that the barriers are competent and contamination is not migrating through sheet
pile joints or at the interface of the sheet pile with the Yorktown confining unit.

Ability to Coordinate and Obtain Approvals from Other Agencies

It is anticipated that Alternatives 2 through 8 would be able to obtain the required approvals
from the necessary agencies. Therefore, they all received high scores. Alternative 1 received
the lowest score because it is not expected to receive approval from the necessary agencies.
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Availability of Offsite Treatment, Storage, and Disposal Services and Capacity

Adequate treatment, storage capacity, and disposal services are available for all alternatives;
however, Alternatives 6, 7, and 8 received the lowest scores. Alternative 6 received a lower
score because installation of the funnel and gate would likely require excavation and
disposal of hazardous soil and groundwater, which is more difficult to dispose of than
nonhazardous wastes. Alternatives 7 and 8 received even lower scores because of the likely
excavation and disposal of hazardous wastes in addition to the potential management of
MEC.

Availability of Necessary Equipment and Specialists

Adequate equipment and specialists to implement all alternatives are available. Alternative
1 received the highest score because no equipment or specialists would be required for its
implementation. Alternatives 2, 4, 5, 7, and 8 received the next highest scores because the
equipment and specialists required for their implementation are readily available.
Alternatives 3 and 6 received the lowest scores because although they would use typical
technology components (e.g., sheet pile), they would be used in unique ways (e.g.,
groundwater containment); therefore, the necessary specialists are not as widely available as
for the other technologies evaluated.

Availability of Prospective Technologies

The prospective technologies for all alternatives are available. Alternative 1 received the
highest score because no technology would have to be purchased. Alternatives 2 through 8
received the same high score because all of their technology components are readily
available.

5.2.7 Cost

The cost for each alternative has been calculated based on the assumption of a 30-year
implementation period. The actual timeframe to achieve the PRGs may vary by alternative;
however, significant uncertainty is associated with the timeframes, and costs beyond 30
years will have minimal impact to the overall evaluation based on the present worth
adjustment. Cost estimates have been prepared in accordance with USEPA guidance
(USEPA, 2000) and represent a minus 30 to plus 50 percent range of accuracy.

Table 5-1 lists estimated capital, O&M present value, and total present value of each
alternative. The least expensive alternative was Alternative 2, with an estimated total
present value of $2.4 million. The total present value increases sequentially with Alternative
3,6,4,5,7,and 8. Alternative 2 also has the lowest total capital cost, estimated at $1.3M. The
capital cost increases sequentially with Alternatives 4, 3, 6, 5,7, and 8. Tables 5-2 and 5-3
provide a summary of the cost per score unit for each alternative over the minus 30 to plus
50 percent cost range based on the total present value. The cost per unit score is the total
present value divided by the sum of the total benefit score presented in Tables 5-2 and 5-3,
and has been incorporated to more clearly quantify the gain associated with the additional
cost of higher-priced alternatives. Alternative 2 has the lowest cost per score unit, ranging
from $36 to $78 thousand. The cost per score unit increases sequentially with Alternatives 3,
6,4,5,7,and 8.
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TABLE 5-1

Individual Evaluation of Alternatives

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Evaluation Criteria

Alternative 1
No Action

Alternative 2
Cover, Excavation, and MNA

Alternative 3
Cover, Excavation, Sheet Pile, and MNA

Alternative 4
Cover, Excavation, ERD (High-
Concentration Target Area), and MNA
(Low-Concentration Target Area)

Alternative 5
Cover, Excavation, ERD (High- and Low-
Concentration Target Areas), and MNA

Alternative 6
Cover, Excavation, Funnel and Gate, and
MNA

Alternative 7
Cover, Excavation, and MNA

Alternative 8
Cover, Excavation, ERD, and MNA

Overall Protection of
Human Health and the
Environment

Not Protective

Does not prevent exposure to COCs or
provide measures to reduce COC
concentrations to achieve RAOs.

Protective

COCs contained, excavated, or degrade over
time. LUCs and groundwater monitoring
implemented and maintained until RAOs are
achieved.

Protective

COCs contained excavated, or degrade over
time. LUCs and groundwater monitoring are

implemented and maintained until RAOs are
achieved.

Protective

COCs contained, excavated, actively treated,
or degrade over time. LUCs and groundwater
monitoring are implemented and maintained
until RAOs are achieved.

Protective

COCs contained, excavated, actively treated,
or degrade over time. LUCs and groundwater
monitoring are implemented and maintained
until RAOs are achieved.

Protective

COCs contained, excavated, actively treated,
or degrade over time. LUCs and groundwater
monitoring are implemented and maintained
until RAOs are achieved.

Protective

COCs contained, excavated, or degrade over
time. LUCs and groundwater monitoring are
implemented and maintained until RAOs are
achieved.

Protective

COCs contained, excavated, or degrade over
time. LUCs and groundwater monitoring are
implemented and maintained until RAOs are
achieved.

Compliance with ARARs |Does not meet Meets Meets Meets Meets Meets Meets Meets
Extended timeframe. Extended timeframe. Moderate timeframe. Moderate timeframe. Moderate timeframe. Moderate timeframe. Accelerated cleanup timeframe.
Long-Term Effectiveness |Ineffective Effective Moderately Effective Effective Effective Moderately Effective Effective Effective

and Permanence

Past groundwater monitoring suggests limited
reductive dechlorination of VOCs is occurring
naturally. However, with no treatment or
monitoring, uncertain if RAOs would be
achieved.

Cover maintenance and inspections needed
indefinitely. Monitoring, LUCs, and 5-year
reviews needed until levels allow for unlimited
use and unrestricted exposure.

Cover maintenance and inspections needed
indefinitely. Sheet pile maintenance and
inspections required for extensive time period.
Potential back diffusion of CVOCs. Monitoring,
LUCs, and 5-year reviews needed until levels
allow for unlimited use and unrestricted
exposure.

Cover maintenance and inspections needed
indefinitely. Potential back diffusion of
CVOCs. Monitoring, LUCs, and 5-year
reviews needed until levels allow for unlimited
use and unrestricted exposure.

Cover maintenance and inspections needed
indefinitely. Potential back diffusion of
CVOCs. Monitoring, LUCs, and 5-year
reviews needed until levels allow for unlimited
use and unrestricted exposure.

Cover maintenance and inspections needed
indefinitely. Funnel and gate maintenance and
inspections required for extensive time period.
Potential back diffusion of CVOCs. Monitoring,
LUCs, and 5-year reviews needed until levels
allow for unlimited use and unrestricted
exposure.

Quickly and effectively removes groundwater,
waste, soil, and sediment within the high-
concentration target area, resulting in low
potential for back diffusion. Monitoring, LUCs and
5-year reviews needed until levels allow for
unlimited use and unrestricted exposure.

Quickly and effectively removes groundwater,
waste, soil, and sediment within the high-
concentration target area, resulting in low
potential for back diffusion. Monitoring, LUCs, and|
5-year reviews needed until levels allow for
unlimited use and unrestricted exposure.

Reduction of Toxicity,
Mobility, and Volume
Through Treatment

No treatment

Reduction would only gradually occur as a
result of natural processes. Reduction and
mobility of COCs would remain unknown and
undocumented.

No treatment

Although no active treatment included,
components of the alternative would reduce
toxicity, mobility, and volume. Cover would
reduce mobility of COCs in waste, soil, and
sediment. Excavation of the St. Juliens Creek
sediment remediation area would reduce
toxicity and volume of COCs in the creek
sediment. Reduction in toxicity and volume
would gradually occur as a result of natural
processes. Monitoring to assess toxicity,
mobility, and volume of COCs in groundwater
would be performed.

No Treatment

Although no active treatment included,
components of the alternative would reduce
toxicity, mobility, and volume. Cover would
reduce mobility of COCs in waste, soil, and
sediment. Excavation of the St. Juliens Creek
sediment remediation area would reduce
toxicity and volume of COCs in the creek
sediment. Sheet pile would reduce mobility of
COCs in high-concentration target area.
Reduction in toxicity and volume would
gradually occur as a result of natural
processes. Monitoring to assess toxicity,
mobility, and volume of COCs in groundwater
would be performed.

Treatment

Cover would reduce mobility of COCs in
waste, soil, and sediment. Excavation of the
St. Juliens Creek sediment remediation area
would reduce toxicity and volume of COCs in
the creek sediment. ERD would actively
reduce toxicity and volume of CVOCs in high-
concentration target area. Additional
reduction in toxicity and volume would
gradually occur as a result of natural
processes. Monitoring to assess toxicity,
mobility, and volume of COCs in groundwater
would be performed.

Treatment

Cover would reduce mobility of COCs in
waste, soil, and sediment. Excavation of the
St. Juliens Creek sediment remediation area
would reduce toxicity and volume of COCs in
the area. ERD would actively reduce toxicity
of CVOCs in high- and low-concentration
target areas. Additional reduction in toxicity
and volume would gradually occur as a result
of natural processes. Monitoring to assess
toxicity, mobility, and volume of COCs in
groundwater would be performed.

Treatment

Cover would reduce mobility of COCs in
waste, soil, and sediment. Excavation of the
St. Juliens Creek sediment remediation area
would reduce toxicity and volume of COCs in
the area. Injections in the gate would actively
reduce toxicity of CVOCs in high- and low-
concentration target areas. Additional
reduction in toxicity and volume would
gradually occur as a result of natural
processes. Monitoring to assess toxicity,
mobility, and volume of COCs in groundwater
would be performed.

No treatment

Although no active treatment included,
components of the alternative would reduce
toxicity, mobility, and volume. Cover would
reduce mobility of COCs in waste, soil, and
sediment. Excavation of the St. Juliens Creek
sediment remediation area and the high-
concentration target area would reduce the
volume of COCs in those areas. Additional
reduction in toxicity and volume would gradually
occur as a result of natural processes.
Monitoring to assess toxicity, mobility, and
volume of COCs in groundwater would be
performed.

Treatment

Cover would reduce mobility of COCs in waste,
soil, and sediment. Excavation of the St. Juliens
Creek sediment remediation area and the high-
concentration target area would reduce the
volume of COCs in those areas. ERD would
actively reduce toxicity of CVOCs in low-
concentration target areas. Additional reduction in|
toxicity and volume would gradually occur as a
result of natural processes. Monitoring to assess
toxicity, mobility, and volume of COCs in
groundwater would be performed.

Short-Term Effectiveness

Moderate

Construction and implementation phases do
not present risk to the community, workers,
or environment. However, achievement of
RAOs is not expected.

Moderately High

Minimal risks to the community. Minimal risk to
workers. Environmental impacts from the coverl|
installation and excavation are temporary,
minimized through engineering controls, or
mitigated through compensatory wetland
mitigation. RAOs for the waste, soil, and
sediment quickly achieved through cover and
excavation. Timeframe to achieve RAOs for
groundwater is extensive as no active
treatment used.

Moderately High

Minimal risks to the community. Risks to
workers from potentially encountering MEC
during installation of sheet pile. Environmental
impacts from the cover installation and
excavation are temporary, minimized through
engineering controls, or mitigated through
compensatory wetland mitigation. RAOs for the
waste, soil, and sediment quickly achieved
through cover and excavation. Timeframe to
achieve RAOs for groundwater is moderate as
no active treatment is used.

Moderately High

Minimal risks to the community. Risks to
workers potentially encountering MEC during
installation injection wells and from the
handling and potential exposure to reagents
during injections. Environmental impacts from
cover installation and excavation are
temporary, minimized through engineering
controls, or mitigated through compensatory
wetland mitigation. RAOs for the waste, soil,
and sediment quickly achieved through cover
and excavation. Timeframe to achieve RAOs
for groundwater is moderate due to active
treatment in the high-concentration target
area.

Moderately High

Minimal risks to the community. Risks to
workers potentially encountering MEC during
installation injection wells and from the
handling and potential exposure to reagents
during injections. Environmental impacts from
cover installation and excavation are
temporary, minimized through engineering
controls, or mitigated through compensatory
wetland mitigation. RAOs for the waste, soil,
and sediment quickly achieved through cover
and excavation. Timeframe to achieve RAOs
for groundwater is moderate to low due to
active treatment in the high- and low-
concentration target areas.

Moderately High

Minimal risks to the community. Risks to
workers from potentially encountering waste
and MEC during installation of funnel and gate
and from potential exposure to reagents
during injections. Environmental impacts from
cover installation and excavation are
temporary, minimized through engineering
controls, or mitigated through compensatory
wetland mitigation. However, the increased
offsite transport and disposal of hazardous
waste increases the risks to the environment.
RAOs for the waste, soil, and sediment quickly|
achieved through cover and excavation.
Timeframe to achieve RAOs for groundwater
is moderate to high because although
treatment occurs in the gate, treatment will not
occur until the contamination migrates to the
gate.

Moderate

Risks to the community from increased traffic,
including transport of potentially hazardous
waste. Elevated risks to workers from potentially
encountering hazardous waste and MEC during
excavation of the high-concentration target area.
Most environmental impacts from cover
installation and excavation are temporary,
minimized through engineering controls, or
mitigated through compensatory wetland
mitigation; however, the potential to mobilize
DNAPL and the increased offsite transport and
disposal of hazardous waste increases the risks
to the environment. RAOs for the waste, soil, and
sediment quickly achieved through cover and
excavation. Timeframe to achieve RAOs for
groundwater is moderately low due to removal of
the high-concentration target area.

Moderate

Risks to the community from increased traffic,
including transport of potentially hazardous waste
Elevated risks to workers from potentially
encountering hazardous waste and MEC during
excavation of the high-concentration target area
and from the handling and potential exposure to
reagents during injections. Most environmental
impacts from cover installation and excavation
are temporary, minimized through engineering
controls, or mitigated through compensatory
wetland mitigation; however, the potential to
mobilize DNAPL and the increased offsite
transport and disposal of hazardous waste
increases the risks to the environment. RAOs for
the waste, soil, and sediment quickly achieved
through cover and excavation. Timeframe to
achieve RAOs for groundwater is low due to
removal of the high-concentration target area and
active treatment in the low-concentration target
area.

Implementability

Moderate

No action is easy to operate; however, it is
not a reliable technology and there is no way
to monitor its effectiveness.

Moderate

Challenges are associated with installation of a
cover over a wetland. Controls are easily
implemented to monitor the effectiveness of
the cover. Excavation of the St. Juliens Creek
sediment is easy to implement because it can
be excavated from the shore. Monitoring
networks are easy to construct and operate
and provide the ability to easily monitor the
effectiveness of the technology. However, the
reliability of MNA is limited.

Moderate

Challenges are associated with installation of a
cover over a wetland. Controls are easily
implemented to monitor the effectiveness of the
cover. Excavation of the St. Juliens Creek
sediment is easy to implement because it can
be excavated from the shore. Sheet pile is less
easily implemented as the technology is not
widely used and it has an increased chance of
not working. Monitoring networks are easy to
construct and operate and provide the ability to
easily monitor the effectiveness of the
technology. However, the reliability of MNA is
limited.

Moderate

Challenges are associated with installation of
a cover over a wetland. Controls are easily
implemented to monitor the effectiveness of
the cover. Excavation of the St. Juliens Creek
sediment is easy to implement because it can
be excavated from the shore. ERD is a
proven to be a reliable technology. Monitoring|
networks are easy to construct and operate
and provide the ability to easily monitor the
effectiveness of the technology. However, the
reliability of MNA is limited.

Moderate

Challenges are associated with installation of
a cover over a wetland. Controls are easily
implemented to monitor the effectiveness of
the cover. Excavation of the St. Juliens Creek
sediment is easy to implement because it can
be excavated from the shore. ERD is proven
to be a reliable technology. Monitoring
networks are easy to construct and operate
and provide the ability to easily monitor the
effectiveness of the technology. However, the
reliability of MNA is limited.

Moderate

Challenges are associated with installation of
a cover over a wetland. Controls are easily
implemented to monitor the effectiveness of
the cover. Excavation of the St. Juliens Creek
sediment is easy to implement because it can
be excavated from the shore. Funnel and gate
is less easily implemented as the technology
is not widely used and it has an increased
chance of not working. Monitoring networks
are easy to construct and operate and provide
the ability to easily monitor the effectiveness
of the technology. However, the reliability of
MNA is limited.

Difficult

Challenges are associated with installation of a
cover over a wetland. Controls are easily
implemented to monitor the effectiveness of the
cover. Excavation of the St. Juliens Creek
sediment is easy to implement because it can be
excavated from the shore. Excavation of the high
concentration target area is difficult to implement
because extensive dewatering and health and
safety precautions would be required. Monitoring
networks are easy to construct and operate and
provide the ability to easily monitor the
effectiveness of the technology. However, the
reliability of MNA is limited.

Difficult

Challenges are associated with installation of a
cover over a wetland. Controls are easily
implemented to monitor the effectiveness of the
cover. Excavation of the St. Juliens Creek
sediment is easy to implement because it can be
excavated from the shore. Excavation of the high-
concentration target area is difficult to implement
because extensive dewatering and health and
safety precautions would be required. ERD is
proven to be a reliable technology. Monitoring
networks are easy to construct and operate and
provide the ability to easily monitor the
effectiveness of the technology. However, the
reliability of MNA is limited.

Cost No Cost Capital Cost = ~$1.3M Capital Cost = ~$3.0M Capital Cost = ~$2.2M Capital Cost = ~$3.7M Capital Cost = ~$3.3M Capital Cost = ~$22.9M Capital Cost = ~$24.4M
O&M PV = ~$1.1M O&M PV = ~$1.0M O&M PV = ~$3.6M O&M PV = ~$7.5M O&M PV = ~$1.8M O&M PV = ~$1.0M O&M PV = ~$5.0M
Total Cost = ~$2.4M ($1.7M to 3.6M) Total Cost = ~$4.0M ($2.8M to 6.0M) Total Cost = ~$5.7M ($4.0M to 8.6M)  |Total Cost = ~$11.2M ($7.9M to Total Cost = ~$5.1M ($3.6M to $7.6M) |Total Cost = ~$23.9M ($16.7M to $35.8M) [Total Cost = ~$28.8M ($20.2M to $43.2M)
$16.9M)
Contingency Permeable Reactive Barrier: Total Capital Cost = ~$0.8M O&M PV =~$0.6M  Total Cost = ~$1.5M
Notes:

Surface water and sediment pore water are not included in this table, as the associated risk would be addressed via the remediation of
waste, soil, sediment, and groundwater.

The costs included in this table come from the cost estimate, which has been prepared in accordance with EPA 540-R-00-002 and
represents a -30 to +50 percent range of accuracy. The cost estimate is limited to the conditions existing at its issuance and is not a
guaranty of actual price or cost. Uncertain market conditions may affect the accuracy of the estimate. CH2M HILL is not responsible for
any variance from the estimate or actual prices and conditions obtained.
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TABLE 5-2

Comparative Analysis of Remedial Alternatives

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Evaluation Criteria

Alternative 1

Alternative 2

Alternative 3

Alternative 4

Alternative 5

Alternative 6

Alternative 7

Alternative 8

Overall Protection of

Human Health and the 1 10 10 10 10 10 10 10
Environment

Compliance with ARARs 1 10 10 10 10 10 10 10
Long-Term Effectiveness 1.0 8.5 8.0 8.5 8.5 8.0 9.0 9.0
and Permanence

Reduction of Toxicity,

Mobility, and Volume 1.0 1.0 1.0 8.0 9.0 5.0 1.0 4.0
Through Treatment

Short-Term Effectiveness 7.8 7.5 6.5 7.5 7.8 6.5 4.8 5.0
Implementability 6.6 8.8 7.9 9.1 9.3 8.2 8.3 8.4
Total Benefit 18.4 45.8 43.4 53.1 54.6 47.7 43.1 46.4
Cost ($1,000/benefit unit) $0 $36 - $78 $65 - $138 $75 - $162 $144 - 309 $75-$160 | $388-$832 | $434-$931

-30% to +50% range

Qualitative comparative analysis of alternatives using a rating scale of 1 through 10 (1 = lowest score, 10 = highest score)




TABLE 5-3

Detailed Comparative Analysis of Remedial Alternatives
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia

Evaluation Criteria

Alternative 1

Alternative 2

Alternative 3

Alternative 4

Alternative 5

Alternative 6

Alternative 7

Alternative 8

-30% to +50% range

Overall Protection of Human Health and the Environment 1 10 10 10 10 10 10 10
Compliance with ARARs 1 10 10 10 10 10 10 10
Compliance with Chemical-Specific ARARs 1 10 10 10 10 10 10 10
Compliance with Action-Specific ARARs 1 10 10 10 10 10 10 10
Compliance with Location-Specific ARARs 1 10 10 10 10 10 10 10
Compliance with Other Criteria, Advisories, and Guidances 1 10 10 10 10 10 10 10
Long-Term Effectiveness and Permanence 1.0 8.5 8.0 8.5 8.5 8.0 9.0 9.0
Magnitude of Residual Risk 1 8 8 8 8 8 9 9
Adequacy and Reliability of Controls 1 9 8 9 9 8 9 9
Reduction of Toxicity, Mobility, and Volume Through Treatment 1.0 1.0 1.0 8.0 9.0 5.0 1.0 4.0
Treatment Process Used and Materials Treated 1 1 1 8 9 5 1 4
Amount of Hazardous Materials Destroyed or Treated 1 1 1 8 9 5 1 4
Degree of Expected Reductions in Toxicity, Mobility, and Volume 1 1 1 8 9 5 1 4
Degree to Which Treatment is Irreversible 1 1 1 8 9 5 1 4
Type and Quantity of Residual Remaining After Treatment 1 1 1 8 9 5 1 4
Short-Term Effectiveness 7.8 7.5 6.5 7.5 7.8 6.5 4.8 5.0
Protection of Community During Remedial Actions 10 8 8 8 8 8 4 4
Protection of Workers During Remedial Actions 10 9 7 8 8 6 1 1
Environmental Impacts 10 8 7 8 8 7 5 5
Time Until Remedial Action Objectives are Achieved 1 5 4 6 7 5 9 10
Implementability 6.6 8.8 7.9 9.1 9.3 8.2 8.3 8.4
Ability to Construct and Operate the Technology 10 9 6 8 8 5 4 3
Reliability of the Technology 1 3 3 7 8 7 7 9
Ease of Undertaking Additional Remedial Actions, if Necessary 10 10 8 10 10 8 10 10
Ability to Monitor Effectiveness of Remedy 1 10 9 10 10 9 10 10
Ability to Coordinate and Obtain Approvals From Other Agencies 1 10 10 10 10 10 10 10
Avallaplllty of Offsite Treatment, Storage, and Disposal Services and 10 10 10 10 10 9 7 7
Capacity
Availability of Necessary Equipment and Specialists 10 9 8 9 9 8 9 9
Availability of Prospective Technologies 10 9 9 9 9 9 9 9
Total Benefit 18.4 45.8 43.4 53.1 54.6 47.7 43.1 46.4
Cost ($1,000/benefit unit) $0 $36-$78 | $65-$138 | $75-$162 | $144-309 | $75-$160 | $388-$832 | $434-$931

Qualitative comparative analysis of alternatives using a rating scale of 1 through 10 (1 = lowest score, 10 = highest score)




Remedial
Alemative

#8 - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment and High-
Concentration Target Area), ERD (Low-Concentration Target Area), and MMNA
(Maphthalene and Heptachlor Ep oxide Target Areas)

#T - Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment and High-
Concentration Target Area), and MMA (Low-Concentration, Maphthalene, and
Heptachlor Epoxide Target Areas)

#6 - Cover (Waste and Soil), Excavation (St Juliens Creek Sediment), Funneland
Gate (High-Concentration Target Area), and MNA (Low-Concentration Maphthalene,
and Heptachlor Epoxide Target Areas)

#5- Cover (Waste and Soil), Excavation (3. Juliens Creek Sediment), ERD (High-
and Low-Concentration TargetAreas), and MNA (Maphthalene and Heptachlor
Epoxide Target Areas)

#4 - Cover (Waste and Soil), Excavation (5t. Juliens Creek Sediment), ERD (High-
Concentration Target Area), and MMA {Low-Concentration, Map hthalene, and
HeptachlorEpoxide Target Areas)

#3- Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment), Sheet Pile
(High-Concentration Target Area), and MMA {Low-Concentration, Maphthalene, and
Heptachlor Epoxide Target Areas)

#2 - Cover (Waste and Soil), Excavation (3t. Juliens Creek Sediment), and MMNA
(High- and Low-Concentration, Maphthalene, and Heptachlor Epoxide Target Areas)

0.0 10.0 200 30.0 0.0 BOLD 60.0
Relative Score

i

OThreshold

mBalancing

Figure 5-1

Overall Comparative Analysis Ranking
Site 2 Feasibility Study Report

St. Juliens Creek Annex

Chesapeake, Virginia



Remedial Aternatives

#8 - Cover (Waste and Soil), Excavation (5t. Juliens Creek Sediment
and High-Concentration Target Area), ERD (Low-Concentration
Target Area), and MMA (Maphthalens and Heptachlor Epoxide ..

#T - Cover (Waste and Soil), Excavation (St. Juliens Creek S5ediment
and High-Concentration Target Area), and MMNA (Low-Concentration,
Maphthalene, and Heptachlor Epoxide Target Areas)

#6 - Cover (Waste and Soil), Excavation (5t. Juliens Creek
Sediment), Funnel and Gate (High-Concentration Target Area), and
MMA (Low-Concentration, Maphthalene, and Heptachlor Epoxide. ..

#5- Cover (Waste and Soil), Excavation (St Juliens Creek
Sediment), ERD (High-and Low-Concentration Target Areas), and
MrA (Maphthalene and Heptachlor Epoxide Target Areas)

#4 - Cover (Waste and Soil), Excavation (St Juliens Creek
Sediment), ERD (High-Concentration Target Area), and MMA (Low-
Concentration, Maphthalene, and Heptachlor Epoxide Target Areas)

#3 - Cover (Waste and Soil), Excavation (St Juliens Creek
Sediment), Sheet Pile (High-Concentration Target Area), and MMNA
(Low-Concentration, Maphthalene, and Heptachlor Epoxide Target ...

#2 - Cover (Waste and Soil), Excavation (5t Juliens Creek
Sediment), and MMA (High- and Low-Concentration, Maphthalene,
and Heptachlor Epoxide Target Areas)

#1- Mo Action

O Long-Term Effectiveness

®mReduction in Toxicity, Mobility,
and Volume

O Zhort-Term Effectiveness

O|mplementability

0.0
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Relative Score

Figure 5-2

Balancing Factors Evaluation
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia
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Appendix A
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Table A-1
Calculation of Risk-Based Cleanup Goals for Soil
Residential Adult Scenario
Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Chronic Chronic Chronic Dermal Inhalation Noncarcinogen
Oral Dermal Inhalation Oral Slope Slope Slope Absorption | Volatilization PRG
Chemical RfD RfD RfD Factor Factor Factor Factor Factor HQ=0.1 HQ=05 HQ=1
(RfDo) (RfDd) (RfDi) (CSFo) (CSFd) (CSFi) (ABS) (VF)
(mg/kg-day) (mg/kg-day) (mg/kg-day) | (kg-day/mg) (kg-day/mg) (kg-day/mg) | (unitless) (m3/kg) (mg/kg) (mg/kg) (mg/kg)
Antimony 4.00E-04 6.00E-05 NA NA NA NA 1.00E-02 NA 2.3E+01 1.2E+02 2.3E+02
Iron 7.00E-01 7.00E-01 NA NA NA NA 1.00E-02 NA 4.9E+04 2.5E+05 4.9E+05
Vanadium 1.00E-03 2.60E-05 NA NA NA NA 1.00E-02 NA 2.9E+01 1.4E+02 2.9E+02
Noncarcinogenic calculations: Soil PRG = THQ x BW x AT,

(mg/ka) EF x ED x (An + Bn + Cn)
An = 1/RfDo x IRS/10° mg/kg

Bn = 1/RfDd x SSA x AF x ABS x 1/16 mg/kg

Cn = 1/RfDix IRA x ET x (1/VF +1/PEF)

EXPOSURE ASSUMPTIONS
BW - Body Weight (kilograms) 70
ATnc - Averaging Time for Noncarcinogens (days) 8,760
ATc - Averaging Time for Carcinogens (days) 25,550
EF - Exposure Frequency (days/year) 350
ED - Exposure Duration (year) 24
ET - Exposure Time (hours/day) 24
IRS - Ingestion Rate (mg/day) 100
SSA - Skin Surface Area (sz) 5,700
AF - Soil to Skin Adherence Factor (mg/cm 2) 0.07

chemical
ABS - Absorption Factor (unitless) specific
IRA - Inhalation Rate (m3/hour) 0.83
PEF - Particulate Emission Factor (m 3/kg) 1.32E+09

NA - No reference dose or slope factor available.

ABS from EPA's Risk Assessment Guidance for Superfund Volume 1:
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Table A-2

Calculation of Risk-Based Cleanup Goals for Sediment

Residential Adult Scenario
Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Chronic Chronic Chronic Dermal Inhalation Noncarcinogen
Oral Dermal Inhalation Oral Slope Slope Slope Absorption PRG
Chemical RfD RfD RfD Factor Factor Factor Factor HQ=0.1 HQ=05 HQ=1
(RfDo) (RfDd) (RfDi) (CSFo) (CSFd) (CSFi) (ABS)
(mg/kg-day) (mg/kg-day) (mg/kg-day) | (kg-day/mg) (kg-day/mg) (kg-day/mg) | (unitless) | (mg/kg) (mg/kg) (mg/kg)
Chromium 3.00E-03 7.50E-05 3.00E-05 NA NA 4.10E+01 1.00E-02 | 1.0E+02 5.2E+02 1.0E+03

Noncarcinogenic calculations:

Sediment PRG =
(mgl/kg)

THQ x BW x AT,

EF x ED x (An + Bn)

An = 1/RfDo x IRSed/1¢° mg/kg

Bn = 1/RfDd x SSA x AF x ABS x 1/16 mg/kg

EXPOSURE ASSUMPTIONS 7.5E-05
BW - Body Weight (kilograms) 70
ATnc - Averaging Time for Noncarcinogens (days) 8,760
ATc - Averaging Time for Carcinogens (days) 25,550
EF - Exposure Frequency (days/year) 52
ED - Exposure Duration (year) 24
IRSed - Ingestion Rate (mg/day) 50
SSA - Skin Surface Area (cm?) 5,672
AF - Soil to Skin Adherence Factor (mg/cm?) 0.6

chemical
ABS - Absorption Factor (unitless) specific

NA - No reference dose or slope factor available.
ABS from EPA's Risk Assessment Guidance for Superfund Volume 1: Human health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessmeht EPA/540/R/99/00!
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Table A-3

Calculation of Risk-Based Cleanup Goals for Soil

Residential Child Scenario
Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Chronic Chronic Chronic Dermal Inhalation Noncarcinogen
Oral Dermal Inhalation Oral Slope Slope Slope Absorption | Volatilization PRG
Chemical RfD RfD RfD Factor Factor Factor Factor Factor HQ=0.1 HQ=05 HQ=1
(RfDo) (RfDd) (RfDi) (CSFo) (CSFd) (CSFi) (ABS) (VF)
(mg/kg-day) (mg/kg-day) (mg/kg-day) | (kg-day/mg) (kg-day/mg) (kg-day/mg) | (unitless) (m3/kg) (mg/kg) (mg/kg) (mg/kg)
Antimony 4.00E-04 6.00E-05 NA NA NA NA 1.00E-02 NA 2.6E+00 1.3E+01 2.6E+01
Iron 7.00E-01 7.00E-01 NA NA NA NA 1.00E-02 NA 5.3E+03 2.7E+04 5.3E+04
Vanadium 1.00E-03 2.60E-05 NA NA NA NA 1.00E-02 NA 3.8E+00 1.9E+01 3.8E+01
Noncarcinogenic calculations: Soil PRG = THQ x BW x AT,
(mg/kg) EF x ED x (An + Bn + Cn)

An = 1/RfDo x IRS/10° mg/kg

Bn = 1/RfDd x SSA x AF x ABS x 1/16 mg/kg

Cn = 1/RfDix IRA x ET x (1/VF +1/PEF)

EXPOSURE ASSUMPTIONS
BW - Body Weight (kilograms) 15
ATnc - Averaging Time for Noncarcinogens (days) 2,190
ATc - Averaging Time for Carcinogens (days) 25,550
EF - Exposure Frequency (days/year) 350
ED - Exposure Duration (year) 6
ET - Exposure Time (hours/day) 24
IRS - Ingestion Rate (mg/day) 200
SSA - Skin Surface Area (sz) 2,800
AF - Soil to Skin Adherence Factor (mg/cm 2) 0.20

chemical
ABS - Absorption Factor (unitless) specific
IRA - Inhalation Rate (m3/hour) 0.63
PEF - Particulate Emission Factor (m 3/kg) 1.32E+09

NA - No reference dose or slope factor available.

ABS from EPA's Risk Assessment Guidance for Superfund Volume 1:

Page 1 of 1
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Table A-4

Calculation of Risk-Based Cleanup Goals for Sediment

Residential Child Scenario
Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Chronic Chronic Chronic Dermal Inhalation Noncarcinogen
Oral Dermal Inhalation Oral Slope Slope Slope Absorption PRG
Chemical RfD RfD RfD Factor Factor Factor Factor HQ=0.1 HQ=05 HQ=1
(RfDo) (RfDd) (RfDi) (CSFo) (CSFd) (CSFi) (ABS)
(mg/kg-day) (mg/kg-day) (mg/kg-day) | (kg-day/mg) (kg-day/mg) (kg-day/mg) | (unitless) | (mg/kg) (mg/kg) (mg/kg)
Chromium 3.00E-03 7.50E-05 3.00E-05 NA NA 4.10E+01 1.00E-02 | 2.0E+00 1.0E+01 2.0E+01

Noncarcinogenic calculations:

Sediment PRG =

THQ x BW x AT,

(mg/kg)

EF x ED x (An + Bn + Cn)

An = 1/RfDo x IRSed/1¢° mg/kg

Bn = 1/RfDd x SSA x AF x ABS x 1/16 mg/kg

EXPOSURE ASSUMPTIONS
BW - Body Weight (kilograms) 15
ATnc - Averaging Time for Noncarcinogens (days) 2,190
ATc - Averaging Time for Carcinogens (days) 25,550
EF - Exposure Frequency (days/year) 52
ED - Exposure Duration (year) 6
IRSed - Ingestion Rate (mg/day) 100
SSA - Skin Surface Area (cm?) 1,852
AF - Soil to Skin Adherence Factor (mg/cm?) 21.0

chemical
ABS - Absorption Factor (unitless) specific

NA - No reference dose or slope factor available.
ABS from EPA's Risk Assessment Guidance for Superfund Volume 1: Human health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment EPA/540/R/99/00¢
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Table A-5

Calculation of Risk-Based Cleanup Goals for Groundwater

St. Juliens Creek Annex, Chesapeake, Virginia

Residential Adult Scenario
Site 2 Feasibility Study Report

Chronic Chronic Chronic Noncarcinogen
Oral Dermal Inhalation Target DAevent Shower An Bn Cn Groundwater PRG
Chemical RfD RfD RfD Organ Exposure HQ=0.1 HQ=05 HQ=1 Applicable | Applicable
(RfDo) (RfDd) (RfDi) Ing/Inh HQ! PRG
(mg/kg-day) (mg/kg-day) (mg/kg-day) (L/cm>day) (L/day) (kg-L/mg) (kg-L/mg)  (kg-L/mg)| (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1,1,2-Trichloroethane 4.0E-03 4.0E-03 NA Blood 1.0E-05 1.2E+00 5.0E+02 4.7E+01 NA 1.3E-02 6.7E-02 1.3E-01 0.33 4.4E-02
1,1-Dichloroethene 5.0E-02 5.0E-02 6.0E-02 Liver 1.5E-05 1.8E+00 4.0E+01 5.5E+00 3.0E+01 | 9.7E-02 4.8E-01 9.7E-01 0.14 1.4E-01
Liver/Liver,
Chloroform 1.0E-02 1.0E-02 2.8E-02 Kidney 1.0E-05 1.5E+00 2.0E+02 1.8E+01 5.5E+01 | 2.7E-02 1.3E-01 2.7E-01 0.14 3.7E-02
Methylene chloride 6.0E-02 6.0E-02 3.0E-01 Liver 4.2E-06 1.7E+00 3.3E+01 1.3E+00 5.8E+00 | 1.8E-01 9.0E-01 1.8E+00 0.14 2.5E-01
Liver, Whole
Body/Kidney,
Tetrachloroethene 1.0E-02 1.0E-02 8.0E-02 Liver 6.6E-05 1.4E+00 2.0E+02 1.2E+02 1.7E+01 | 2.2E-02 1.1E-01 2.2E-01 0.14 3.0E-02
Trichloroethene NA NA NA NA 1.9E-05 1.5E+00 NA NA NA NA NA NA NA NA
Vinyl chloride 3.0E-03 3.0E-03 2.8E-02 Liver 5.9E-06 2.2E+00 6.7E+02 3.6E+01 7.9E+01 | 9.3E-03 4.7E-02 9.3E-02 0.14 1.3E-02
cis-1,2-Dichloroethene 1.0E-02 1.0E-02 NA Blood 9.9E-06 1.7E+00 2.0E+02 1.8E+01 NA 3.4E-02 1.7E-01 3.4E-01 0.33 1.1E-01
Blood/Liver,
trans-1,2-Dichloroethene 2.0E-02 2.0E-02 1.7E-02 Lung 9.9E-06 1.8E+00 1.0E+02 8.9E+00 1.0E+02 | 3.4E-02 1.7E-01 3.4E-01 0.14 4.8E-02
Decreased Body
Weight/
Respiratory
Naphthalene 2.0E-02 2.0E-02 9.0E-04 System 7.4E-05 1.1E+00 1.0E+02 6.7E+01 1.2E+03 | 5.4E-03 2.7E-02 5.4E-02 0.5 2.7E-02
Heptachlor epoxide 1.3E-05 1.3E-05 NV Liver 5.3E-05 NV 1.5E+05 7.3E+04 NV 3.2E-05 1.6E-04 3.2E-04 0.14 4.5E-05
Noncarcinogenic calculations:
Groundwater RBC = THQ x BW x AT,
(mg/L) EF x ED x (An + Bn + Cn)
An = 1/RfDo x IR
Bn = 1/RfDd x SA x DAevent
Cn = 1/RfDi x Shower Exposure
EXPOSURE ASSUMPTIONS
BW - Body weight (kilograms) 70
ATnc - Averaging time for noncarcinogens (days) 8,760
ATc - Averaging time for carcinogens (days) 25,550
EF - Exposure frequency (days/year) 350
ED - Exposure duration (year) 24
IR - Ingestion rate (L/day) 2
SA - Skin surface area (cm?) 18,000

NA - No reference dose or slope factor available
NV - Not volatile
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Calculation of DAevent for Groundwater

Table A-5a

Residential Adult Scenario

Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Chemical Permeability Lag Duration Fraction
of Potential Constant Time of Event Absorbed Water
Concern (Kp) (7) (tevent) t* B FA DAevent
(cm/hr) (hr) (hr) (hr) (dimensionless) | (dimensionless) | (L/cm*-event) Eq
1,1,2-Trichloroethane 6.4E-03 6.0E-01 5.8E-01 1.4E+00 2.9E-02 1.0E+00 1.0E-05 2
1,1-Dichloroethene 1.2E-02 3.7E-01 5.8E-01 8.9E-01 4.4E-02 1.0E+00 1.5E-05 2
Chloroform 6.8E-03 5.0E-01 5.8E-01 1.2E+00 2.9E-02 1.0E+00 1.0E-05 2
Methylene chloride 3.5E-03 3.2E-01 5.8E-01 7.6E-01 1.3E-02 1.0E+00 4.2E-06 2
Tetrachloroethene 3.3E-02 9.1E-01 5.8E-01 2.2E+00 1.7E-01 1.0E+00 6.6E-05 2
Trichloroethene 1.2E-02 5.8E-01 5.8E-01 1.4E+00 5.1E-02 1.0E+00 1.9E-05 2
\Vinyl chloride 5.6E-03 2.4E-01 5.8E-01 5.7E-01 1.7E-02 1.0E+00 5.9E-06 3
cis-1,2-Dichloroethene 7.7E-03 3.7E-01 5.8E-01 8.9E-01 2.9E-02 1.0E+00 9.9E-06 2
trans-1,2-Dichloroethene 7.7E-03 3.7E-01 5.8E-01 8.9E-01 2.9E-02 1.0E+00 9.9E-06 2
Naphthalene 4.7E-02 5.6E-01 5.8E-01 1.3E+00 2.0E-01 1.0E+00 7.4E-05 2
Heptachlor epoxide 8.6E-03 1.3E+01 5.8E-01 3.2E+01 6.4E-02 8.0E-01 5.3E-05 2

Inorganics:
DAevent (L/cm2-event) =
Kp x tevent x 0.001 L/cm? (eq 1)

Organics:

tevent<t*: DAevent (L/cm2-event) =

2 x FA x Kp x (sqrt((6 x t x tevent)/3.1415)) x 0.001 L/cm?®

tevent>t*: DAevent (L/cm2-event) =

FA X Kp X ( tevent(1+B) + 2 X Teyem X ((1 + 3xB + 3xB?)/(1+B)?) x 0.001 l/cm® (eq 3)

Notes:
NA - Not applicable

Permeability constants from EPA 2004, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment - Final). EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.

B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability
coefficient across the viable epidermis (dimensionless).

t* - Time to reach steady-state




Table A-5b
Inhalation Exposure Concentrations from Foster and Chrostowski Shower Model
Residential Adult Scenario
Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Henry's Law Exposure | Exposure
Molecular Constant (H) (INExp) (InExp X
weight (MW) (atm- Kg (VOC) KI(VOC) Kal S (L/m*- (L/kg- BW)

Chemical (g/mole) m3/mole) (cm/hr) (cm/hr) KL (cm/hr) | (cm/hr) Cwd min) shower) (L/day)
1,1,2-Trichloroethane 133 9.1E-04 1.1E+03 1.1E+01 9.0E+00 1.2E+01 9.7E+01| 8.0E+01| 1.8E-02 1.2E+00
1,1-Dichloroethene 97 2.6E-02 1.3E+03 1.3E+01 1.3E+01 1.8E+01 1.4E+02] 1.2E+02| 2.6E-02 1.8E+00
Chloroform 119 3.7E-03 1.2E+03 1.2E+01 1.1E+01 1.5E+01 1.2E+02| 1.0E+02| 2.2E-02 1.5E+00
Methylene chloride 85 2.2E-03 1.4E+03 1.4E+01 1.3E+01 1.7E+01 1.4E+02| 1.1E+02| 2.5E-02 1.7E+00
Tetrachloroethene 166 1.8E-02 9.9E+02 1.0E+01 1.0E+01 1.4E+01 1.1E+02| 9.0E+01| 2.0E-02 1.4E+00
Trichloroethene 131 1.0E-02 1.1E+03 1.2E+01 1.1E+01 1.5E+01 1.2E+02| 1.0E+02| 2.2E-02 1.5E+00
Vinyl chloride 63 2.7E-02 1.6E+03 1.7E+01 1.7E+01 2.2E+01 1.7E+02] 1.4E+02| 3.1E-02 2.2E+00
cis-1,2-Dichloroethene 97 4.1E-03 1.3E+03 1.3E+01 1.3E+01 1.7E+01 1.3E+02| 1.1E+02[ 2.5E-02 1.7E+00
trans-1,2-Dichloroethene 97 9.4E-03 1.3E+03 1.3E+01 1.3E+01 1.8E+01 1.4E+02] 1.1E+02| 2.5E-02 1.8E+00
Naphthalene 128 4.8E-04 1.1E+03 1.2E+01 7.7E+00 1.0E+01 8.3E+01| 6.9E+01| 1.5E-02 1.1E+00

Variables Units Exposure Assumptions
Kg(VOC) = gas-film mass transfer coefficient cm/hr Solved by Eq 1
KI(VOC) = liquid-film mass transfer coefficient cm/hr Solved by Eq 2,
KL = overall mass transfer coefficient cm/hr Solved by Eq 3|
Kal = adjusted overall mass transfer coeff. cm/hr Solved by Eq 4|
Tl = Calibration temp. of water K (20C +273) 293
Ts = Shower water temperature k (45C) 318
Us = water viscosity at Ts centipoise 0.596
Ul = water viscosity at Tl cp 1.002
Cwd = conc. leaving droplets after time sdt Solved by Eq 5
sdt = shower droplet drop time sec 0.5
d = shower droplet diameter mm 1
FR = shower water flow rate I/min 10
SV = shower room air volume m’ 12
S = indoor VOC generation rate L/m*-min Solved by Eq 6|
VR = ventilation rate I/min 13.8
BW = body weight kg 70
Ds = duration of shower min 30
Dt = total duration in shower room min 60
R = air exchange rate min” 0.0083
Ca = indoor air concentration of VOCs L—ug/mg—m3 Solved by Eq 7|
Einh = inhalation exposure per shower L/kg-shower Solved by Eq 8|
Equation 1: Kg(VOC) = 3000 * (18 / MW)™®
Equation 2: KI(VOC) = 20 * (44 | MW)*®
Equation 3: KL = ((1/KI(VOC)) +(0.024 / (Kg (VOC) * H)))"
Equation 4: Kal = (KL* (((T1* Us) / (Ts * UI) ™))
Equation 5: Cwd = ((1-EXP((-1 * Kal * sdt)/(60 * d))))
Equation 6: S= (Cwd * FR/ 8V)
Equation 7: see time series example on Table I-GW-6
Equation 8: Einh = If t>Ds ((VR*S)/(BW * R *1000000)) *
((Ds + (EXP(-R * Dt) / R)-(EXP(R * (Ds - Dt))) / R)))
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Table A-6
Calculation of Risk-Based Cleanup Goals for Groundwater
Residential Child Scenario
Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Chronic Chronic Noncarcinogen
Oral Dermal Target DAevent An Bn Groundwater PRG
Chemical RfD RfD Organ HQ=0.1 HQ=05 HQ=1 |Applicable| Applicable
(RfDo) (RfDd) Ing HQ! PRG
(mg/kg-day) (mg/kg-day) (Licm*-day) (kg-L/mg) (kg-L/mg) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1,1,2-Trichloroethane 4.0E-03 4.0E-03 Blood 1.4E-05 2.5E+02 2.3E+01 5.7E-03 2.9E-02  5.7E-02 0.33 1.9E-02
1,1-Dichloroethene 5.0E-02 5.0E-02 Liver 2.1E-05 2.0E+01 2.7E+00 6.9E-02 3.4E-01 6.9E-01 0.17 1.1E-01
Chloroform 1.0E-02 1.0E-02 Liver 1.3E-05 1.0E+02 8.8E+00 1.4E-02 7.2E-02 1.4E-01 0.17 2.4E-02
Methylene chloride 6.0E-02 6.0E-02 Liver 5.7E-06 1.7E+01 6.3E-01 9.0E-02 4.5E-01 9.0E-01 0.17 1.5E-01
Tetrachloroethene 1.0E-02 1.0E-02 Liver, Whole Body 8.7E-05 1.0E+02 5.7E+01 9.9E-03 5.0E-02 9.9E-02 0.17 1.7E-02
Trichloroethene NA NA NA 2.5E-05 NA NA NA NA NA NA NA
Vinyl chloride 3.0E-03 3.0E-03 Liver 8.2E-06 3.3E+02 1.8E+01 4.5E-03 2.2E-02  4.5E-02 0.17 7.4E-03
cis-1,2-Dichloroethene 1.0E-02 1.0E-02 Blood 1.3E-05 1.0E+02 8.8E+00 1.4E-02 7.2E-02 1.4E-01 0.33 4.7E-02
trans-1,2-Dichloroethene 2.0E-02 2.0E-02 Blood 1.3E-05 5.0E+01 4.4E+00 2.9E-02 1.4E-01 2.9E-01 0.33 9.5E-02
Decreased Body
Naphthalene 2.0E-02 2.0E-02 Weight 9.7E-05 5.0E+01 3.2E+01 1.9E-02 9.5E-02 1.9E-01 1 1.9E-01
Heptachlor epoxide 1.3E-05 1.3E-05 Liver 6.9E-05 7.7E+04 3.5E+04 1.4E-05 7.0E-05 1.4E-04 0.17 2.3E-05

Noncarcinogenic calculations:

Groundwater RBC =

(mg/L)

An = 1/RfDo x IR

Bn = 1/RfDd x SA x DAevent

THQ X BW X AT,

EF x ED x (An + Bn)

EXPOSURE ASSUMPTIONS

BW - Body weight (kilograms) 15
ATnc - Averaging time for noncarcinogens (days) 2,190
ATc - Averaging time for carcinogens (days) 25,550
EF - Exposure frequency (days/year) 350
ED - Exposure duration (year) 6
IR - Ingestion rate (L/day) 1
SA - Skin surface area (cnf) 6,600

NA - No reference dose or slope factor available.
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Table A-6a

Calculation of DAevent for Groundwater
Residential Child Scenario
Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Chemical Permeability Lag Duration Fraction
of Potential Constant Time of Event Absorbed Water
Concern (Kp) (1) (tevent) t B FA DAevent
(cm/hr) (hr) (hr) (hr) (dimensionless) | (dimensionless) | (L/cm?-event) Eq
1,1,2-Trichloroethane 6.4E-03 6.0E-01 1.0E+00 | 1.4E+00 2.9E-02 1.0E+00 1.4E-05 2
1,1-Dichloroethene 1.2E-02 3.7E-01 1.0E+00 | 8.9E-01 4.4E-02 1.0E+00 2.1E-05 3
Chloroform 6.8E-03 5.0E-01 1.0E+00 | 1.2E+00 2.9E-02 1.0E+00 1.3E-05 2
Methylene chloride 3.5E-03 3.2E-01 1.0E+00 | 7.6E-01 1.3E-02 1.0E+00 5.7E-06 3
Tetrachloroethene 3.3E-02 9.1E-01 1.0E+00 | 2.2E+00 1.7E-01 1.0E+00 8.7E-05 2
Trichloroethene 1.2E-02 5.8E-01 1.0E+00 | 1.4E+00 5.1E-02 1.0E+00 2.5E-05 2
Vinyl chloride 5.6E-03 2.4E-01 1.0E+00 | 5.7E-01 1.7E-02 1.0E+00 8.2E-06 3
cis-1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 | 8.9E-01 2.9E-02 1.0E+00 1.3E-05 3
trans-1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 | 8.9E-01 2.9E-02 1.0E+00 1.3E-05 3
Naphthalene 4.7E-02 5.6E-01 1.0E+00 | 1.3E+00 2.0E-01 1.0E+00 9.7E-05 2
Heptachlor epoxide 8.6E-03 1.3E+01 1.0E+00 | 3.2E+01 6.4E-02 8.0E-01 6.9E-05 2

Inorganics:
DAevent (L/cm2-event) =
Kp x teventx 0.001 L/cm® (eq 1)

Organics:

tevent<t*: DAevent (L/cm2-event) =
2 x FA x Kp x (sqrt((6 x t x tevent)/3.1415)) x 0.001 L/icm®

tevent>t*: DAevent (L/cm2-event)

FA X Kp X ( toven/(1+B) + 2 x TX ((1 + 3xB + 3xB?)/(1+B)?) x 0.001 l/lcm® (eq 3)

Notes:
NA - Not applicable

Permeability constants from EPA 2004, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment - Final). EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.

B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability
coefficient across the viable epidermis (dimensionless).

t* - Time to reach steady-state




Table A-7

Calculation of Risk-Based Cleanup Goals for Groundwater
Residential Lifetime Scenario
Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Dermal Inhalation Carcinogen
Oral Slope Slope Slope DAevent-a DAevent-c Shower Ac Bc Cc Ingestion PRG
Chemical Factor Factor Factor Exposure Risk = Risk = Risk =
(CSFo) (CSFd) (CSFi) 1E-06 1E-05 1E-04
(kg-day/mg)  (kg-day/mg)  (kg-day/mg) | (L/cm?day) | (L/cm?-day) (L/day) (L-yr/mg) (L-yr/mg) (L-yr/mg) (mg/L) (mg/L) (mg/L)
1,1,2-Trichloroethane 5.7E-02 5.7E-02 5.6E-02 1.0E-05 1.4E-05 1.2E+00 6.2E-02 5.7E-03 2.4E-02 8.0E-04  8.0E-03 8.0E-02
1,1-Dichloroethene NA NA NA 1.5E-05 2.1E-05 1.8E+00 NA NA NA NA NA NA
Chloroform 3.1E-02 3.1E-02 8.1E-02 1.0E-05 1.3E-05 1.5E+00 3.4E-02 3.0E-03 4.3E-02 9.2E-04  9.2E-03 9.2E-02
Methylene chloride 7.5E-03 7.5E-03 1.6E-03 4.2E-06 5.7E-06 1.7E+00 8.2E-03 3.1E-04 9.6E-04 7.7E-03  7.7E-02 7.7E-01
Tetrachloroethene 5.4E-01 5.4E-01 8.0E-02 6.6E-05 8.7E-05 1.4E+00 5.9E-01 3.4E-01 3.8E-02 7.5E-05 7.5E-04 7.5E-03
Trichloroethene 1.3E-02 1.3E-02 7.0E-03 1.9E-05 2.5E-05 1.5E+00 1.4E-02 2.4E-03 3.7E-03 3.6E-03  3.6E-02 3.6E-01
Vinyl chloride 1.4E+00 1.4E+00 3.1E-02 5.9E-06 8.2E-06 2.2E+00 1.5E+00 8.2E-02 2.3E-02 4.5E-05  4.5E-04 4.5E-03
cis-1,2-Dichloroethene NA NA NA 9.9E-06 1.3E-05 1.7E+00 NA NA NA NA NA NA
trans-1,2-Dichloroethene NA NA NA 9.9E-06 1.3E-05 1.8E+00 NA NA NA NA NA NA
Naphthalene NA NA 1.2E-01 7.4E-05 9.7E-05 1.1E+00 NA NA 4.4E-02 1.7E-03  1.7E-02 1.7E-01
Heptachlor epoxide 9.1E+00 9.1E+00 NV 5.3E-05 6.9E-05 NV 9.9E+00 4.6E+00 NV 5.0E-06  5.0E-05 5.0E-04
Carcinogen calculations:
Groundwater RBC = TR x AT,

(mg/L)

EF x (Ac + Bc + Cc)

Ac = CSFo x IRadj

Bc = CSFd x [(SAa x DAevent-a x EDa)/BWa + (SAc x DAevent-c X EDc)/BWc]

Cc = CSFi x Shower Exposure x EDa x 1/BWa
EXPOSURE ASSUMPTIONS Lifetime Adult (a) Child (c)
BW - Body weight (kilograms) 70 15
ATc - Averaging time for carcinogens (days) 25,550 25,550
EF - Exposure frequency (days/year) 350 350
ED - Exposure duration (year) 24 6
IR - Ingestion rate (L/day) 2 1
IRdj - Ingestion rate (L-year/kg-day) 1.09
SA - Skin surface area (cmz) 18,000 6,600
ET - Exposure Time (hours/day) 0.58 1.00

NA - No reference dose or slope factor available
NV - Not volatile
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Table A-8
Recommended Risk-Based Preliminary Remediation Goals for Residential Groundwater
Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Recommended Risk-
Chemical Based GroundwaterPRG Basis
(ug/L)
1,1,2-Trichloroethane 8.0E+00 Lifetime, CR = 10°
1,1-Dichloroethene 1.1E+02 Child HQ = 0.17
Chloroform 9.2E+00 Lifetime, CR = 10°
Methylene chloride 7.7E+01 Lifetime, CR = 10°
Tetrachloroethene 7.5E-01 Lifetime, CR = 10°
Trichloroethene 3.6E+01 Lifetime, CR = 10°
Vinyl chloride 4.5E-01 Lifetime, CR = 10°
cis-1,2-Dichloroethene 4.7E+01 Child, HQ = 0.33
trans-1,2-Dichloroethene 4.8E+01 Adult, HQ = 0.14
Naphthalene 1.7E+01 Lifetime, CR = 10°
Heptachlor epoxide 2.3E-02 Child, HQ = 0.17

Notes:

1. For constituents with basis of CR = 10 *°, PRG for CR =10 less than PRG for applicable HQ.
2. Used CR of 10" to keep overall carcinogenic risk below 10 -,

3. Applicable HQ chosen to keep total HI for each target organ equal to or less than 1.

4. Based on above PRGs, total CR would be 7x10°.

5. Based on above PRGs, Hls for individual target organs would be 1 or below.
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Table A-9

Recommended Risk-Based Preliminary Remediation Goals and MCLs for Residential Groundwater

Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Recommended Risk- Risk Level of Hazard Level of
Chemical Based Groundwater PRG Basis MCL MCL MCL
(ug/L) (ug/L)

1,1,2-Trichloroethane 8.0E+00 Lifetime, CR = 10° 5.0E+00 6.3E-06 --
1,1-Dichloroethene 1.1E+02 Child HQ = 0.17 7.0E+00 -- 1.0E-02
Chloroform 9.2E+00 Lifetime, CR = 10° 8.0E+01 8.7E-05 --
Methylene chloride 7.7E+01 Lifetime, CR = 10° 5.0E+00 6.5E-07 --
Tetrachloroethene 7.5E-01 Lifetime, CR = 10° 5.0E+00 6.7E-05 --
Trichloroethene 3.6E+01 Lifetime, CR = 10° 5.0E+00 1.4E-06 --
Vinyl chloride 4.5E-01 Lifetime, CR = 10° 2.0E+00 4.5E-05 --
cis-1,2-Dichloroethene 4.7E+01 Child, HQ = 0.33 7.0E+01 -- 4.9E-01
trans-1,2-Dichloroethene 4.8E+01 Adult, HQ = 0.14 1.0E+02 -- 2.9E-01
Naphthalene 1.7E+01 Lifetime, CR = 10° NA NA NA
Heptachlor epoxide 2.3E-02 Child, HQ = 0.17 2.0E-01 -- 1.5E+00
Total Risk 7.0E-05 2.1E-04
Notes:

1. For constituents with basis of CR = 7x10 7, PRG for CR =7x107 less than PRG for applicable HQ.
2. Used CR of 7x10°® to keep overall carcinogenic risk below 10 -,

3. Applicable HQ chosen to keep total HI for each target organ equal to or less than 1.
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Table A-10

Calculation of Risk-Based Cleanup Goals for Groundwater
Industrial Noncarcinogen Scenario
Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Chronic Noncarcinogen
Oral Target An Groundwater PRG
Chemical RfD Organ HQ=0.1 HQ=05 HQ=1 Applicable | Applicable
(RfDo) Ing/Inh HQ PRG
(mg/kg-day) (kg-L/mg) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1,1,2-Trichloroethane 4.0E-03 Blood 2.5E+02 4.1E-02 2.0E-01 4.1E-01 0.33 1.3E-01
1,1-Dichloroethene 5.0E-02 Liver 2.0E+01 5.1E-01 2.6E+00 5.1E+00 0.17 8.5E-01

Liver/Liver,
Chloroform 1.0E-02 Kidney 1.0E+02 1.0E-01 5.1E-01 1.0E+00 0.17 1.7E-01
Methylene chloride 6.0E-02 Liver 1.7E+01 6.1E-01 3.1E+00  6.1E+00 0.17 1.0E+00

Liver, Whole

Body/Kidney,
Tetrachloroethene 1.0E-02 Liver 1.0E+02 1.0E-01 5.1E-01 1.0E+00 0.17 1.7E-01
Trichloroethene NA NA NA NA NA NA NA NA
Vinyl chloride 3.0E-03 Liver 3.3E+02 3.1E-02 1.5E-01 3.1E-01 0.17 5.1E-02
cis-1,2-Dichloroethene 1.0E-02 Blood 1.0E+02 1.0E-01 5.1E-01 1.0E+00 0.33 3.4E-01

Blood/Liver,
trans-1,2-Dichloroethene 2.0E-02 Lung 5.0E+01 2.0E-01 1.0E+00  2.0E+00 0.33 6.7E-01

Decreased Body
Weight/

Respiratory
Naphthalene 2.0E-02 System 5.0E+01 2.0E-01 1.0E+00  2.0E+00 1 2.0E+00
Heptachlor epoxide 1.3E-05 Liver 7.7E+04 1.3E-04 6.6E-04 1.3E-03 0.17 2.2E-04
Noncarcinogenic calculations:

Groundwater PRG = THQ x BW x AT,
(mg/L) EF x ED x An
An = 1/RfDo x IR

EXPOSURE ASSUMPTIONS
BW - Body weight (kilograms) 70
ATnc - Averaging time for noncarcinogens (days) 9,125
ATc - Averaging time for carcinogens (days) 25,550
EF - Exposure frequency (days/year) 250
ED - Exposure duration (year) 25

IR - Ingestion rate (L/day)

NA - No reference dose or slope factor available
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Table A-11

Calculation of Risk-Based Cleanup Goals for Groundwater

Industrial Carcinogen Scenario
Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Carcinogen
Oral Slope Ac Ingestion PRG
Chemical Factor Risk = Risk = Risk =
(CSFo) 1E-06 1E-05 1E-04
(kg-day/mg) (L-yr/mg) (mgi/L) (mgi/L) (mgi/L)
1,1,2-Trichloroethane 5.7E-02 5.7E-02 5.0E-03 5.0E-02 5.0E-01
1,1-Dichloroethene NA NA NA NA NA
Chloroform 3.1E-02 3.1E-02 9.2E-03 9.2E-02 9.2E-01
Methylene chloride 7.5E-03 7.5E-03 3.8E-02 3.8E-01 3.8E+00
Tetrachloroethene 5.4E-01 5.4E-01 5.3E-04 5.3E-03 5.3E-02
Trichloroethene 1.3E-02 1.3E-02 2.2E-02 2.2E-01 2.2E+00
Vinyl chloride 1.4E+00 1.4E+00 2.0E-04 2.0E-03 2.0E-02
cis-1,2-Dichloroethene NA NA NA NA NA
trans-1,2-Dichloroethene NA NA NA NA NA
Naphthalene NA NA NA NA NA
Heptachlor epoxide 9.1E+00 9.1E+00 3.1E-05 3.1E-04 3.1E-03
Carcinogen calculations:
Groundwater RBC = TR x BW x AT,
(mgl/L) EF x ED x Ac

Ac = CSFoxIR

EXPOSURE ASSUMPTIONS

BW - Body weight (kilograms) 70
ATc - Averaging time for carcinogens (days) 25,550
EF - Exposure frequency (days/year) 250
ED - Exposure duration (year) 25
IR - Ingestion rate (L/day) 1

NA - No reference dose or slope factor available
NV - Not volatile
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Table A-12

Recommended Risk-Based Preliminary Remediation Goals for Industrial Groundwater

Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Recommended Risk-
Chemical Based GroundwaterPRG Basis
(ug/)

1,1,2-Trichloroethane 5.0E+01 Industrial, CR = 10°°
1,1-Dichloroethene 8.5E+02 Industrial HQ = 0.17
Chloroform 9.2E+01 Industrial, CR = 10°°
Methylene chloride 3.8E+02 Industrial, CR = 107°
Tetrachloroethene 5.3E+00 Industrial, CR = 107°
Trichloroethene 2.2E+02 Industrial, CR = 107°
Vinyl chloride 2.0E+00 Industrial, CR = 107°
cis-1,2-Dichloroethene 3.4E+02 Industrial, HQ = 0.33
trans-1,2-Dichloroethene 6.7E+02 Industrial, HQ = 0.33
Naphthalene 2.0E+03 Industrial, HQ =1

Heptachlor epoxide 2.2E-01 Industrial, HQ = 0.17

Notes:

1. For constituents with basis of CR = 10°, PRG for CR =107 less than PRG for applicable HQ.

2. Used CR of 10” to keep overall carcinogenic risk below 10%.

3. Applicable HQ chosen to keep total HI for each target organ equal to or less than 1.
4. Based on above PRGs, total CR would be 7x10°.
5. Based on above PRGs, Hls for individual target organs would be 1 or below.
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Table A-13

Recommended Risk-Based Preliminary Remediation Goals and MCLs for Industrial Groundwater

Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Recommended Risk- Hazard Level of
Chemical Based Groundwater PRG Basis MCL Risk Level of MCL MCL
(ug/L) (ug/L)

1,1,2-Trichloroethane 5.0E+01 Industrial, CR = 10-5 5.0E+00 1.0E-06 -
1,1-Dichloroethene 8.5E+02 Industrial HQ = 0.17 7.0E+00 - 1.4E-03
Chloroform 9.2E+01 Industrial, CR = 10-5 8.0E+01 8.7E-06 -
Methylene chloride 3.8E+02 Industrial, CR = 10-5 5.0E+00 1.3E-07 --
Tetrachloroethene 5.3E+00 Industrial, CR = 10-5 5.0E+00 9.4E-06 -
Trichloroethene 2.2E+02 Industrial, CR = 10-5 5.0E+00 2.3E-07 -
Vinyl chloride 2.0E+00 Industrial, CR = 10-5 2.0E+00 9.8E-06 --
cis-1,2-Dichloroethene 3.4E+02 Industrial, HQ = 0.33 7.0E+01 - 6.8E-02
trans-1,2-Dichloroethene 6.7E+02 Industrial, HQ = 0.33 1.0E+02 - 4 9E-02
Naphthalene 2.0E+03 Industrial, HQ = 1 NA NA NA
Heptachlor epoxide 2.2E-01 Industrial, HQ = 0.17 2.0E-01 - 1.5E-01
Total Risk 7.0E-05 2.9E-05
Notes:

1. For constituents with basis of CR = 7x107, PRG for CR =7x10° less than PRG for applicable HQ.
2. Used CR of 7x10°® to keep overall carcinogenic risk below 10*.

3. Applicable HQ chosen to keep total HI for each target organ equal to or less than 1.
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Table A-14
Recommended Risk-Based Preliminary Remediation Goals for Soil

Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Residential
Chemical Recommended Soil PRG Basis
(mg/kg)
Inorganics
Antimony 26.4 Child, HQ=1.0 (Longevity, Blood Glucose, Cholesterol)
Iron 53,259 Child, HQ=1.0 (GlI)
Lead 400 EPA, 1994
Vanadium 38 Child, HQ=1.0 (Kidney)
Notes:

1. For constituents with basis of CR = 10°°, PRG for CR =107 less than PRG for applicable HQ.
2. Used CR of 10 to keep overall carcinogenic risk below 10%,

3. Applicable HQ chosen to keep total HI for each target organ equal to or less than 1.
ALM - Adult Lead Model, 2005 version. http://www.epa.gov/superfund/health/contaminants/lead/products.htm#alm

Gl - Gastrointestinal
EPA, 1994. Revised Interim Soil Lead Guidance for CERLCA Sites and RCRA Corrective Action Facilities. OSWER Directive 9355.4-12.
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Table A-15
Recommended Risk-Based Preliminary Remediation Goals for Sediment

Site 2 Feasibility Study Report
St. Juliens Creek Annex, Chesapeake, Virginia

Residential
Recommended
Chemical Sediment PRG Basis
(mg/kg)
Inorganics
Chromium 20 Child, HQ=1.0 (None Reported)
Notes:

1. For constituents with basis of CR = 10°°, PRG for CR =107 less than PRG for applicable HQ.
2. Used CR of 10° to keep overall carcinogenic risk below 10%.

3. Applicable HQ chosen to keep total HI for each target organ equal to or less than 1.
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Table A-16
Recommended Preliminary Remediation Goals

Site 2 Feasibility Study Report

St. Juliens Creek Annex, Chesapeake, Virginia

Resident
Human Health Risk-Based
Chemical Cleanup Goal Background UTL
(mg/kg) (mg/kg)
Surface Soil and Subsurface Soil
Antimony 26.4 1.2
Iron 53,529 50,142
Lead 400* 145
Vanadium 38 72
Sediment
Chromium | 20 53
Groundwater (ug/L)
1,1,2-Trichloroethane 5 N/A
1,1-Dichloroethene 7 N/A
Chloroform 80 N/A
Methylene chloride 5 N/A
Tetrachloroethene 5 N/A
Trichloroethene 5 N/A
Vinyl chloride 2 N/A
cis-1,2-Dichloroethene 70 N/A
trans-1,2-Dichloroethene 100 N/A
Naphthalene 170 N/A
Heptachlor epoxide 0.2 N/A

*Average site-wide concentration
Recommended preliminary remediation goal
NA - not applicable
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Table A-17
Recommended Ecological Preliminary Remediation Goals for Site 2 Sediment
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Risk-Based 95% Bohicket Maximum Bioassay
|| COPCs Screening Value' | Background UTL? Concentration®
[[Total Inorganics (mg/kg)

[[Barium 48 83 121
[lcadmium 1.2 - 10.9
[[Chromium 5 53 260
[[Copper 34 64 421
[[Cyanide 0.1 - ND (0.14)
[lLead 46.7 145 351
[INickel 20.9 44 23.6
[lzinc 150 372 758
[lPesticides/PCBs (uglkg)
[lAroclor-1254 22.7 - ND (170)
[laroclor-1260 22.7 - ND (170)
[lAlpha-Chlordane 05 9.1 -
[[Gamma-Clordane 05 9.7 -
Dieldrin 0.715 -- 2.9
Semi-volatile Organic Compounds (ug/kg)

2-Methylnaphthalene 70 - ND (1700)
Acenaphthene 16 292 ND (1700)
Anthracene 85.3 332 ND (1700)
Benzo(a)anthracene 261 749 270
[[Benzo(a)pryene 430 732 280
[[Benzo(g,h,i)perylene 670 501 230
[[Benzo(k)fluoranthene 240 467 150
[[chrysene 384 986 390
[[Dibenz(a,h)anthracene 63.4 292 ND (1700)
[[Diethylphehalate 200 - ND (1700)
[[Fluoranthene 600 2,500 430
[IFlourene 19 292 ND (1700)
[lindeno(1,2,3-cd)pyrene 600 472 ND (1700)
[[Naphthalene 160 292 ND (1700)
[[Phenanthrene 240 376 ND (1700)
[lPyrene 665 1,905 610
[[Volatile Organic Compounds (ug/kg)

[[Vinyl chloride [ 31 | - | -

1 - Screening values from USEPA 1995, Buchman 1999, Long and Morgan 1990, and OME 1993

2 - 95% Bohicket Background UTLs from CH2M HILL, 2001

3 - ND indicates a non-detect value. Concentration in parentheses are based on maximum reporting limits
Recommended preliminary remediation goal



Table A-18
Recommended Ecological Preliminary Remediation Goals for St. Juliens Creek Sediment
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

Risk-Based Screening 95% Bohicket 95% Reference UTL [ Maximum Bioassay
COPCs value' Background UTL? Concentration® Concentration’

Total Inorganics (mg/kg)

Barium 48 83 58.9 121
[lcadmium 1.2 - 1.4 10.9
[lchromium 5 53 43.2 260
[lcopper 34 64 122 421
[lcyanide 0.1 - 0.67 ND (0.14)
[ILead 46.7 145 104 351
[[Nickel 20.9 44 19.9 23.6
[lzinc 150 372 422 758

Pesticides/PCBs (ug/kg)

Aroclor-1254 22.7 - - ND (170)

Aroclor-1260 22.7 - - ND (170)

Alpha-Chlordane 0.5 9.1 - --

Gamma-Chlordane 0.5 9.7 - --

Dieldrin 0.715 - - 2.9

Semi-volatile Organic Compounds (ug/kg)

2-Methylnaphthalene 70 -- -- ND (1700)

Acenaphthene 16 292 -- ND (1700)

Anthracene 85.3 332 492 ND (1700)

Benzo(a)anthracene 261 749 1,300 270
[[Benzo(a)pryene 430 732 1,100 280
[[Benzo(g,h,i\perylene 670 501 672 230
[[Benzo(k)fluoranthene 240 467 1400 150
[lchrysene 384 986 1500 390
[[Dibenz(a,h)anthracene 63.4 292 410 ND (1700)
[[Diethylphehalate 200 - 608 ND (1700)
[[Fluoranthene 600 2,500 2600 430
[lFlourene 19 292 - ND (1700)
[lindeno(1,2,3-cd)pyrene 600 472 624 ND (1700)
[[Naphthalene 160 292 - ND (1700)
[lPhenanthrene 240 376 920 ND (1700)

Pyrene 665 1,905 1,900 610

Volatile Organic Compounds (ug/kg)

Vinyl chloride [ 31 [ - - -

1 - Screening values from USEPA 1995, Buchman 1999, Long and Morgan 1990, and OME 1993
2 - 95% Bohicket Background UTLs from CH2M HILL, 2001

3 - CH2M HILL, 2005

4 - ND indicates a non-detect value. Concentration in parentheses are based on maximum reporting limits

Recommended preliminary remediation goal




Table A-19

Recommended Ecological Preliminary Remediation Goals for Soil
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

95% Munden-

Risk-Based Tetotem
COPCs Screening Value' | Background UTL?
Total Inorganics (mg/kg)
Aluminum 1 7,669
Copper 70 17.1
[lron 12 3,669
Lead 120 61
\Vanadium 0.5 26.6
Zinc 10 38
Pesticides/PCBs (ug/kg)
4,4-DDD 100 10.6
4,4-DDE 100 532
4,4-DDT 100 237
Aroclor-1260 100 -
Semi-volatile Organic Compounds (ug/kg)
/Acenaphthene 29,000 92
Acenaphthylene 29,000 95
Anthracene 29,000 91
Benzo(a)anthracene 1,100 6.9
[IBenzo(a)pryene 1,100 91
[IBenzo(b)fluoranthene 1,100 91
[IBenzo(g,h,i)perylene 1,100 91
[IBenzo(k)fluoranthene 1,100 91
[[Chrysene 1,100 102
[IDibenz(a,h)anthracene 1,100 91
[[Fluoranthene 1,100 103
[IFlourene 29,000 92
[lindeno(1,2,3-cd)pyrene 1,100 91
[INaphthalene 29,000 92
[lPhenanthrene 1,100 91
[lPyrene 1,100 125

1- USEPA, 2007. Ecological Screening Levels for PAHs . Interim Final. OSWER Directive
9285.7-78 for PAHs or USEPA. 1995. Revised Region Ill BTAG Screening Levels.
Memorandum from R.S. Davis to Users for pesticides/PCBs and inorganics.

2 - 95% Munden-Tetotem Background UTLs from CH2M HILL, 2001

Recommended preliminary remediation goal
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Table B-1
Federal Chemical-Specific ARARs

Site 2 Feasibility Study Report

St. Juliens Creek Annex
Chesapeake, Virginia

ARAR and TBC

Media Requirement Prerequisite Citation Alternative Determination Comment
Safe Drinking Water Act
Groundwater SDWA standards serve to protect public water Groundwater contamination exceeds 40 CFR 141.61 (a) 2,3,4,5,6,7,8 |Relevant and These remedial actions are being implemented with a
systems. Primary drinking water standards consist of [MCLs. Cleanup to MCLs for the (1), (5), (7) and (9) Appropriate target goal of achieving MCLs. However, the aquifer is
federally enforceable MCLs. MCLs are the highest contaminants presenting Human Health not currently, nor reasonably anticipated in the future to
level of a contaminant that is allowed in drinking water. |Risk is being considered in order to be used as a potable water supply.
meet the state's expectations for
beneficial use.
USEPA Region Il BTAG Screening Values
Soil, sediment, [Chemical concentrations corresponding to fixed levels |Site contamination exceeds BTAG USEPA Region llI 2,3,4,5,6,7,8 |TBC The BTAG screening values present generic chemical

surface water

of risks to ecological receptors (flora and/or fauna).

screening values and presents
Ecological risk.

BTAG Screening
Values

concentrations for individual contaminants to determine
the need for further investigation or site cleanup. A
baseline ERA has been performed to calculate site
specific risks and was used in the development of
PRGs. A cover will be installed over the areas in sail,
sediment, and surface water posing potential risk to
ecological receptors.

Notes:

1 - No action (Note: none of the ARARs or TBC criteria apply to Alternative 1)
2 - Cover, Excavation, and MNA

3 - Cover, Excavation, Sheet pile, and MNA
4 - Cover, Excavation, ERD (high-concentration target area), and MNA (low-concentration target area)
5 - Cover, Excavation, ERD (high- and low-concentration target areas), and MNA

6 - Cover, Excavation, Funnel and gate, and MNA
7 - Cover, Excavation, and MNA

8 - Cover, Excavation, ERD, and MNA
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Table B-2
Virginia Chemical-Specific ARARs
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

ARAR and TBC

Media Requirement Prerequisite Citation Alternative | Determination Comment

State Water Control Law [VA Code Ann. 88§ 62.1-44.2 to 62.1-44.34:28 (2003)]

Surface water Mandates the protection of existing high-quality state waters and |State surface waters Water Quality 2,3,4,5,6,7,8 |Relevant and The cover will eliminate surface water at Site
provides for the restoration of all other state waters so they will |designated for aquatic life or [Standards , Appropriate 2 (Site 2 inlet). Surface water in St. Juliens
permit reasonable public uses and will support the growth of human uses. New surface (9 VAC 25-260-30 Creek is tidally influenced and transient.
aquatic life. Water quality standards consist of statements that  [water discharge point Groundwater will be monitored. If
describe water quality requirements. They also contain numeric |created as a result of the groundwater concentrations indicate a
limits for specific physical, chemical, biological or radiological remedial action. migration towards St. Juliens Creek,
characteristics of water. These statements and numeric limits sampling of surface water may be required to
describe water quality necessary to meet and maintain uses such ensure a site release and offsite migration is
as swimming and other water-based recreation, public water not occurring.
supply, and the propagation and growth of aquatic life.

Groundwater Establishes groundwater quality standards to protect the public |Groundwater is addressed in|Groundwater Quality | 2,3,4,5,6,7,8 [Applicable These remedial actions are being
health or welfare and enhance the quality of water. the remedy Standards , implemented with a target goal of achieving

9 VAC 25-280-30 MCLs. A baseline HHRA has been
performed to calculate site specific risks and
was used in the development of PRGs in the
event that MCLs were not available for a
constituent of concern. The aquifer is not
currently, or reasonably anticipated to be
used as a potable water supply.

Notes:

1 - No action (Note
2 - Cover, Excavati
3 - Cover, Excavati

: none of the ARARs or TBC criteria apply to Alternative 1)
on, and MNA
on, Sheet pile, and MNA

4 - Cover, Excavation, ERD (high-concentration target area), and MNA (low-concentration target area)

5 - Cover, Excavati
6 - Cover, Excavati
7 - Cover, Excavati
8 - Cover, Excavati

on, ERD (high- and low-concentration target areas), and MNA
on, Funnel and gate, and MNA

on, and MNA

on, ERD, and MNA
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Table B-3

Federal Location-Specific ARARs

Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

ARAR and TBC

Location Requirement Prerequisite Citation Alternative Determination Comment
Clean Water Act
\Wetlands Avoid adverse effects, minimize potential harm, and |Action involving construction of facilities |Clean Water Act, 2,3,4,5,6,7,8 |Relevant and Construction of a cover will require fill material to be
preserve and enhance wetlands, to the extent or management of property in wetlands. [§404 Appropriate placed over existing wetland areas. Any activities
possible. Wetland as defined by Executive Order conducted in wetland areas will involve
11990 Section 7 (protection of restoration/enhancement of wetlands. Activities
Wetlands). undertaken entirely on a CERCLA site by authority of
CERCLA as approved or required by USEPA, are not
required to obtain permits under Section 404 of the
Coastal Zone Management Act
Coastal zone or area |Federal activities must be consistent with, to the Wetland, flood plain, estuary, beach, Coastal Zone 2,3,4,5,6,7,8 |Relevant and Site 2 is excluded from the coastal zone as lands held
that will affect the area that will affect maximum extent practicable, dune, barrier island, coral reef, and fish |Management Act, Appropriate in trust by the Federal Government are exempt.
coastal zone State coastal zone management programs. Federal |and wildlife and their habitat, within the |16USC1456(c), 15
agencies must supply the State with a consistency |coastal zone. CFR 930.30 to 33,
determination. .34, .36(a), .39(b-d)
Fish and Wildlife Coordination Act
Area affecting stream |Requires that activities avoid, minimize, or Diversion, channeling or other activity ~ [Fish and Wildlife 2,3,4,5,6,7,8 |Applicable Excavation in St. Juliens Creek will result in temporary
or river compensate for impacts to fish and wildlife and their |that modifies a stream or river and Coordination Act, 16 impacts. Construction of a cover will require fill material
habitats. affects fish or wildlife and their habitat. [USC 661 - 663 to be placed over existing wetland areas. A
Compensatory Mitigation Plan will be prepared and
compensatory mitigation will be performed.
Migratory Bird Treaty Act
Migratory bird area Protects almost all species of native birds in the Presence of migratory birds. Migratory Bird Treaty | 2,3,4,5,6,7,8 |Applicable Site 2 is located in the Atlantic Migratory Flyway. If

United States from unregulated taking which can
include poisoning at hazardous waste sites.

Act, 16 USC 703

migratory birds, or their nests or eggs, are identified at
Site 2, operations will not destroy the birds, nests or
eggs.

Notes:

1 - No action (Note: none of the ARARs or TBC criteria apply to Alternative 1)

2 - Cover, Excavation,
3 - Cover, Excavation,

and MNA
Sheet pile, and MNA

4 - Cover, Excavation, ERD (high-concentration target area), and MNA (low-concentration target area)

5 - Cover, Excavation, ERD (high- and low-concentration target areas), and MNA

6 - Cover, Excavation,
7 - Cover, Excavation,
8 - Cover, Excavation,

Funnel and gate, and MNA
and MNA
ERD, and MNA
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Table B-4
Virginia Location-Specific ARARs
Site 2 Feasibility Study Report

St. Juliens

Creek Annex

Chesapeake, Virginia

Location

Requirement

Prerequisite

Citation

Alternative

ARAR and TBC
Determination

Comment

General Provisions Relating to Marine Resources Commission

[VA Code Ann. §8 28.2-1300 to 1320 (1998)]

Wetlands

Mitigate or minimize the loss of wetlands and the
adverse ecological effects of all permitted activities.
To preserve the wetlands as much as possible in
their natural state and to consider appropriate
requirements for compensation only after it has been|
proven that the loss of the natural resource is
unavoidable and that the project will have the
highest public and private benefit. The determination
as to whether compensation is warranted and
permissible is conducted on a case-by-case basis.
Commitments to preserve other existing wetlands
shall not ordinarily be an acceptable form of
compensation.

If a wetlands zoning ordinance has been
adopted by local government, in
accordance with the General Provisions
Relating to Marine Resources
Commission, and the response action is
not exempt from its provisions, the
project must comply with the
requirements of the ordinance. In the
case of absence of an ordinance, or of
an exemption to it, VMRC can exercise
jurisdiction over tidal wetlands.

Wetlands Mitigation
Compensation Policy ,
4 VAC 20-390-10 to 50

2,3,4,56,7,8

Relevant and
Appropriate

Wetlands are present at Site 2, and construction of a
cover will require fill material to be placed over
existing wetland areas. Compensation or mitigation
will be determined based on this regulation.

Notes:

1 - No action (Note: none of the ARARs or TBC criteria apply to Alternative 1)
2 - Cover, Excavation, and MNA

3 - Cover, Excavation, Sheet pile, and MNA
4 - Cover, Excavation, ERD (high-concentration target area), and MNA (low-concentration target area)
5 - Cover, Excavation, ERD (high- and low-concentration target areas), and MNA

6 - Cover, Excavation, Funnel and gate, and MNA

7 - Cover, Excavation, and MNA
8 - Cover, Excavation, ERD, and MNA
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Table B-5
Federal Action-Specific ARARs and TBCs
Site 2 Feasibility Study Report
St. Juliens Creek Annex

Chesapeake, Virginia

ARAR and TBC

Action Requirement Prerequisite Citation Alternative | Determination Comment
Clean Water Act
Discharge of dredge- |No discharge of dredged or fill material will be Discharges of dredged or fill 40 CFR 230.2(b), .10- | 2,3,4,5,6,7,8 |Applicable Construction of a cover will require fill material to be
and-fill allowed unless appropriate and practicable steps material to surface waters, 12, .20-.32, .41-.42, placed over existing wetland areas.
are taken that minimize potential adverse impacts of |including wetlands. .53, .60-.77
the discharge on the aquatic ecosystem. 33 CFR 320.4, 328.2,
330.1(c), 330.4
Safe Drinking Water Act
Underground Regulates the subsurface emplacement of liquids Any dug hole or well that is 40 CFR 144.1(9), 23,7 Not Applicable Underground injection does not pertain to these remedial
injection through the Underground Injection Control program, [deeper than its largest surface  |144.6, 144.12(a) and actions.
which governs the design and operation of five dimension, where the principal  [(c), 144.24(a), 144.82, 4,56,8 Applicable These remedial actions will include substrate injections.
classes of injection wells in order to prevent function of the hole is in 144.83, 146.8, Permits are not applicable to on-site CERCLA injection
contamination of underground sources of drinking subsurface placement of fluids. [146.10(c) wells; however, these remedial actions will comply with
water. The Underground Injection Control program the substantive requirements of the regulation.
regulates well construction, well operation, and
monitoring.
[Toxic Substances Control Act
PCB management |Governs many aspects of PCB management, PCB conamination 50 ppm or Toxic Substances 2,3,4,5,6,7,8 |Relevant and PCBs are present in the soil and sediment but the

including cleanup of spills, storage, and disposal. Control Act, 86;
USEPA has also proposed PCB spill response 40 CFR 761.50 and
regulations which utilize self-implementing, .61
performance-based, and risk-based cleanup
standards to address various types of PCB
releases.

grater Appropriate results did not exceed 50 ppm. IDW generated during
the remedial action will be characterized prior to

disposal.

Notes:

1 - No action (Note: none of the ARARs or TBC criteria apply to Alternative 1)

2 - Cover, Excavation, and MNA

3 - Cover, Excavation, Sheet pile, and MNA

4 - Cover, Excavation, ERD (high-concentration target area), and MNA (low-concentration target area)
5 - Cover, Excavation, ERD (high- and low-concentration target areas), and MNA

6 - Cover, Excavation, Funnel and gate, and MNA

7 - Cover, Excavation, and MNA

8 - Cover, Excavation, ERD, and MNA
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Table

B-6

Virginia Action-Specific ARARs and TBCs
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

ARAR and TBC

Action Requirement Prerequisite Citation Alternative Determination Comment

State Water Control Law [VA Code Ann. §§ 62.1-44.2 to 62.1-44.34:28 (2003)]
Dredging, filling, Permitting requirements in addition to | Activities requiring a permit include dredging, filling, or Virginia Water Protection Permit 2,3,4,5,6,7,8 |Applicable Construction of a cover will require fill
and/or discharging |complying with USACE requirements |discharging any pollutant into or adjacent to surface waters, or  [Program Regulation, material to be placed over existing
pollutants into, or  [(Nationwide Permits) and Virginia otherwise altering the physical, chemical or biological properties |9 VAC 25-210-10 to 260 wetland areas. Since this is an onsite
adjacent to, surface|Wetlands Mitigation Policy. of surface waters, excavating in wetlands, or conducting the CERCLA response action, the substantivg
waters (including  [Administered by local wetlands following activities in a wetland: requirements will be met, but a permit will
\wetlands) boards and/or VMRC. 1. New activities to cause draining that significantly alters or not be required.

degrades existing wetland acreage or functions.

2. Filling or dumping.

3. Permanent flooding or impounding.

4. New activities that cause significant alteration or degradation of

existing wetland acreage or functions.

This would include any project that requires aClean Water Act

Section 404 permit or a Rivers and Harbors Act Section 10

permit, or a water withdrawal that also requires a Section 404

permit or a Federal Energy Regulatory Commission license or

license re-issuance, as well as the same projects that do not

require a Federal permit.
Construction and  |Establishes general permit number  |Activities requiring a permit include dredging, filling, or Virginia Water Protection General 2,3,4,5,6,7,8 |Applicable Construction of a cover will require fill

maintenance
development
activities

WP4 to govern impacts related to the
construction and maintenance of
development activities, and activities
directly associated with mining.

discharging any pollutant into or adjacent to surface waters, or
otherwise altering the physical, chemical or biological properties
of surface waters, excavating in wetlands, or conducting the
following activities in a wetland:

1. New activities to cause draining that significantly alters or
degrades existing wetland acreage or functions.

2. Filling or dumping.

3. Permanent flooding or impounding.

4. New activities that cause significant alteration or degradation of
existing wetland acreage or functions.

This would include any project that requires aClean Water Act
Section 404 permit or aRivers and Harbors Act Section 10
permit, or a water withdrawal that also requires a Section 404
permit or a Federal Energy Regulatory Commission license or
license re-issuance, as well as the same projects that do not
require a Federal permit.

Permit for Impacts from Development
Activities Regulation,
9 VAC 25-690-10 to 100

material to be placed over existing
wetland areas. Since this is an onsite
CERCLA response action, the substantivd
requirements will be met, but a permit will
not be required.
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Table B-6
Virginia Action-Specific ARARs and TBCs
Site 2 Feasibility Study Report
St. Juliens Creek Annex
Chesapeake, Virginia

ARAR and TBC

Action Requirement Prerequisite Citation Alternative Determination Comment

Erosion and Sediment Control Law [VA Code Ann. §§ 10.1-560 to 571 (2003)]
Construction Regulations for the effective control off Construction activities that disturb at least 10,000 sq ft of land. Erosion and Sediment Control 2,3,4,5,6,7,8 |Applicable Erosion and sediment control measures
activities that that |soil erosion, sediment deposition and Regulations, will be followed for the implementation of
disturb at least nonagricultural runoff which must be 4 VAC 50-30-40, 60.A remedial activities.
10,000 sq ft of land{met in any control program to prevent

the unreasonable degradation of

properties, stream channels, waters

and other natural resources.
Air Pollution Control Board [VA Code Ann. §§ 10.1-1300 to 1326 (1998)]
Fugitive Dust Reasonable precautions will be taken |Fugitive Dust emission from disturbance of soil, treatment of soil |Standards for Fugitive Dust/Emissions | 2,3,4,5,6,7,8 |Applicable No discharges to air are anticipated other|
caused by O&M or |to prevent particulate matter from or water, or other pollutant management activities. 9 VAC 5-50-90 than fugitive dust during excavation or
construction becoming airborne. filling activities.
activities
Storm water Management Act [VA Code Ann. §§ 10.1-603.1 to 603.15 (2001)]
(O&M and Procedures and requirements to be  [O&M or construction activities that disturb one acre or more of Stormwater Management Regulations, 2,3,4,5,6,7,8 |Relevant and As a result of the potential for storm wate
construction followed in connection with land. 4 VAC 50-60-30 to 80, 300, 310, Appropriate runoff during construction, a storm water
activities that establishment of surface water 380.A&B., 420, 430, 1100 to 1140, management program may be required.
disturb one acre or [management areas, the issuance of 1160, 1170
more of land. surface water withdrawal permits and

the issuance of surface water

withdrawal certificates to provide for

the protection of beneficial uses

during periods of low stream flow.
Virginia Waste Management Act [VA Code Ann. §§ 10.1-1400 to 1457 (2004)]
Handling, storage, |Wastes to be managed must be Management of wastes that meet the definition of hazardous Hazardous Waste Regulations, 2,3,4,56,7,8 |Applicable These remedial actions will generate

treatment,
disposal, and/or
transportation of
hazardous waste

sampled for TCLP analyses to
determine the appropriate waste
characterization. TCLP regulatory
levels and definition of RCRA
hazardous waste.

waste.

9 VAC 20-60-261 (hazardous waste
identification incorporating all of
40CFR261); 9 VAC 20-60-262
(incorporating 40CFR Parts 262.11
and 262.34 (generator requirements);
Solid Waste Management Regulations,
9 VAC 20-80-140, to 170 150, 240.(c)

water and soil IDW which will be
characterized for off site disposal. Based
on site history, some IDW may be
characterized as hazardous waste. If
characterization results indicate this
material is hazardous, it will be disposed
of accordingly.

Notes:

1 - No action (Note: none of the ARARs or TBC criteria apply to Alternative 1)

2 - Cover, Excavation, and MNA

3 - Cover, Excavation, Sheet pile, and MNA

4 - Cover, Excavation, ERD (high-concentration target area), and MNA (low-concentration target area)

5 - Cover, Excavation, ERD (high- and low-concentration target areas), and MNA

6 - Cover, Excavation, Funnel and gate, and MNA

7 - Cover, Excavation, and MNA
8 - Cover, Excavation, ERD, and MNA
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Acronyms and Abbreviations

ARAR Applicable or relevant and appropriate requirement

BTAG Biological Technical Assistance Group

CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CFR Code of Federal Regulations

MCL Maximum Contaminant Level

PCB Polychlorinated biphenyls

ppm Parts per Million

RCRA Resource Conservation and Recovery Act

SDWA Safe Drinking Water Act

References

TBC
TCLP
TSCA
USACE
usc
USEPA
VA
VAC
VMRC

Commonwealth of Virginia, 2004. Preliminary Identification, Applicable or Relevant and Appropriate Requirements.

To Be considered

Toxicity Characteristic Leaching Procedure
Toxic Substance Control Act

US Army Corps of Engineers

United States Code

United States Environmental Protection Agency
Virginia

Virginia Administrative Code

Virginia Marine Resource Commission

USEPA, 1998. CERCLA Compliance with Other Laws Manual: Interim Final . Office of Emergency and Remedial Response. EPA/540/G-89/006.

USEPA, 1998. CERCLA Compliance with Other Laws Manual: Part Il. Clean Air Act and Other Environmental Statutes. Office of Emergency and Remedial Response.

EPA/540/G-89/009.

USEPA, 1998. RCRA, Superfund & EPCRA Hotline Training Manual. Introduction to Applicable or Relevant and Appropriate Requirements. EPA540-R-98-020.
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Appendix C
Preliminary Cost Estimates




Site: Site 2, St. Juliens Creek Annex Base Year: 2009 9/30/2009

Location: Chesapeake, Virginia Date: August-09
Phase: Final FS
Capital Cost Annual Cost Duration (yr) PV for O&M TPV TPV +50% TPV -30%

Alternative 1: No Action
No Action $ - $ - $ - - $

Alternative 2: Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment), and MNA (High- and Low-Concentration, Naphthalene, and Heptachlor
Epoxide Target Areas)

LUCs $ 57,000 $ 1,600 30 $ 25,000 | $ 82,000
Cover $ 1,060,000 $ 1,060,000
O&M - Cover $ 13,000 30 $ 195,000 | $ 195,000
O&M - Wetland $ 17,000 2 $ 32,000 $ 32,000
St. Juliens Creek Excavation $ 104,000 $ - 30 $ - $ 104,000
MNA - High-Concentration $ 9,000 $ 7,000 30 $ 109,000 | $ 118,000
MNA - Low-Concentration $ 16,000 $ 12,000 30 $ 187,000 | $ 203,000
MNA - Naphthalene & Heptachlor Epoxide $ 9,000 $ 37,000 30 $ 576,000 | $ 585,000
Total $ 1,255,000 $ 1,124000| $ 2,379,000| $ 3,569,000 $ 1,666,000

Alternative 3: Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment), Sheet Pile (High-Concentration Target Area), and MNA (Low-Concentration,
Naphthalene, and Heptachlor Epoxide Target Area

LUCs $ 57,000 $ 25,000 | $ 82,000
Cover $ 1,114,000 $ 1,114,000
O&M - Cover $ 13,000 30 $ 195,000 | $ 195,000
O&M - Wetland $ 17,000 2 $ 32,000 $ 32,000
St. Juliens Creek Excavation $ 104,000 $ - 30 $ - $ 104,000
Sheet Pile $ 1,665,000 $ 2,000 30 $ 32,000 | $ 1,697,000
MNA - Low-Concentration $ 16,000 $ 12,000 30 $ 187,000 | $ 203,000
MNA - Naphthalene & Heptachlor Epoxide $ 9,000 $ 37,000 30 $ 576,000 | $ 585,000
Total $ 2,965,000 $ 1,047,000| $ 4,012,000 $ 6,018,000 $ 2,809,000

Alternative 4: Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment), ERD (High-Concentration Target Area), and MNA (Low-Concentration,

Naphthalene, and Heptachlor Epoxide Target Areas)

LUCs $ 57,000 $ 1,600 30 $ 25,000 | $ 82,000
Cover $ 1,060,000 $ 1,060,000
O&M - Cover $ 13,000 30 $ 195,000 | $ 195,000
O&M - Wetland $ 17,000 2 $ 32,000 $ 32,000
St. Juliens Creek Excavation $ 104,000 $ - 30 $ - $ 104,000
ERD - High-Concentration Target Area $ 915,000 $ - 1 $ - $ 915,000
Annual Cost YEAR 1 $ 16,000 1 $ 15,000 | $ 15,000
Annual Cost YEAR 2 $ 8,000 1 $ 7,000 | $ 7,000
Annual Cost YEAR 3 (Injection 2) $ 454,000 1 $ 393,000 | $ 393,000
Annual Cost YEAR 4 $ 8,000 1 $ 6,000 | $ 6,000
Annual Cost YEAR 5 (Injection 3) $ 454,000 1 $ 357,000 | $ 357,000
Annual Cost YEAR 6 $ 8,000 1 $ 6,000 | $ 6,000
Annual Cost YEAY 7 (Injection 4) $ 454,000 1 $ 325,000 | $ 325,000
Annual Cost Year 8 $ 8,000 1 $ 5,000 | $ 5,000
Annual Cost YEAR 9 (Injection 5) $ 454,000 1 $ 295,000 | $ 295,000
Annual Cost YEAR 10 $ 8,000 1 $ 5,000 | $ 5,000
Annual Cost YEAR 11 (Injection 6) $ 454,000 1 $ 268,000 | $ 268,000
Annual Cost YEAR 12 $ 8,000 1 $ 4,000 | $ 4,000
Annual Cost YEAR 13 (Injection 7) $ 454,000 1 $ 244,000 | $ 244,000
Annual Cost YEAR 14 $ 8,000 1 $ 4,0001| $ 4,000
Annual Cost YEAY 15 (Injection 8) $ 454,000 1 $ 221,000 | $ 221,000
Annual Cost Year 16 $ 8,000 1 $ 4,0001| $ 4,000
Annual Cost YEAR 17 (Injection 9) $ 454,000 1 $ 201,000 | $ 201,000
Annual Cost YEAR 18 $ 8,000 1 $ 3,000 | $ 3,000
Annual Cost YEAR 19 (Injection 10) $ 454,000 1 $ 183,000 | $ 183,000
Annual Cost YEAR 20-30 $ 8,000 11 $ 26,000 | $ 26,000
MNA - Low-Concentration $ 16,000 $ 12,000 30 $ 187,000 | $ 203,000
MNA - Naphthalene & Heptachlor Epoxide $ 9,000 $ 37,000 30 $ 576,000 | $ 585,000
Total $ 2,161,000 $ 3,587,000| $ 5,748,000| $ 8,622,000 $ 4,024,000

Alternative 5: Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment), ERD (High- and Low-Concentration Target Areas), and MNA (Naphthalene

and Heptachlor Epoxide Target Areas)

LUCs $ 57,000 $ 1,600 30 $ 25,000 | $ 82,000
Cover $ 1,060,000 $ 1,060,000
O&M - Cover $ 13,000 30 $ 195,000 | $ 195,000
O&M - Wetland $ 17,000 2 $ 32,000 $ 32,000
St. Juliens Creek Excavation $ 104,000 $ - 30 $ - $ 104,000
ERD - High-Concentration Target Area $ 915,000 $ - 1 $ - $ 915,000
Annual Cost YEAR 1 $ 16,000 1 $ 15,000 | $ 15,000
Annual Cost YEAR 2 $ 8,000 1 $ 7,000 | $ 7,000
Annual Cost YEAR 3 (Injection 2) $ 454,000 1 $ 393,000 | $ 393,000
Annual Cost YEAR 4 $ 8,000 1 $ 6,000 | $ 6,000
Annual Cost YEAR 5 (Injection 3) $ 454,000 1 $ 357,000 | $ 357,000
Annual Cost YEAR 6 $ 8,000 1 $ 6,000 | $ 6,000
Annual Cost YEAR 7 (Injection 4) $ 454,000 1 $ 325,000 | $ 325,000
Annual Cost YEAR 8 $ 8,000 1 $ 5,000 | $ 5,000
Annual Cost YEAR 9 (Injection 4) $ 454,000 1 $ 295,000 | $ 295,000
Annual Cost YEAR 10 $ 8,000 1 $ 5,000 | $ 5,000
Annual Cost YEAR 11 (Injection 6) $ 454,000 1 $ 268,000 | $ 268,000
Annual Cost YEAR 12 $ 8,000 1 $ 4,000 $ 4,000
Annual Cost YEAR 13 (Injection 7) $ 454,000 1 $ 244,000 | $ 244,000
Annual Cost YEAR 14 $ 8,000 1 $ 4,000 $ 4,000
Annual Cost YEAY 15 (Injection 8) $ 454,000 1 $ 221,000 | $ 221,000
Annual Cost Year 16 $ 8,000 1 $ 4,000 | $ 4,000
Annual Cost YEAR 17 (Injection 9) $ 454,000 1 $ 201,000 | $ 201,000
Annual Cost YEAR 18 $ 8,000 1 $ 3,000| % 3,000
Annual Cost YEAR 19 (Injection 10) $ 454,000 1 $ 183,000 | $ 183,000
Annual Cost YEAR 20-30 $ 8,000 11 $ 26,000 | $ 26,000
ERD - Low-Concentration Target Area $ 1,569,000 $ - 1 $ - $ 1,569,000
Annual Cost YEAR 1 $ 21,000 1 $ 20,000 | $ 20,000
Annual Cost YEAR 2 $ 11,000 1 $ 10,000 | $ 10,000
Annual Cost YEAR 3 (Injection 2) $ 733,000 1 $ 635,000 | $ 635,000
Annual Cost YEAR 4 $ 11,000 1 $ 9,000 | $ 9,000
Annual Cost YEAR 5 (injection 3) $ 733,000 1 $ 577,000 | $ 577,000
Annual Cost YEAR 6 $ 11,000 1 $ 8,000 | $ 8,000
Annual Cost YEAR 7 (Injection 4) $ 733,000 1 $ 525,000 | $ 525,000
Annual Cost YEAR 8 $ 11,000 1 $ 7,000 | $ 7,000
Annual Cost YEAR 9 (Injection 5) $ 733,000 1 $ 477,000| $ 477,000
Annual Cost YEAR 10 $ 11,000 1 $ 7,000 | $ 7,000
Annual Cost YEAR 11 (Injection 6) $ 733,000 1 $ 433,000 | $ 433,000
Annual Cost YEAR 12 $ 11,000 1 $ 6,000 | $ 6,000
Annual Cost YEAR 13 (Injection 7) $ 733,000 1 $ 394,000 | $ 394,000
Annual Cost YEAR 14 $ 11,000 1 $ 5,000 | $ 5,000
Annual Cost YEAY 15 (Injection 8) $ 733,000 1 $ 358,000 | $ 358,000
Annual Cost Year 16 $ 11,000 1 $ 5,000 | $ 5,000
Annual Cost YEAR 17 (Injection 9) $ 733,000 1 $ 325,000 | $ 325,000
Annual Cost YEAR 18 $ 11,000 1 $ 4,000 $ 4,000
Annual Cost YEAR 19 (Injection 10) $ 733,000 1 $ 295,000 | $ 295,000
Annual Cost YEAR 20-30 $ 11,000 11 $ 36,000 | $ 36,000
MNA - Naphthalene & Heptachlor Epoxide $ 9,000 $ 37,000 30 $ 576,000 | $ 585,000
Total $ 3,714,000 $ 7,536,000 | $ 11,250,000 | $ 16,875,000 $ 7,875,000
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Site: Site 2, St. Juliens Creek Annex Base Year: 2009 9/30/2009
Location: Chesapeake, Virginia Date: August-09
Phase: Final FS

Alternative 6: Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment), Funnel and Gate (High-Concentration Target Area), and MNA (Low-

Concentration, Naphthalene, and Heptachlor Epoxide Target Areas)

LUCs $ 57,000 $ 1,600 30 $ 25,000 | $ 82,000
Cover $ 1,060,000 $ 1,060,000
O&M - Cover $ 13,000 30 $ 195,000 | $ 195,000
O&M - Wetland $ 17,000 2 $ 32,000 $ 32,000
St. Juliens Creek Excavation $ 104,000 $ - 30 $ - $ 104,000
Funnel-and-Gate $ 2,011,000 $ - $ - $ 2,011,000
Annual Cost YEAR 1 $ 4,000 1 $ 4,000 | $ 4,000
Annual Cost YEAR 2 $ 2,000 1 $ 2,000 | $ 2,000
Annual Cost YEAR 3 (Injection 2) $ 114,000 1 $ 99,000 | $ 99,000
Annual Cost YEAR 4 $ 2,000 1 $ 2,000 | $ 2,000
Annual Cost YEAR 5 (Injection 3) $ 114,000 1 $ 90,000 | $ 90,000
Annual Cost YEAR 6 $ 2,000 1 $ 2,000 | $ 2,000
Annual Cost YEAR 7 (Injection 4) $ 114,000 1 $ 81,000 | $ 81,000
Annual Cost YEAR 8 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 9 (Injection 5) $ 114,000 1 $ 740001 $ 74,000
Annual Cost YEAR 10 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 11 (Injection 6) $ 114,000 1 $ 67,000 | $ 67,000
Annual Cost YEAR 12 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 13 (Injection 7) $ 114,000 1 $ 61,000 | $ 61,000
Annual Cost YEAR 14 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 15 (Injection 8) $ 114,000 1 $ 56,000 | $ 56,000
Annual Cost YEAR 16 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 17 (Injection 9) $ 114,000 1 $ 51,000 | $ 51,000
Annual Cost YEAR 18 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 19 (Injection 10) $ 114,000 1 $ 46,000 | $ 46,000
Annual Cost YEAR 20 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 21 (Injection 11) $ 114,000 1 $ 42,000 | $ 42,000
Annual Cost YEAR 22 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 23 (Injection 12) $ 114,000 1 $ 38,000 $ 38,000
Annual Cost YEAR 24 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 25 (Injection 13) $ 114,000 1 $ 34,000 $ 34,000
Annual Cost YEAR 26 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 27 (Injection 14) $ 114,000 1 $ 31,000 $ 31,000
Annual Cost YEAR 28 $ 2,000 1 $ 1,000 | $ 1,000
Annual Cost YEAR 29 (Injection 15) $ 114,000 1 $ 28,000 | $ 28,000

Annual Cost YEAR 30 $ 2,000 1 $ - $ -
MNA - Low-Concentration $ 16,000 $ 12,000 30 $ 187,000 | $ 203,000
MNA - Naphthalene & Heptachlor Epoxide $ 9,000 $ 37,000 30 $ 576,000 | $ 585,000

Total $ 3,257,000 $ 1,834,000 $ 5,091,000 $ 7,637,000 $ 3,564,000

Alternative 7: Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment and High-Concentration Target Area), and MNA (Low-Concentration,

Naphthalene, and Heptachlor Epoxide Target Areas)

LUCs $ 57,000 $ 1,600 30 $ 25,000 | $ 82,000
Cover $ 1,060,000 $ 1,060,000
O&M - Cover $ 13,000 30 $ 195,000 | $ 195,000
O&M - Wetland $ 17,000 2 $ 32,000 $ 32,000
St. Juliens Creek Excavation $ 104,000 $ - 30 $ - $ 104,000
Excavation $ 21,622,000 $ 21,622,000
MNA - Low-Concentration $ 16,000 $ 12,000 30 $ 187,000 | $ 203,000
MNA - Naphthalene & Heptachlor Epoxide $ 9,000 $ 37,000 30 $ 576,000 | $ 585,000
Total $ 22,868,000 1,015,000 | $ 23,883,000 | $ 35,825,000 $ 16,719,000

Alternative 8: Cover (Waste and Soil), Excavation (St. Juliens Creek Sediment and High-Concentration Target Area), ERD (Low-Concentration Target Area),
and MNA (Naphthalene and Heptachlor Epoxide Target Areas)

LUCs $ 57,000 $ 1,600 25,000 | $ 82,000
Cover $ 1,060,000 $ 1,060,000
O&M - Cover $ 13,000 30 $ 195,000 | $ 195,000
O&M - Wetland $ 17,000 2 $ 32,000 $ 32,000
St. Juliens Creek Excavation $ 104,000 $ - 30 $ - $ 104,000
Excavation $ 21,622,000 $ 21,622,000
ERD - Low-Concentration Target Area $ 1,569,000 $ - 1 $ - $ 1,569,000
Annual Cost YEAR 1 $ 21,000 1 $ 20,000 | $ 20,000
Annual Cost YEAR 2 $ 11,000 1 $ 10,000 | $ 10,000
Annual Cost YEAR 3 (Injection 2) $ 733,000 1 $ 635,000 | $ 635,000
Annual Cost YEAR 4 $ 11,000 1 $ 9,000 | $ 9,000
Annual Cost YEAR 5 (Injection 3) $ 733,000 1 $ 577,000 | $ 577,000
Annual Cost YEAR 6 $ 11,000 1 $ 8,000 | $ 8,000
Annual Cost YEAR 7 (Injection 4) $ 733,000 1 $ 525,000 | $ 525,000
Annual Cost YEAR 8 $ 11,000 1 $ 7,000 | $ 7,000
Annual Cost YEAR 9 (Injection 5) $ 733,000 1 $ 477,000 | $ 477,000
Annual Cost YEAR 10 $ 11,000 1 $ 7,000 | $ 7,000
Annual Cost YEAR 11 (Injection 6) $ 733,000 1 $ 433,000 | $ 433,000
Annual Cost YEAR 12 $ 11,000 1 $ 6,000 | $ 6,000
Annual Cost YEAR 13 (Injection 7) $ 733,000 1 $ 394,000 | $ 394,000
Annual Cost YEAR 14 $ 11,000 1 $ 5,000 | $ 5,000
Annual Cost YEAR 15 (Injection 8) $ 733,000 1 $ 358,000 | $ 358,000
Annual Cost YEAR 16 $ 11,000 1 $ 5,000 | $ 5,000
Annual Cost YEAR 17 (Injection 9) $ 733,000 1 $ 325,000 | $ 325,000
Annual Cost YEAR 18 $ 11,000 1 $ 4,000 | $ 4,000
Annual Cost YEAR 19 (Injection 10) $ 733,000 1 $ 295,000 | $ 295,000
Annual Cost YEAR 20-30 $ 11,000 11 $ 36,000 | $ 36,000
MNA - Naphthalene & Heptachlor Epoxide $ 9,000 $ 37,000 30 $ 576,000 | $ 585,000
Total $ 24,421,000 $ 4,964,000 | $ 28,800,000 | $ 43,200,000 $ 20,160,000

This cost estimate has been prepared in accordance with EPA 540-R-00-002 and represents a -30 to +50 percent range of accuracy. This estimate is limited to the conditions existing at its issuance
and is not a guaranty of actual price or cost. Uncertain market conditions such as, but not limited to: local labor or contractor availability, wages, other work, material market fluctuations, price
escalations, force majeure events, and developing bidding conditions, may affect the accuracy of this estimate. CH2M HILL is not responsible for any variance from this estimate or actual prices and
conditions obtained.
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Element: Land Use Controls

Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS Implementation of land use controls to restrict site access.
Base Year: 2009

KEY ASSUMPTIONS
The LUC Remedial Design is included within the Remedial Design cost.
A fence will be installed around the perimeter of the site; signs will be installed at access points (3).
Annual LUC inspections and maintenance will be conducted.
LUCs will be maintained for 30 years.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
$38,850 SJCA Site 4 2005 cost,
8' Chain Link Fence 1,850 LF $21 adjusted to 2008
Signs 3 EACH $319 $956 RS Means 10400-200-2200
Deed Notifications 1 LS $10,000 $10,000 Engineer's Estimate
SUBTOTAL $49,806
Contingency 15% $49,806 $7,471
SUBTOTAL $57,277
TOTAL CAPITAL COST $57,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Annual Inspection 1 LS $1,380 $1,380_Engineer's Estimate
SUBTOTAL $1,380
Contingency 15% EA $1,380 $207
TOTAL ANNUAL O&M COST $1,600
PRESENT VALUE ANALYSIS Discount Rate = 4.9%
End Year COST TYPE TOTAL COST TOTAL COST DISCOUNT PRESENT NOTES
PER YEAR FACTOR VALUE
(4.9%)
1 CAPITAL COST $57,000 $57,000 1.000 $57,000
30 ANNUAL O&M COST $1,600 $1,600 15.549 $24,879
TOTAL PRESENT VALUE OF ALTERNATIVE $82,000
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Element: Cover

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia Installation of cover over waste, soil, and sediment remediation
Phase: Final FS areas.
Base Year: 2009
KEY ASSUMPTIONS

Consists of a 2-ft soil cover (see Sheet Pile Cover Exception).
Will consist of minimal ground disturbance to avoid potential MEC; will therefore rely on fill.

On-site UXO support (2-man team) will be on site for all ground disturbing activities within Site 2 (vegetation clearing - 5 days, drainage
ditch installation - 5 days, fence installation - 4 days + separate mobilization)

SJCA Facility will remove the foundation of Building 278/289 prior to implementation of this Remedial Action; cost is not included.

Requires compensatory wetland mitigation; compensatory mitigation will be conducted within SICA, and material excavated to construct
the wetland will be used as fill at Site 2. Placement costs covered under this element; excavation and transportation costs accrued under
"Compensatory Wetland Mitigation" element.

All shallow (11) and deep (4) groundwater monitoring wells within the cover area will be abandoned to install the cover; 7 shallow
groundwater monitoring wells will be replaced ("Cover - MW abandon & install" element).

Equipment and laborers will be local (no per diem included), with the exception of UXO personnel
Work crew will include 2 equipment operators and 2 laborers; 2 dozers will be used

After the drainage is re-routed, surface water remaining in the Site 2 inlet can be discharged to St. Juliens Creek through proper E&S
controls with no analytical testing, as the two water bodies were previously connected.

After the initial dewatering of the inlet, water must be containerized and tested prior to discharge.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support (Adapted from Site 5 EE/CA)
Explosives Safety Submission 1 LS $25,000.00 $25,000 Engineer's Estimate
MEC Technician II/11l for MEC
scanning (2 MEC technicians) 14 DAY $1,800.00 $25,200 Engineer's Estimate
MEC Mobilization (2 MEC
technicians) 1 DAY $3,500.00 $3,500 Engineer's Estimate
MEC Demobilization (2 MEC
technicians) 1 DAY $3,500.00 $3,500 Engineer's Estimate
DOD Travel Per Diem
Per Diem (2 MEC technicians) 14 DAY $302.00 $4,228 Allowance, FY2009
SUBTOTAL $61,428
Abandon and Replace Existing Monitoring Wells
See Monitoring Well and
Abandon and Replace Wells 1 LS $61,000 $61,000 Abandonment worksheet
SUBTOTAL $61,000
Construct Cover
RS Means 31 23 19.20 1100,
Initial Dewatering 5 DAY $720 $3,600 1 6-inch pump
Tank Mobe/Demobe/Cleaning
(20,000 gal) 1 EA $2,505 $2,505 Navy CLEAN BOA Rates
Tank rental (20,0000 gal) 6 WEEK $385 $2,123 Navy CLEAN BOA Rates
Pump rental 6 WEEK $460 $2,537 Recent project
Analytical testing 4 EACH $740 $2,960 Navy CLEAN BOA Rates
Aqueous disposal (non haz) 20000 GAL $1 $15,800 Navy CLEAN BOA Rates
RS Means 31 11 10.10 0260,
Site Clearing 3.7 ACRE $5,822 $21,774 adjusted to 2008
RS Means 31 25 13.10 1305,
Erosion Controls - Perimeter 1,900 LF $7 $12,736 adjusted to 2008
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Element: Cover

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia Installation of cover over waste, soil, and sediment remediation
Phase: Final FS areas.
Base Year: 2009
RS Means 31 22 16.10 1305,
Site Grading/Prep for Cover 16,408 Sy $0.12 $1,969 adjusted to 2008
Site 5 EE/CA, adjusted to
General Fill (Material) 4,200 cY $18 $75,600 2008
Site 5 EE/CA, adjusted to
Top soil (6 inches) (Material) 3,400 CcY $22 $74,800 2008
Cover placement - Labor &
Equipment 18,800 CcY $3 $47,645 See Calculations (below)
Seeding and Mulching -
Mobilization 1 LS $1,530 $1,530 Enviroscapes Quote 12/2007
Seeding and Mulching - Materials
and Application 169,819 SF $0.10 $16,982  Enviroscapes Quote 12/2007
SUBTOTAL $282,561

Rob Wright Estimate 8/2008;
Assume 760 Linear Feet of 24-
inch concrete pipe for
drainage to St. Juliens Creek.

Re-Route Drainage

VPDES stormwater discharge
VPDES Permit 1 LS $7,200 $7,200 permit fee

Mobilization of Personnel and

Equipment 1 Each $4,075 $4,075 Crew #B-3A&B-10T
Based on the drainage
features being installed prior
to the Cover Phase; Crew #B-

Site Preparation 1 LS $8,150 $8,150 3A&B-10T

Erosion Control - Perimeter

controls 800 LF $7 $5,362 Historical Sub pricing
Trenching for Installation of Piping 240 LF $10 $2,400 R.S.M.#31-23-16.13
Installation of Concrete Pipe - 48" 240 LF $199 $47,834 R.S.M.#33-11-13.10
Installation of Concrete Manholes -

4'dia., 5 ft. depth 1 EA $3,750 $3,750 R.S.M.#33-49-13.10
Backfill of Trench - Sand Bedding

Material 720 cY $38 $27,036 R.S.M.#31-23-23.15
Backfill of Trench - Excavated

material 370 cY $11 $4,163 R.S.M.#31-23-23.15
Install Headwall at outlet 1 LS $4,495 $4,495 R.S.M.#G3030

~2,000 LF ditch, 8-ft. wide;
Site Restoration - Seeding 16000 SF $0 $1,280 R.S.M.#32-92-19.14

Replace the Parking Lot (240
ft. x 6 ft. wide) and 3 each
road crossings (20 ft. x 6 ft.

Site Restoration - Asphalt 1890 SF $5 $10,206 wide); R.S.M.#32-12-16.14
Provide concrete for Manholes - 1

each @ 3 cy 3 CcYy $125 $375 Historical pricing

Grout the manholes to land surface 1 Day $750 $750 Historical Sub pricing
Demobilization of Personnel and

Equipment 1 Each $4,075 $4,075 Crew #B-3A&B-10T
Drainage culverts 3 EACH $5,000 $15,000 Brian McKelvey estimate
Utility impacts 1 LS $25,000 $25,000

SUBTOTAL $171,151
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Element: Cover
Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia Installation of cover over waste, soil, and sediment remediation
Phase: Final FS areas.
Base Year: 2009
Compensatory Mitigation
See Wetland Mitigation
Constructed Wetland 1 LS $192,000 $192,000 worksheet
SUBTOTAL $192,000
COMBINED SUBTOTAL $768,140
Contingency 15% of $768,140 $115,221
SUBTOTAL $883,361
Project Management 6% of $883,361 $53,002
Remedial Design 6% of $883,361 $53,002
Construction Management 8% of $883,361 $70,669
TOTAL CAPITAL COST $1,060,000
OPERATION AND MAINTENANCE COSTS
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Cover quarterly inspections & Site 5 EE/CA, adjusted to
maintenance 4 EVENT $682 $2,727 2008
Quarterly reports 4 EVENT $1,500 $6,000
Contingency (15%) 15% of $8,727 $1,309
SUBTOTAL $10,037
Project Management 10% of $10,037 $1,004
Construction Management 15% of $10,037 $1,505
SUBTOTAL
See Wetland Mitigation
Wetland mitigation 1 EA $13,000 $13,000 worksheet
Contingency (15%) 15% of $13,000 $1,950
SUBTOTAL $14,950
Project Management 6% of $14,950 $897
Construction Management 8% of $14,950 $1,196
SUBTOTAL
PRESENT VALUE ANALYSIS Discount Rate = 4.9%
End Year COST TYPE TOTAL COST TOTAL COST DISCOUNT PRESENT NOTES
PER YEAR FACTOR VALUE
(4.9%)
1 CAPITAL COST $1,060,000 $1,060,000 1.000 $1,060,000
2 WETLAND O&M COST $34,086 $17,043 1.862 $31,735
30 ANNUAL COVER O&M COST $376,369 $12,546 15.549 $195,075
TOTAL PRESENT VALUE OF ALTERNATIVE $1,287,000

Cover
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Element: Cover - Sheet Pile Exception

Site: St. Juliens Creek Annex Installation of an impermeable cover over the sheet pile area, in
Location: Chesapeake, Virginia addition to the "cover" element (which provides for grading & 2-ft
Phase: Final FS soil cover.

Base Year: 2009

KEY ASSUMPTIONS

Consists only of 40-mil LLDPE liner material installation
Site preparation/grading and over-lying soil cover are included in "cover" element.

Cover installation production rate not reduced; crew can continue working in other areas of site during liner impermeable cover installation

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Construct Cover
Engineer's Estimate
Assume 40 mil LLDPE, 1 layer
LLDPE (Material & installation) 27,714 SF $1.69 $46,837 Area from GIS
SUBTOTAL $46,837
Contingency 15% of $46,837 $7,025
TOTAL CAPITAL COST $54,000
OPERATION AND MAINTENANCE COSTS
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
TOTAL ANNUAL O&M COST
PRESENT VALUE ANALYSIS Discount Rate = 4.9%
End Year COST TYPE TOTAL COST TOTAL COST DISCOUNT PRESENT NOTES
PER YEAR FACTOR VALUE
(4.9%)
1 CAPITAL COST $54,000 $54,000 1.000 $54,000
TOTAL PRESENT VALUE OF ALTERNATIVE $54,000
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Element: Monitoring Well Abandonment and Replacement

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia
Phase: Final FS Abandonment and replacement of monitoring wells within the
Base Year: 2009 cover area.
KEY ASSUMPTIONS

11 shallow groundwater monitoring wells MW03S, MW04S, MW05S, MW06S, MW07S, MW08S, MW09S, MW11S, MW13S,

MW14S, and MW 158 will be abandoned prior to cover installation.

7 shallow groundwater monitoring wells MW03S, MW07S, MW08S, MW11S, MW13S, MW14S, and MW15S will be replaced after

cover installation.

4 deep groundwater monitoring wells MW01D, MW02D, MW05D, and MW 10D will be abandoned.
New monitoring well construction will be consistent with existing monitoring well.

Monitoring well abandonment will take 3 days.
Monitoring wells installation will take 3 days.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support Adapted from Site 5 EE/CA
Senior UXO avoidance technician
1) 6 DAY $900 $5,400 Engineer's Estimate
Senior UXO avoidance technician -
mobilization 1 LS $1,750 $1,750 Engineer's Estimate
Senior UXO avoidance technician -
demobilization 1 LS $900 $900 Engineer's Estimate
Senior UXO avoidance technician -
per diem 6 DAY $151 $906 Engineer's Estimate
SUBTOTAL $8,956
Well Abandonment
2008 Navy CLEAN BOA rate
Driller Mobilization 1 LS $945 $945
Quantity based on existing
wells located within cover
extent; 2008 Navy CLEAN
Driller Abandon 2-inch Wells 15 per well $110 $1,650 BOA Rates
DOD Travel Per Diem
Driller Per diem (2 drillers) 3 DAY $302 $906 Allowance, FY2009
Roll-off mobe/rental for waste 1 LS $926 $926 2008 Navy CLEAN BOA rate
Disposal of generated wastes 15 per well $50 $750 Engineer's estimate
Geologist 42 hrs $80 $3,360 12 hours prep & 3 days field
SUBTOTAL $8,537

Cover - MW Abandon & Install
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Well Replacement
Mobilization of equipment 1 LS $945 $945 2008 Navy CLEAN BOA Rate
DOD Travel Per Diem
Driller Per diem (2 drillers) 3 DAY $302 $906 Allowance, FY2009
Recent similar project;
Quantity based on existing
shallow wells located within
Well components 7 LS $1,750 $12,250 cover extent
Vaults, bollards, etc. 7 per well $450 $3,150 2008 Navy CLEAN BOA Rate
Well Development 7 per well $325 $2,275 Recent similar project
Disposal of generated wastes 7 per well $1,500 $10,500 Recent similar project
Surveying 1 LS $1,500 $1,500 Recent similar project
12 hours prep & 3 days field +
Geologist 54 HR $80 $4,320 12 hrs logs
SUBTOTAL $35,846
COMBINED SUBTOTAL $53,339
Contingency 15% of $53,339 $8,001
SUBTOTAL $61,340
TOTAL CAPITAL COST $61,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
TOTAL ANNUAL O&M COST

Cover - MW Abandon & Install
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Element: Wetland Mitigation

Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS Construct a compensatory mitigation wetland to mitigate
Base Year: 2009 wetland permanently lost during cover installation.

KEY ASSUMPTIONS

The compensatory wetland will be constructed at former IR Site 19. An area of 1.2 acres is assumed.
Material excavated from IR Site 19 will be used as fill at IR Site 2.

2 years of monitoring and maintenance at the compensatory mitigation wetland will be conducted to confirm its success.
The cost of the compensatory mitigation wetland design is included with the Remedial Design.

The compensatory mitigation wetland location is free of MEC, and an ESS will not be required. Staff will receive RRR
training as a precautionary measure.
Excavation production rate is 1,000 cubic yards per day.

Resources include excavator, loader, dozer, on-road dump, 4 equipment operators, and 2 laborers

Water encountered during excavation can be released on site (no testing), with proper erosion and sediment controls

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Capping

Wetland Planning
CMP and permitting 1 LS $5,000 $5,000 Engineer's Estimate
Monitoring Plan 1 LS $8,000 $8,000 Engineer's Estimate
SUBTOTAL $13,000

Intrusive Activities Support
RRR Training 1 LS $1,000.00 $1,000 Engineer's Estimate
SUBTOTAL $1,000

Conduct Excavation
Mobilization 1 LS $2,000 $2,000 Similar project

RS Means 31 25 13.10 1305,
Perimeter Erosion & Controls 1300 LF $7 $8,714 adjusted to 2008
Rob Wright/ATL Estimate

Clearing and Grubbing 0.3 Acre $6,500 $1,625 08/2008
Site Grading/Prep for Wetland 86,690 SF $0.12 $10,403 "Cover" element
Excavate material & transport Calculations
to Site 2 9559 CcY $2 $23,371
Top soil (6 inches) (Material) 1,926 CcY $22 $42,382 "Cover" element
Topsoil placement - Labor &
Equipment 1,926 CY $2.53 "Cover" element
Site Restoration - Wetland
seeding & planting 2.1 Acre $30,000 $63,000 ERM price, 10/28/08
Post-Excavation Survey of Rob Wright/ATL Estimate
site 1 LS $1,750 $1,750 08/2008
SUBTOTAL $153,244
COMBINED SUBTOTAL $167,244
Contingency 15% of $167,244 $25,087
SUBTOTAL $192,331

TOTAL CAPITAL COST $192,000

Wetland Mitigation
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
OPERATION AND MAINTENANCE COSTS (2 years)
Wetland Monitoring
Quarterly Inspections 4 EVENT $1,230.00 $4,920 Engineer's Estimate
Quarterly Inspection Reports 4 EVENT $1,500.00 $6,000 Engineer's Estimate
SUBTOTAL $10,920
Contingency 15% of $10,920 $1,638
SUBTOTAL $12,558
TOTAL ANNUAL O&M COST $13,000
PRESENT VALUE ANALYSIS Discount Rate = 4.9%

TOTAL PRESENT VALUE INCORPORATED IN ASSOCIATED ALTERNATIVE

Wetland Mitigation
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Element: St. Juliens Creek Sediment Excavation

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia Excavate sediment from St. Juliens Creek remediation area and
Phase: Final FS dispose off site.
Base Year: 2009
KEY ASSUMPTIONS

No UXO technicians will be required.
No clearing will be required to access the excavation area.
The perimeter fence line will have to be cut to gain access for the excavation and will be repaired.

Excavated material will need to be dewatered; however, water may be discharged into excavation within erosion and sediment controls.
Waste characterization samples will be collected at a rate of 1 per 1,000 CY for solid IDW.

Excavated material can be disposed as non-hazardous.

Excavation rate = 500 CY per day

Excavation rate (including screening) = 200 CY per day

Excavated area does not require backfill.

Excavation resources include 1 excavator, 1 off-road dump, 1 loader, 2 equipment operators, and 2 laborers.
Sediment conversion = 1.5 tons per cubic yard

No restoration is required.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Excavation
RS Means 32 31 13.4500,
Fence opening & repair 40 LF $110 $4,406 adjusted to 2008
Excavation & load of sediment 27 cY $339 $9,010 Calculations
T & D of Soil Off-site (Non-
Hazardous) 40 Ton $40 $1,593 JVIITOO015
SUBTOTAL $10,603
Dewatering
Pump rental 1 WEEK $460 $460 JVIITO 015
Modified PortaDam budget
Portadam- or aquadam-type quote, 2/27/08 (adjusted to
structure 1 LS $75,000 $75,000 120 LF)
SUBTOTAL $75,460
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CAPITAL COSTS
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Sampling (Waste Characterization & Fill
Waste Characterization (Full
TCLP) 1 EA $740 $740 Navy CLEAN BOA Rates
SUBTOTAL $740
COMBINED SUBTOTAL $86,803
Contingency 15% of $86,803 $13,021
SUBTOTAL $99,824
Project Management 10% of $13,021 $1,302
Remedial Design 6% of $13,021 $781
Construction Management 15% of $13,021 $1,953
TOTAL CAPITAL COST $104,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
TOTAL ANNUAL O&M COST
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Element: Monitored Natural Attenuation (MNA) - High-Concentration Target Area

Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS

Base Year: 2009 Install MNA monitoring well; perform monitoring.

KEY ASSUMPTIONS

1 new shallow groundwater monitoring well(s) will be installed.
Monitoring well will be installed at the same time as cover monitoring well installation; therefore, surveying and mobilization
cost for driller & UXO Tech are not included.

1 new and 4 existing shallow groundwater monitoring wells in the high-concentration target area will be monitored.
New monitoring well construction will be consistent with existing monitoring well.

Monitoring well installation will take 0.5 day

Sampling event preparation will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)
Each sampling event will take 2 geologists 1 (10-hr) days.

Sampling event follow-up will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)
Monitoring will be conducted annually.

Analysis: VOCs, chloride, nitrate, sulfate, total arsenic, dissolved arsenic, dissolved iron, dissolved manganese, alkalinity,
total organic carbon, methane, ethane, and ethene. (DO and ORP in typical field parameters)

Report and equipment will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support Adapted from Site 5 EE/CA
Senior UXO avoidance
technician (1) 1 DAY $900 $900 Engineer's Estimate
Senior UXO avoidance
technician - per diem 1 DAY $151 $151 Engineer's Estimate
SUBTOTAL $1,051

Well Installation
DOD Travel Per Diem Allowance,
Driller Per diem (2 drillers) 0.5 DAY $302 $151 FY2009
Recent similar project; Quantity
based on existing shallow wells

Well components 1 LS $1,750 $1,750 located within cover extent
Vaults, bollards, etc. 1 per well $450 $450 2008 Navy CLEAN BOA Rate
Well Development 1 per well $325 $325 Recent similar project
Disposal of generated wastes 1 per well $1,500 $1,500 Recent similar project
Geologist 8 HR $80 $640 Navy CLEAN P2 Rate
SUBTOTAL $4,816
COMBINED SUBTOTAL $5,867
Contingency 15% of $5,867 $880
SUBTOTAL $6,747
Project Management 10% of $6,747 $675
Remedial Design 6% of $6,747 $405
Construction Management 15% of $6,747 $1,012

TOTAL CAPITAL COST $9,000

MNA - High Conc Target
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
OPERATION AND MAINTENANCE COSTS (30 years)
Cost per Event
Field Work 20 HR $80 $1,600 Navy CLEAN P2 Rate
Analytical 5 WELL $600 $3,000 Navy CLEAN BOA Rates
SUBTOTAL $4,600
Contingency 15% of $4,600 $690
SUBTOTAL $5,290
Project Management 10% of $5,290 $529
Remedial Design 6% of $5,290 $317
Construction Management 15% of $5,290 $794
TOTAL ANNUAL O&M COST $7,000
PRESENT VALUE ANALYSIS Discount Rate = 4.9%

TOTAL PRESENT VALUE INCORPORATED IN ASSOCIATED ALTERNATIVE

MNA - High Conc Target
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Element: Monitored Natural Attenuation (MNA) - Low-Concentration Target Area

Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS

Base Year: 2009 Install MNA monitoring well; perform monitoring.

KEY ASSUMPTIONS

2 new shallow groundwater monitoring wells will be installed.
Monitoring well will be installed at the same time as cover monitoring well installation; therefore, surveying and mobilization
cost for driller & UXO Tech are not included.

2 new and 6 existing shallow groundwater monitoring wells in the low-concentration target area will be monitored.
New monitoring well construction will be consistent with existing monitoring well.

Monitoring well installation will take 2 days

Sampling event preparation will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)
Each sampling event will take 2 geologists 2 (10-hr) days.

Sampling event follow-up will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)
Monitoring will be conducted annually.
Analysis: VOCs, chloride, nitrate, sulfate, total arsenic, dissolved arsenic, dissolved iron, dissolved manganese, alkalinity,
total organic carbon, methane, ethane, and ethene. (DO and ORP in typical field parameters)
Report and equipment will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support Adapted from Site 5 EE/CA

Senior UXO avoidance

technician (1) 1 DAY $900 $900 Engineer's Estimate
Senior UXO avoidance

technician - per diem 1 DAY $151 $151 Engineer's Estimate

SUBTOTAL $1,051

Well Installation
DOD Travel Per Diem Allowance,
Driller Per diem (2 drillers) 1 DAY $302 $302 FY2009
Recent similar project; Quantity
based on existing shallow wells

Well components 2 LS $1,750 $3,500 located within cover extent
Vaults, bollards, etc. 2 per well $450 $900 2008 Navy CLEAN BOA Rate
Well Development 2 per well $325 $650 Recent similar project
Disposal of generated wastes 2 per well $1,500 $3,000 Recent similar project
Geologist 16 HR $80 $1,280 Navy CLEAN P2 Rate
SUBTOTAL $9,632
COMBINED SUBTOTAL $10,683
Contingency 15% of $10,683 $1,602
SUBTOTAL $12,285
Project Management 10% of $12,285 $1,229
Remedial Design 6% of $12,285 $737
Construction Management 15% of $12,285 $1,843

TOTAL CAPITAL COST $16,000
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CAPITAL COSTS
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
OPERATION AND MAINTENANCE COSTS (30 years)
Cost per Event
Field Work 40 HR $80 $3,200 Navy CLEAN P2 Rate
Analytical 8 WELL $600 $4,800 Navy CLEAN BOA Rates
SUBTOTAL $8,000
Contingency 15% of $8,000 $1,200
SUBTOTAL $9,200
Project Management 10% of $9,200 $920
Remedial Design 6% of $9,200 $552
Construction Management 15% of $9,200 $1,380
TOTAL ANNUAL O&M COST $12,000
PRESENT VALUE ANALYSIS Discount Rate = 4.9%
TOTAL PRESENT VALUE INCORPORATED IN ASSOCIATED ALTERNATIVE

MNA - Low Conc Target
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Element: Monitored Natural Attenuation (MNA) - Heptachlor Epoxide & Naphthalene Target Area
Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS

Base Year: 2009 Install MNA monitoring well; perform monitoring.

KEY ASSUMPTIONS

1 new shallow groundwater monitoring well will be installed.

Monitoring well will be installed at the same time as cover monitoring well installation; therefore, surveying and mobilization

cost for driller & UXO Tech are not included.

1 new and 3 existing shallow groundwater monitoring wells will be monitored (2 heptachlor epoxide, 2 naphthalene).
New monitoring well construction will be consistent with existing monitoring well.

Monitoring well installation will take 0.5 day

Sampling event preparation will be 24 hours (assume geologist) for procurements, equipment, etc.
Each sampling event will take 2 geologists 1 (10-hr) days.

Sampling event follow-up will consist of 12 hours for a geologist

Monitoring will be conducted annually.

Analysis - heptachlor epoxide wells: heptachlor epoxide

Analysis - naphthalene wells: SVOCs

Report will cover results monitoring conducted under all other components, concurrent to this. Annual submittal.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support Adapted from Site 5 EE/CA
Senior UXO avoidance
technician (1) 1 DAY $900 $900 Engineer's Estimate
Senior UXO avoidance
technician - per diem 1 DAY $151 $151 Engineer's Estimate
SUBTOTAL $1,051
Well Installation
DOD Travel Per Diem Allowance,
Driller Per diem (2 drillers) 0.5 DAY $302 $151 FY2009
Recent similar project; Quantity
based on existing shallow wells
Well components 1 LS $1,750 $1,750 located within cover extent
Vaults, bollards, etc. 1 per well $450 $450 2008 Navy CLEAN BOA Rate
Well Development 1 per well $325 $325 Recent similar project
Disposal of generated wastes 1 per well $1,500 $1,500 Recent similar project
Geologist 8 HR $80 $640 Navy CLEAN P2 Rate
SUBTOTAL $4,816
COMBINED SUBTOTAL $5,867
Contingency 15% of $5,867 $880
SUBTOTAL $6,747
Project Management 10% of $6,747 $675
Remedial Design 6% of $6,747 $405
Construction Management 15% of $6,747 $1,012

TOTAL CAPITAL COST

$9,000




CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
OPERATION AND MAINTENANCE COSTS (30 years)
Cost per Event
Field Work 40 HR $80 $3,200 Navy CLEAN P2 Rate
Equipment 1 LS $1,000 $1,000 Similar project
Analytical - Heptachlor Epoxide 2 WELL $130 $260 Navy CLEAN BOA Rates
Analytical - Naphthalene 2 WELL $95 $190 Navy CLEAN BOA Rates
Report 1 LS $20,000 $20,000 Engineer's Estimate
SUBTOTAL $24,650
Contingency 15% of $24,650 $3,698
SUBTOTAL $28,348
Project Management 10% of $28,348 $2,835
Remedial Design 6% of $28,348 $1,701
Construction Management 15% of $28,348 $4,252
TOTAL ANNUAL O&M COST $37,000
PRESENT VALUE ANALYSIS Discount Rate = 4.9%

TOTAL PRESENT VALUE INCORPORATED IN ASSOCIATED ALTERNATIVE




Element: Sheet Pile
Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia Installation of sheet pile around the high-concentration target
Phase: Final FS area.
Base Year: 2009
KEY ASSUMPTIONS

Sheet pile would be installed to the confining unit, which averages 25-ft bgs.

Clearing would be conducted under "cover" component.

2 geologists will lead the sheet pile installation

1 new shallow groundwater monitoring well(s) will be installed for performance monitoring; installation will take 0.5 days

Monitoring well will be installed at the same time as cover monitoring well installation; therefore, surveying and mobilization cost for driller &
New monitoring well construction will be consistent with existing monitoring well.

Performance monitoring will be conducted annually at one well (new shallow groundwater monitoring well) (0.5 days).

Analysis: VOCs, chloride, nitrate, sulfate, dissolved iron, dissolved manganese, alkalinity, total organic carbon, methane, ethane, and
Report and equipment will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support Adapted from Site 5 EE/CA
MEC Technician Il/Ill for MEC
scanning (2 MEC technicians) 25 DAY $1,800.00 $44,160 Engineer's Estimate
MEC Mobilization (2 MEC
technicians) 1 DAY $3,500.00 $3,500 " "
MEC Demobilization (2 MEC
technicians) 1 DAY $3,500.00 $3,500 " "
DOD Travel Per Diem
Per Diem (2 MEC technicians) 25 DAY $302.00 $7,409 Allowance, FY2008
SUBTOTAL $58,569
Install Sheet Piling
Brian Mckelvey estimate;
Assume removal is not
Mobe & installation 18,400 SQFT $60 $1,104,000 necessary.
Geologist 491 HR $80 $39,280 CLEAN P2 Rate
SUBTOTAL $1,143,280
Performance Monitoring Well Installation
DOD Travel Per Diem
Driller Per diem (2 drillers) 0.5 DAY $302 $151 Allowance, FY2009
Well components 1 LS $1,750 $1,750 Recent similar project
Vaults, bollards, etc. 1 per well $450 $450 2008 Navy CLEAN BOA Rate
Well Development 1 per well $325 $325 Recent similar project
Disposal of generated wastes 1 per well $1,500 $1,500 Recent similar project
Geologist 8 HR $80 $640 Navy CLEAN P2 Rate
SUBTOTAL $4,816
COMBINED SUBTOTAL $1,206,665

Sheet Pile
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Contingency 15% of $1,206,665 $181,000
SUBTOTAL $1,387,665
Project Management 6% of $1,387,665 $83,260
Remedial Design 6% of $1,387,665 $83,260
Construction Management 8% of $1,387,665 $111,013
TOTAL CAPITAL COST $1,665,000
OPERATION AND MAINTENANCE COSTS
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
YR 1-30 Cost per Performance Monitoring Event
Field Work 10 HR $80 $800 Navy CLEAN P2 Rate
Analytical 1 WELL $550 $550 Navy CLEAN BOA Rates
SUBTOTAL $1,350
Contingency 15% of $1,350 $203
SUBTOTAL $1,553
Project Management 10% of $1,553 $155
Remedial Design 6% of $1,553 $93
Construction Management 15% of $1,553 $233
SUBTOTAL $2,034
PRESENT VALUE ANALYSIS DiscountRate = 4.9%
1 CAPITAL COST $1,665,000 $1,665,000 1.000 $1,665,000
30 ANNUAL COVER O&M COST $61,013 $2,034 15.549 $31,624
TOTAL PRESENT VALUE OF ALTERNATIVE $1,697,000

Sheet Pile
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Element: Enhanced Reductive Dechlorination (ERD) - High Concentration Target Area

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia
Phase: Final FS Implementation of ERD in the high-concentration target area.
Base Year: 2009
KEY ASSUMPTIONS

5 rounds of ERD injections will be required.

Injections will occur every 2 years.

1 new shallow groundwater monitoring well will be installed.

EOS® will be the substrate

40 permanent injection wells will be installed for the substrate injection.

Injection will be performed along 8 barrier lines (spaced @ 35-ft), each with 1 to 7 injection wells set at 20-ft centers.
Injection wells will be constructed of 2-inch diameter PVC with 10-ft continuous slot (wire wrapped) well screens.
Injection wells will be installed to the confining unit, located at 15 to 25 ft bgs.

Radius of influence is 10 ft.

Approximately 141,000 gallons of EOS® solution (3,500 gallons per well) would be injected during injection event.
Performance monitoring will be conducted at the 1 new and 4 existing shallow monitoring wells and take 1.5 days.
Performance monitoring will be conducted bi-annually during injection years and annually other years.

Performance monitoring planning, follow-up, report and equipment will be covered under MNA for Heptachlor Epoxide & Naphthalene
(common to all alts)

UXO support will be required for performance well installation and is included within the "Injection Well Install - High" component.
2 local P2 geologists will lead the injection process, 10-hr per person per day

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Groundwater Modeling and Site
Characterization
Additional Site Characterization 1 LS $50,000 $50,000 " "; Includes field work.
Bench Testing 1 LS $35,000 $35,000 " "
SUBTOTAL $85,000
Injection Well Installation
See Injection Well Installation
Injection Wells 1 LS $281,000 $281,000 worksheet
SUBTOTAL $281,000

Performance Monitoring Well Installation

DOD Travel Per Diem
Driller Per diem (2 drillers) 0.5 DAY $302 $151 Allowance, FY2009

Recent similar project;

Quantity based on existing

shallow wells located within

Well components 1 LS $1,750 $1,750 cover extent
Vaults, bollards, etc. 1 per well $450 $450 2008 Navy CLEAN BOA Rate
Well Development 1 per well $325 $325 Recent similar project
Disposal of generated wastes 1 per well $1,500 $1,500 Recent similar project
Geologist 8 HR $80 $640 Navy CLEAN P2 Rate
SUBTOTAL $4,816
Injection Event #1
See Substrate and Injection
EOS Substrate 1 LS $101,205 $101,205 Hours worksheet
Substrate injection materials, Engineer's Estimate, 3-person
equipment, and labor 1 LS $110,000 $110,000 injection crew
See Bioaugmentation and
Culture substrate 1 LS $6,600 $6,600 Injection Hours worksheet
Culture injection materials & Similar project, 2008 estimate
equipment 1 LS $16,400 $16,400
Engineer/Hydrogeologist 600 HR $80 $48,000 " "
Report 1 LS $25,000 $25,000 Engineer's Estimate
SUBTOTAL $307,205
COMBINED SUBTOTAL $678,021
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Contingency 15% of $678,021 $101,703
SUBTOTAL $779,724
Design 6% of $678,021 $40,681
Construction Management 6% of $678,021 $40,681
Project Management 8% of $678,021 $54,242
TOTAL CAPITAL COST $915,328
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Cost per Performance Monitoring Event
Field Work 30 HR $80 $2,400 Navy CLEAN P2 Rate
Analytical 5 WELL $550 $2,750 Navy CLEAN BOA Rates
SUBTOTAL $5,150
Contingency 15% of $5,150 $773
SUBTOTAL $5,923
Project Management 10% of $5,923 $592
Remedial Design 6% of $5,923 $355
Construction Management 15% of $5,923 $888
$7,758
Cost per Injection Event
Substrate + Injection 1 LS $307,205 $307,205 See above
SUBTOTAL $307,205
Contingency 15% of $307,205 $46,081
SUBTOTAL $353,286
Project Management 8% of $353,286 $28,263
Remedial Design 6% of $353,286 $21,197
Construction Management 10% of $353,286 $35,329
SUBTOTAL $438,074

ERD - High CvOC
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT CoSsT TOTAL NOTES
PRESENT VALUE ANALYSIS - High CVOCs Discount Rate = 4.9%
End Year COST TYPE TOTAL COST TOTAL COST  DISCOUNT PRESENT NOTES
PER YEAR FACTOR VALUE
(4.9%)

1 CAPITAL COST 915,328 915,328 1.000 $915,328
1 ANNUAL O&M COST 15,517 15,517 0.953 $14,792
2 ANNUAL O&M COST 7,758 7,758 0.909 $7,051
3 ANNUAL O&M COST 453,591 453,591 0.866 $392,951
4 ANNUAL O&M COST 7,758 7,758 0.826 $6,407
5 ANNUAL O&M COST 453,591 453,591 0.787 $357,098
6 ANNUAL O&M COST 7,758 7,758 0.750 $5,823
7 ANNUAL O&M COST 453,591 453,591 0.715 $324,516
8 ANNUAL O&M COST 7,758 7,758 0.682 $5,291
9 ANNUAL O&M COST 453,591 453,591 0.650 $294,907
10 ANNUAL O&M COST 7,758 7,758 0.620 $4,809
1 ANNUAL O&M COST 453,591 453,591 0.591 $268,000
12 ANNUAL O&M COST 7,758 7,758 0.563 $4,370
13 ANNUAL O&M COST 453,591 453,591 0.537 $243,547
14 ANNUAL O&M COST 7,758 7,758 0.512 $3,971
15 ANNUAL O&M COST 453,591 453,591 0.488 $221,326
16 ANNUAL O&M COST 7,758 7,758 0.465 $3,609
17 ANNUAL O&M COST 453,591 453,591 0.443 $201,132
18 ANNUAL O&M COST 7,758 7,758 0.423 $3,280
19 ANNUAL O&M COST 453,591 453,591 0.403 $182,781
20 ANNUAL O&M COST 7,758 7,758 0.384 $2,980
21 ANNUAL O&M COST 7,758 7,758 0.366 $2,841
22 ANNUAL O&M COST 7,758 7,758 0.349 $2,708
23 ANNUAL O&M COST 7,758 7,758 0.333 $2,582
24 ANNUAL O&M COST 7,758 7,758 0.317 $2,461
25 ANNUAL O&M COST 7,758 7,758 0.302 $2,346
26 ANNUAL O&M COST 7,758 7,758 0.288 $2,237
27 ANNUAL O&M COST 7,758 7,758 0.275 $2,132
28 ANNUAL O&M COST 7,758 7,758 0.262 $2,033
29 ANNUAL O&M COST 7,758 7,758 0.250 $1,938
30 ANNUAL O&M COST 7,758 7,758 0.238 $1,847

TOTAL PRESENT VALUE OF ALTERNATIVE $3,487,004
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Element: Enhanced Reductive Dechlorination (ERD) - Low Concentration Target Area

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia
Phase: Final FS Implementation of ERD in the low-concentration target area.
Base Year: 2009
KEY ASSUMPTIONS

5 rounds of ERD injections will be required.

Injections will occur every 2 years.

2 new shallow groundwater monitoring well will be installed.

EOS® will be the substrate

76 permanent injection wells will be installed for the substrate injection.

Injection will be performed along 13 barrier lines (spaced @ 35-ft), each with 2 to 8 injection wells set at 20-ft centers.
Injection wells will be constructed of 2-inch diameter PVC with 10-ft continuous slot (wire wrapped) well screens.
Injection wells will be installed to the confining unit, located at 15 to 25 ft bgs.

Radius of influence is 10 ft.

Approximately 268,000 gallons of EOS® solution (3,500 gallons per well) would be injected during each injection event.
Performance monitoring will be conducted at the 2 new and 5 existing shallow monitoring wells and take 2 days.
Performance monitoring will be conducted bi-annually during injection years and annually other years.

Performance monitoring planning, follow-up, report and equipment will be covered under MNA for Heptachlor Epoxide & Naphthalene
(common to all alts)

UXO support will be required for performance well installation and is included within the "Injection Well Install - High" component.
2 local P2 geologists will lead the injection process, 10-hr per person per day

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Groundwater Modeling and Site
Characterization
Additional Site Characterization 1 LS $50,000 $50,000 " "; Includes field work.
Data collected under High
Bench Testing 1 LS $0 $0 CVOC injection design
SUBTOTAL $50,000
Injection Well Installation
See Injection Well Installation
Injection Wells 1 LS $603,000 $603,000 worksheet
SUBTOTAL $603,000

Performance Monitoring Well Installation

DOD Travel Per Diem
Driller Per diem (2 drillers) 1.0 DAY $302 $302 Allowance, FY2009
Recent similar project;
Quantity based on existing
shallow wells located within

Well components 2 LS $1,750 $3,500 cover extent

Vaults, bollards, etc. 2 per well $450 $900 2008 Navy CLEAN BOA Rate
Well Development 2 per well $325 $650 Recent similar project
Disposal of generated wastes 2 per well $1,500 $3,000 Recent similar project
Geologist 16 HR $80 $1,280 Navy CLEAN P2 Rate
SUBTOTAL $9,632
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Injection Event #1
See Substrate and Injection
EOS Substrate 1 LS $168,300 $168,300 Hours worksheet
Substrate injection materials, Engineer's Estimate, 3-person
equipment, and labor 1 LS $185,000 $185,000 injection crew
Culture substrate 1 LS $11,220 $11,220 Injection Hours worksheet
Culture injection materials & Similar project, 2008 estimate
equipment 1 LS $26,600 $26,600
Engineer/Hydrogeologist 1040 HR $80 $83,200 " "
Report 1 LS $25,000 $25,000 Engineer's Estimate
SUBTOTAL $499,320
COMBINED SUBTOTAL $1,161,952
Contingency 15% of $1,161,952 $174,293
SUBTOTAL $1,336,245
Design 6% of $1,161,952 $69,717
Construction Management 6% of $1,161,952 $69,717
Project Management 8% of $1,161,952 $92,956
TOTAL CAPITAL COST $1,569,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Cost per Performance Monitoring Event
Field Work 40 HR $80 $3,200 Navy CLEAN P2 Rate
Analytical 7 WELL $550 $3,850 Navy CLEAN BOA Rates
SUBTOTAL $7,050
Contingency 15% of $7,050 $1,058
SUBTOTAL $8,108
Project Management 10% of $8,108 $811
Remedial Design 6% of $8,108 $486
Construction Management 15% of $8,108 $1,216
$10,621
Cost per Injection Event
Substrate + Injection 1 LS $499,320 $499,320 See above
SUBTOTAL $499,320
Contingency 15% of $499,320 $74,898
SUBTOTAL $574,218
Project Management 8% of $574,218 $45,937
Remedial Design 6% of $574,218 $34,453
Construction Management 10% of $574,218 $57,422
SUBTOTAL $712,030

ERD - Low CVOC
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
PRESENT VALUE ANALYSIS - High CVOCs Discount Rate = 4.9%
End Year COST TYPE TOTAL COST TOTAL COST DISCOUNT PRESENT NOTES
PER YEAR FACTOR VALUE
(4.9%)
1 CAPITAL COST 1,569,000 1,569,000 1.000 $1,569,000
1 ANNUAL O&M COST 21,242 21,242 0.953 $20,249
2 ANNUAL O&M COST 10,621 10,621 0.909 $9,652
3 ANNUAL O&M COST 733,272 733,272 0.866 $635,241
4 ANNUAL O&M COST 10,621 10,621 0.826 $8,771
5 ANNUAL O&M COST 733,272 733,272 0.787 $577,282
6 ANNUAL O&M COST 10,621 10,621 0.750 $7,971
7 ANNUAL O&M COST 733,272 733,272 0.715 $524,610
8 ANNUAL O&M COST 10,621 10,621 0.682 $7,244
9 ANNUAL O&M COST 733,272 733,272 0.650 $476,744
10 ANNUAL O&M COST 10,621 10,621 0.620 $6,583
11 ANNUAL O&M COST 733,272 733,272 0.591 $433,246
12 ANNUAL O&M COST 10,621 10,621 0.563 $5,982
13 ANNUAL O&M COST 733,272 733,272 0.537 $393,717
14 ANNUAL O&M COST 10,621 10,621 0.512 $5,436
15 ANNUAL O&M COST 733,272 733,272 0.488 $357,794
16 ANNUAL O&M COST 10,621 10,621 0.465 $4,940
17 ANNUAL O&M COST 733,272 733,272 0.443 $325,149
18 ANNUAL O&M COST 10,621 10,621 0.423 $4,490
19 ANNUAL O&M COST 733,272 733,272 0.403 $295,482
20 ANNUAL O&M COST 10,621 10,621 0.384 $4,080
21 ANNUAL O&M COST 10,621 10,621 0.366 $3,889
22 ANNUAL O&M COST 10,621 10,621 0.349 $3,708
23 ANNUAL O&M COST 10,621 10,621 0.333 $3,534
24 ANNUAL O&M COST 10,621 10,621 0.317 $3,369
25 ANNUAL O&M COST 10,621 10,621 0.302 $3,212
26 ANNUAL O&M COST 10,621 10,621 0.288 $3,062
27 ANNUAL O&M COST 10,621 10,621 0.275 $2,919
28 ANNUAL O&M COST 10,621 10,621 0.262 $2,783
29 ANNUAL O&M COST 10,621 10,621 0.250 $2,653
30 ANNUAL O&M COST 10,621 10,621 0.238 $2,529
TOTAL PRESENT VALUE OF ALTERNATIVE $5,706,000
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Element: Funnel-and-Gate

Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS Installation of funnel-and-gate system around high CVOC area.
Base Year: 2009

KEY ASSUMPTIONS

Funnel will consist of sheet pile driven to the confining unit; sheet pile will not be removed.

Gate will be filled with biowall materials.

Gate will be 4-ft wide and installed to a depth of 25 feet.

2 local P2 geologists will lead the funnel and gate installation, 10-hr per person per day

1 performance monitoring well will be installed; installation will take 0.5 days.

Monitoring well will be installed at the same time as cover monitoring well installation; therefore, surveying and mobilization cost for driller &
UXO Tech are not included.

New monitoring well construction will be consistent with existing monitoring well.

During injection years, performance monitoring will be conducted bi-annually at one well (new shallow groundwater monitoring well) (0.5
days).

During non-injection years, performance monitoring will be conducted annually at one well (new shallow groundwater monitoring well) (0.5
days).

Analysis: VOCs, chloride, nitrate, sulfate, dissolved iron, dissolved manganese, alkalinity, total organic carbon, methane, ethane, and
ethene. (DO and ORP in typical field parameters)

Substrate will be re-injected every 2 years.

Report and equipment will be covered under MNA for Heptachlor Epoxide & Naphthalene (common to all alts)

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Groundwater Modeling & Site
Characterization
Additional site characterizatior 1 LS $50,000 $50,000 Engineer's Estimate
Groundwater modeling 1 LS $15,000 $15,000
SUBTOTAL $65,000
Intrusive Activities Support Adapted from Site 5 EE/CA
MEC Technician II/1ll for MEC
scanning (2 MEC technicians) 27 DAY $1,800.00 $48,840 Site 5 EE/CA
MEC Mobilization (2 MEC
technicians) 1 DAY $3,500.00 $3,500 site 5 EE/CA
MEC Demobilization (2 MEC
technicians) 1 DAY $3,500.00 $3,500 site 5 EE/CA
Per Diem (2 MEC technicians; 27 DAY $302.00 $8,194 Maximum daily rate, Chesapeake (2009)
SUBTOTAL $64,034
Install Funnel and Gate
Install Funnel Walls Rob Wright Estimate 8/1/08;
Brian Mckelvey estimate;
Installation & mobe - Funnel Walls 17500 SQFT $60 $1,050,000
Geologist 467 HR $80 $37,360 Navy CLEAN P2 Rate
Engineer's Estimate; Adapted
from Dow Dalton estimate
(1/2008); Installation based on
DeWind Trenching costs
Install Gate Biowall
Mobilization 1 LS $50,000 $50,000 " "
Installation - Gate 70 FT $375 $26,250 " "
Gravel 406 TN $39 $15,834 " "; assume 70% fill gravel
Mulch 63 TN $20 $1,260 " "; assume 30% fill mulck
Engineer's Estimate; Adapted
from Dow Dalton estimate
(1/2008); Installation based on
DeWind Trenching costs
Media Mixing 1 LS $30,000 $30,000
Waste Characterization (Full
TCLP) 1 EA $740 $740 Navy CLEAN BOA Rate
Excavate/screen material in gate
location 259 cY $18 $4,707 "Excavation" component
T & D of Soil Off-site (Non- JVIITO 015
Hazardous) 385 N $65 $25,025

Engineer's Estimate; Adapted
from Dow Dalton estimate
(1/2008); Installation based on

DeWind Trenching costs
Demobilization 1 LS $20,000 $20,000

Engineer's Estimate; Adapted
from Dow Dalton estimate
(1/2008); Installation based on

DeWind Trenching costs
Geologist 56 HR $80 $4,480

SUBTOTAL $1,265,656

Funnel-and-Gate
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Injection Well Installation
See Injection Well Installation
Injection Wells 1 LS $42,000 $42,000 worksheet
SUBTOTAL $42,000
Performance Monitoring Well Installation
DOD Travel Per Diem
Driller Per diem (2 drillers) 0.5 DAY $302 $151 Allowance, FY2009
Well components 1 LS $1,750 $1,750 Recent similar project
Vaults, bollards, etc. 1 per well $450 $450 2008 Navy CLEAN BOA Rate
Well Development 1 per well $325 $325 Recent similar project
Disposal of generated wastes 1 per well $1,500 $1,500 Recent similar project
Geologist 8 HR $80 $640 Navy CLEAN P2 Rate
SUBTOTAL $4,816
Injection
1/8 of high-concentration
target area (1 of the 8 injection
EOS Substrate 1 LS $20,241 $20,241 lines)
Engineer's Estimate, 3-person
crew
EOS substrate injection materials,
equipment, and labor 1 LS $22,000 $22,000
See Bioaugmentation and
Culture substrate 1 LS $660 $660 Injection Hours worksheet
Culture injection materials & Similar project, 2008 estimate
equipment 1 LS $2,000 $2,000
Engineer/Hydrogeologist 100 HR $80 $8,000 " "
Report 1 LS $15,000 $15,000 Engineer's Estimate
SUBTOTAL $52,901
COMBINED SUBTOTAL $1,494,407
Contingency 15% of $1,494,407 $224,161
SUBTOTAL $1,719,000
Project Management 5% of $1,719,000 $85,950
Remedial Design 6% of $1,719,000 $103,140
Construction Management 6% of $1,719,000 $103,140
TOTAL CAPITAL COST $2,011,000
OPERATION AND MAINTENANCE COSTS
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
YR 1-30 Cost per Performance Monitoring Event
Field Work 10 HR $80 $800 Navy CLEAN P2 Rate
Analytical 1 WELL $550 $550 Navy CLEAN BOA Rates
SUBTOTAL $1,350
Contingency 15% of $1,350 $203
SUBTOTAL $1,553
Project Management 10% of $1,553 $155
Remedial Design 6% of $1,553 $93
Construction Management 15% of $1,553 $233
SUBTOTAL $2,034
YRS3,5,7,9, Re-Injection & Report
11,13,15,17,  substrate + injection 1 LS $52,901  $52,901 See above
19,21,283,25, Report 1 LS $20,000 $20,000 Engineer's Estimate
27,29 SUBTOTAL $72,901
Contingency 15% of $72,901 $10,935
SUBTOTAL $83,836
Project Management 10% of $83,836 $8,384
Remedial Design 6% of $83,836 $5,030
Construction Management 15% of $83,836 $12,575
SUBTOTAL $109,825
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CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Discount Rate = 4.9%
PRESENT VALUE ANALYSIS
End Year COST TYPE TOTAL COST TOTAL COST DISCOUNT PRESENT NOTES
PER YEAR FACTOR VALUE

(4.9%)
1 CAPITAL COST 2,011,000 2,011,000 1.000 $2,011,000
1 ANNUAL O&M COST 4,068 4,068 0.953 $3,878
2 ANNUAL O&M COST 2,034 2,034 0.909 $1,848
3 ANNUAL O&M COST 113,893 113,893 0.866 $98,667
4 ANNUAL O&M COST 2,034 2,034 0.826 $1,680
5 ANNUAL O&M COST 113,893 113,893 0.787 $89,664
6 ANNUAL O&M COST 2,034 2,034 0.750 $1,526
7 ANNUAL O&M COST 113,893 113,893 0.715 $81,483
8 ANNUAL O&M COST 2,034 2,034 0.682 $1,387
9 ANNUAL O&M COST 113,893 113,893 0.650 $74,049
10 ANNUAL O&M COST 2,034 2,034 0.620 $1,261
11 ANNUAL O&M COST 113,893 113,893 0.591 $67,292
12 ANNUAL O&M COST 2,034 2,034 0.563 $1,146
13 ANNUAL O&M COST 113,893 113,893 0.537 $61,153
14 ANNUAL O&M COST 2,034 2,034 0.512 $1,041
15 ANNUAL O&M COST 113,893 113,893 0.488 $55,573
16 ANNUAL O&M COST 2,034 2,034 0.465 $946
17 ANNUAL O&M COST 113,893 113,893 0.443 $50,503
18 ANNUAL O&M COST 2,034 2,034 0.423 $860
19 ANNUAL O&M COST 113,893 113,893 0.403 $45,895
20 ANNUAL O&M COST 2,034 2,034 0.384 $781
21 ANNUAL O&M COST 113,893 113,893 0.366 $41,707
22 ANNUAL O&M COST 2,034 2,034 0.349 $710
23 ANNUAL O&M COST 113,893 113,893 0.333 $37,902
24 ANNUAL O&M COST 2,034 2,034 0.317 $645
25 ANNUAL O&M COST 113,893 113,893 0.302 $34,444
26 ANNUAL O&M COST 2,034 2,034 0.288 $586
27 ANNUAL O&M COST 113,893 113,893 0.275 $31,301
28 ANNUAL O&M COST 2,034 2,034 0.262 $533
29 ANNUAL O&M COST 113,893 113,893 0.250 $28,445
30 ANNUAL O&M COST 2,034 2,034 0.238 $484
TOTAL PRESENT VALUE OF ALTERNATIVE $2,828,388

Funnel-and-Gate
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Element: Injection Well Installation - High Concentration Target Area

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia
Phase: Final FS

Base Year: 2009

Installation of 32 permanent injection wells in the high-
concentration target area.

KEY ASSUMPTIONS

Injection wells will be constructed of 2-inch diameter PVC with 10-ft continuous slot (wire wrapped) well screens.
Injection wells will be installed to the confining unit, located at 15 to 25 ft bgs.
2 UXO technicians will provide support during injection well installation.

Injection wells will be installed at a rate of 2 wells per day.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support
MEC Technician Il/lll for MEC
scanning (2 MEC technicians) 20 DAY $1,800 $36,000 Engineer's Estimate
MEC Mobilization (2 MEC
technicians) 1 DAY $3,500 $3,500 Engineer's Estimate
MEC Demobilization (2 MEC
technicians) 1 DAY $3,500 $3,500 Engineer's Estimate
DOD Travel Per Diem
Per Diem (2 MEC technicians) 20 DAY $302 $6,040 Allowance, FY2009
SUBTOTAL $49,040
Well Installation
Mobilization of equipment 1 LS $945 $945 2008 Navy CLEAN BOA Rate
Well components 40 per well $1,750 $70,000 Recent similar project
Vaults, bollards, etc. 40 per well $450 $18,000 2008 Navy CLEAN BOA Rate
Well Development 40 per well $325 $13,000 Recent similar project
Disposal of generated wastes 40 per well $1,500 $60,000 Recent similar project
2 Geologists 400 hrs $80 $32,000 CLEAN P2 Rate
Surveying 1 LS $1,500 $1,500 Recent similar project
SUBTOTAL $195,445
COMBINED SUBTOTAL $244,485
Contingency 15% of $244,485 $36,673
TOTAL CAPITAL COST $281,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
TOTAL ANNUAL O&M COST
Injection Well Install - High Sheet 1 of 1




Element: Injection Well Installation - Low Concentration Target Area

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia
Phase: Final FS

Base Year: 2009

Installation of 68 permanent injection wells in the low-
concentration target area.

KEY ASSUMPTIONS

Injection wells will be constructed of 2-inch diameter PVC with 10-ft continuous slot (wire wrapped) well screens.
Injection wells will be installed to the confining unit, located at 15 to 25 ft bgs.
2 UXO technicians will provide support during injection well installation.

Injection wells will be installed at a rate of 2 wells per day.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support
MEC Technician Il/lll for MEC
scanning (2 MEC technicians) 34 DAY $1,800 $61,200 Engineer's Estimate
MEC Mobilization (2 MEC
technicians) 34 DAY $3,500 $119,000 Engineer's Estimate
MEC Demobilization (2 MEC
technicians) 1 DAY $3,500 $3,500 Engineer's Estimate
DOD Travel Per Diem
Per Diem (2 MEC technicians) 34 DAY $302 $10,268 Allowance, FY2009
SUBTOTAL $193,968
Well Installation
Mobilization of equipment 1 LS $945 $945 2008 Navy CLEAN BOA Rate
Well components 68 per well $1,750 $119,000 Recent similar project
Vaults, bollards, etc. 68 per well $450 $30,600 2008 Navy CLEAN BOA Rate
Well Development 68 per well $325 $22,100 Recent similar project
2 Geologists 680 hrs $80 $54,400 CLEAN P2 Rate
Disposal of generated wastes 68 per well $1,500 $102,000 Recent similar project
Surveying 1 LS $1,500 $1,500 Recent similar project
SUBTOTAL $330,545
COMBINED SUBTOTAL $524,513
Contingency 15% of $524,513 $78,677
TOTAL CAPITAL COST $603,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
TOTAL ANNUAL O&M COST

Injection Well Install - Low
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Element: Injection Well Installation - Funnel & Gate
Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia
Phase: Final FS Installation of 4 permanent injection wells in the gate.
Base Year: 2009
KEY ASSUMPTIONS

Injection wells will be constructed of 2-inch diameter PVC with 10-ft continuous slot (wire wrapped) well screens.
Injection wells will be installed to the confining unit, located at 15 to 25 ft bgs.
2 UXO technicians will provide support during injection well installation.

Injection wells will be installed at a rate of 2 wells per day.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support
MEC Technician Il/lll for MEC
scanning (2 MEC technicians) DAY $1,800 $3,600 Engineer's Estimate
MEC Mobilization (2 MEC
technicians) DAY $3,500 $3,500 Engineer's Estimate
MEC Demobilization (2 MEC
technicians) DAY $3,500 $3,500 Engineer's Estimate
DOD Travel Per Diem
Per Diem (2 MEC technicians) DAY $302 $604 Allowance, FY2009
SUBTOTAL $11,204
Well Installation
Mobilization of equipment 1 LS $945 $945 2008 Navy CLEAN BOA Rate
Well components 4 per well $1,750 $7,000 Recent similar project
Vaults, bollards, etc. 4 per well $450 $1,800 2008 Navy CLEAN BOA Rate
Well Development 4 per well $325 $1,300 Recent similar project
2 Geologists 80 hrs $80 $6,400 CLEAN P2 Rate
Disposal of generated wastes 4 per well $1,500 $6,000 Recent similar project
Surveying 1 LS $1,500 $1,500 Recent similar project
SUBTOTAL $24,945
COMBINED SUBTOTAL $36,149
Contingency 15% of $36,149 $5,422
TOTAL CAPITAL COST $42,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
TOTAL ANNUAL O&M COST

Injection Well Install - F&G

Sheet 1 of 1




Element: EOS Injection Duration and Quantity Requirements

Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS Substrate (EOS) Injection
Base Year: 2009

WORK STATEMENT

Determination of the amount of emulsified edible oil to be purchased and the amount of time required to inject the bio
amendment. Quantities and time are based on a single injection event.

WELL CONSTRUCTION AND INJECTION TIME REQUIREMENTS

High-Concentration Target Area

Injection Time Requirements:
Estimated Injection Rate:

Number of concurrent injection points:

Estimated Total Injection Volume:

EOS Vol:
Hours of Injection per Day:
Time to Complete Injection:

Price of EOS+B12:
Amount EOS to be purchased:

EOS shipping:
EOS cost:

141,000
5,613

28

$ 945.00
103

$ 3,870

$ 101,205

GPM
Bio Substrate Estimate
- CH2M HILL
GAL Worksheet
GAL
HR
DAY
EOS Remediation,
per DRUM LLC quote (July 2009)
DRUM
EOS Remediation,
LS LLC quote (July 2009)

Low-Concentration Target Area

Injection Time Requirements:
Estimated Injection Rate:

Number of concurrent injection points:

Estimated Total Injection Volume:

EOS Vol:
Hours of Injection per Day:
Time to Complete Injection:

Price of EOS+B12:
Amount EOS to be purchased:

EOS shipping:

EOS cost:

3
4

239,700
9,542

7

48

$ 945.00
174

$ 3,870

$ 168,300

GPM
Bio Substrate Estimate
- CH2M HILL
GAL Worksheet
GAL
HR
DAY
EOS Remediation,
per DRUM LLC quote (July 2009)
DRUM
EOS Remediation,
LS LLC quote (July 2009)

SubstrateAndInjHours
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Gate (For Funnel & Gate)
Injection Time Requirements:

Estimated Injection Rate: 3

Number of concurrent injection points: 4
Estimated Total Injection Volume: 17,626
EOS Vol: 702

Hours of Injection per Day: 7

Time to Complete Injection: 4

Price of EOS+B12: § 945.00

Amount EOS to be purchased: 13

EOS shipping: $ 1,935

EOS cost: $ 14,220

GPM

GAL
GAL
HR
DAY

per DRUM
DRUM

LS

Bio Substrate Estimate
- CH2M HILL
Worksheet

EOS Remediation,
LLC quote (July 2009)

EOS Remediation,
LLC quote (July 2009)

SubstrateAndInjHours
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Element: Bioaugmentation Injection Duration and Quantity Requirements

Site: St. Juliens Creek Annex

Location: Chesapeake, Virginia

Phase: Final FS Bioaugmentation (BAC9 culture) injection.
Base Year: 2009

WORK STATEMENT

Determination of the amount of culture to be purchased and the amount of time required to inject the amendment. Quantities
and time are based on a single injection event.

WELL CONSTRUCTION AND INJECTION TIME REQUIREMENTS

High-Concentration Target Area

Injection Time Requirements:
Estimated Injection Rate:

Number of concurrent injection points:

Estimated Total Injection Volume Per Point:

Culture Vol:
Time to Complete Injection:

Price of Culture:

Culture cost:

$

$

20 wells per day

40

1
40
2

165.00

6,600

LITER
LITERS
DAY

per LITER

Similar project

Similar 2008 project,
includes tax & shipping

Low-Concentration Target Area

Injection Time Requirements:
Estimated Injection Rate:
Number of concurrent injection points:

Estimated Total Injection Volume Per Point:
Culture Vol:
Time to Complete Injection:

Price of Culture:

Culture cost:

20 wells per day

68

1
68
4

165.00

11,220

LITER
LITERS
DAY

per LITER

Vendor estimate

2008 project, includes
tax & shipping

Gate (For Funnel & Gate)

Injection Time Requirements:
Estimated Injection Rate:
Number of concurrent injection points:

Estimated Total Injection Volume Per Point:
Culture Vol:
Time to Complete Injection:

Price of Culture:

Culture cost:

20 wells per day

4

4

165.00

660

LITER
LITERS
DAY

per LITER

Vendor estimate

2008 project, includes
tax & shipping




Element: Excavation

Site: St. Juliens Creek Annex
Location: Chesapeake, Virginia Excavate contaminated soil and waste in the high CVOC area and
Phase: Final FS dispose off site.
Base Year: 2009
KEY ASSUMPTIONS

4 UXO technicians will be required.

Site preparation and erosion and sediment controls are addressed under the "cover" component.

Material will need to be mechanically screened prior to off-site disposal.

Material below the saturated zone will require dewatering prior to mechanical screening.

Dewatering water must be collected & analyzed during dewatering, and must be disposed off site.

Dewatering will be required at the excavation & of the excavated material. Requires 2 pumps, 2 holding tanks (20,000 gal each).
Waste characterization samples will be collected at a rate of 1 per 1,000 CY for solid IDW and 1 per 5,000 gallons per aqueous IDW.
Clearing and grubbing will be conducted under the "cover" component.

Dry excavation rate (including screening) = 500 CY per day

Wet excavation rate (including screening) = 200 CY per day

Solids from unsaturated zone can be disposed as non-hazardous, saturated zone as hazardous.

20% of aqueous IDW can be disposed as non-hazardous, saturated zone as hazardous.

Excavation will be shored by sheet pile rather than sloping (due to road, etc.). Sheet pile length = 1.5 time excavation depth

Excavation will be backfilled with general fill to allow for "cover" component; actual cover is not required in excavation area, but is assumed
to achieve even grade to meet the objectives of the cover.

Schedule is driven by excavation & screening rate; backfill will lag excavation and be the same duration.

Excavation resources include 2 excavators, 1 off-road dumps, 1 loader, 1 dozer, 1 screen plant, 6 equipment operators, and 3 laborers.
Backfill resources include 1 dozer & 1 equipment operator (limited due to overlap with excavation)

Dewatered soil conversion = 1.6 tons per cubic yard

No restoration is required; addressed under cover.

CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Intrusive Activities Support Adapted from Site 5 EE/CA
MEC Technician II/1ll for MEC
scanning (4 MEC technicians) 108 DAYS $3,600.00 $388,461 Engineer's Estimate
MEC Mobilization (4 MEC
technicians) 1 DAYS $7,000.00 $7,000 Engineer's Estimate
MEC Demobilization (4 MEC
technicians) 1 DAYS $7,000.00 $7,000 Engineer's Estimate
DOD Travel Per Diem
Per Diem (4 MEC technicians) 108 DAYS $604.00 $65,175 Allowance, FY2008
SUBTOTAL $467,637
Excavation
Installation & removal of sheetpile 46,000 SF $80 $3,680,000 Brian Mckelvey estimate
Excavation & load of Soils 24,524 CY $18 $445,244  Calculations
T & D of Soil Off-site (Non-
Hazardous) 7,848 Ton $40 $313,908 JVIITO 015
Rob Wright/ATL Estimate

T & D of Soil Off-site (Hazardous) 31,391 Ton $400 $12,556,326 08/2008
SUBTOTAL $16,995,478

Excavation Sheet 1 of 2



CAPITAL COSTS

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Dewatering
Tank Mobe/Demobe/Cleaning
(20,000 gal) 2 EA $2,505 $5,010 Navy CLEAN BOA Rates
Tank rental (20,0000 gal) 43 WEEK $385 $16,618 Navy CLEAN BOA Rates
Pump rental (2 pumps) 43 WEEK $920 $39,709 Recent project
$1.69/SF, Cover exception,
Dewatering Pad 1 EA $22,000 $22,000 100x 100 ft + 25%
Non-hazardous aqueous disposal 14675 GAL $1 $11,593 Navy CLEAN BOA Rates
Hazardous aqueous disposal 58701 GAL $3 $185,495 Quadruple non-haz
SUBTOTAL $280,425
Backfilling
Backfill of Excavation w/fill material 30,655 CcY $3 $78,674  Calculations
Site 5 EE/CA, adjusted to
General Fill 30655 CY $18 $551,792 2008 & rounded
SUBTOTAL $630,466
Samplin aste Characterization & Fill
Waste Characterization (Full TCLP) 27 EA $740 $19,934 Navy CLEAN BOA Rates
SUBTOTAL $19,934
COMBINED SUBTOTAL $18,393,938
Contingency 15% of $18,393,938 $2,759,091
SUBTOTAL $21,153,029
Project Management 5% of $2,759,091 $137,955
Remedial Design 6% of $2,759,091 $165,545
Construction Management 6% of $2,759,091 $165,545
TOTAL CAPITAL COST $21,622,000
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
TOTAL ANNUAL O&M COST

Excavation
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Contingency Permeable Reactive Barrier Element - Mulch Biowall COST ESTIMATE

Site: Site 2 Description:
Location: St. Juliens Creek Annex Installation and maintenance of a 250-ft long Biowall for plume containment
Phase: Final FS
Base Year: 2009
CAPITAL COSTS Biowall Width 15 feet
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Work Planning
Additional Site Characterization 1 LS $ 10,000 $ 10,000
Utility survey 1 LS $ 10,000 $ 10,000
Pre-Construction Submittals 1 LS $ 25000 $ 25,000
Subtotal $ 45,000
Intrusive Activities Support Adapted from Site 5 EE/CA
MEC Technician II/lll for MEC
scanning (4 MEC technicians) 10 DAYS $3,600.00 $36,000 Engineer's Estimate
MEC Mobilization (4 MEC
technicians) 1 DAYS $7,000.00 $7,000 Engineer's Estimate
MEC Demobilization (4 MEC
technicians) 1 DAYS $7,000.00 $7,000 Engineer's Estimate
DOD Travel Per Diem Allowance,
Per Diem (4 MEC technicians) 10 DAYS $604.00 $6,040 FY2008
SUBTOTAL $56,040
Biowall Installation
Mobilization 1 LS $ 20,000 $ 20,000 B
Site Preparation 1 LS $ 25000 $ 25,000 CH2M HILL estimate
Relocation of utilities 1 LS $ 25000 $ 25,000 CH2M HILL estimate
Installation of PRB 250 LF $ 375 $ 93,750 A
Media mixing 1 LS $ 30,000 $ 30,000 A
Mulch 90 tons $ 20 $ 1,800 40% by volume
Wood chips 23 tons $ 50 $ 1,125 10% by volume
Gravel 234 tons $ 39 § 9,141 50 % by volume
Excavate/screen material in gate location 7,500 cY $18 § 135,000 "Excavation" component
Vegetable oil (or other substrate) 1,200 Ibs $ 193 1,200 CH2M HILL estimate
Placement of soil backfill 69 CcY $ 40 $ 2,778 CH2M HILL estimate
Site restoration 1 LS $ 25,000 $ 25,000 CH2M HILL estimate
Waste Characterization (Full TCLP) 1 each $ 740 § 740
Offsite Trans., and Disposal of Non-Haz Wastes 413 tons $ 65 $ 26,813 CH2M HILL estimate
Demobilization 1 LS $ 20,000 $ 20,000 B
2 Engineers/Hydrogeologists 200 hrs $ 80 § 16,000 Navy Clean P2 Rate
SUBTOTAL $ 433,346
Injection Well Installation 1 LS $42,000 $ 42,000 Funnel & Gate, 4 wells
$ 14,448 Funnel & Gate, 2 side-gradient & 1
Monitoring Well Installation 3 LS $4,816 downgradient
SUBTOTAL $ 56,448
SUBTOTAL $ 590,834
Contingency 15% of $ 590,834 $ 88,625
SUBTOTAL $ 679,459
Project Management 8% of $ 679459 $ 54,357
Remedial Design 6% of $ 679459 $ 40,768
Construction Management 10% of $ 679459 § 67,946
[CAPITAL COST SUBTOTAL $ 842,529 |
ANNUAL COSTS (up to year 5)
UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Groundwater Performance Monitoring
Field work and analysis 6 wells $1,350 _§ 8,100 Funnel & Gate (3 wells, 2 events)
SUBTOTAL $ 8,100
Contingency 15% of $ 8,100 _$ 1,215
SUBTOTAL $ 9,315
Project management 6% of $ 9315 § 559
Construction management 8% of $ 9,315 _§ 745
Subtotal $ 1,304

[COST PER YEAR $ 10,619 |




ANNUAL COSTS (beyond year 5,

UNIT
DESCRIPTION QTY UNIT COST TOTAL NOTES
Groundwater Performance Monitoring
Field work and analysis 6 wells $1,350 _$ 8,100 Funnel & Gate (3 wells, 2 events)
SUBTOTAL $ 8,100
Rejuvenation
Injection of slow-release carbon source 0.5 events $ 30,000 $ 15,000 Every 24 months starting at YR5
Subtotal $ 15,000 Substrate, subcontractor, and labor
Subtotal $ 23,100
Contingency 15% of $ 23100 _§ 3,465
Subtotal $ 26,565
Professional Services, Project Management, and Fees
Project management 6% of $ 26565 $ 1,594
Construction Management 8% of $ 26565 § 2,125
Subtotal $ 3,719
[COST PER YEAR $ 53,384 |
PRESENT VALUE ANALYSIS Discount Rate = 4.9%
TOTAL DISCOUNT
End Year COST TYPE TOTAL COST COST/YEAR FACTOR  PRESENT VALUE NOTES
0 CAPITAL COST $ 842,529 § 842,529 1.000 $ 842,529 $ 842,529
1 ANNUAL O&M COST $ 10,619 $ 10,619 0.953 $ 10,123 $ 852,652
2 ANNUAL O&M COST $ 10,619 $ 10,619 0.909 $ 9,650 $ 862,302
3 ANNUAL O&M COST $ 10,619 $ 10,619 0.866 $ 9,199 $ 871,502
4 ANNUAL O&M COST $ 10,619 $ 10,619 0.826 $ 8,770 $ 880,272
5 ANNUAL O&M COST $ 10,619 $ 10,619 0.787 $ 8,360 $ 888,632
6 ANNUAL O&M COST $ 53,384 $ 53,384 0.750 $ 40,064 $ 928,696
7 ANNUAL O&M COST $ 53,384 $ 53,384 0.715 $ 38,193 $ 966,889
8 ANNUAL O&M COST $ 53,384 $ 53,384 0.682 $ 36,409 $ 1,003,298
9 ANNUAL O&M COST $ 53,384 $ 53,384 0.650 $ 34,708 $ 1,038,006
10 ANNUAL O&M COST $ 53,384 $ 53,384 0.620 $ 33,087 $ 1,071,093
11 ANNUAL O&M COST $ 53,384 $ 53,384 0.591 $ 31,541 $ 1,102,635
12 ANNUAL O&M COST $ 53,384 $ 53,384 0.563 $ 30,068 $ 1,132,703
13 ANNUAL O&M COST $ 53,384 $ 53,384 0.537 $ 28,664 $ 1,161,366
14 ANNUAL O&M COST $ 53,384 $ 53,384 0.512 $ 27,325 $ 1,188,691
15 ANNUAL O&M COST $ 53,384 $ 53,384 0.488 $ 26,048 $ 1,214,739
16 ANNUAL O&M COST $ 53,384 $ 53,384 0.465 $ 24,832 $ 1,239,571
17 ANNUAL O&M COST $ 53,384 $ 53,384 0.443 $ 23,672 $ 1,263,243
18 ANNUAL O&M COST $ 53,384 $ 53,384 0.423 $ 22,566 $ 1,285,808
19 ANNUAL O&M COST $ 53,384 $ 53,384 0.403 $ 21,512 $ 1,307,320
20 ANNUAL O&M COST $ 53,384 $ 53,384 0.384 $ 20,507 $ 1,327,827
21 ANNUAL O&M COST $ 53,384 $ 53,384 0.366 $ 19,549 $ 1,347,376
22 ANNUAL O&M COST $ 53,384 $ 53,384 0.349 $ 18,636 $ 1,366,012
23 ANNUAL O&M COST $ 53,384 $ 53,384 0.333 $ 17,765 $ 1,383,778
24 ANNUAL O&M COST $ 53,384 $ 53,384 0.317 $ 16,936 $ 1,400,713
25 ANNUAL O&M COST $ 53,384 $ 53,384 0.302 $ 16,145 $ 1,416,858
26 ANNUAL O&M COST $ 53,384 $ 53,384 0.288 $ 15,390 $ 1,432,248
27 ANNUAL O&M COST $ 53,384 $ 53,384 0.275 $ 14,671 $ 1,446,920
28 ANNUAL O&M COST $ 53,384 $ 53,384 0.262 $ 13,986 $ 1,460,906
29 ANNUAL O&M COST $ 53,384 $ 53,384 0.250 $ 13,333 $ 1,474,239
30 ANNUAL O&M COST $ 53,384 $ 53,384 0.238 $ 12,710 $ 1,486,949
[TOTAL PRESENT VALUE OF ALTERNATIVE $ 1,486,949 |

Source of Cost Data

A March 2009 DeWind Dewatering quote for similar project.
B Based on conceptual design provided by ETI (July 2009).
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Conceptual Wetlands Mitigation Plan




TECHNICAL MEMORANDUM CH2MHILL

SJCA Site 19 Conceptual Wetlands Mitigation Plan

PREPARED FOR: SJCA Tier I Partnering Team
PREPARED BY: CH2M HILL
DATE: October 2008

1.0 Introduction

This technical memorandum summarizes the conceptual wetland design for compensatory
wetland mitigation in support of the Feasibility Study (FS) for Site 2 (Landfill B) at St. Juliens
Creek Annex (SJCA) in Chesapeake, Virginia. The FS is being conducted to evaluated
alternatives to address the ecological and human health risk at Site 2. A 0.934-acre
jurisdictional wetland is currently located within Site 2. Several of the alternatives being
evaluated in the FS would result in permanent loss of the wetland if implemented.
Therefore compensatory mitigation would be required, and must be considered in the FS
evaluation of the alternatives. Former IR Site 19, located at SJCA, has been identified as a
viable location to construct a mitigation wetland for permanent loss of wetlands at Site 2.

2.0 Regulatory Background

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Section 121(e) and 40 Code of Federal Regulations (CFR) Part 300.400(e) states that no
federal, state, or local permits are required for CERCLA on-site response actions. Therefore,
for this action, the Navy is not required to obtain permits under Section 404 of the Clean
Water Act or Section 10 of the Rivers and Harbors Act. However, the Navy is required to
meet the regulatory requirements.

Under Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbors Act, the
United States Army Corps of Engineers (USACE) Nationwide Permit (NWP) 38 allows for
activities in wetlands to contain, stabilize, or remove hazardous or toxic materials and
requires preconstruction notification (PCN), including a wetland delineation. Notification
of the CERCLA action and delineation of the wetlands (Attachment A) that may be
potentially impacted at Site 2 have been provided to the USACE Norfolk District and the
Virginia Marine Resources Commission (VMRC). The NWP General Condition 20 outlines
the factors for consideration for appropriate and practicable mitigation necessary to offset
adverse effects on the aquatic environment that are more than minimal. General Condition
20(c) states that compensatory mitigation at a minimum one-for-one ratio is required for all
wetlands impacts requiring a PCN, unless a project-specific waiver is granted. This
condition is the basis for the compensatory mitigation plan.



SJCA SITE 19 CONCEPTUAL WETLANDS MITIGATION PLAN

3.0 Site Description and Background

3.1 Site2

A general location map of SJCA is illustrated in Figure 1. A detailed map showing the
location of Site 2 is provided in Figure 2. Site 2 is a former waste disposal area covering
approximately 4.4 acres in the southern portion of the SJCA. In the center of Site 2 is a tidal
inlet surrounded by wetlands, brush, trees, and grass that is directly connected to St. Juliens
Creek through a 36-inch culvert. An asphalt-paved parking lot is located adjacent to the
inlet on the northwestern side and the concrete foundation of former Buildings 278/279 is
located just north of the inlet. The corner of St. Juliens Road and Cradock Street is located to
the southwest of the site and a grassy field is located to the east of the site.

Waste disposal operations at Site 2 began in 1921 and continued until sometime after 1947.
Initially, refuse was burned openly onsite and was used to fill in the adjacent swampy area
(Site 2 inlet). In 1942, an incinerator was installed to replace the open burning practices.
Mixed municipal wastes, abrasive blast media (ABM), waste ordnance, organics, metals,
and solvents were reportedly disposed of at Site 2. In 1989, the site was used to store heavy
equipment and machinery, including storage of tools and tires in sheds and trailers.
Construction debris (concrete and brick), as well as ABM, are visible on the ground surface.
In the northern portion of the site, Buildings 278/279 (formerly identified as Site 17) were
used as a lead-acid battery maintenance facility.

The Site 2 inlet historically received stormwater runoff and direct discharges from the
industrial area located north of the site, including discharges from vehicle and equipment
wash racks and ordnance degreasing operations.

During waste disposal operations, it appears that most of the Site 2 area was cleared of trees
and vegetation that were pushed into the inlet area to reclaim land. During intrusive
investigations, this layer of vegetation is visible indicating the elevation of the former
ground surface and tidal inlet area.

A wetland delineation was performed at Site 2 in 2005 (Attachment A). Site 2 consists of a
0.934-acre wetland. The dominant wetland type observed within Site 2 was a palustrine
scrub shrub deciduous and estuarine intertidal emergent (PSS1/E2EM) wetland system. The
Site 2 wetland was observed to be dominated by scrub forest vegetation in its upper
gradients that include red maple (Acer rubrum), pin oak (Quercus palustris) and green briar
(Smilax rotundifolia). The lower gradients consisted of saltmarsh habitat with dominant areas
of Spartina alterniflora and cattails (Typha latifolia). A small area of common reed (Phragmites
australis) was observed in the farthest northern portions of the wetland. The common reed bordered
either bank of the northern tributary.

Primary wetland hydrology indicators included saturated soil in the upper 12 inches, water
marks, drift lines, and drainage patterns in the wetlands. Secondary indicators included
oxidized root channels in the upper 12 inches, water-stained leaves, and evidence of
hydrology and tidal fluctuation. Hydric soil indicators included sulfidic odor and low-
chroma colors.

The wetland was observed to be a moderate quality habitat due to the area’s diversity of
scrub shrub, emergent and saltmarsh wetland habitats. The saltmarsh habitat within Site 2
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was observed to be lower quality due to the eroded condition of the marsh area in fringes
along the adjacent scrub shrub and forested areas of the site.

3.2 Site19

An informal review of potential mitigation sites was performed at SJCA by CH2M HILL
biologists in 2007. Former IR Site 19, shown on Figure 2, was identified as a viable location
to construct a compensatory wetland. The site is located in the eastern portion of SJCA on
the southern bank of Blows Creek at its confluence with the Southern Branch of the
Elizabeth River. A removal action was conducted at Site 19 in 2006 to remove soil impacted
by inorganics and PAHs. The site was closed with no further action after the removal
action.

A wetland delineation was performed at Site 19 in June 2008. A tidal wetland located
adjacent to the Blow’s Creek Tributary was identified, and is shown on Figure 3. The
dominant wetland type observed within Site 19 was a estuarine, intertidal, emergent,
persistent, irregularly flooded (E2EM1P) wetland system. The Site 19 wetland was observed
to be dominated by scrub forest vegetation in its upper gradients that include sweet gum
(Liquidambar styraciflua), eastern red cedar (Juniperus virginiana), fringe tree (Chionanthus
virginicus), Chinese privot (Ligustrum sinense), and Virginia creeper (Parthenocissus
quinguefolia). The lower gradients consisted of saltmarsh habitat with dominant areas of
smooth cord grass (Spartina alterniflora) and scattered pockets of saltmeadow cordgrass
(Spartina patens). A small, approximately four foot band, of common reed was observed just
upgradient of the wetland line in the upland area along the southern boundary.

Primary wetland hydrology indicators included saturated soil in the upper 12 inches, water
marks, and drift lines in the wetlands. Secondary indicators included evidence of
hydrology and tidal fluctuation. Hydric soil indicators included sulfidic odor and low-
chroma colors.

The delineated wetland was identified as an appropriate reference wetland to support the
conceptual design of a mitigation wetland in the area. In association with the wetland
delineation, a baseline vegetation survey was conducted to determine the species
composition and percent cover of vegetation in a healthy, well-established, “model”
wetland system. Vegetation in the existing wetland is described above, and plant coverage
was observed to range from 90 to 95%.

Detailed micro-topographic surveys were also conducted in a parcel of tidal salt marsh
within the boundaries of the Site 19 project area to facilitate the use of the wetland area as a
reference for the elevation data to be used in the conceptual design for the potential tidal
salt marsh at Site 19. The micro-topographic elevation measurements would be used as
benchmarks to ensure the replication of optimal hydrologic conditions in the created
mitigation wetland at Site 19. Figure 3 presents the Site 19 topography.

4.0 Conceptual Mitigation Plan

For alternatives in the FS that would result in the permanent loss of the existing wetland at
Site 2, a compensatory mitigation wetland would be created at Site 19 that ties into the
existing wetland adjacent to the site. The compensatory mitigation wetland is expected to
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be a one for one match to the wetland at Site 2, in which the size and general habitat of the
created wetland match those of the Site 2 wetland. However, through carefully selecting the
plant species and adequately establishing the ground elevations to support those species,
the habitat created by the designed wetland is likely to be of a higher functional value than
the one being destroyed; it would be more diverse and designed such that it is less suitable
for invasive species (Phragmites).

Following the wetland delineation and topographic survey at Site 19, the north eastern
portion of the site immediately adjacent to the existing wetland was selected as the most
appropriate location to construct a compensatory wetland. This portion of the site would
require the most excavation, as it has the highest elevations at Site 19. Since the soil
excavated from the site will be used as fill at Site 2 in implementation of the associated FS
alternative, the extra volume created by using this portion of the site will reduce the amount
of backfill that needs to be purchased.

The following sections summarize the conceptual design of the compensatory mitigation
wetland. Throughout the construction process, impacts to the existing wetland must be
minimized. Temporary impacts to the existing wetland require USACE notification and
compensatory mitigation to ensure the area is returned to its initial state.

41  Site Preparation

Site preparation for the compensatory mitigation wetland creation would include the
following items:

e Layout of the proposed wetland area;

e Installation of erosion and sediment control measures;

e DPreparation of a staging area and material stockpile area;

e Removal of Phragmites stalks, rhizomes, and soil containing Phragmites australis material
within the proposed wetland area;

e Clearing of trees and brush within the proposed wetland area;

e Removal of surface debris, trash, and rubble with the proposed wetland area.

4.2 Excavation

In order to create a salt marsh wetland at Site 19, a portion of the bank adjacent to the
existing wetland would be excavated to an elevation that will support wetland plant growth
that is similar or better to what has been observed at Site 2; during the wetland delineation
at Site 19 and subsequent topographical survey the target elevations for the wetland were
determined to be 1 to 2 feet above mean sea level (amsl). Therefore, the existing ground
surface will be excavated to an elevation of 1 to 3 ft amsl and have a footprint of
approximately 1.22 acres. Although this area is larger than the delineated wetland at Site 2,
the additional area is meant to mitigate any disturbances to the existing wetland at Site 19
created by construction activities. Additional excavation will be conducted around the
wetland excavation such that the wetland excavation gently ties into the existing ground
surface. The conceptual grading plan is provided in Figure 4.

Prior to excavating areas with Phragmites australis, a state-qualified contractor should spray
the Phragmites australis with a herbicide, such as Rodeo®, to kill the plant and its roots. In
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doing so, the risk of inadvertently transplanting the Phragmites australis from the wetland
near Site 19 to Site 2 will be significantly reduced.

The compensatory mitigation wetland site will be excavated to an elevation approximately
six inches below final grade to allow for backfill with soil that is capable of promoting plant
growth. A 6-inch layer of top soil high in organics consistent with Rappahannock Soil,
which is the hydric soil present within the existing Site 19 wetland, will be used to bring the
site to the required micro-topography grade.

4.3 Vegetation

The selection of wetland plants is based on the following considerations:

e Species must be native to the northeastern United States, particularly originating from
Virginia coastal plain province;

e Species identified during the wetland delineation would be chosen preferentially, as
appropriate, as these species are located in wetlands within and adjacent to the
proposed wetland sites;

e Phragmites australis would be excluded, as this species is an invasive species;

e Salt marsh areas are expected to be planted with Spartina alterniflora within the mean
tide levels and mean high water elevation, Spartina patens above mean high water and
Iva Frutecens at the spring high water elevation.

e Species’ hydroperiods (i.e., water tolerance) must be appropriate for the depth ranges
provided by the wetland; and

e Plants should be planted within the proper elevation zone and at the proper density as
indicated on Figure 5. Seven species (two upland and five wetland) will be planted at
the mitigation site, according to the planting plan (Figure 5).
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Introduction

CH2M HILL was contracted by the Navy to conduct a wetland delineation at Site 2 - Waste
Disposal Area B and at Site 5 - Burning Grounds at St. Juliens Creek Annex (SJCA),
Chesapeake, Virginia (Figure 1). This delineation was conducted to support an Engineering
Evaluation/Cost Analysis (EE/CA) for Site 5 and a Feasibility Study (FS) for Site 2. The
extent of subsurface waste and impacted soil for Sites 2 was determined by the Remedial
Investigation (RI) (CH2M HILL, 2004) and the Expanded RI (ERI) (CH2M HILL, 2005). The
extent of waste and impacted soil for Site 5 was determined during the RI (CH2M HILL,
2003). Some of the waste and subsurface contamination is located within or adjacent to
wetland areas. Planned removal actions at both sites have the potential to adversely impact
wetland areas through excavation, filling, the construction of access roads and the use of
heavy equipment. The objective of the wetland delineation is to define the spatial extent of
the on-site wetlands (by wetland type) relative to the areas of waste and impacted soils and
qualitatively determine wetland quality. These data will be considered during the removal
actions to minimize wetland impacts as well as to guide design and construction of remedial
activities for site closure.

This report presents a summary description of the sites, a description of the wetlands
delineated at the sites on September 30, 2005, January 4, 2006 and August 31, 2007, the
methodology used in the jurisdictional wetland delineation, and a qualitative evaluation of
the value of the wetlands.

Site Description

SJCA is located in Chesapeake, VA, along the northern shore of St. Juliens Creek at its
confluence with the Elizabeth River.

Wetland delineations were performed at both Sites 2 and 5. Site 2 was observed to be a
partially mixed scrub- forested area with saltmarsh habitats and a non-tidal and tidal
channel that bisects the saltmarsh and scrub-forest area. Adjacent upland areas were
observed to be coniferous forest edges with routinely maintained lawn areas.

Site 5 was observed to be a routinely maintained field with mixed hardwood and coniferous
forests along its southeastern and southwestern boundaries. Adjacent to the southern end of
the field, an emergent wetland lies between the forest areas and extends to a saltmarsh
habitat adjacent to Blows Creek. In the eastern portion of the Site 5 field, a swale was
observed draining east towards Site 4 and Blows Creek.

Wetland Delineation

The jurisdictional wetland delineation was performed by CH2M HILL environmental
scientists on September 30, 2005 within the limits of Site 2 near St. Juliens Creek and Site 5
near Blows Creek (Figure 2). Additional wetland delineations were performed at Site 5 on
January 4, 2006 and August 31, 2007 based on the identification of additional removal areas
outside of the area covered by the initial delineation. The three-parameter approach
outlined in the 1987 U.S. Army Corps of Engineers Wetlands Delineation Manual (Manual;
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ACOE 1987) was used to determine jurisdictional wetland boundaries. Vegetation was
identified and characterized by stratum (herb, shrub, and tree layers) and regional indicator
status (Reed 1995), the soil was described, and evidence of hydrology was noted. Wetland
flagging was placed in the field to mark the wetland/upland boundaries. During each
effort the locations of the flags were logged by CH2M HILL with a Global Positioning
System (GPS) Pathfinder® Pro XRS backpack unit. In addition, the flag locations for the
September 2005 and January 2006 activities were later surveyed separately by a licensed
surveyor. The flag locations were then downloaded to a base map to define the wetland
boundaries in order to assess potential wetland impacts (Figures 3 and 4). Data forms were
completed to document the types of wetland plants, the presence or absence of hydrologic
indicators, and the presence or absence of hydric soil conditions within each delineated
wetland. Within Site 2 one jurisdictional wetland was delineated (Figure 3), while Site 5 was
determined to contain five separate wetlands areas (Figure 4). The data forms for each of the
delineated wetlands are presented in Appendix A of this report.

Site 2

Site 2 consists of a 0.934-acre wetland. The dominant wetland type observed within Site 2
was a palustrine scrub shrub deciduous and estuarine intertidal emergent (PSS1/E2EM)
wetland system. The Site 2 wetland was observed to be dominated by scrub forest
vegetation in its upper gradients that include red maple (Acer rubrum), pin oak (Quercus
palustris) and green briar (Smilax rotundifolia). The lower gradients consisted of saltmarsh
habitat with dominant areas of Spartina alterniflora and cattails (Typha latifolia) (Figure 3).

Primary wetland hydrology indicators included saturated soil in the upper 12 inches, water
marks, drift lines, and drainage patterns in the wetlands. Secondary indicators included
oxidized root channels in the upper 12 inches, water-stained leaves, and evidence of
hydrology and tidal fluctuation. Hydric soil indicators included sulfidic odor and low-
chroma colors.

Wetland 2 was observed to be a moderate quality habitat due to the area’s diversity of scrub
shrub, emergent and saltmarsh wetland habitats. The saltmarsh habitat within Site 2 was
observed to be lower quality due to the eroded condition of the marsh area in fringes along
the adjacent scrub shrub and forested areas of the site.

Site 5

The dominant wetland types located within Site 5 are characterized as: Wetland 1 -
freshwater Palustrine Emergent (PEM) swale and low area; Wetland 2 -PEM swale;
Wetland 3 -PEM low area; Wetland 4 -swale; and Wetland 5 -PEM low area (Figure 4).
Wetlands 1, 2, 3, and 4 are isolated areas that were completely delineated. They are 0.989
acres, 0.028 acres, 2.00 acres, and 0.429 acres, respectively. Wetland 5 is 0.33 acres and is a
small portion of the Blows Creek saltmarsh habitat; only the area that may potentially be
impacted by the planned removal action was delineated, although the wetland continues
beyond the delineated boundary. In each wetland, soils were observed, but not handled
due to known contaminants.

Wetland 1 was observed to be dominated by smart weed (Polygonum hydropiper and
Polygonum arifolium), soft rush (Juncus effusus) and barnyard grass (Echinocloa muricata).

WDC\REV_SITE 2 AND 5 WETLAND REPORT.DOC 2
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Common reed (Phragmites australis) was also observed in portions of the wetland area.
Wetland 2 was observed to be a low area or former drainage dominated by smart weed, soft
rush and barnyard grass. Common reed was also observed in portions of the wetland area.
Wetland 3 was observed to be a lower area or former drainage dominated by smart weed,
soft rush, black willow (Salix nigra) and barnyard grass. Dense areas of common reed
(greater then 50% of dominant vegetation) were also observed in the lower portions of the
wetland area that extended into saltmarsh areas adjacent to Blow’s Creek. A small drainage
ditch, located near monitoring well SJS05-MWO02S, flows south from Wetland 3 before
draining into the above mentioned saltmarsh area adjacent to Blow’s Creek (Figure 4). This
drainage ditch (SJ-D01) is fed by two small tributaries. To the north, SJ-D01 begins as an
underground seep from Wetland 3 that flows into a well defined 4 to 4.5 foot channel. The
eastern arm of the drainage ditch is a small 0.5 foot shallow undefined channel which flows
directly from Wetland 3 before exiting into the drainage ditch. This drainage ditch flows
between a steep man-made berm before flowing directly into the saltmarsh area adjacent to
Blow’s Creek (Figure 4). Wetland 4 was observed to be a defined swale dominated by smart
weed, soft rush, cattails (Typha latifolia) and barnyard grass. Wetland 5 was observed to be a
low area dominated by Common reed (Phragmities australis) and Japanese honeysuckle
(Lonicera japonica). A man-made berm is located along the northeastern edge of the wetland
limit.

For Wetlands 1, 2, 3, and 4 at Site 5, the primary wetland hydrology indicators were
saturation in the upper 12 inches and drainage patterns in the wetlands. The secondary
wetland hydrology indicators for all four wetlands included oxidized root channels in the
upper 12 inches and water-stained leaves. Hydric indicators for all four wetlands include a
sulfidic odor and low-chroma soils with iron concretions. For Wetland 5 the primary
wetland hydrology indicator was drainage patterns in the wetland. Hydric soil indicators
for Wetland 5 included Aquic moisture regime and low-chroma soils with iron concretions.

Conclusion

This investigation identified one 0.934-acre area within Site 2 and five areas totaling 3.75
acres within Site 5 which met the vegetation, soil, and hydrology criteria indicative of a
jurisdictional wetland as established in the 1987 U.S. Army Corps of Engineers Wetlands
Delineation Manual (Manual; ACOE 1987).

Pursuant to meeting the intent of the Clean Water Act, restoration and mitigation for
temporary and/or permanent impact to regulated wetlands resulting from remedial
practices implemented on the Project Site should be implemented to the extent practicable.

WDC\REV_SITE 2 AND 5 WETLAND REPORT.DOC 3
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Appendix A
Routine Wetland Determination Data Forms




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Creek Annex - Site 2 Date: 9/30/05
Applicant/ Owner: Navy County: Chesapeake
Investigator: DD/AC State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Site 2
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 5-3
Is the area a potential Problem Area? Yes No Plot ID: Wetland

(If needed, explain on reverse)
VEGETATION

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Phragmites australis HB FACW 9.
2. Juncus effusus HB FACW 10.
3. Typha latifolia HB OBL 11.
4. 12.
5 13.
6 14.
7. 15.
8 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-). 100%

Remarks: Greater than 50% of the predominant vegetation was observed to be hydrophytic.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge
Aerial Photographs

Other

No Recorded Data Available

Wetland Hydrology Indicators:
Primary Indicators:
Inundated
X Saturated in Upper 12 Inches

Water Marks
Drift Lines

Field Observations:

Depth of Surface Water: 0 (in.)
Depth to Free Water in Pit: 6 (in.)
Depth to Saturated Soil 0 (in.)

Sediment Deposits
X Drainage Patterns in Wetlands
Secondary Indicators (2 or more required):
X Oxidized Root Channels in Upper 12 Inches
X Water-Stained Leaves
Local Soil Survey Data
FAC-Neutral Test
X Other (Explain in Remarks)

Remarks: Evidence of hydrology observed. Iron concretions observed.




SOILS

Map Unit Name

(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-6 10YR 3/2 20-10YR 4/1 Silty - organic
6-18 liquified
Hydric Soil Indicators:
Histosol Concretions
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils

X Sulfidic Odor
Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils
Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed. Observations only, due to contamination, no handling of soils occurred.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?  Yes

Remarks: All parameters have been met.




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Creek Annex - Site 2 Date: 9/30/05
Applicant/ Owner: Navy County: Chesapeake
Investigator: DD/AC State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Site 2
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 5-19
Is the area a potential Problem Area? Yes No Plot ID: Wetland
(If needed, explain on reverse)
VEGETATION
Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Spartina alterniflora HB OBL 9.
2. Tuncus effusus HB FACW 10.
3. Typha latifolia HB OBL 11.
4. Salix nigra SH FACW 12.
5. 13.
6 14.
7. 15.
8 16.
Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-). 100%
Remarks: Greater than 50% of the predominant vegetation was observed to be hydrophytic.
HYDROLOGY
Recorded Data (Describe in Remarks): Wetland Hydrology Indicators:
Stream, Lake or Tide Gauge Primary Indicators:
Aerial Photographs Inundated
Other X Saturated in Upper 12 Inches
No Recorded Data Available P Water Marks
X Drift Lines
Field Observations: Sediment Deposits
X Drainage Patterns in Wetlands
Depth of Surface Water: 0 (in.) Secondary Indicators (2 or more required):
X Oxidized Root Channels in Upper 12 Inches
Depth to Free Water in Pit: 0 (in.) X Water-Stained Leaves
Local Soil Survey Data
Depth to Saturated Soil 0 (in.) FAC-Neutral Test
X Other (Explain in Remarks)

Remarks: Evidence of hydrology observed. Tidal area.




SOILS

Map Unit Name

(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-6 10YR 3/2 20-10YR 4/1 Silty - organic
6-18 liquified
Hydric Soil Indicators:
Histosol Concretions
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils

X Sulfidic Odor
Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils
Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed. Observations only, due to contamination, no handling of soils occurred.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?  Yes

Remarks: All parameters have been met.




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Creek Annex - Site 5 Date: 9/30/05
Applicant/ Owner: Navy County: Chesapeake
Investigator: DD/AC State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Wetland 1
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 1-1
Is the area a potential Problem Area? Yes No Plot ID: Wetland

(If needed, explain on reverse)
VEGETATION

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Phragmites australis HB FACW 9.
2. Juncus effusus HB FACW 10.
3. Polygonum arifolium HB OBL 11.
4. Echinocloa muricata HB FACW 12.
5. Polygonum hydropiper HB OBL 13.
6. 14.
7. 15.
8. 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-). 100%

Remarks: Greater than 50% of the predominant vegetation was observed to be hydrophytic.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge

Aerial Photographs
Other X
No Recorded Data Available
Field Observations:
X
Depth of Surface Water: 0 (in.)
X
Depth to Free Water in Pit: 12 (in.) X
Depth to Saturated Soil 0 (in.)
X

Wetland Hydrology Indicators:
Primary Indicators:

Inundated
Saturated in Upper 12 Inches

Water Marks
Drift Lines

Sediment Deposits
Drainage Patterns in Wetlands

Secondary Indicators (2 or more required):

Oxidized Root Channels in Upper 12 Inches
Water-Stained Leaves

Local Soil Survey Data

FAC-Neutral Test

Other (Explain in Remarks)

Remarks: Evidence of hydrology observed. Iron concretions observed.




SOILS

Map Unit Name

(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-18 10YR4/1 20 -10YR5/2 Sandy

Hydric Soil Indicators:

Histosol Concretions

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils

X Sulfidic Odor
Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils
Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed. Observations only, due to contamination, no handling of soils occurred.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?  Yes

Remarks: All parameters have been met.




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Annex - Site 5 Date: 9/30/05
Applicant/ Owner: Navy County: Chesapeake
Investigator: DD/AC State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Wetland 2
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 2-2
Is the area a potential Problem Area? Yes No Plot ID: Wetland

(If needed, explain on reverse)
VEGETATION

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Phragmites australis HB FACW 9.
2. Juncus effusus HB FACW 10.
3. Polygonum arifolium HB OBL 11.
4. Polygonum hydropiper HB OBL 12
5. 13.
6. 14.
7. 15.
8. 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-). 100%

Remarks: Greater than 50% of the predominant vegetation was observed to be hydrophytic.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge

Aerial Photographs
Other X
No Recorded Data Available
Field Observations:
X
Depth of Surface Water: 0 (in.)
X
Depth to Free Water in Pit: 6 (in.) X
Depth to Saturated Soil 0 (in.)
X

Wetland Hydrology Indicators:
Primary Indicators:

Inundated

Saturated in Upper 12 Inches
Water Marks

Drift Lines

Sediment Deposits

Drainage Patterns in Wetlands

Secondary Indicators (2 or more required):

Oxidized Root Channels in Upper 12 Inches
Water-Stained Leaves

Local Soil Survey Data

FAC-Neutral Test

Other (Explain in Remarks)

Remarks: Evidence of hydrology observed. Iron concretions observed.




SOILS

Map Unit Name

(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-18 10YR5/1 20 -10YR 4/2 Sandy

Hydric Soil Indicators:

Histosol Concretions

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils

X Sulfidic Odor
Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils
Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed. Observations only, due to contamination, no handling of soils occurred.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?  Yes

Remarks: All parameters have been met.




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Creek Annex - Site 5 Date: 1/4/06
Applicant/ Owner: Navy County: Chesapeake
Investigator: LC/JR State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Wetland 3
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 3-1
Is the area a potential Problem Area? Yes No Plot ID: Wetland

(If needed, explain on reverse)
VEGETATION

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Phragmites australis HB FACW 9.
2. Lonicera japonica HB FAC- 10.
3. Liquidambar styraciflua TR FAC+ 11.
4. 12.
5 13.
6 14.
7. 15.
8 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-). 100%

Remarks: Greater than 50% of the predominant vegetation was observed to be hydrophytic.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge

Aerial Photographs
Other X
No Recorded Data Available
Field Observations:
X
Depth of Surface Water: 0 (in.)
X
Depth to Free Water in Pit: 12 (in.) X
Depth to Saturated Soil 0 (in.)
X

Wetland Hydrology Indicators:
Primary Indicators:

Inundated
Saturated in Upper 12 Inches

Water Marks
Drift Lines

Sediment Deposits
Drainage Patterns in Wetlands

Secondary Indicators (2 or more required):

Oxidized Root Channels in Upper 12 Inches
Water-Stained Leaves

Local Soil Survey Data

FAC-Neutral Test

Other (Explain in Remarks)

Remarks: Evidence of hydrology observed.




SOILS

Map Unit Name

(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-2 o NA NA NA NA
2-12 A Gley 15/10Y 75YR5/6 35% Sandy
Hydric Soil Indicators:
Histosol Concretions
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils

X Sulfidic Odor
Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils
Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?

Yes

Remarks: All parameters have been met.




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Creek Annex - Site 5 Date: 1/4/06
Applicant/ Owner: Navy County: Chesapeake
Investigator: LC/JR State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Wetland 3
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 3-4
Is the area a potential Problem Area? Yes No Plot ID: Upland
(If needed, explain on reverse)
VEGETATION
Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Quercus alba TR FACU- 9.
2. Juniperus virginiana TR FACU 10.
3. Lonicera japonica HB FAC- 11.
4. Rubus occidentalis HB FACU 12.
5. 13.
6 14.
7. 15.
8 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-).

0%

Remarks: All plants observed within the plot are found within upland areas.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge
Aerial Photographs

Other

No Recorded Data Available

Wetland Hydrology Indicators:
Primary Indicators:

Inundated
Saturated in Upper 12 Inches

Water Marks
Drift Lines

Field Observations:

Depth of Surface Water: 0 (in.)
Depth to Free Water in Pit: 0 (in.)
Depth to Saturated Soil 0 (in.)

Sediment Deposits
Drainage Patterns in Wetlands

Secondary Indicators (2 or more required):

Oxidized Root Channels in Upper 12 Inches
Water-Stained Leaves

Local Soil Survey Data

FAC-Neutral Test

Other (Explain in Remarks)

Remarks: No evidence of hydrology observed.




SOILS

Map Unit Name
(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-2 o NA NA NA NA
2-12 A 75YR4/4 75YR4/5 20% Sandy
Hydric Soil Indicators:
Histosol Concretions
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils
Sulfidic Odor Organic Streaking in Sandy Soils

Aquic Moisture Regime
Reducing Conditions

Gleyed or Low-Chroma Colors

Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: No evidence of hydric soils observed.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

No Is this Sampling Point Within a Wetland?  Yes No

Remarks: Plot is not within a wetland.




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Creek Annex - Site 5 Date: 9/30/05
Applicant/ Owner: Navy County: Chesapeake
Investigator: DD/AC State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Wetland 3
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 3-5
Is the area a potential Problem Area? Yes No Plot ID: Wetland

(If needed, explain on reverse)
VEGETATION

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Phragmites australis HB FACW 9.
2. Juncus effusus HB FACW 10.
3. Polygonum arifolium HB OBL 11.
4. Polygonum hydropiper HB OBL 12
5. Salix nigra SH FACW+ 13.
6. 14.
7. 15.
8. 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-). 100%

Remarks: Greater than 50% of the predominant vegetation was observed to be hydrophytic.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge

Aerial Photographs
Other X
No Recorded Data Available
Field Observations:
X
Depth of Surface Water: 0 (in.)
X
Depth to Free Water in Pit: 6 (in.) X
Depth to Saturated Soil 0 (in.)
X

Wetland Hydrology Indicators:
Primary Indicators:

Inundated
Saturated in Upper 12 Inches

Water Marks
Drift Lines

Sediment Deposits
Drainage Patterns in Wetlands

Secondary Indicators (2 or more required):

Oxidized Root Channels in Upper 12 Inches
Water-Stained Leaves

Local Soil Survey Data

FAC-Neutral Test

Other (Explain in Remarks)

Remarks: Evidence of hydrology observed. Iron concretions observed.




SOILS

Map Unit Name

(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-18 10YR5/1 20 -10YR 4/2 Sandy

Hydric Soil Indicators:

Histosol Concretions

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils

X Sulfidic Odor
Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils
Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed. Observations only, due to contamination, no handling of soils occurred.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?  Yes

Remarks: All parameters have been met.




DATA FORM

ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)

Project/Site: St. Juliens Creek Annex - Site 5 Date: 9/30/05
Applicant/ Owner: Navy County: Chesapeake
Investigator: DD/AC State: VA
Do Normal Circumstances exist on the site? Yes No Community ID:  Wetland 4
Is the site significantly disturbed (Atypical Situation)? Yes No Transect ID: 4-4
Is the area a potential Problem Area? Yes No Plot ID: Wetland

(If needed, explain on reverse)
VEGETATION

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Phragmites australis HB FACW 9.
2. Juncus effusus HB FACW 10.
3. Polygonum arifolium HB OBL 11.
4. Polygonum hydropiper HB OBL 12
5. Typha latifolia HB OBL 13.
6. 14.
7. 15.
8. 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-). 100%

Remarks: Greater than 50% of the predominant vegetation was observed to be hydrophytic.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge

Aerial Photographs
Other X
No Recorded Data Available
Field Observations:
X
Depth of Surface Water: 0 (in.)
X
Depth to Free Water in Pit: 6 (in.) X
Depth to Saturated Soil 0 (in.)
X

Wetland Hydrology Indicators:
Primary Indicators:

Inundated
Saturated in Upper 12 Inches

Water Marks
Drift Lines

Sediment Deposits
Drainage Patterns in Wetlands

Secondary Indicators (2 or more required):

Oxidized Root Channels in Upper 12 Inches
Water-Stained Leaves

Local Soil Survey Data

FAC-Neutral Test

Other (Explain in Remarks)

Remarks: Evidence of hydrology observed. Iron concretions observed.




SOILS

Map Unit Name

(Series and Phase): Disturbed Land Drainage Class:
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-18 10YR3/1 20 -10YR 4/2 Sandy

Hydric Soil Indicators:

Histosol Concretions

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils

X Sulfidic Odor
Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils
Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed. Observations only, due to contamination, no handling of soils occurred.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?  Yes

Remarks: All parameters have been met.




DATA FORM
ROUTINE WETLAND DETERMINATION

Project/Site: St. Juliens Creek Annex - Site 5 Date: 8/31/2007
Applicant/ Owner: Navy County: Chesapeake City
Investigator: LC/AB State: Virginia
Do Normal Circumstances exist on the site? YES NO Community ID:  Wetland 5
Is the site significantly disturbed (Atypical Situation)? YES NO Transect ID: 5-1
Is the area a potential Problem Area? YES NO Plot ID: Wetland
(If needed, explain on reverse)
VEGETATION
Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Phragmities australis Herb FACW 9.
2. Lonicera japonica Herb FAC- 10.
3. 11.
4. 12.
5. 13.
6. 14.
7. 15.
8. 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-).

50%

Remarks:

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge
X Aerial Photographs
Other
No Recorded Data Available

Wetland Hydrology Indicators:
Primary Indicators:

Inundated

Saturated in Upper 12 Inches

| Water Marks

Drift Lines

Field Observations:

Depth of Surface Water: N/A (in.)
Depth to Free Water in Pit: N/A (in.)
Depth to Saturated Soil N/A (in.)

Sediment Deposits
X Drainage Patterns in Wetlands
Secondary Indicators (2 or more required):

Oxidized Root Channels in Upper 12 Inches

Water-Stained Leaves
Local Soil Survey Data
FAC-Neutral Test

Other (Explain in Remarks)

Remarks: Dry site conditions existed at the time of the site visit. The wetland is in close proximity to
Blows Creek however does not appear to be tidally influenced.




SOILS

Map Unit Name Moderately Well
(Series and Phase): Tetotum Drainage Class: Drained
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,
Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.
0-5 A 5YR25/1 - Sandy loam
5-12 A 25YR25/1 - Sandy loam
12-20 B 10YR5/2 - Sand
Hydric Soil Indicators:
Histosol Concretions
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils
Sulfidic Odor Organic Streaking in Sandy Soils

X Aquic Moisture Regime
Reducing Conditions

X Gleyed or Low-Chroma Colors

Listed on Local Hydric Soils List
Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Evidence of hydric soils observed.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes

Is this Sampling Point Within a Wetland?  Yes No

Remarks: All parameters have been met.




DATA FORM
ROUTINE WETLAND DETERMINATION

Project/Site: St. Juliens Creek Annex - Site 5 Date: 8/31/2007
Applicant/ Owner: Navy County: Chesapeake City
Investigator: LC/AB State: Virginia
Do Normal Circumstances exist on the site? YES NO Community ID:  Wetland 5
Is the site significantly disturbed (Atypical Situation)? YES NO Transect ID: 5-2
Is the area a potential Problem Area? YES NO Plot ID: Upland
(If needed, explain on reverse)
VEGETATION
Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator
1. Smilax rotundifolia Herb FAC 9.
2. Lonicera japonica Herb FAC- 10.
3. Liquidambar styraciflua Tree FAC 11.
4. Pinus taeda L. Tree FAC- 12.
5. 13.
6 14.
7. 15.
8 16.

Percent of Dominant Species that are OBL, FACW or FAC
(excluding FAC-).

50%

Remarks:

Hydric vegetation was not observed within the sample plot.

HYDROLOGY

Recorded Data (Describe in Remarks):
Stream, Lake or Tide Gauge
X Aerial Photographs
Other
No Recorded Data Available

Wetland Hydrology Indicators:
Primary Indicators:
Inundated
Saturated in Upper 12 Inches

| Water Marks
Drift Lines

Field Observations:

Depth of Surface Water: N/A (in.)
Depth to Free Water in Pit: N/A (in.)
Depth to Saturated Soil N/A (in.)

Sediment Deposits
Drainage Patterns in Wetlands
Secondary Indicators (2 or more required):
Oxidized Root Channels in Upper 12 Inches
Water-Stained Leaves
Local Soil Survey Data
FAC-Neutral Test
Other (Explain in Remarks)

Remarks: Dry site conditions existed at the time of the site visit. No evidence of hydrology observed.




SOILS

Map Unit Name Moderately Well
(Series and Phase): Tetotum-Urban complex Drainage Class: Drained
Field Observations
Taxonomy (Subgroup): Confirm Mapped Type? Yes No
Profile Description
Matrix Color Mottle Colors Mottle Abundance/ Texture, Concretions,

Depth (inches) Horizon (Munsell Moist)  (Munsell Moist) Size/Contrast Structure, etc.

0-6 [©) Leaf debris - - Organic

6-12 A 75YR3/4 - - Sandy loam

Hydric Soil Indicators:
Histosol
Histic Epipedon
Sulfidic Odor
Aquic Moisture Regime

Reducing Conditions

Gleyed or Low-Chroma Colors

Concretions

High Organic Content in Surface Layer in Sandy Soils
Organic Streaking in Sandy Soils

Listed on Local Hydric Soils List

Listed on National Hydric Soils List

Other (Explain in Remarks)

Remarks: Upland soil sample point collected along man-made berm. No evidence of hydric soils observed.

WETLAND DETERMINATION

Hydrophytic Vegetation Present?
Wetland Hydrology Present?
Hydric Soils Present?

Yes
Yes
Yes

& [%

Is this Sampling Point Within a Wetland?  Yes No

Remarks: Sampling point is not located within an area with positive wetland indicators.
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