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EXECUTIVE SUMMARY

This Engineering Evaluation/Cost Analysis (EE/CA) has been prepared to develop and evaluate potential
removal action alternatives for a non-time-critical removal action to address sediment contamination for
Inner and Outer Pier 1 at the Naval Submarine Base — New London (NSB-NLON), in Groton,

Connecticut.

Although this document is a revision of the Inner Pier 1 EE/CA (Battelle, 2008), it has been significantly
altered and expanded from its previous version. This is primarily a result of the New London Partnering
Team’s decision to incorporate evaluation of the Outer Pier 1 sediment and also because additional

information has improved understanding of the Pier 1 area.

The Lower Subase is a narrow strip of land that generally forms the western boundary of NSB-NLON and
parallels the Thames River. Pier 1 is located in the southwestern portion of NSB-NLON along the shore
of the Thames River and was the location of a former Marine Railway that was used to pull ships and

submarines out of the water for sandblasting, paint scraping, and maintenance.

Several field investigations and human health and ecological risk assessments were performed to
characterize the sediment of Inner and Outer Pier 1. Results of field investigations showed elevated
concentrations of several chemicals, particularly in Inner Pier 1 sediment. These chemicals included

polychlorinated biphenyls (PCBSs), polycyclic aromatic hydrocarbons (PAHSs), metals, and pesticides.

The human health risk assessment concluded that there are no unacceptable human health risk
associated with sediment at Inner and Outer Pier 1 because, under the current site use scenario, there is
no potential for direct or indirect (through the food chain) human contact with this sediment.

The Baseline Ecological Risk Assessment (BERA) conducted as part of the Thames River Validation
Study (Battelle and Neptune & Company, 2008) established unacceptable risks to ecological receptors as
a result of direct and indirect (food chain) exposure to contaminated sediment. The BERA identified
several chemicals of concern (COCSs) including the previously mentioned PCBs, PAHs, metals, and
pesticides. To better evaluate cumulative risk from a wide range of COCs that are not always spatially
correlated, Effects Range Median-Quotient (ERM-Q) composite indices were also developed for the 13
identified COCs. The BERA developed preliminary remediation goals (PRGs) including an ERM-Q of
1.17 and a PCB concentration of 208 micrograms per kilogram (ug/kg), both of which correspond to a
50-percent reduction in offspring. Subsequently, the New London Partnering Team reached a
consensus that an ERM-Q of 1.17 was the predominant PRG and that the PCB PRG could be increased
to 1,000 pg/kg.

070911/P ES-1 CTO 424
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The specific Removal Action Objective (RAO) for Inner and Outer Pier 1 is to minimize the potential
migration of, and mitigate the risk to ecological receptors posed by, COCs in Inner and Outer Pier 1

sediment.

Based on the results of site investigations and ecological risk assessment, the removal action area for
this EE/CA has been established as the whole of Inner Pier 1 and a portion of Outer Pier 1 extending in
an arc south of the boundary between Inner and Outer Pier 1. A separate area of sediment
contamination also located in Outer Pier 1 in the vicinity of sampling location TRP1-SD-005 will be
addressed as part of the Lower Subase Feasibility Study (FS). Inner Pier 1 has a surface area of
approximately 18,500 square feet (sf) and the depth of sediment over bedrock in Inner Pier 1 ranges from
1 to 5 feet with an average of 4 feet for an estimated in-situ volume of 2,739 cubic yards (cy). The portion
of Outer Pier 1 considered as part of the removal action area for this EE/CA covers an estimated surface
area of 27,300 sf and extends to an estimated depth of 6 feet for an in-situ volume of 6,673 cy including

10 percent overdredge.

Several removal action alternatives were developed by assembling various removal action technologies
and process options to address the project-specific RAO and to meet the PRGs while considering site-
specific conditions. In screening potential removal action alternatives for Inner and Outer Pier 1, greater
emphasis was placed on approaches capable of achieving sediment cleanup in a timely fashion, nhamely
through physical removal of contaminated sediment. The No Action alternative was also evaluated as a
basis of comparison with other alternatives as required by the National Oil and Hazardous Substance
Pollution Contingency Plan (NCP).

The removal action alternatives evaluated for Inner Pier 1 are as follows:

Alternative IP-1:No Action

Alternative IP-2:Land-Based Dredging to Bedrock, Dewatering, and Off-Site Disposal of Dewatered
Sediment and Dewatering Fluid

Alternative IP-3:Water-Based Dredging to Bedrock, Dewatering, and Off-Site Disposal of Dewatered
Sediment and Dewatering Fluid

Alternative IP-4:Land-Based Dredging to Bedrock, Dewatering, On-Site Treatment and Discharge of
Dewatering Fluid, and Off-Site Disposal of Dewatered Sediment

Alternative IP-5:Water-Based Dredging to Bedrock, Dewatering, On-Site Treatment and Discharge of
Dewatering Fluid, and Off-Site Disposal of Dewatered Sediment

Alternative IP-6:Drainage of Inner Pier 1, Excavation to Bedrock, Dewatering, On-Site Treatment and

Discharge of Surface Water and Dewatering Fluid, and Off-Site Disposal of Sediment

070911/P ES-2 CTO 424
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Alternatives IP-2 to IP-5 would use dredging with dewatering of removed sediment on barges modified to
perform as static drainage beds. Dewatered sediment would then be stabilized with fly ash and disposed
in an appropriate off-site landfill. Alternatives IP-2 and IP-4 would use dredging equipment located on
shore, and Alternatives IP-3 and IP-5 would use a barge-mounted excavator. Water released by the
sediment dewatering operation would filter through the barges liner and flow back to the Thames River.
The small fraction of the water released by the dewatering operation which does not drain and filter freely
through the barges liner (hereafter designated as dewatering fluid and estimated at 10 percent of total)
would be collected, tested, and either disposed off site with Alternatives IP-2 and IP-3 or treated on site

and discharged to the Thames River with Alternatives IP-4 and IP-5.

Alternative IP-6 differs from Alternatives IP-2 to IP-5 in that Inner Pier 1 would be entirely drained to
expose the sediment which would then be excavated using equipment operating within Inner Pier 1 itself.
Excavated sediment would be handled and disposed in the same way as with the other alternatives and
the surface water removed from Inner Pier 1 to drain it and keep it drained would be tested and, if
necessary, treated on site prior to discharge to the Thames River. It is assumed that the last foot of
surface water removed from Inner Pier 1 and any water pumped during sediment excavation would

require treatment.

The Navy believes that Alternatives IP-2 to IP-6 are well suited to meet the RAO for Inner Pier 1. By
permanently removing sediment with elevated concentrations of COCs, these alternatives would provide
a high degree of protection for human health and the environment and would be highly effective in the
long-term. However, the protectiveness and long-term effectiveness of Alternatives IP-2 to IP-5 could be
slightly limited by the fact that the dredging process might not be able to completely remove all sediment.
Alternatives IP-2 to IP-6 would also comply with the identified project Applicable or Relevant and
Appropriate Requirements (ARARs). Reduction in toxicity, mobility, and volume of contaminated
sediment would be high, but this reduction would be achieved through removal and off-site disposal
rather than through treatment.

Alternative IP-1 would be easiest to implement because there would be nothing to implement.
Alternatives IP-2 to IP-5 would be relatively easy to implement. Alternative IP-6 would be significantly
harder to implement than Alternatives IP-2 to IP-5 because it would require the drainage of Inner Pier 1
which would be very technically challenging and might not be practical to achieve. A significant
implementability challenge common to the Inner Pier 1 alternatives would be the limited site access and
generally limited amount of work space in the immediate site area. Each of the alternatives would require

the same resources for dewatering, stabilizing, and loading the dredged sediment and storing the

070911/P ES-3 CTO 424
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equipment and material required for the removal action. Alternatives IP-4, IP-5, and IP-6 would require

additional space and resources for the on-site treatment of dewatering fluid and/or surface water.

The capital and operation and maintenance (O&M) costs and net present worth (NPW) of the Inner Pier 1
alternatives are as follows. Costs have been rounded to the nearest $1,000 to reflect the preliminary
nature of the estimates.

Alternative Capital ($) NPW of O&M ($) NPW ($
IP-1 0 0 0
IP-2 1,463,000 0 1,463,000 (1 Year)
IP-3 1,498,000 0 1,498,000 (1 Year)
IP-4 1,622,000 0 1,622,000 (1 Year)
IP-5 1,660,000 0 1,660,000 (1 Year)
IP-6 2,524,000 0 2,524,000 (1 Year)

Alternative IP-1 (No Action) was only considered to provide a basis for comparison and to meet the
regulatory requirements of the NCP. The Navy believes that Alternatives IP-2 through IP-6 are equally
well suited to meeting the RAO for Inner Pier 1. Furthermore, the Navy believes that Alternatives 1P-2
through IP-5 are sufficiently similar, in both approach and cost, to defer final selection of an alternative
until the more detailed design/work plan stage. Alternative IP-6 is not recommended for further
consideration because it has significant technical, effectiveness and implementability uncertainties,

serious worker safety concerns, and higher costs.

The removal action alternatives evaluated for Outer Pier 1 are as follows:

Alternative OP-1: No Action

Alternative OP-2: Capping with Pre-Dredging to Meet the RAO, Dewatering, Off-Site Disposal of
Dewatered Sediment and Dewatering Fluid, Land Use Controls (LUCs), and Monitoring

Alternative OP-3: Capping with Pre-Dredging to Meet the RAO, Dewatering, On-Site Treatment and
Discharge of Dewatering Fluid, Off-Site Disposal of Dewatered Sediment, LUCs, and
Monitoring

Alternative OP-4: Dredging to Meet PRGs, Dewatering, and Off-Site Disposal of Dewatered Sediment
and Dewatering Fluid

Alternative OP-5: Dredging, Dewatering to Meet PRGs, On-Site Treatment and Discharge of Dewatering
Fluid, and Off-Site Disposal of Dewatered Sediment

Alternatives OP-2 and OP-3 would consist of dredging the 5,100 sf area of contaminated surface

sediment (0 to 2-foot depth) and replacing it with a 3-foot layer of clean sand. Alternatives OP-4 and

OP-5 would consist of dredging contaminated sediment to a depth of 6 feet. Assuming an overdredge
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allowance of 10 percent, an estimated 416 in-situ cy of contaminated sediment would be removed by

Alternatives OP-2 and OP-3, and an estimated 6,673 in-situ cy would be removed by Alternatives OP-4

and OP-5. Because contaminated sediment would be left on-site, Alternatives OP-2 and OP-3 would also

require development and implementation of LUCs to prevent disturbance of the cap and performance of
long-term monitoring to verify the continued effectiveness of that cap.

The sediment dredged from Outer Pier 1 would be handled and disposed similarly to that dredged from
Inner Pier 1 with the use of modified barges for sediment dewatering, stabilization of dewatered sediment
with fly ash, and off-site landfilling of stabilized sediment. As with Inner Pier 1, dewatering fluid would be
collected, tested, and either disposed off site with Alternatives OP-2 and OP-4 or treated on site and
discharged to the Thames River with Alternatives OP-3 and OP-5.

The Navy believes that Alternatives OP-2 to OP-5 are well suited to meeting the RAO for Outer Pier 1.
By permanently removing sediment containing concentrations of COCs greater than the PRGs,
Alternatives OP-4 and OP-5 would provide a higher degree of protection for human health and the
environment than Alternatives OP-2 and OP-3 which would only cap the contaminated sediment.
Alternatives OP-2 to OP-5 would also comply with the identified project ARARs and be long-term
effective. However, the capping component of Alternatives OP-2 and OP-3 would restrict potential future
deepening of Outer Pier 1 whereas the dredging component of Alternatives OP-4 and OP-5 would
actually promote such possible future development. In addition, although Alternatives OP-2 and OP-3
would achieve some reduction of toxicity, mobility, and volume through the removal and off-site disposal
of a small fraction of the contaminated sediment, these two alternatives would primarily reduce the
mobility of sediment COCs through capping. Alternative OP-4 and OP-5 would achieve a much greater
reduction in toxicity, mobility and volume through removal and off-site disposal of sediment with
concentrations of COCs greater than the PRGs. None of the alternatives would reduce toxicity, mobility

or volume of contaminated sediment through treatment.

Alternative OP-1 would be easiest to implement because there would be nothing to implement.
Alternatives OP-2 and OP-3 would be relatively easy to implement. Alternatives OP-4 and OP-5 would
be slightly harder to implement because of the much greater volume of sediment to be dredged and
processed. As with the Inner Pier 1 alternatives, a significant implementability challenge common to the
Outer Pier 1 alternatives would be the limited site access and generally limited amount of work space in
the immediate site area. Each of the alternatives would require the same resources for dewatering,
stabilizing, and loading the dredged sediment, and storing the equipment and material required for the
removal action. Alternatives OP-3 and OP-5 would require additional space and resources for the on-site

treatment of dewatering fluid.
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The capital and O&M costs and NPW of the Outer Pier 1 alternatives are as follows.

Alternative Capital ($) NPW of O&M ($) NPW ($
OP-1 0 0 0
OP-2 476,000 295,000 (30-Year) 771,000 (30-Year)
OP-3 496,000 295,000 (30-Year) 791,000 (30-Year)
OP-4 2,459,000 0 2,459,000 (1-Year)
OP-5 2,710,000 0 2,710,000 (1-Year)

Alternative OP-1 (No Action) was only considered in this EE/CA to provide a basis for comparison and to
meet the regulatory requirements of the NCP. The Navy believes that Alternatives OP-4 and OP-5 would
be well suited to meeting the RAO for Outer Pier 1 and provide significantly greater protection and long-
term effectiveness than Alternatives OP-2 and OP-3. Furthermore, the Navy believes that Alternatives
OP-4 and OP-5 are sulfficiently similar, in both approach and cost, to defer final selection of an alternative

until the more detailed design/work plan stage.
The removal actions considered most appropriate for Inner and Outer Pier 1 will ultimately be selected in

close coordination with the United States Environmental Protection Agency (U.S. EPA), the Connecticut

Department of Environmental Protection (CTDEP), and other regulatory agencies and involved parties.
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1.0 INTRODUCTION

This Engineering Evaluation/Cost Analysis (EE/CA) has been developed for Inner and Outer Pier 1 at the
Naval Submarine Base — New London (NSB-NLON) located in Groton, Connecticut under Naval Facilities
Engineering Command (NAVFAC) Mid-Atlantic Contract No. N62467-04-D-0055. The purpose of this
EE/CA is to develop and evaluate potential removal action alternatives for a non-time-critical removal
action to address sediment contamination in Inner and Outer Pier 1. This EE/CA generally follows United
States Environmental Protection Agency (U.S. EPA) Guidance for Conducting Non-time-critical Removal
Actions under CERCLA (U.S. EPA, 1993).

Although this document is a revision of the Inner Pier 1 EE/CA (Battelle, 2008), it has been significantly
altered and expanded from its previous version. This is primarily a result of the New London Partnering
Team'’s decision to incorporate evaluation of the Outer Pier 1 sediment and also because additional

information has improved understanding of the Pier 1 area.

11 SUBASE LOCATION

NSB-NLON is located along the east bank of the Thames River, approximately six miles north of Long
Island Sound, within the towns of Ledyard and Groton, CT as shown on Figure 1-1. The Lower Subase is
a narrow strip of land that generally forms the western boundary of NSB-NLON and parallels the Thames
River. The Lower Subase is highly secure and is the general location of all submarine berthing at the
Subase. NSB-NLON currently provides Base command for naval submarine activities in the Atlantic
Ocean. It also provides housing for Navy personnel and their families and supports submarine training

facilities, military offices, medical facilities, and facilities for submarine maintenance, repair, and overhaul.

1.2 SUBASE HISTORY AND BACKGROUND

Currently, NSB-NLON consists of more than 300 buildings on 687 acres of land; however, the origins of
this facility date back to 1868. Approximately 112 acres of land on the east bank of the Thames River
were obtained by the United States Navy (Navy) in 1867, and the parcel was officially designated a Navy
Yard in 1868. The site was originally used to moor small craft and obsolete warships and served as a
coaling station for the Navy's Atlantic fleet. In 1916, the Navy designated the facility as a Submarine
Base. During World War |, infrastructure at the facility was extensively expanded, adding six piers and 81
buildings. In 1917, a Submarine School was established, and in 1918 the Submarine Medical Center was
founded. Between 1935 and 1945, the Navy constructed more than 180 buildings and acquired land
adjacent to NSB-NLON, expanding the facility from 112 acres to 497 acres. The growth of NSB-NLON
continued after World War Il. In 1946, the Medical Research Laboratory was established. In 1968, the
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status of the Submarine School was changed from an Activity to a Command, and the school became the
largest tenant on the base. The Naval Submarine Support Facility was established in 1974, and the

Naval Undersea Medical Institute was established the following year.

Most of the construction at the Lower Subase south of Pier 15 took place in the early 1900s, with a major
expansion from 1935 to 1940. In 1946, the waterfront area to the north of Pier 15 was developed
extensively to accommodate berthing of the reserve fleet. The area was dredged and filled, and
bulkheads, piers, support buildings, and utilities were constructed. Recently, dredging activities have
occurred in the Thames River adjacent to the Lower Subase. The activities were conducted during 1995
and 1996 as part of the Pier 17 Replacement and Seawolf Class Submarine Homeporting projects.

Dredged material was disposed at a designated open-water disposal site in Long Island Sound.

13 EE/CA ORGANIZATION

This EE/CA is organized as follows:

Section 1.0: Introduction: This section presents an introduction to the EE/CA, general location and
background information for NSB-NLON, and the EE/CA organization.

Section 2.0: Site Description and Background: This section presents site-specific information for Inner
and Outer Pier 1, including a description and history of Pier 1, a summary of previous investigations, a

discussion of the nature and extent of contamination, and a summary of the streamlined risk evaluations.

Section 3.0: Remedial Action Objective: This section presents the Removal Action Objective (RAO)

and a listing of the Applicable or Relevant and Appropriate Requirements (ARARS) for the removal action.

Section 4.0: Identification and Screening of Technologies: This section presents a summary of
potentially applicable removal action technologies and process options, and screens these technologies
and process options to identify those that are most suitable and appropriate to be incorporated into

removal alternatives.

Section 5.0: Identification and Preliminary Analysis of Removal Action Alternatives: This section
presents the identification and analysis of suitable removal action alternatives relative to critical evaluation

criteria.
Section 6.0: Comparative Analysis of Alternatives: This section presents the evaluation of the removal

action alternatives identified in Section 5.0 against one another relative to critical evaluation criteria. This

section also presents the recommended removal action alternative.
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2.0 SITE DESCRIPTION AND BACKGROUND

This section describes the physical setting and history of the Pier 1 area at NSB-NLON, and provides a

summary of previous investigations that have occurred in this area.

21 SITE BACKGROUND

Pier 1 is located in the southwestern portion of NSB-NLON (see Figure 1-1), along the shore of the
Thames River. Pier 1 was the location of a former Marine Railway that operated from approximately 1930
to 1960. This railway was used to pull ships and submarines out of the water for sandblasting, paint
scraping, and maintenance. Paint scraping activities often took place on the apron of the pull-out area.
Several polychlorinated biphenyl (PCB)-containing transformers were located adjacent to Pier 1, and
when these transformers were removed in 1996, there was no evidence of staining. A Controlled
Industrial Facility (CIF) was constructed across the northern end of the Marine Railway in 1998. Pre-
construction surveys for the CIF found elevated concentrations of polycyclic aromatic hydrocarbons
(PAHS) in subsurface soil near groundwater and high concentrations of lead extending down to bedrock,
necessitating removal and off-site disposal (in compliance with the Resource Conservation and Recovery
Act [RCRA]) of soil and sediment from within the building footprint. Sediment in Inner Pier 1 and Outer
Pier 1 has been found to contain high levels of PAHs and PCBs (SAIC, 2000; Battelle and Neptune &
Company, 2004a).

2.2 PHYSICAL SETTING

Inner Pier 1 covers a surface area of approximately 18,500 square feet (sf) or 0.42 acres. The western
boundary of Inner Pier 1 is Pier 1 itself, the northern part of which is constructed on a solid concrete
foundation extending approximately 100 feet from the CIF building into the Thames River. South of this
solid concrete foundation, the remainder of the pier has been demolished. Previously, Pier 1 extended to
the southwestern limit of Outer Pier 1 and was flow-through (i.e., the pier was constructed on piles and
not a solid foundation) in the Outer Pier 1 area. Along the western side of Inner Pier 1, steel interlocking
sheet-pile extended from several feet above high water to several feet below bedrock to form a quay wall
and prevent the mass exchange of sediment and surface water directly between Inner Pier 1 and the area
under and west of Pier 1 (see Figures 2-1 and 2-2). The eastern boundary of Inner Pier 1 is a sheer
bedrock wall, except for approximately 30 feet at the far southeastern corner of Inner Pier that consists of
a steel and interlocking sheet-pile structure similar to former Pier 1. This small area of sheet-pile quay
wall in the southeastern portion of Inner Pier 1 forms a small man-made peninsula that separates Inner

Pier 1 from an adjacent concrete boat ramp (see Figure 2-2).
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With the removal of Pier 1, Inner Pier 1 is now directly open to the Thames River along its southwestern
limit, beyond the solid concrete foundation described above. Surface water depth in Inner Pier 1 is
generally on the order of 3 feet relative to Mean Lower Low Water (MLLW) nearest the CIF building
(i.e., to the north), and approaches 11 to 12 feet relative to MLLW near the mouth of Inner Pier 1 (i.e., to
the south). The surface water level is tidally influenced in Inner Pier 1, demonstrating between 1.5 and
2 feet of tidal fluctuation (Battelle, 2003). The predominant direction of flow in the Thames River is

towards Long Island Sound, or generally southward.

Sediment in Inner Pier 1 typically consists of a 1- to 5-foot thick layer of fine-grained, soft, organic-rich
material overlying bedrock, with an average sediment depth of approximately 3.5 feet. Larger grain-size
material (i.e., sand) is present in the sediment, and the proportion of larger grain size material tends to
increase with distance away from the CIF building (Battelle, 2003). In addition, construction activities for
the CIF building removed soil and sediment from the northern portion of Inner Pier 1, leaving behind little
sediment material above bedrock. Historically measured levels of total organic carbon (TOC) in Inner
Pier 1 sediment have generally been between 2 and 5 percent, and historically measured solids content

in Inner Pier 1 sediment have generally ranged from 23 percent to 64 percent (SAIC, 2000.)

Inner Pier 1 is devoid of aquatic vegetation, and the area around Pier 1 generally does not support
substantial upland or emergent habitat, with the exception of shrubby vegetation at ground surface

(i.e., at the top of the natural geologic wall) along the northeastern Inner Pier 1 boundary.

Outer Pier 1 consists of natural bedrock shoreline and vertical face C-lock bulkhead on the east side and
the former open-pile portion of Pier 1 on the west side (see Figure 2-2). Sediment in Outer Pier 1
consists of soft, organic-rich silt with some sand, clay, and shell material, similar to that found in Inner
Pier 1. Sediment thickness, as well as water depth, increases with distance from the shoreline and Inner
Pier 1.

2.3 PREVIOUS INVESTIGATIONS

Previous investigations that have occurred in the Pier 1 area include work by SAIC, Battelle and Neptune
& Company, and TtNUS. These investigations are summarized below, and historical sampling locations
in the Pier 1 area are shown graphically on Figure 2-2. The analytical data for all previous investigations

are presented in Appendix A.

2.3.1 Pier 1 Marine Railway Investigation

Sediment from the Pier 1 Marine Railway area was sampled by SAIC in October 1999 after evidence of

marine vessel overhaul activities was discovered during the draining of the railway for a building
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construction project. A total of 7 surface sediment samples (SBP-1 to SBP-7) were collected and

analyzed as shown on Figure 2-2. The purpose of the investigation was to evaluate whether chemicals

from these activities had been released and transported to sediment in the Thames River. Results of this

small-scale study indicated that concentrations of metals, PAHs, and PCBs in sediment exceed

benchmark values, and that concentrations of these chemicals decrease from north to south away from
the new building location (SAIC, 2000).

2.3.2 Rapid Sediment Characterization Pilot Study

A Rapid Sediment Characterization (RSC) Pilot Study was conducted in June 2003 to evaluate the
potential for unacceptable ecological risk in three areas (Zone 4, Zone 7, and Pier 1) of the Lower Subase
(Battelle and Neptune & Company, 2003). Twelve surface sediment samples were collected and
analyzed by rapid (i.e., in-situ) screening techniques for metals, PCBs, and PAHs. Confirmatory samples
were also analyzed at a laboratory for a subset of the samples (P1-48, 1-50, P1-53 and 1-55) collected
(see Figure 2-2). Results of the RSC Study were used to develop data quality objectives (DQOs) and to
develop a Screening-Level Ecological Risk Assessment (SLERA) (Battelle and Neptune & Company,
2004).

2.3.3 Validation Study

Surface and subsurface sediment samples were obtained from a total of 11 locations (P1, P1-C1, P2,
P1-C2, P3, P1-C3, P4, P1-C4, P5, P1-C5, and P6) in the Pier 1 area in 2004 (see Figure 2-2) as part of
the scope of a Validation Study for Thames River Zone 4, Zone 7, and Outer Pier 1 (Battelle and Neptune
& Company, 2008). Samples were characterized for both physical and chemical parameters, including
grain size, TOC, acid volatile sulfide/simultaneously extracted metals (AVS/SEM), metals, PCBs, PAHS,
and pesticides. Fish tissue samples were collected from the Pier 1 area. The data were paired with
available sediment chemistry from the areas of collection to calculate bioaccumulation factors (BAFs) to

determine potential ecological risk.

Risk to ecological receptors, including benthic invertebrates and upper-trophic level piscivorous birds
(represented by the double breasted cormorant) were evaluated in the Baseline Ecological Risk
Assessment (BERA) of the Validation Study. To assess potential risk to benthic invertebrates, a 28-day
laboratory bioassay was conducted. Results were evaluated for survival, growth, and reproduction using
sediment data collected in 2007. Concentrations of chemicals of potential concern (COPCSs) in whole
body forage fish tissue collected in 2004 were used to estimate a range of site-specific BAFs to calculate
dose inputs to the food chain model. Exposure point concentrations (EPCs) for estimating an ingestion
dose in each area were calculated using the 95-percent upper confidence limit (UCL) of the mean

sediment COPC concentrations.
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Dose modeling to piscivorous birds showed potential low-level risk from mercury in Outer Pier 1 because
hazard quotients (HQs) exceeded no observed adverse effect level (NOAEL) toxicity reference values
(TRVs). Doses did not exceed lowest observed adverse effect levels (LOAEL) TRVs for any constituent.
Evaluation of uncertainties associated with BAFs and cormorant site use factors (SUFs) combined with
the low HQ for mercury in Outer Pier 1 suggest that mercury does not pose an unacceptable risk to

piscivorous birds in the area.

Bioassay results were compared to chemistry results, including Effects Range Median-Quotients
(ERM-Q), Metals ERM-Q, and Total PCB concentrations. From these correlations, the following

preliminary remedial goals (PRGs) were identified:

e ERM-Qs associated with a 30-percent reduction in survival (1.43), a 30-percent reduction in growth
(1.54), a 50-percent reduction in growth (2.34), a 25-percent reduction in offspring (0.53), and a
50-percent reduction in offspring (1.17);

¢ Metals ERM-Q associated with a 30-percent reduction in survival (1.64); and,

e Total PCBs associated with a 30-percent reduction in growth (270 pg/kg), a 50-percent reduction in
growth (387 pg/kg), a 25-percent reduction in offspring (121 pg/kg), and a 50-percent reduction in
offspring (208 pg/kg).

According to the Validation Study (Battelle and Neptune & Company, 2008), Outer Pier 1 contained
approximately 7,400 sf (0.17 acres) that exceeded the Total PCB PRG for greater than 50 percent
reduction in reproduction. This area is located just offshore of the boat ramp and the boundary line for

Inner Pier 1.

2.3.4 Lower Subase Feasibility Study

The Navy planned to address Outer Pier 1 through the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) Remedial Investigation/Feasibility Study (RI/FS) process, but
subsequently decided to address it through an EE/CA to expedite remediation of the area and minimize
remediation costs. As part of the Lower Subase FS (Tetra Tech NUS, 2008), a total of 10 surface
sediment and core samples (TRP1-SD-001 through TRP1-SD-010) were collected in Outer Pier 1 during
November 2008 (see Figure 2-2) to determine the lateral and vertical extent of contamination. At each
sampling location, one 6-foot-long sediment core (Core A) and one 1-foot-long sediment core (Core B)
were collected. For Core A, sampling intervals were 0 to 2 feet below sediment surface (bss), 2 to 4 feet

bss, and 4 to 6 feet bss. For Core B, the sampling interval was from 0 to 1 feet bss. Samples were
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analyzed for PAHs, metals, TCLP metals, pesticides, PCB congeners, PCB Aroclors, extractible total
petroleum hydrocarbons (ETPH) and other parameters (pH, salinity, TOC, grain size distribution, moisture

content, and bulk density).

24 NATURE AND EXTENT OF CHEMICAL CONTAMINATION

Results of the above-described site investigations have established that the Inner and Outer Pier 1
sediment is contaminated with a wide range of COPCs including high-molecular weight (HMW) and low-

molecular weight (LMW) PAHs, PCBs, pesticides, and metals.

HMW PAHs included benzo(a)anthracene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene,
fluoranthene, pyrene. LMW PAHs included 2-methylnaphthalene, acenaphthene, acenaphthylene,
anthracene, fluorene, naphthalene, and phenanthrene. Detected PCBs included the following
18 congeners: 18 PCB congeners: CIl2(08), CI3(18), Cl4(28), Cl4(44), Cl4(52), CI5(66), CI5(101),
CI5(105), CI5(118), Cl6(128), Cl6(138), Cl6(153), CI7(170), CI7(180), CI7(187), CI8(195), CI9(206), and
CI10(209). Pesticides included alpha chlordane and 4,4’-DDD, 4-4’-DDE, and 4-4’-DDT characterized as

4-4’-DDx. Metals included arsenic, cadmium, chromium, copper, lead, nickel, selenium, and zinc.

Table 2-1 provides a summary of sediment analytical results for Inner and Outer Pier 1 As shown on that
table detected concentrations of sediment COCs were typically highest in Inner Pier 1. Concentrations of
HMW PAHSs ranged from 7.6 to 1,254.6 milligrams per kilogram (mg/kg) in Inner Pier 1 compared to 3.2 to
119 mg/kg in Outer Pier 1. Concentrations of LMW PAHs ranged from 1.5 to 466.3 mg/kg in Inner Pier 1
compared to 0.6 to 15.2 mg/kg in Outer Pier 1. Concentrations of total PCBs ranged from 131.1 to
19,190.6 micrograms per kilogram (ug/kg) in Inner Pier 1 compared to 38.4 to 1,186.8 ug/kg in Outer
Pier 1. Concentrations of total pesticides ranged from 2.0 to 151.2 pg/kg in Inner Pier 1 compared to 3.4
to 142.8 ug/kg in Outer Pier 1. Concentrations of total metals ranged from 1,126.1 to 20,642.9 mg/kg in
Inner Pier 1 compared to 289.9 to 15,140.2 mg/kg in Outer Pier 1. Detailed analytical data is provided in
Appendix A.

Based on a review of the available data, it can be concluded that sediment contamination extends

throughout Inner Pier 1 and down to bedrock. Outer Pier 1 sediment contamination extends mostly in the

area adjacent to Inner Pier 1 and to an estimated depth of up to 6 feet bss.
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2.5 STREAMLINED RISK EVALUATION

25.1 Human Health Risk Evaluation.

The only potential medium of concern for human health in Inner and Outer Pier 1 is surface and
subsurface sediment. Surface water is not a medium of concern because of the relatively low solubility of
the COCs (i.e., PCBs, PAHs, pesticides, and metals) and the constant mixing of water due to the
connection between Inner Pier 1, Outer Pier 1, and the Thames River and the downstream flow of the
river. The primary use of Pier 1 was to dock security boats and to store booms and buoys that are not
being used elsewhere. The wooden part of Pier 1 has now been demolished. As such, there are no
anthropogenic activities that involve the potential for direct human contact, ingestion, or inhalation of
sediment COCs in Inner or Outer Pier 1. There are a number of Navy-designated freshwater fishing
areas at NSB-NLON, but none of the designated areas include the Thames River waterfront. In addition,
while public sport fishing does occur on the broader Thames River, there is no public access whatsoever
to the Pier 1 area or any other secure location at NSB-NLON. Therefore, there are no reasonable human
receptor/pathway combinations and no potential for unacceptable human health risks from contaminated
sediment in Inner or Outer Pier 1, except as part of a sediment removal action as that being evaluated in
this EE/CA.

Potential exposure of workers to contaminated sediment during remediation activities as those being
evaluated in this EE/CA would be addressed through compliance with Occupational Safety and Health
Act (OSHA) regulations and adherence to the Navy Remedial Action Contractor's (RAC’s) Health and
Safety Plan (HASP). Appropriate measures, such as the wearing of personal protective equipment (PPE)

would be taken to protect workers from exposure to the contaminated sediment.

25.2 Ecological Risk Evaluation

As with human health, the only medium of potential ecological concern at Inner and Outer Pier 1 is
surface and subsurface sediment, and surface water is not a medium of potential ecological concern at
these locations. Concentrations of COCs in Inner and Outer Pier 1 sediment are elevated enough that
the investigation and remediation process has proceeded directly to developing potential removal action
alternatives as documented in this EE/CA. As such, no direct sediment toxicity testing was performed in
the Pier 1 area. Toxicity testing was performed, however, in other areas of the Lower Subase (i.e., Zones
4 and 7) for the Thames River Validation Study (Battelle and Neptune & Company, 2008). Bioassay
results from these other areas were correlated to sediment chemistry and extrapolated to Outer Pier 1 to
determine if unacceptable risk exists in that area. Because no toxicity testing was performed on sediment

in Inner Pier 1, risk for this area is being assessed through an interpretive approach, as discussed below.
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Inner Pier 1 contains a wide range of individual contaminant concentrations that are not spatially
correlated. Consequently, the risk analysis benefits from a composite index such as the ERM-Q to directly
evaluate risk among different sampling stations. ERM-Qs were calculated for each surface sediment
sample collected in the Pier 1 area, and provide a basis for comparing risks to benthic organisms
(i.e., benthic invertebrates) on a station-by-station basis. Results were compared to ERM-Qs calculated

in the Reference Area to demonstrate the potential relative risks in Inner and Outer Pier 1.

ERM-Qs were calculated using the 13 COCs which were carried forward from the SLERA (Battelle and
Neptune & Company, 2004). Equation 1 is the formula used to calculate ERM-Qs; Table 2-2 lists the
COPCs used in the numerator and their associated ERM values used in the denominator. Each of the 13
COCs in Table 2-2 are normalized by their ERM, summed, and divided by 13. ERM-Q calculations are
presented in Appendix B.1.

n -
ERM - :lz [COC!] Equation 1
n “

where:
[COC{] = the concentration of an individual COC
ERM; = the Effects Range-Median value for an individual COC
n= the total number of COCs
i= individual index of the COCs

ERM-Qs in the upstream Thames River Reference Area, which was sampled as part of the Validation
Study, range from 0.09 to 0.95, with a mean of 0.23 (Battelle and Neptune & Company, 2008). ERM-Qs
in Inner Pier 1 are up to 30 times higher than in the Reference Area, ranging from 0.78 to 32.4 with a
mean value of 6.85. ERM-Qs in Outer Pier 1 are somewhat lower than those in Inner Pier 1, ranging from
0.2 to 5.1 with a mean value of 1.08.

Based upon these results, it can be concluded that current sediment contamination in Inner Pier 1, and to

a lesser extent in Outer Pier 1, results in unacceptable ecological risks to benthic organisms receptors.
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TABLE 2-1

SUMMARY OF SEDIMENT ANALYTICAL RESULTS

INNER AND OUTER PIER 1 EE/CA

NSB-NLON, GROTON, CONNECTICUT

COCs Inner Pier 1 Outer Pier 1
Range of Detection Location of Maximum Range of Detection Location of Maximum

SVOCs (mg/kg)
Total HMW PAHs 7.6 -1,254.6 P1 3.2-119 TRP1-SD-007
Total LMW PAHs 1.5-466.3 P1 0.6 -15.2 TRP1-SD-008
PCBs & Pesticides (ug/kg)
Total PCBs 131.1 - 19,190.6 P1-48 38.4-1,186.8 TRP1-SD-008
Alpha Chlordane 09-145J P1-C2 05J-21.2 P1-C4
Total 4-4’ DDx 1.1-136.7 P1-C2 2.9-121.6 P1-C4
Metals (mg/kg)
Arsenic 6.1-20.2 P1-C1 5.1J3-23.31J TRP1-SD-007
Cadmium 03-138 P1-C2 04J-331J TRP1-SD-002
Chromium 58 - 405.9 P1 39-167J TRP1-SD-007
Copper 230.7J3-2,589.6 J P1 62.1J-8,620J TRP1-SD-007
Lead 229.73-2,8339 J P1 62.1J-1,170J TRP1-SD-007
Nickel 28.1J-1,048.4 P1 12.7 J - 482 TRP1-SD-007
Selenium 0.2-3.2 P1 0.5-14.6 TRP1-SD-007
Zinc 573 J-13,739.9 P1 108 J - 4,660 J TRP1-SD-007
NOTES:

COC Chemical of concern

DDx  Total 4-4' DDx includes 4,4’-DDD, 4-4'-DDE, and 4-4’-DDT.

png/kg  Microgram per kilogram
mg/kg Milligram per kilogram

PAHs Polycyclic aromatic hydrocarbons. High molecular weight (HMW) PAHSs include benzo(a)anthracene, benzo(a)pyrene, chrysene,
dibenzo(a,h)anthracene, fluoranthene, and pyrene. Low molecular weight (LMW) PAHSs include 2-methylnaphthalene, acenaphthene,
acenaphthylene, anthracene, fluorene, naphthalene, and phenanthrene.

PCBs Polychlorinated biphenyls. Total PCBs include the following 18 congeners: CI2(08), CI3(18), Cl4(28), Cl4(44), Cl4(52), CI5(66), CI5(101),
CI5(105), CI5(118), Cl6(128), CI6(138), Cl6(153), CI7(170), CI7(180), CI7(187), CI8(195), CI9(206), and CI10(209).
SVOCs Semi-volatile organic compounds



TABLE 2-2

COCs AND ERM VALUES USED FOR ERM-Q CALCULATIONS
INNER AND OUTER PIER 1 EE/CA
NSB-NLON, GROTON, CONNECTICUT

| COCs ERM Value
SVOCs (ug/kg)
Total HMW PAHs 9,600
Total LMW PAHs 3,160
PCBs & Pesticides (pg/kg)
Total PCBs 180%
Alpha Chlordane 6@
Total 4-4’ DDx 46.1Y
Metals (mg/kg)
Arsenic 709
Cadmium 9.6"
Chromium 370"
Copper 270
Lead 218"
Nickel 51.6%
Selenium 1.4%
Zinc 410"

NOTES:

1)

(@)

3)

cocC
DDx
ERM

Long, E.R., D.D. McDonald, S.L. Smith, et al., 1995. Incidence of Adverse Biological Effects
within Ranges of Chemical Concentrations in Marine and Estuarine Sediments. In Environmental
Management, Vol. 19, No. 1.

Long, E.R., and L.G. Morgan, 1991. The Potential for Biological Effects of Sediment-Sorbed
Contaminants Tested in the National Status and Trends Program. NOAA Technical
Memorandum NOS OMA 52.

Wolfenden, J.D., and M.P. Carlin, 1992. Sediment Screening Criteria and Testing Requirements
for Wetland Creation and Upland Beneficial Reuse. California Environmental Protection Agency
and California Regional Water Quality Control Board.

Chemical of concern

Total 4-4’ DDx includes 4,4’-DDD, 4-4'-DDE, and 4-4’-DDT.

Effects range median

ERM-Q Effects range median quotient

Ha/kg

Microgram per kilogram

mg/kg Milligram per kilogram

PAHs

PCBs

Polycyclic aromatic hydrocarbons. High molecular weight (HMW) PAHSs include
benzo(a)anthracene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluoranthene, and
pyrene. Low molecular weight (LMW) PAHSs include 2-methylnaphthalene, acenaphthene,
acenaphthylene, anthracene, fluorene, naphthalene, and phenanthrene.

Polychlorinated biphenyls. Total PCBs include the following 18 congeners: Cl2(08), CI3(18),
Cl4(28), Cl4(44), Cl4(52), CI5(66), CI5(101), CI5(105), CI5(118), Cl6(128), CI6(138), CI6(153),
CI7(170), CI7(180), CI7(187), CI8(195), Cl9(206), and CI10(209).

SVOCs Semi-volatile organic compounds
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Notes:
1. This figure was originally published by Battelle as Figure 2-1 in the following document:
"Battelle, 2008. Final Engineering Evaluation/Cost Analysis for Pier 1 Inner Area, Naval Submarine Base
New London, Groton, Connecticut. Prepared for NAVFAC MIDLANT OPNEEYV, Norfolk, Virginia. March.”
2. Picture was taken circa 2008 prior to demolition of Pier 1.
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3.0 REMOVAL ACTION OBJECTIVE AND SCOPE

This section summarizes the statutory framework forming the basis of this EE/CA and the overall scope of
the removal action for the Inner and Outer Pier 1 at NSB-NLON. This section also provides a brief
introduction to the conceptual schedule for a removal action, defines the objective and area for the
removal action, and summarizes the laws and regulations that are potentially pertinent to the removal
action for Inner and Outer Pier 1.

3.1 STATUTORY FRAMEWORK

This EE/CA complies with the requirements of CERCLA, the Superfund Amendments and
Reauthorization Act of 1986 (SARA), and the National Oil and Hazardous Substance Pollution
Contingency Plan (NCP) in Title 40 of the Code of Federal Regulations (40 CFR) Part 300. This EE/CA
has also been developed, to the extent practical, following the U.S. EPA Guidance on Conducting
Non-Time-Critical Removal Actions under CERCLA (U.S. EPA, 1993). These requirements are

functionally equivalent to the requirements under the National Environmental Policy Act (NEPA).

This EE/CA is being pursued under 40 CFR Part 300.415(b)(2) which defines the right and responsibility
of the lead agency to instigate an appropriate removal action to mitigate or eliminate the threat posed to
the public or the environment from a contaminant release. The removal action contemplated through the
alternatives described in this document is non-time-critical because it has been determined that the

removal action would not need to be executed in six months or less to provide appropriate risk mitigation.

The Navy, with oversight from the U.S. EPA, is the lead agency for the removal action for Inner and Outer
Pier 1.

3.2 REMOVAL ACTION OBJECTIVE

As discussed in Section 2.4, elevated levels of several COCs (PCBs, PAHSs, pesticides, and metals have
been identified in Inner and Outer Pier 1 sediment. Concentrations of these COCs are greater in Inner
and Outer Pier 1 sediment than in sediment of other Lower Subase offshore locations (e.g., Zone 4 or
Zone 7), and they are greatest in Inner Pier 1 sediment. As discussed in Section 2.5, these elevated
concentrations of COCs are responsible for the most imminent potential risk to ecological receptors as a

result of exposure to contaminated sediment.

Therefore, the RAO for Inner and Outer Pier 1 is to minimize the potential migration of, and mitigate the

risk to ecological receptors posed by, COCs in the Inner and Outer Pier 1 sediment.
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3.3 PRELIMINARY REMEDIAL GOALS

The BERA performed as part of the Thames River Validation Study (Battelle and Neptune & Company,
2008) developed PRGs for Inner and Outer Pier 1 sediment. Among these PRGs were an ERM-Q of
1.17 and a PCB concentration of 208 pg/kg, both of which correspond to a 50-percent reduction in
offspring.

Subsequently, the New London Partnering Team reached a consensus that the ERM-Q of 1.17 was the
dominant sediment PRG and that the PCB PRG should be adjusted from 208 to 1,000 ug/kg which is the
typical criterion that has been used for other sediment remediation project in Connecticut and other parts
of the U.S. (January 28, 2009 Team Meeting). Once these PRGs are met, no further action will need to

be specified for the Inner and Outer Pier 1 sediment in the Lower Subase ROD.

The lateral extent of exceedances of the ERM-Q PRG in the Inner and Outer Pier 1 sediment at various
depths is shown on Figures 3-1 through 3-3. The lateral extent of exceedances of the PCB PRG in the

Inner and Outer Pier 1 sediment at various depths is shown on Figures 3-4 through 3-6.

3.4 REMOVAL ACTION AREA

3.4.1 Inner Pier 1

As discussed in Section 2.4, historical data show that the highest concentrations of COCs are found in
Inner Pier 1 sediment and that most of that sediment contains concentrations of COCs greater than the
PRGs. Because of the relatively small total volume of sediment and lack of space within Inner Pier 1, it
would not be practical to segregate the small fraction of sediment which may be uncontaminated.
Therefore, for the purpose of this EE/CA and as shown on Figure 3-1, the removal action area includes all

of the Inner Pier 1 sediment to bedrock.

Inner Pier 1 covers approximately 18,500 sf or 0.42 acre. Sediment depth in Inner Pier 1 ranges from 1
to 5 feet, with an average depth of approximately 3.5 feet. However, for the purpose of this EE/CA, it
assumed that the Inner Pier 1 removal action area includes a 4-foot depth of sediment for an estimated
in-situ volume of 2,739 cubic yards (cy). The volume of Inner Pier 1 sediment is further discussed in

Section 5.2 and computation of this volume is provided in Appendix B.2.

3.4.2 OQuter Pier 1

As discussed in Section 2.4, the Thames River Validation Study (Battelle and Neptune & Company, 2008)

and draft Lower Subase FS (TtNUS, 2008) have identified several areas of sediment with concentrations
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of COCs greater than the PRGs in Outer Pier 1. As shown on Figure 3-7 the main such area extends in

an arc immediately south of the boundary between Inner and Outer Pier 1.

Based on results from field investigations, Outer Pier 1 sediment with concentrations of COCs greater
than the PRGs extends to a depth of 6 feet bss and covers approximate surface areas of 5,100 sf from
0 to 2 feet bss, 20,800 sf from 2 to 4 feet bss, and 27,300 sf from 4 to 6 feet bss. Accordingly, the total
in-situ volume of contaminated Outer Pier 1 sediment has been computed to approximately 3,941 cy.
However, the overall volume of sediment included in the removal action for this EE/CA is significantly
larger because the removal of deeper contaminated sediment would require the removal of overlying
clean sediment, because of the necessity to cut back the walls of the removal area for slope stability, and
because of overdredging. Therefore, the estimated total in-situ volume of Outer Pier 1 sediment
addressed by the removal action is approximately 6,673 cy. Estimated volumes of Outer Pier 1 sediment

are further discussed in Section 5.3 and computations of these volumes are provided in Appendix B.2.

As also shown on Figure 3-7, a separate area of sediment contamination has also been identified in
Outer Pier 1. This area is circular in shape, covers an estimated 14,400 sf, and is present at a depth of
4to 6 feet bss around the southern tip of former Pier 1 in the vicinity of sediment sampling location
TRP1-SD-005. This separate area of Outer Pier 1 sediment contamination will be addressed as

appropriate through the Lower Subase FS.

3.5 SCOPE OF THE REMOVAL ACTION

The scope of the removal action for Inner and Outer Pier 1 is to address sediment with concentrations of
COCs greater than the PRGs. The goal of the removal action is to meet the RAO for Inner and Outer
Pier 1 which is to prevent the potential migration of contaminated sediment and to mitigate the
unacceptable risk to ecological receptors from exposure to the impacted sediment. The removal action
will address the areas and volumes of sediment contamination identified in Section 3.4, including the
whole of Inner Pier 1 with 81,500 sf and 2,739 in-situ cy and 27,300 sf and 6,673 in-situ cy of Outer Pier 1

sediment.

3.6 REMOVAL ACTION SCHEDULE

This EE/CA identifies several removal action alternatives for Inner and Outer Pier 1 and ultimately
recommends one or more removal action alternative for each of these two areas. The schedule for
implementation of the selected removal action will depend on timely regulatory approval of the
recommended action and adequate funding and contracting availability at the Navy. In addition, potential
dredging windows linked to sensitive species’ spawning or migration will be closely evaluated for the

timing of the removal action. A formal project schedule will be developed as part of a removal action
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decision document, such as an Action Memorandum or Removal Action Work Plan. The estimated

duration of the alternatives evaluated in this EE/CA is described in the analysis and discussion of each
alternative in Section 5.0.

3.7 IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS AND TO BE CONSIDERED CRITERIA

This section provides an overview of the ARAR evaluation process. In addition, this section identifies and
evaluates potential Federal and State of Connecticut ARARs that pertain to each removal action
alternative included in this EE/CA.

3.7.1 ARARs Overview

The identification of ARARSs is performed on a site-specific basis and involves a two-part analysis: first, a
determination of whether a given requirement is directly applicable; and then, if it is not directly
applicable, whether it is still relevant and appropriate. Regulations that are found not to be applicable
may still be relevant and appropriate. According to CERCLA guidance on the development of ARARS, a
requirement may be “applicable” or “relevant and appropriate,” but not both. In addition, a regulation that

is found to be relevant and appropriate must be complied with to the same degree as if it were applicable.

Applicable requirements are those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under Federal or State law that
specifically address the situation at a CERCLA site. The requirement is applicable if the jurisdictional
prerequisites of the standard show a direct correspondence when objectively compared to the conditions
at the site. An applicable Federal requirement is an ARAR. An applicable State requirement is an ARAR
only if it is more stringent than the corresponding Federal ARAR. To qualify as a State ARAR under
CERCLA and the NCP, a State requirement must be:

A State law.

An environmental or facility siting law.

Promulgated (of general applicability and legally enforceable).
Substantive (not procedural or administrative).

More stringent than the Federal requirement.

Identified in a timely manner.

Consistently applied.

If the requirement is not legally applicable, then the requirement is evaluated to determine whether it is

relevant and appropriate. Relevant and appropriate requirements are those cleanup standards,
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standards of control, and other substantive environmental protection requirements, criteria, or limitations
promulgated under Federal or State law that, while not applicable, address problems or situations similar
to the circumstances of the proposed remedial action and are well suited to the conditions of the site.
A requirement must be determined to be both relevant and appropriate in order to be considered an
ARAR. For the determination of relevance and appropriateness, the pertinent criteria typically examined
include a determination of whether the requirements address problems or situations sufficiently similar to
the circumstances of the release or response action contemplated, and whether the requirement is well
suited to the site. The specific criteria for determining relevance and appropriateness are listed in 40 CFR
Part 300.400(g)(2), and include the following:

The purpose of the requirement and the purpose of the CERCLA action.

The medium regulated or affected by the requirement and the medium contaminated or affected at the
CERCLA site.

The substance(s) regulated by the requirement and the substance(s) found at the CERCLA site.

Any variances, waivers, or exemptions of the requirement and their availability for the circumstances at
the CERCLA site.

The type of place regulated and the type of place affected by the release or CERCLA action.

The type and size of structure or facility regulated and the type and size of structure or facility affected by

the release or contemplated by the CERCLA action.

Any consideration of use or potential use of affected resources in the requirement and the use or potential

use of the affected resources at the CERCLA site.

To constitute an ARAR, a requirement must be substantive. Therefore, only the substantive provisions of
requirements identified as ARARs are actually considered to be ARARs. Permits are considered to be
procedural or administrative requirements. Provisions of generally relevant Federal and State statutes
and regulations that are determined to be procedural or non-environmental, including permit
requirements, are generally not considered to be ARARs. CERCLA 121(e)(1), 42 United States Code
(USC) § 9621(e)(1), states that “No Federal, State, or local permit shall be required for the portion of any
removal or remedial action conducted entirely on-site, where such remedial action is selected and carried

out in compliance with this section.” The term on-site is defined for purposes of this ARAR discussion as

070911/P 3-5 CTO 424



REVISION 2
OCTOBER 2009
“the areal extent of contamination and all suitable areas in very close proximity to the contamination

necessary for implementation of the remedial action” (40 CFR Part 300.5).

Because conditions vary widely from site to site, ARARs alone may not adequately protect human health
and the environment. When ARARs are not fully protective, other Federal or State policies, guidelines, or
proposed rules capable of reducing the risks posed by a site may be implemented. Such
To-Be-Considered (TBC) standards, as defined in 40 CFR Part 300.400(g)(3), while not legally binding,
may be used in conjunction with ARARs to achieve an acceptable level of risk mitigation. TBC

requirements complement ARARs but do not override them.

3.7.2 Potential ARARs Affecting the Inner and Outer Pier 1 Removal Action

Pursuant to U.S. EPA guidance and to help in their identification, ARARs are generally divided into three
categories including chemical-specific, location-specific, and action-specific. The Federal and State
regulations that have been identified as potential chemical-specific, location-specific, and action-specific
ARARs for the removal action in Inner and Outer Pier 1 are listed in Table 3-1, Table 3-2, and Table 3-3,

respectively.

As shown in Tables 3-1 through 3-3, the ARARs identified for Inner and Outer Pier 1 generally apply to
surface water protection, waste storage, handling, and disposal, and protection of aquatic environments
and ecological receptors. It is expected that the removal action alternatives considered in this EE/CA will
meet all ARARs identified in Tables 3-1 through 3-3.
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TABLE 3-1

CHEMICAL-SPECIFIC ARARs AND TBCs
INNER AND OUTER PIER 1 EE/CA
NSB-NLON, GROTON, CONNECTICUT

PAGE 1 OF 3
Requirement Citation Status Synopsis of Requirement Evaluation of Alternative Compliance with ARAR
FEDERAL
Cancer Slope Factors United States To Be These are guidance values used in risk These standards would be used to determine that
(CSFs) Environmental Considered | assessment to evaluate the potential there are no unacceptable carcinogenic risks from
Protection Agency | (TBC) for all | carcinogenic hazard caused by exposure direct exposure to contaminated sediment. The No
(EPA) Integrated | alternatives | to contaminants. Action alternatives would not meet these standards
Risk Information because risks identified would not be addressed..
System (IRIS) The other alternatives would meet these standards
and others because potential risk from adult exposure to
contaminated sediment would be addressed through
dredging and off-site disposal or capping of
contaminated sediment.
Reference Doses (RfDs) EPA IRIS and TBC for all These are guidance values used in risk These standards would be used to determine that
others alternatives | assessment to evaluate the potential non- | there are no unacceptable non-carcinogenic risks

carcinogenic hazard caused by exposure
to contaminants.

from direct exposure to contaminated sediment. The
No Action alternatives would not meet these
standards because risks identified would not be
addressed.. The other alternatives would meet
these standards because potential risk from adult
exposure to contaminated sediment would be
addressed through dredging and off-site disposal or
capping of contaminated sediment.




CHEMICAL-SPECIFIC ARARs AND TBCs

NSB-NLON, GROTON, CONNECTICUT

TABLE 3-1

INNER AND OUTER PIER 1 EE/CA

PAGE 2 OF 3

Requirement

| Citation

Status

Synopsis of Requirement

Evaluation of Alternative Compliance with ARAR

FEDERAL (continued)

Guidelines for Carcinogen
Risk Assessment

EPA/630/P-
03/001F
(March 2005)

TBC for all
alternatives

These guidelines are used to perform
human health risk assessments.

These standards would be used to determine that
there are no unacceptable carcinogenic risks from
direct exposure to contaminated sediment. . The No
Action alternatives would not meet these standards
because risks identified would not be addressed..
The other alternatives would meet these standards
because potential risk from adult exposure to
contaminated sediment would be addressed through
dredging and off-site disposal or capping of
contaminated sediment.

Supplemental Guidance for
Assessing Susceptibility
from Early-Life Exposure to
Carcinogens

EPA/630/R-
03/003F
(March 2005)

TBC for all
alternatives

These guidelines are used to perform
human health risk assessments.

These standards would be used to determine that
there are no unacceptable carcinogenic risks to
children from direct exposure to contaminated
sediment. . The No Action alternatives would not
meet these standards because risks identified would
not be addressed.. The other alternatives would
meet these standards because potential risk from
child exposure to contaminated sediment would be
addressed through dredging and off-site disposal or
capping of contaminated sediment.

Recommendations of the
Technical Review
Workgroup for Lead for an
Approach to Assessing
Risks Associated with Adult
Exposure to Lead in Soil

TBC for all
alternatives

EPA guidance for evaluating the risks
posed by lead in sediment.

All alternatives would meet this standard. . The No
Action alternatives would not meet these standards
because risks identified from lead-contaminated
sediment would not be addressed.. The other
alternatives would meet this standard because
potential lead risk from adult exposure to lead in
contaminated sediment would be addressed through
dredging and off-site disposal or capping.




TABLE 3-1

CHEMICAL-SPECIFIC ARARs AND TBCs
INNER AND OUTER PIER 1 EE/CA
NSB-NLON, GROTON, CONNECTICUT
PAGE 3 OF 3

Requirement Citation Status Synopsis of Requirement Evaluation of Alternative Compliance with ARAR

STATE OF CONNECTICUT

None




TABLE 3-2

ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs
INNER AND OUTER PIER 1 EE/CA
NSB-NLON, GROTON, CONNECTICUT

PAGE 1 OF 2

Requirement

Citation

Status

Synopsis of Requirement

Evaluation of Alternative Compliance
with ARAR

FEDERAL

Clean Water Act, Section 404

33 United States
Code (USC) 1344;
40 CFR Part 230
and 33 Code of
Federal
Regulations (CFR)
Parts 320-323

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

These rules regulate the discharge of dredge
and fill materials in wetlands and navigable
waters. Such discharges are not allowed if
practicable alternatives are available.

All alternatives would comply. Dredging
operations including sediment dewatering
would be conducted in a manner that will
minimize discharges to wetlands or navigable
waters. Resource agencies have indicated
that mitigation would not be required for
altering aquatic habitat. Any capping remedy
(Alternatives OP-2 and OP-3) would also meet
these standards

Rivers and Harbors Act, Section 10

33 USC 403; 33
CFR Parts 320-323

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

Sets forth criteria for obstructions or alterations
of navigable waters.

The dredging, dewatering, and potentially
capping (Alternatives OP-2 and OP-3)
components of all alternatives would meet the
substantive environmental requirements of
these standards.

Fish and Wildlife Coordination Act

16 USC Part 661
et seq.,

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

Protects fish and wildlife when actions at the
site would result in the control or structural
modification of a natural stream, body of water,
wetlands, floodplain, or flood-prone areas. The
statute requires federal agencies to take into
account the effects of remedial actions and
prevent loss or damage to resources.

The dredging, dewatering, and potentially
capping (Alternatives OP-2 and OP-3)
components of all alternatives would be
conducted so as to minimize impacts to fish
and wildlife in the Thames River. Federal and
State resource agencies would be consulted to
prevent, mitigate, or compensate for loss of
fish and wildlife.

Coastal Zone Management Act

16 USC Parts 1451
et seq.

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

Requires that any actions must be conducted in
a manner consistent with state-approved
management programs.

The dredging, dewatering, and potentially
capping components (Alternatives OP-2 and
OP-3) of all alternatives would be conducted
S0 as to comply with the substantive
requirements of this act.

STATE OF CONNECTICUT

Connecticut Coastal Management
Act

Connecticut
General Statutes
(CGS) §22a-444

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

Requires that any actions must be conducted
in a manner consistent with state-approved
management programs.

The dredging, dewatering, and potentially
capping (Alternatives OP-2 and OP-3)
components of all alternatives would be
conducted so as to as to comply with the
substantive requirements of this act.




TABLE 3-2

ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs
INNER AND OUTER PIER 1 EE/CA
NSB-NLON, GROTON, CONNECTICUT
PAGE 2 OF 2

Requirement

Citation

Status

Synopsis of Requirement

Evaluation of Alternative Compliance
with ARAR

STATE OF CONNECTICUT (continued)

Dredging and erection of structures
and placement of fill in tidal,
coastal or navigable waters

CGS §22a-359

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

This statute regulates dredging and the
erection of structures and the placement of fill,
and work incidental thereto, in the tidal, coastal
or navigable waters of the state waterward of
the high tide line. Work within the regulated
zone must be conducted in due regard for
indigenous aquatic life, fish and wildlife, the
prevention or alleviation of shore erosion and
coastal flooding, the use and development of
adjoining uplands, the improvement of coastal
and inland navigation for all vessels, including
small craft for recreational purposes, the use
and development of adjacent lands and
properties and the interests of the state,
including pollution control, water quality,
recreational use of public water and
management of coastal resources, with proper
regard for the rights and interests of all persons
concerned.

The dredging, dewatering, and potentially
capping (Alternatives OP-2 and OP-3)
components of all alternatives would be
conducted so as to as to comply with the
substantive requirements of this act.

Tidal Wetlands and Watercourses

Regulations of
Connecticut State
Agencies (RCSA)
§22a-30-1 through
17

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

These rules regulate all activities within or
affecting tidal wetlands and watercourses.

The dredging, dewatering, and potentially
capping (Alternatives OP-2 and OP-3)
components of all alternatives would be
conducted so as to prevent erosion,
sedimentation and other disturbance to tidal
wetlands and watercourses

Flood Management Regulations

RCSA 25-68h-1
through 25-68h-3

Not relevant and
appropriate to
Alternatives IP-1 and
OP-1 (No Action).
Relevant and
Appropriate to all other
alternatives.

These regulations address activities by state
agencies in flood plains to minimize flood risk
and prevent flood hazards.

All alternatives would comply with this
standard. Any shoreline activities within the
100-year coastal flood hazard zone would
comply with the substantive provisions of
these regulations.

Connecticut Endangered Species
Act

CGS §26-303
through 314

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

Remedial actions may not jeopardize the
continued existence of state-listed endangered
or threatened species, or adversely modify or
destroy their critical habitat.

The dredging, dewatering, and potentially
capping (Alternatives OP-2 and OP-3)
components of all alternatives would be
conducted so as to minimize disturbance to
aquatic habitats in the Thames River which
are used by the state-threatened Atlantic
Sturgeon.




TABLE 3-3

ACTION-SPECIFIC ARARs AND TBCs
INNER AND OUTER PIER 1 EE/CA
NSB-NLON, GROTON, CONNECTICUT
PAGE 1 0F 3

Requirement

Citation

Status Synopsis

Evaluation of Alternative Compliance with
ARAR

FEDERAL

Clean Water Act (CWA), Section
304; National Recommended
Water Quality Criteria (‘NRWQC”)

33 United States
Code (USC) 1314;
40 Code of Federal
Regulations (CFR)
122.44

Guidelines establish National Recommended
Water Quality Criteria (“NRWQC”) for the
protection of human health and/or the aquatic
organisms.

Not relevant and
appropriate to
Alternatives IP-1 and
OP-1 (No Action).
Relevant and
Appropriate to all
other alternatives.

All alternatives would comply Water quality
monitoring would ensure that these criteria are not
exceeded during dredging and dewatering
operations. Alternatives OP-2 and OP-3 that
include capping and leaving waste in place might
require long-term monitoring of water quality under
these standards.

CWA, Section 402, National
Pollution Discharge Elimination
System (NPDES)

33 USC 1342; 40
CFR 122 through
125 )

Not applicable to
Alternatives IP-1.and
OP-1 (No Action) and
Alternatives IP-2, IP-
3, OP-2, and OP-4
(off-site disposal).
Applicable to
Alternatives IP-4 to
IP-6, OP-3, and OP-5
(discharge to Thames
River.

These standards govern the discharge of water
into surface waters.

Alternatives IP-4 to IP-6, OP-3, and OP-5 would
comply. Dewatering operations wouid meet these
standards through active or passive treatment
before dewatering fluid is discharged back to the
Thames River.

CWA; General Pretreatment
Regulations for Existing and New
Sources of Pollution

40 C.F.R. §403

Not applicable to
Alternatives IP-1 and
OP-1 (No Action) and
Alternatives 1P-4 to
IP-6, OP-3, and OP-5
(discharge to Thames
River)). Potentially
applicable to
Alternatives IP-2, IP-
3, OP-2, and OP-4
(off-site disposal)

Standards for direct discharge of dewatering
fiuid or any other discharge into a Publicly
Owned Treatment Works (POTW).

Alternatives IP-2, IP-3, OP-2, and OP-4 wouid
comply with these standards if off-site disposal of
dewatering fluid involves discharge to a POTW.

Toxic Substance Controf Act

15 U.S.C. § 2601 et

Not applicable to Risk-based standards for the sampling,

Alternatives OP-2 and OP-3 would comply by

(TSCA), PCB Remediation Waste | seq.; 40 C.F.R Alternatives IP-1 and cleanup, or disposal of PCB remediation waste. | capping PCB contaminated sediment in place to
Risk-Based Standards 761.61(c) | OP-1(No Action). prevent risks to humane health and the
Applicable to all other environment... All other alternatives would comly’
alternatives. because sediment exceeding the unrestricted use,
risk-based standard of 1 mg/kg would be .
excavated/dredged and disposed of off-site.
Clean Air Act (CAA), National 42 U.S.C. Not applicable to The regulations establish emissions standards | All altemnatives would comply. If removal activities,

Emissions Standards for
Hazardous Air Pollutants
(NESHAPS),

12(b)(1); 40 CF.R.
Part 61

Altemnatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

for 189 hazardous air poliutants. Standards set
for dust control and other release sources.

including excavation/dredging or processing of
contaminated sediment, generate regulated air
pollutants, measures would be implemented to

meet these standards.
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. Evaluation of Alternative Compliance with
ARAR

FEDERAL (continued)

United States Environmental
Protection Agency (U.S. EPA)
Contaminated Sediment
Remediation Guidance for
Hazardous Waste Sites

EPA-540-R-05-012;
OSWER 9355.0-85
December 2005

(Not applicable to
Alternatives IP-1 and

_OP-1 (No Action). To

Be Considered for all
other alternatives.

Guidance on the remediation of contaminated
sediments, including capping and dredging.

All Alternatives would comply. Capping and
dredging alternatives would be designed and
implemented utilizing this guidance.

STATE OF CONNECTICUT

Hazardous Waste Management:

Generator and Handler
Requirements, Listing and
Identification

Regulations of
Connecticut State
Agencies (RCSA) §
22a-449(c) 100-101

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

Connecticut is delegated to administer the
federal Resource Conservation and Recovery
Act (RCRA) statute through its state '
regulations. These sections establish
standards for listing and identification of
hazardous waste. The standards of 40 CFR
260-261 are incorporated by reference

All alternatives would comply. Hazardous waste
determinations would be performed on all
contaminated sediment excavated/dredged to
determine that the levels of regulated constituents
do not exceed applicable limits. Any contaminated
sediments which exceed hazardous waste
standards would be managed in accordance with
requirements of these regulations. Also, wastes
produced from dewatering process would be
tested to determine whether they exceed
applicable limits.

Hazardous Waste Management:

Generator Standards

RCSA § 22a-449(c)-
102 ’

Not applicable to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

This section establishes standards for various
classes of generators. The standards of 40
CFR 262 are incorporated by reference.

All alternatives would comply. Any hazardous
waste generated as a result of either
excavation/dredging or dewatering operations
would be handled and disposed of in compliance
with these standards.

Hazardous Waste Management:

TSDF Standards;

RCSA § 22a-449 (c)
104

Not relevant and
appropriate to
Alternatives IP-1 and
OP-1 (No Action).
Relevant and
Appropriate to all
other alternatives.

This section establishes standards for the
treatment, storage, and disposal of hazardous
waste. The standards of 40 CFR 264 are
incorporated by reference; in particular 40 CFR
Subpart G (Closure/Post Closure), Subpart |
{Containers), Subpart J (Tank Systems),
Subpart L (Waste Piles), Subpart N (Landfills).

All alternatives would comply. Any hazardous
waste that is treated or temporarily stored on-site
would be managed in accordance with the
requirements of this section, particularly if waste
piles, containers, or tanks are used to manage
sediment or dewatering fluid exceeding hazardous
waste thresholds.. If hazardous waste is left on
site (Alternatives OP-2 and OP-3), it would be
capped so that the capped area meets relevant
and appropriate landfill and closure/post-closure
standards under these regulations.

Hazardous Waste Management
Facility Siting

RSCA § 22a-116-B-
1

Not applicable to
Alternatives 1P-1 and
OP-1 (No Action).
Applicable to all other
alternatives.

Any siting of a facility that manages or treats
hazardous waste will meet these standards.

All alternatives would comply. Any sediment
management and/or dewatering facility that
manages material that exceeds hazardous waste
thresholds would comply with these siting
standards.
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Evaluation of Alternative Compliance with
ARAR

STATE OF CONNECTICUT (continued)

Solid Waste Management

RSCA §22a-209 -1

through

Not applicable or
relenavt and
appropriate to
Alternatives IP-1 and
OP-1 (No Action).
Applicable to solid
waste managed on-
site (all alternatives).

Management and siting requirements for the
disposal of solid waste.

All alternatives would comply. All material that
does not exceed hazardous waste threshold that
would be managed on-site as solid waste and
disposed off-site in an appropriate licensed solid
waste facility. Any contaminated material that
exceeds risk levels, but not hazardous waste

‘thresholds, and would be left in place (Alternatives

OP-2 and OP-3) would be capped/covered in

Relevant and accordance to the relevant and appropriate
Appropriate to waste standards of these regulations — including

left in place closure/post closure and monitoring requirements.
(Alternatives OP-2

and OP-3).

Water Pollution Control

RCSA §22a-430-1
through 8

Not applicabie to
Alternatives IP-1 and
OP-1 (No Action) and
Alternatives IP-2, IP-
3, OP-2, and OP-4
(off-site disposal).
Applicable to
Alternatives IP-4 to
IP-6, OP-3, and OP-5
(discharge to Thames
River.

These rules regulate water discharge to
surface water.

Alternatives |P-4 to IP-6, OP-3, and OP-5 would
comply. Dewatering operations would meet these
standards through active or passive treatment
before dewatering fluid is discharged back to the
Thames River.

Air Pollution Control

RCSA §22a-174 1-
20

Not applicable to
Alternatives IP-1 and

.OP-1 (No Action).

Applicable to all other

These regulations require permits to construct
and operate specified types of emission
sources and contain emission standards that
must be. Pollutant abatement controls may be

All alternatives would comply. If removal activities,
including excavation/dredging or processing of
contaminated sediment, generates regulated air
pollutants, measures would be implemented to

alternatives. - required. Specific standards pertain to fugitive meet these standards.
. dust (18b).
" Connecticut Guidelines for Soil Connecticut Council | Not TBC for Technical and administrative guidance for All alternatives would comply. Excavation/dredging

Erosion and Sediment Control

on Soil and Water
Conservation

Alternatives iP-1 and
OP-1 (No Action).
TBC for all other
alternatives.

development, adoption and implementation of
erosion and sediment control program.

operations would include an appropriate erosion
and sedimentation control program that would
comply with this guidance.
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4.0 IDENTIFICATION AND SCREENING OF REMOVAL ACTION TECHNOLOGIES
AND PROCESS OPTIONS

This section develops an appropriate range of possible removal action technologies and process options
suitable to accomplish the RAO for Inner and Outer Pier 1 sediment (i.e., to mitigate risk posed by PCB,
PAH, metals, and pesticides contamination in the sediment). Various removal action technologies and
process options within larger technology categories (e.g., treatment and disposal options) were identified,
described, and subjected to an initial screening analysis. The most suitable technologies and/or process
options for a removal action for Inner and Outer Pier 1 were identified and carried forward to Section 5.0,
where they were assembled in the development of appropriate removal action alternatives (U.S. EPA,
1988).

4.1 REMOVAL ACTION TECHNOLOGY AND PROCESS OPTION IDENTIFICATION AND
SCREENING APPROACH

The initial screening analysis of potential removal action technologies and process options was based on
an assessment of three CERCLA evaluation criteria, effectiveness, implementability, and cost as

summarized below:

4.1.1 Effectiveness

The effectiveness of each technology or process option was evaluated based on the following criteria:

e Ability to meet the RAO
e Potential effects to human health and the environment during construction and implementation

¢ Reliability with respect to the chemical constituents and conditions at the site
COCs at the site include PAHs, PCBs, metals, and pesticides. A summary of the areas of contamination,

contaminant concentrations, and areas to be addressed through the removal action is provided in
Sections 2.0 and 3.0 of this EE/CA.

4.1.2 Implementability

Implementability encompasses both the technical and administrative feasibility of implementing a
technology or process option. This includes the ability to obtain necessary permits and services, as well

as the availability of necessary equipment and labor to implement the technology/process option.

070911/P 4-1 CTO 424
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4.1.3 Cost

Cost plays a limited role in screening of technologies and process options. The relative costs for each
technology/option are qualitatively assessed as being low, moderate, or high. The costs are based on
engineering judgment and available historical information associated with the respective

technology/option.

Table 4-1 summarizes the removal action technology and process option screening results, and identifies
technologies and process options given further consideration in the development of the removal action
alternatives for Inner and Outer Pier 1 (see Section 5.0). Table 4-1 also provides a rationale for the

screening decisions.

4.2 REMOVAL ACTION TECHNOLOGIES AND PROCESS OPTIONS EVALUATED

The primary technologies evaluated as being potentially suitable for a removal action for Inner and Outer
Pier 1 include land use controls (LUCs), monitoring, direct excavation/dredging, in-situ capping, in-situ
treatment, monitored natural recovery (MNR), ex-situ treatment, dewatering, transportation, and disposal.
In addition, several process options were considered within certain primary technology categories. No

Action was also evaluated as required by the NCP.

4.2.1 No Action.

Evaluation of the No Action option is required by the NCP as the baseline to which all other removal
actions are compared. Under the No Action response, no removal activities would be conducted and
there would be no short- or long-term monitoring. The No Action option may be appropriate if a site does
not pose a potential threat to human health or the environment or if previous response actions have

eliminated the need for further action.

Screening of No Action

Effectiveness

The No Action option would provide no control of exposure to contaminated sediment. The No Action
option would not include any activities that provide for the removal or treatment of contaminated
sediment. Therefore, No Action would not be effective in reducing the potential risk from sediment in

Inner and Outer Pier 1 or in achieving the RAO.
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Implementability

Because no action would be taken, this option would be easily implementable.

Cost

Because no action would be taken, no costs would apply to this option.

Screening Results

Per the NCP, the No Action option serves as a baseline for comparison with other response actions and

is retained for solely for this reason for further evaluation in Section 5.0.

4.2.2 LUCs

LUCs are designed to protect human health and the environment from residual contamination at
environmental sites. LUCs consist of administrative or legal mechanisms (e.g., deed or zoning
restrictions, permits, etc.) designated as institutional controls and/or physical controls (e.g., capping,
fencing, security guards, etc.) designated as engineering controls. Site-specific LUCs are typically
formulated through a LUC Remedial Design (RD) prepared in accordance with the Navy's LUCs
Principles (DoD, 2003) following approval of the Record of Decision (ROD). LUCs also typically include

the performance of regular site inspections to verify their continued implementation.

Screening of LUCs
Effectiveness

LUCs consisting of restrictions to prevent disturbance of contaminated sediment would effectively
minimize unacceptable risks from spreading of that contaminated sediment to previously uncontaminated
areas. However, LUCs would not be effective for protecting ecological receptors from potential exposure

to contaminated sediment.

Implementability

LUCs would be easy to implement on a military facility where access is already restricted. A LUC RD
could be readily prepared. LUCs for the Lower Subase could easily be integrated within and
implemented as part of NSB-NLON’s existing SOPA Instructions 5090.25 (Navy, 2009)
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Cost

The capital and O&M costs for LUCs would be low.

Screening Results

Although their stand-alone effectiveness for the protection of the environment would be somewhat limited,
LUCs are retained for further evaluation in Section 5.0 because they could add a useful protective

element to other removal technologies.

4.2.3 Monitoring

Monitoring would consist of sampling and analyzing sediment throughout the areas of sediment
contamination to evaluate trends in concentrations of COCs and to assess the potential for off-site

migration of contaminated sediment.

Screening of Monitoring

Effectiveness

Monitoring alone would not reduce the toxicity, mobility, or volume of COCs in the sediment. However,
monitoring would allow for a determination of the effectiveness of natural attenuation or active removal

actions and would also detect potential off-site migration of contaminated sediment.

Implementability

Sediment monitoring would be easy to implement. Such monitoring has already been performed on
several occasions at Inner and Outer Pier 1. The resources and material required for monitoring are

readily available.

Cost

The capital and O&M costs of monitoring would be low.

Screening Results

Monitoring is retained for further evaluation in Section 5.0.
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4.2.4 Dredqging/Excavation

Dredging/excavation technologies are those that directly remove contaminated material. The term
dredging is more commonly associated with removing material beneath open water, and the term
excavation is commonly associated with removing material from a terrestrial setting. However,
subaqueous dredging can be accomplished using terrestrial excavation techniques if the body of water is
located near shore or if terrestrial equipment can be operated from a stable floating platform and reach
the contaminated sediment. Options within the primary removal action technology category of
dredging/excavation include mechanical, hydraulic, hybrid, and pneumatic systems. These systems are
discussed below in more detail.

Mechanical Dredging/Excavation

On land, mechanical excavation is commonly accomplished using a tracked or tired vehicle containing an
excavator on a fixed arm (e.g., backhoe) or larger crane-based digging equipment. In open water,
mechanical dredging typically uses either digging buckets (e.g., clamshell buckets) or dragline buckets
suspended by a cable from a crane, or common terrestrial equipment staged on or permanently affixed to
a floating platform. In addition, areas with impacted subaqueous sediment can be physically dewatered
and then excavated as though they were terrestrial. Mechanical dredging buckets are similar to land-
based crane and bucket excavators.

To remove subaqueous sediment, common excavation equipment can be deployed from onshore or a
floating platform exactly as it would be operated (i.e., under hydraulic pressure) to remove earth in a
terrestrial setting. Backhoes have not been extensively used for contaminated sediment removal
projects, due to the generally large scale of sediment removal projects, some difficulty in excavating
continuous level areas over long distances, and potential loss of sediment from the open excavator
bucket. However, backhoes can be more effective than dredging systems for removing dense or hard
material and are effective for dredging slopes along shorelines. Backhoes are most effective in shoreline
or shallow-water work where they can be placed either on land or on shallow-draft pontoon barges, and

can also be deployed in physically dewatered near-shore areas to remove sediment.

Dredging buckets are typically dropped through the water column and penetrate into the sediment by
gravity. The bucket is closed and then lifted from the sediment through the water column. Typical
dredging buckets are known as “clamshells” because they can be totally closed. Dragline dredges use a
barge-mounted crane that is similar to a clamshell dredge. The difference is that dragline buckets are
open on one side and are lowered into the sediment with a lifting cable, then pulled back towards the
crane with a second cable. Draglines have been used in navigational dredging and also are used in

mining operations because they are efficient at removing large quantities of sediment. They are rarely
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used for contaminated sediment projects because the open side of the bucket does not effectively contain

the dredged sediment, which can increase resuspension rates.

Using any system, when the dredge/excavator bucket is filled, it is moved to deposit the dredged material
into a transport container or onto a suitable staging area. The container is typically a barge, hopper and
conveyor system, or land-based truck, and the staging area is commonly a dedicated shoreline area
(e.g., levee or dewatering area). Mechanical dredging/excavation typically removes subaqueous
sediment at nearly the in-place density and water content. However, some water is picked up with the
collected sediment because every bucket cannot be filled completely with sediment. Mechanical
dredging/excavation through the water column typically adds a volume of water 20 to 50 percent of the

bucket capacity.

Hydraulic Dredging

Hydraulic dredges are routinely used throughout the United States to move large sediment volumes.
Hydraulic dredges add water to sediment to create a sediment/water slurry that is pumped via pipeline to
a desired location (e.g., dewatering site or transport container). A large amount of water must be added
to slurry the sediment for transport through the pump and pipeline. The volume of water added is
typically 5 to 10 times the in-place volume of sediment removed. The main components of a hydraulic

dredge are as follows:

A dredge head that sets into the sediment and contains a suction pipe inlet (and may contain some type

of digging or cutting device).

A support system that usually consists of a ladder-shaped structure that is hinged and is used to support

and control the location of the dredge head.

A hydraulic pump that provides suction at the dredge head to pull sediment and water into the system and

propel the slurry.

A pipeline that carries the slurry to a desired location (e.g., dewatering site or transport container).

Hydraulic dredges are usually classified by the type of dredge head used to loosen sediment, as follows:

Cutter head dredges use a rotating head to cut into the sediment and add water.

Auger dredges use a horizontal auger to loosen sediment and pull it to the center of the dredge and

suction inlet pipe.
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Suction hydraulic dredges rely solely on suction to remove the sediment and do not use a cutting device.

The cutter head system is the most common hydraulic technology used to remove sediment. Cutter head
hydraulic dredges can remove a wide variety of sediment types, including dense sand and hard clay.
Because suction hydraulic dredges do not use a cutting device to loosen the sediment, they can only
generally remove soft sediment with little debris. Suction hydraulic dredges often include water jets to

help loosen and slurry the sediment.

Hybrid Dredging

Hybrid dredges use mechanical devices to remove sediment. Water then is added to the sediment,
creating a slurry that is subsequently pumped to a desired location. The hybrid process option includes
various pumps that can move slurries with higher solids content than traditional hydraulic dredges so that

much less water may be required to make the slurry.

Pneumatic Dredging

Pneumatic dredges are similar to hydraulic dredges, except that in place of a pump, they use a pressure
gradient created with compressed air to lift and move dredged material. Pneumatic dredges are not

common and are used primarily for small-scale cleanup of spilled contaminants and marine archaeology.

Screening of Dredging/Excavation

Given their similarity, the screening assessment for dredging/excavation systems is completed

simultaneously.

Effectiveness

Dredging has been demonstrated at numerous sites and is an effective technology to remove a
contaminated medium such as sediment from an impacted aquatic environment. Dredging is effective at
addressing any class of contaminant (i.e., organic or inorganic) because it physically and non-selectively
removes impacted material. Thus, dredging would be capable of addressing the contamination present in
Inner and Outer Pier 1 sediment. Dredging effectiveness can be limited due to the potential for surface
sediment mixing, resuspension and redeposition, and limitations in the precision of dredging equipment.
However, these limitations would only be significant for Outer Pier 1 because Inner Pier 1 is highly

confined laterally by structures and vertically by bedrock.
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The release of COCs into the water column can be minimized with an environmental bucket that provides
a better seal than conventional buckets and/or the spread of resuspended contaminants beyond the
dredge site can be minimized with a silt curtain. Mechanical dredging can leave a rougher bottom surface
compared to some hydraulic systems, and mechanical dredges remove the least amount of water, thus
minimizing dewatering and/or treatment needs. Some sloughing can occur, which can create the need
for additional dredge passes. Hydraulic dredging typically creates a sediment slurry with a higher water
content than mechanical dredging, which can require additional on-site processing. However, closed
recirculation systems have been devised to reduce the slurry water content. Less sloughing typically

occurs with hydraulic dredging than mechanical dredging.

Hybrid dredging consists of components of both mechanical and hydraulic dredging systems and is also
an effective method of sediment removal. However, the effectiveness of hybrid dredging can be limited
by its inherent inefficiency (i.e., by sequentially instead of simultaneously dredging, slurrying, and
transporting). The effectiveness of pneumatic dredging for sediment remediation is largely undocumented

because this technology is more commonly applied in other contexts (e.g., archaeology).

Implementability

Dredging is a proven technology and can be implemented readily at most sites. Debris in the sediment
can result in some complications and cost increases. Because of the very confined nature of Inner Pier 1,
dredging would not require additional characterization for the accurate design of dredge prisms
(i.e., lateral and vertical zones requiring dredging). None of the COCs for which the removal actions at
Inner and Outer Pier 1 Inner Area are specifically proposed would inhibit the ability to implement
dredging.

Cost

Actual dredging/excavation costs are relatively low. However, post-dredging/excavation sediment
management costs can substantially increase the overall costs of a dredging removal action. Removing
contaminated sediment eliminates many long-term monitoring costs associated with capping and other in-

situ actions.

Screening Results

Overall, dredging/excavation is a proven technology that is effective and highly implementable. Hybrid
dredging is inherently less efficient than mechanical or hydraulic dredging, and pneumatic dredging is not
well studied in the context of environmental sediment remediation. Hydraulic dredging typically functions

more efficiently for larger-scale dredging projects than that for Inner and Outer Pier 1. In addition, the
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limited site access, very confined space for support functions, and relative shallow depths of water and
sediment all favor mechanical dredging/excavation as a reasonable removal action option for Inner and
Outer Pier 1. Therefore, mechanical dredging/excavation is retained for further analysis in Section 5.0.
For Inner Pier 1, both shore- and barge-mounted excavation equipment will be evaluated. For Outer

Pier 1, only barge-mounted equipment will be evaluated.

4.2.5 In-Situ Capping

Capping involves the controlled placement of uncontaminated material over contaminated sediment to
isolate contaminants from the surrounding environment and potential human or ecological receptors.
Capping also stabilizes sediment, minimizing the potential for contaminant resuspension and transport or
the flux of contamination to the overlying water column. Capping is generally most appropriate for
locations where the risk associated with contaminants is low to moderate, routine disturbance
(e.g., maintenance dredging) is not required to support local functions such as navigation, and in
relatively low-energy environments that ensure cap stability. Capping also can be employed at higher risk

sites where more invasive remediation techniques (i.e., dredging) are not viable or are cost-prohibitive.

Materials commonly used in sediment capping include clean sediment, sand, or gravel. In certain
instances, a more complicated engineered capping system can involve geosynthetics
(e.g., geomembranes or geotextiles) or multiple layers of various materials. Other capping materials are
available that incorporate chemical additives to facilitate contaminant degradation. One example could
be the use of an activated carbon cap, where granular activated carbon is used to sequester hydrophobic
contaminants like PCBs.

Cap armoring can be employed to further stabilize cap materials and generally consists of the placement
of riprap or gravel over the clean cap. Cap armoring can be used in higher energy environments where
currents, waves, or mechanical disturbance (e.g., propeller wash) could potentially lift or disturb the cap

material.

Capping can be implemented as a sole remedy or in conjunction with other remedial techniques. For
example, dredging could be implemented to remove sediment contamination to a certain predetermined
depth or to remove hotspots, and then a cap could be installed to isolate residual contamination
remaining after dredging. Institutional and/or engineering controls are commonly employed in conjunction
with caps, such as navigational restrictions, physical access restrictions, deed notices, or future dredging
restrictions. These controls minimize the potential for cap disturbance and potential subsequent

exposure of human or ecological receptors to sediment contamination.
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A monitoring program is commonly required when a cap is used to remediate contaminated sediment

sites. Monitoring techniques such as sediment coring, bathymetric surveying, video profiling, and surface

sediment sampling can be used to evaluate the potential for upward contaminant migration into or

through the clean cap layer, biological perturbation of the cap, or the potential for cap displacement,
shifting, or erosion.

Screening of In-Situ Capping
Effectiveness

Capping would not remove contaminated sediment or reduce its toxicity. Nonetheless, capping is a well-
established and proven technology that could be effective in preventing direct exposure of ecological
receptors to the contaminated sediment. A cap could also be effective in minimizing the potential for off
site migration of contaminated sediment principally as a result of erosion and sedimentation. However,
the continued effectiveness of a cap depends on the long-term maintenance of its integrity, and this could
be difficult to achieve because the areas to be capped are subject to a high level of ship traffic and may
have to be periodically dredged to remain navigable. For Inner and Outer Pier 1, the effectiveness of a
sediment cap could be significantly enhanced by the previously evaluated LUCs, which would prevent
uncontrolled disturbance of contaminated sediment.

Implementability

Installation of a cap over contaminated sediment is typically fairly easy to implement, and the required
material and services are readily available. However, this technology would be difficult to implement at
the Lower Subase because it would significantly interfere with the activities of the facility. Not only would
the initial construction of the cap interfere with normal ship movements and harbor activities, but, as
mentioned above, these same movements and activities could also undermine the long-term structural
integrity of cap, which would thus require frequent monitoring and maintenance. Because of the need to
maintain a specified depth of water for navigation purposes, it is likely that placement of a cap would
require pre-dredging of a significant thickness of sediment. For Inner Pier 1, this pre-dredging would

probably result in removal of most of the sediment, thereby eliminating the need for capping.

Cost

The capital costs for capping would be low to moderate. Because of the need for frequent and long-term

monitoring and maintenance, O&M costs would be relatively high.
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Screening Results

Although there are some significant concerns about its long-term effectiveness and practical
implementability, capping of the Outer Pier 1 area is retained for further analysis in Section 5.0 because,
with adequate long-term maintenance, it would be effective and constitute a viable alternative to the more
complex and costly removal and off-site disposal of contaminated sediment. However, capping is
eliminated from further consideration for Inner Pier 1 because, as noted above, its implementation would

likely result in the removal of most of the contaminated sediment, thus eliminating the need for capping.

4.2.6 In-Situ Treatment

Several technologies are emerging that allow contaminated sediment to be treated in place to destroy or
immobilize contaminants without the need for sediment removal (i.e., dredging/excavation). In-situ
treatment technologies are applied to protect potential human or ecological receptors from contact with
contaminated sediment or to minimize the mobility, toxicity or bioavailability of contamination. Four in-situ
treatment options potentially applicable to Inner and Outer Pier 1, granular activated carbon (GAC)
amendment, nanoscale iron amendment, in-situ bioremediation, and in-situ stabilization, are described

below.

GAC Amendment

Adsorption of sediment COCs onto GAC would limit their mobility and bioavailability to receptors by
sequestering them from the aqueous phase (i.e., pore water and the water column). At Inner and Outer
Pier 1, GAC could be applied to adsorb organic COCs such as PCBs and PAHs from contaminated
sediment. However, this technology has not been significantly field tested and would likely be ineffective

at addressing metals.

Nanoscale Iron Amendment

Nanoscale iron [i.e., synthesized nanometer-size zero-valent iron (ZVI) particles] can be used to
chemically reduce and dechlorinate halogenated organic COCs. In the laboratory, nanoscale iron
reduction of PCBs has led to complete dechlorination to biphenyls (Gardner and Aulisio, 2003). Notably,
microscale (i.e., micrometer-size) ZVI is ineffective at dechlorinating PCBs except at elevated
temperatures and pressures (Yak et al., 2000). Like GAC amendment, nanoscale iron amendment has
not yet been significantly field tested. In addition, the effectiveness of nanoscale iron amendment for the

removal of heavy metals also remains untested.
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Bioremediation

In-situ bioremediation is an emerging technology that may include biostimulatio