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1 INTRODUCTION

1.1 Overview

In 1995, Honeywell (formerly AlliedSignal, Inc.), the Atlantic Richfield Company (ARCO), and
the Georgia Power Company entered into an Administrative Order on Consent (EPA Docket
No.: 95-17-C) with the US Environmental Protection Agency (EPA). The AOC requires a
Remedial Investigation/Feasibility Study (RI/FS) of the LCP Chemicals Site located in
Brunswick, Georgia, to evaluate current conditions and assess response options for the site. The
Site is being managed as three Operable Units (OUs). The estuarine setting constitutes OU One
(OUY).

This document reports the results of the Remedial Investigation (RI), which describes the nature
and spatial distribution of chemicals of concern (COCs) in the estuarine sediments. COCs are
derived from the predecessor documents including the Human Health Risk Assessment
(HHBRA) document (EPS, 2011) and the Baseline Ecological Risk Assessment (BERA)
document (Black and Veatch, 2011), incorporated into this document by reference.

Data have been collected across the LCP marsh over the course of the last 15 years. The size of
the database is quite large, with multiple types of data including sediment chemistry, sediment
toxicity, pore water and surface water chemistry, multiple biological species tissue concentration,
and data pertaining to bioavailability. These data and corresponding interpretations of the data
have been reported out in detail in numerous deliverables generally incorporated into this RI
Report by reference. Key deliverables previously prepared in support of this Rl Report include
the HHBRA and BERA documents referenced above, as well as the following deliverables:

e Ecological Assessment — Ecological Risk Evaluation of the Salt Marsh and Adjacent
Avreas of the LCP Superfund Site, Brunswick, Georgia (Sprenger et al., 1997)

e Ecological Risk Assessment of the Marsh Area of the LCP Chemicals Site in Brunswick,
Georgia (PTI and CDR, 1998)

e Comprehensive Report of Estuarine Ecological Monitoring at the LCP Chemicals Site,
2000-2003 (MWH, 2005).

All of these data are maintained in a relational database that has been provided to the EPA and
Georgia Environmental Protection Division (GAEPD), and the risk assessment reports are
included by reference. Therefore it is not necessary to reproduce all of these data herein. This RI
Report focuses upon the presentation of sediment chemistry data, as ultimately it is the sediment
chemical condition that will form the basis for the scoping of the remedial action.
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Purpose

The purpose of this report is to present the current site conditions and summary of risks
associated with the LCP salt marsh. It provides the basis for the subsequent FS documents that
will present an evaluation of remedial alternatives for the Site.

1.3

Report Organization

The RI Report is organized as follows:

Section 2 presents background information

Section 3 provides information on the site setting

Section 4 presents information related to the removal response action previously
performed in the marsh

Section 5 describes the work performed in support of the RI characterization following
the removal action phase

Section 6 presents the nature and extent of contamination

Section 7 describes chemical transport and fate

Section 8 is a summary of the HHBRA and BERA

Section 9 presents the cited references.
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2 BACKGROUND

2.1 Location and Surroundings

The former LCP Site property occupies approximately 813 acres immediately northwest of the
City of Brunswick, Glynn County, Georgia (Figure 2-1). The property is bordered by a county
land disposal facility and a pistol firing range on the north, Ross Road on the east, the Turtle
River and associated marshes to the west, and Georgia-Pacific Cellulose to the south. Tidal
marshland comprises about 670+ acres of the property. Former manufacturing operations at the
LCP Site were located on 133.5 acres of upland area, east of the marsh.

2.2 Past Industrial Activities

ARCO, a successor of the Atlantic Refining Company, operated the Site as a petroleum refinery
from 1919 to the early 1930s. At one time, over 100 process and storage tanks were present on
Site. The refinery was fueled by coal until 1922, after which oil was used as fuel. The refinery
ceased operations by 1935. Concrete tank supports and numerous buildings from this period
remain at the Site. Much of the steel was salvaged for scrap in World War 1l or moved to other
locations (GAEPD, 1990).

Georgia Power purchased portions of the Site in 1937, 1942, and 1950. These purchases
included two parcels of land and two 750 kilowatt (kW) electric generators from ARCO.
Georgia Power subsequently added an additional 4.0 megawatts of electric generation capacity at
the Site. Thus, power generation capacity increased at the Site from 1500 kW in 1937 to 5500
kW by 1941. Bunker C oil was used as the fuel source for the power plant (GAEPD, 1990).

The Dixie Paint and Varnish Company operated a paint and varnish manufacturing facility at the
Site from 1941 to 1955 on a portion of the Site property south of the Georgia Power parcel. The
Dixie Paint and Varnish Company became the Dixie O’Brien Corporation and eventually a
wholly owned subsidiary of the O’Brien Corporation (GAEPD, 1990).

In 1955, after acquiring almost all the land constituting what is now known to be the Site, Allied
Chemical and Dye Corporation (now Honeywell) established and operated a chlor-alkali facility
at the Site, principally for the production of chlorine gas, hydrogen gas, and caustic solution. The
plant operated using the mercury cell process, which involves passing a concentrated brine
solution between stationary graphite or metal anode and a flowing mercury cathode to produce
chlorine gas, sodium hydroxide (caustic) solution, and hydrogen gas. Sodium hypochlorite
(bleach) was also produced in a secondary reaction.

LCP purchased the property and chlor-alkali plant in 1979. The chlor-alkali process continued
with modification following the purchase. Part of the modification included the production of
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hydrochloric acid by reacting chlorine and hydrogen. Manufacturing operations continued until
February 1994, when LCP’s corporate headquarters implemented an “orderly shutdown” of the
plant on February 1, 1994,

2.3 Site Features

Figure 2-2 illustrates the key features of the uplands portion of the Site. The dominant physical
feature of the Site property is the 670+ acres of tidal marsh located in the western areas of the
Site. The salt marsh is characterized by a flat, heavily vegetated surface (approximate elevation
of 2 feet (ft) to 3 ft above mean sea level) dissected by numerous channels and larger creeks
under tidal influence from nearby Turtle River.

The upland area to the east of the marshland is characterized by gently sloping terrain from
approximately 5 ft above mean sea level along the marsh/upland border to an elevation of
approximately 15 ft above mean sea level along Ross Road. This area of the Site is roughly
divided in half by the east-west entrance road (B Street). Operations related to the chlor-alkali
process were primarily located in the areas south of the entrance road and the area of the boiler
house north of B Street, along with smaller isolated waste disposal areas dispersed over the
northern half of the Site. The location of the former chlor-alkali plant is covered with a soil cap
and is fenced. Refinery operations were present over most of the upland areas. Other than an
electrical substation, which has been taken out of service, power generation facilities were north
of B Street. The Dixie paint operations were located on the south side of B Street. The southern
border of the Site is defined by another rail spur that goes almost to the Turtle River before
heading south onto the Georgia-Pacific Cellulose property. B Street is paved to just beyond the
north storage warehouse, and is unpaved along the causeway that extends west to Purvis Creek.
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3 SITE SETTING

3.1 Land Use and Demographics

The LCP property is surrounded primarily by commercial and industrial property. It is bordered
by a county land disposal facility and a pistol firing range to the north, a tidal marsh and the
Turtle River to the west, the Georgia-Pacific Cellulose facility to the south, and Ross Road on
the east, which is defined as an industrial property. The Glynn County Planning Commission
Land Use Maps show the area designated as industrial for both present and future use. The
“useable” areas of the Site, the marshland from the east bank of Purvis Creek, and the Georgia-
Pacific Cellulose site to the south are all zoned “Basic Industrial.” The former SIC code for the
property is 2812 (Chemicals and Allied Products, Alkalies and Chlorine), which falls within the
GAEPD’s regulatory definition of non-residential property (391-3-19-.02(2)(i)).

3.2 Physical Setting and Hydrodynamics of the LCP Estuary

3.2.1 General Setting of the LCP Estuary

The approximately 670+ acre LCP marsh is bordered to the west by Turtle River, to the north by
Gibson Creek (a tributary to Turtle River) and the Georgia-Pacific Cellulose facility to the south.
The prevailing feature of the LCP marsh is Purvis Creek, which divides the marshlands roughly
in half - north to south (Figure 3-1A). Purvis Creek traverses most of the LCP estuary entering
at the southwest corner of the marsh near the Salt Dock and ending at the northeast upland-marsh
border. The tail end of Purvis Creek ends near the former county landfill, but also disperses into
a sinuous array of small channels to the north. Purvis Creek has a maximum depth of
approximately 11 ft and a maximum width of 500 ft (GAEPD, 1990). The Turtle River is a
tidally influenced estuary as are Purvis Creek and other smaller channels, and is considered salt
water in the vicinity of Brunswick and the LCP Site. The Turtle River can vary in excess of 9 ft
during a tidal cycle.

Numerous smaller tidal channels occur in the LCP estuary. Many of these channels have been
named in the course of the BERA including the manmade LCP Ditch (a.k.a. Main Canal), the
Eastern Creek, the Western Creek Complex, the Landfill Creek, and the Dillon Duck (Figure
3-1A). The LCP Ditch runs adjacent to the manmade causeway extending from the LCP upland
to Purvis Creek. The Eastern Creek feeds into the LCP Ditch at approximately its midpoint and
drains the eastern half of the LCP marsh south of the causeway road (Figure 3-1A).
Approximately 500 ft downstream from where the LCP Ditch enters Purvis Creek is the mouth
of the Western Creek Complex. The Western Creek Complex is comprised of three principal
channels and drains the western half of the LCP marsh below the causeway. The Landfill Creek
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borders the old county landfill at the northern portion of the LCP marsh, and is proximate to the
Dillon Duck feature. The physical breakup of the LCP marsh by these physical features lead to
the development of “domains” in the BERA, or areas of similar physical setting (and
contaminant characteristic), shown also on Figure 3-1A.

3.2.2 Spartina Salt Marshes

Spartina-dominated salt marshes, such as are common in the Southeastern United States and the
LCP Site, are broad, nearly level meadows dominated by a plant community with differing
tolerances to tidal inundation and the resultant fluctuations in dissolved oxygen availability as
well as surface water and soil salinity. Salt marshes develop on low energy coastlines where tide
and wave forces are limited and sedimentation allows for the development of salt tolerant plant
communities. The development of anchored plant communities initiates a feedback loop for
marsh propagation because rooted vegetation tends to dampen flow velocities, resulting in the
enhanced potential for sedimentation in the vicinity of extant vegetation. In terms of landscape
geometry, salt marshes can be defined by a bimodal distribution of elevations, in which any
particular location is characterized as either marsh surface or tidal mud (or sand) flat (Fagherazzi
et al. 2006). Areas of intermediate elevation tend to become either destabilized through the
action of shallow water waves or stabilized through vegetative growth, such that marsh geometry
is more commonly defined by flat planes (i.e., the marsh surface and tidal flat) and right angles
(i.e., the marsh edge), than by sloped surfaces.

In Spartina-dominated marshes, cordgrass meadows are interspersed with tidal creeks many of
which drain to expose mudflats at low tide. The scale and orientation of tidal creeks varies
widely, with the result that, although salt marshes are described by a banded succession of plant
species from the low marsh (dominated by the cordgrass Spartina alternifola) to the intermediate
marsh (dominated by the cordgrass Spartina patens) to the high marsh (dominated by the
needlerush Juncus sp. and the bulrush Scirpus sp.), this spatial distribution of plant types is also
strongly influenced by proximity to tidal creeks, with low marsh vegetation commonly
dominating the plant community on the creek banks. The schematic shown below illustrates the
physiographic features typical of salt marshes in Georgia. The interaction of biological and
physical process within a salt marsh thus results in the development of low marsh habitat and
resultant creek edges/boundaries that interweave throughout the marsh.
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Fig. 2.2. Cross-sectional view of the sedimentary development of an intertidal salt marsh, based on the model of Frey and Basan
(1983).

Although salt marshes may receive sediment from the shoreward direction, the dominant
external source of sediment to salt marshes is the coastal ocean. Salt marshes are “net
depositional” coastal features, and thus act as “sediment sinks,” particularly when viewed on a
large scale and over the long term. Studies of contaminant storage in salt marshes, for example,
commonly conclude that marsh cores serve as reliable chronologies of contaminant inputs
(Cundy et al., 1997; Fox et al., 1999). This overall assessment of sediment (and chemical)
retention in salt marshes is scale-dependent, however, and marsh accretion rates (vertically and
laterally) are significantly influenced by factors including: the age of the marsh; tidal range; the
magnitude and consistency of sediment supply from the coastal ocean; the extent to which high
energy weather events are dominated by onshore versus offshore winds; and human behavior
(Van der Wal and Pye, 2004; Temmerman et al., 2004; Draut et al., 2005). Moreover, localized
erosion, such as along the edges of tidal creeks, can redistribute sediment mass within an estuary
or embayment (Feagin et al., 2009).

3.2.3 Historical Alteration of the Tidal Channels

Historical developments altered marsh drainage patterns at the Site. Portions of the marsh have
been isolated from their original stream drainages to Purvis Creek and the Turtle River due to
construction of causeways that lead to a tanker dock on the Turtle River and to the area now
occupied by the salt dock (Figure 3-1A). Although these activities occurred prior to available
aerial photography over the area, ponded water in isolated drainages was visible in 1942,
indicating continuing adjustment of the drainage system to the causeway construction.

Glynn County began landfilling operations around 1953 just north of the Site along the edge of
the marsh. By 1968, this landfill had isolated approximately 20 acres of marsh just north of the
tanker dock causeway from its drainage to the north (Figure 3-1A). Over the last few decades,
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this area has adjusted to drain directly westward. There appears to be no other county
infrastructure present in the area in 1965. The 1968 aerial shows some buildings were
constructed on the county property. By 1970 the landfill has expanded along its perimeter (to
approximately its current configuration) and portions of a bordering tidal channel appear to have
been filled. The pistol firing range first appears in the 1973 aerial.

The most recent alteration of marsh drainage patterns occurred during the 1998-1999 marsh
removal action. During the marsh removal action a temporary piling wall was erected in the
marsh to isolate the approximately 13 acres of removal area. As a result of the piling wall a
portion of Eastern Creek adjusted its route at the southern end of the removal action area. In
addition, tidal channels or tributaries to Eastern Creek extending landward were truncated.
These features and the footprint of the marsh removal area are visible in more recent aerial
photographs.

3.2.4 Estuarine Hydrodynamics

The Turtle River and its associated tidal creeks and tributaries are not rivers and creeks in the
traditional sense; rather, they are tidally influenced systems. Studies of estuarine hydrodynamics
of the Duplin River, a tidal channel of similar character and setting to the Turtle River, provide
insight into the hydrology and characteristics within the LCP marsh and broader area of the
Turtle River (Ragotzkie and Bryson, 1955; Ragotzkie and Pomeroy, 1957). The hydrodynamics
within the Turtle River and its tributaries is governed by semi-diurnal tidal forces. Three tidal
zones (termed “prisms”) occur in these types of estuarine river systems, as well as within smaller
tidal channels:

e Headwater Zone (upper reaches) — water rises from the channel onto the marsh flats on
the flood tide, and spills back into the channel on the ebb.

e Middle Zone — water oscillates (with little mixing) back and forth with tides.

e Lower Zone (mouth) — water leaves the river channel on each ebb tide and is replaced
with “new” water on the subsequent flood tide (this phenomenon is termed “excursion”).

During the flood tide, water feeds in from St. Simons Sound and into the Turtle River and into
smaller tidal channel reaches. As the water level rises, it spills over the channel banks and across
the broad vegetated marsh flats. This water spreads to the point of the “tidal node” where it
meets flood tide waters from an adjacent channel. Waters then recede from the tidal node back
into the channels during the ebb tide cycle. Ebb tides have slightly higher water velocity than the
flood tide whereas the flood tide duration is slightly longer compared to ebb. A generalized
conceptual model of the marsh hydrodynamics is central to the discussion and understanding of
observed COC distributions presented later in this document.
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3.3 Physical and General Chemical Properties of the Marsh Flats
and Tidal Channel Sediments

3.3.1 Marsh Sediment Classification

According to the Soil Conservation Survey of Glynn County, the marsh areas are underlain by
soils of the Bohicket-Capers association (BO or Bohicket) (Rigdon and Green, 1980). Rigdon
and Green (1980) describe Bohicket soils as follows:

[The BO soils]...consist of very poorly drained soils in a regular and repeating pattern.
The landscape consists of level tidal marshes that border the Atlantic Ocean and extend a
few miles inland along creeks and rivers...These soils formed in silty and clayey marine
sediment.

Bohicket soils make up 80 percent of the unit. Typically, the surface layer is dark gray
silty clay loam about 8 inches thick. The substratum is dark greenish-gray silty clay and
clay to a depth of 65 inches or more. There are many fibrous grass roots throughout.
Bohicket soils have very slow permeability...The sulfur content is 2 to 3 percent and a
strong hydrogen sulfide odor is noticeable when the soil is disturbed. Bohicket soils are
flooded by seawater twice each day.

The Bohicket soils in the LCP Estuary may not be as generally characterized by Ridgon and
Green (1980). For example, though site-specific sediment data from the 2000 and 2006
ecological sampling field events do not include total sulfur data, sulfide content ranged from 0.2
milligrams per kilogram (mg/kg) to 1,300 mg/kg, with a mean of 240.9 mg/kg (n = 102), which
is lower than reported by Rigdon and Green (1980).

3.3.2 Physical Properties of Marsh and Channel Sediments

One of the “supplemental studies” conducted as part of the 2002 ecological monitoring event
involved the collection of sediment samples for characterization of physical/chemical properties.
Table 3-1 summarizes the results of the geochemical properties testing of these marsh sediment
samples, and these sampling locations are indicated on Figure 3-1B. The soil pH was neutral to
slightly alkaline and ranged from 7.2 to 8.0 standard units. Total organic carbon (TOC) levels
were high and ranged from 1,900 to 130,000 mg/kg on a dry weight basis (0.19% to 13%), with
most samples in the 3% to 6% range. This reflects a typical wetlands environment with
relatively slow decomposition of organic matter (OM) under submerged and partially anaerobic
conditions, which leads to an accumulation of organic carbon in surface sediment. The cation
exchange capacity (CEC) was fairly high, and ranged from 22 to 41 centimoles of charge per
kilogram (cmol¢/kg). It was much higher than the anion exchange capacity (AEC), as would be
expected under mildly alkaline soil conditions. These CEC concentrations are consistent with
typical ranges observed in soils with high OM content and neutral to alkaline pH conditions such
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as Mollisols and Histosols (Sumner, 2000). Iron oxide levels ranged from non-detect to 8,400
mg/kg (0.84%), with most samples being in the 0.3% to 0.4% range.

The channel sediments consisted mostly of clayey silt with very high moisture contents. Results
of the particle size analysis for samples are summarized in Table 3-2, the sampling locations are
shown on Figure 3-1B. The texture classification of these samples ranged from sandy clay loam
(two samples) to sandy clay (two samples) to clay (four samples) according to the United States
Department of Agriculture (USDA) soil texture triangle. The high CEC of these samples is a
reflection of the high organic carbon and clay content in these sediments.

Mineralogical testing results are summarized in Table 3-3, the sampling locations are shown on
Figure 3-1B. Mineralogical analysis was performed to identify major reactive soil components
that may be controlling mercury and lead solubility. The mineralogical analysis identified
quartz, pyrite, halite, clay (i.e., unspecified clay minerals), non-crystalline inorganics, and
organics. The predominant minerals, by weight, were non-crystalline inorganics, which includes
amorphous iron oxides and other precipitates, and quartz. A significant percentage by weight
(generally 10 - 20%) of the sediment makeup was identified as organic matter (OM).

3.3.3 Generalized Marsh Site Model

A cross-sectional view of the LCP marsh, including the transition from the upland is provided in
Figure 3-2. The dominant features of the cross section, from the surface down include a dense
root mat, a low permeability marsh clay (1.3x10” to 1.8x10® cm/s (GeoSyntec, 1997)), the
Satilla Sand aquifer, and at the base the cemented sandstone layer.

The dense root mat zone exhibits high organic carbon content (5,300 to 80,000 mg/kg) and
supports an active layer of Spartina grass. Below the root mat zone, the marsh clay extends
several feet in depth (on average about 7-8 ft). Below the marsh clay is the Satilla Sand aquifer,
which is composed primarily of fine to medium grained sand. Beneath the Satilla Sands is the
semi-confining cemented sandstone layer.

3.3.4 Marsh Stratigraphy

Two episodes of investigation into the thickness and continuity of the marsh surface clay have
been completed (see “MC” and “MGB” boring locations on Figure 3-3). The first investigation
(MC borings) consisted of 24 hand auger borings used to evaluate the thickness and nature of the
marsh clay near the marsh edge. The second investigation (MGB borings) consisted of 14 hand
auger borings in the eventual marsh flats removal area. These studies were supplemented with
boring logs from marsh monitoring well installations and more recent “peeper” installations in
the marsh to depict the thickness of the marsh clay that overlies the surficial aquifer. Figure 3-4
shows the clay thickness measured at these numerous locations throughout the marsh. At all but
one near-shore location, the marsh clay thickness generally ranged from 5 to 10.5 ft; there was
one location where the marsh clay was reported to be 20 ft thick. The one location that had less
than 5 ft of clay was located at the marsh shore and had a thickness of 2.5 ft.
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Drawing 1 shows a number of stratigraphic cross sections across the LCP marsh along the near-
shore area. The stratigraphy is characterized in a downward sequence of mixed root mat with
sediment, a “muck” or very soft clay layer, a layer of firm clay transitioning to sandy clay/clayey
sand and then to the Satilla Sand aquifer (surficial aquifer at the Site).

These measurements were used with the infrared (IR) imaging to characterize the contiguousness
of the marsh clay layer in the context of the groundwater conceptual site model (see Section 7.3).
Though the stratigraphic profile is generally consistent across the area of investigation, the IR
imaging identified localized discontinuities in the marsh surface temperature (Stockton Infrared
Thermographic Services, 2009). Notably, the IR imagery was unable to penetrate submerged
rivers and creeks. Thus, additional discontinuities may exist in certain larger channels (creeks)
that meander through the estuary marsh and that were submerged during the IR imaging process,
but these areas also are net depositional and thus are expected to be consistent with the marsh
clay layer.

The distributions of total organic carbon (TOC) and fine particles throughout the site are shown
in Figures 3-5 and 3-6, respectively. In undisturbed areas, the average TOC levels were
generally above 2.5%, except at a few isolated locations (Figure 3-5); lower levels of 1% to 2.5%
and < 1% TOC occurred in the remediated areas of Domain 1, which is attributed to the borrow
material used to backfill the marsh after remediation. A consistent distribution of average
percent fine particulates also was observed; most locations in undisturbed areas had >75% fines,
and all had >50% fines, consistent with mud flat channels. Less than 25-50% fines occurred in
the remediated areas of Domain 1, which also was attributed to the borrow material used to
backfill the marsh.
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4 SITE INVESTIGATIONS PERFORMED IN
SUPPORT OF THE 1998-1999 MARSH
REMOVAL ACTION

4.1 Pre-removal Marsh Characterization Events

4.1.1 Overview

Multiple parties performed investigations in the LCP marsh to determine the scope of a removal
action that was performed in 1998-1999. The EPA conducted a three-phase sample investigation
during 1995 in the marsh flats and the tidal channels at the direction of the On-Scene
Coordinator (OSC) for use in assessing the need for and scope of removal action in the marsh.
GeoSyntec Consultants (GeoSyntec) performed limited sampling in the marsh over the period of
1995-1997, and PTI Environmental Services (PTI) performed additional sampling in 1996. The
National Oceanic and Atmospheric Administration (NOAA) also performed a monitoring study
in the marsh and tidal channels in 1997. A summary of these events is provided below and
figures are provided for each major sampling event.

4.1.2 EPA (1995)

The EPA conducted three sampling events in 1995. A major part of the EPA’s sampling
program was conducted along a grid, established immediately west of the Former Facility
Disposal Area (FFDA) (a former land disposal site) and south of the B-Street causeway (Figure
4-1). Additional sampling in the outer reaches of the LCP estuary (west of Purvis Creek) was
also performed. Figure 4-1 shows the separate phases of these sampling events. In all, over 200
separate locations were sampled by EPA in 1995. These sampling events included other media
samples such as biota and toxicological test samples in addition to sediment chemistry.

4.1.3 PTI(1996)

In 1996 PTI completed a sediment sampling event consistent with the event completed by the
EPA in 1995, involving sampling at well over 100 separate locations across the LCP marsh and
adjacent area. This sampling event was completed in part to confirm the 1995 EPA results
which lacked accurate position coordinates due to global position limitations during this period.
Sediment sampling was focused in the in the area between the marsh-upland border and Eastern
Creek below the B-Street causeway (Figure 4-2). Additional sampling in the outer reaches of the
LCP estuary (west of Purvis Creek) was also performed but at a lower sampling density. This
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sampling event included other media samples such as biota and toxicological test samples in
addition to sediment chemistry.

4.1.4 GeoSyntec Consultants (1995-1997)

GeoSyntec performed more limited scopes of sampling in support of the other studies by EPA
and PTI, prior to the removal action. GeoSyntec conducted two sampling events in 1995. The
first event, conducted in June 1995, involved sediment sampling at 17 locations in the marsh
along the perimeter of the FFDA and two additional locations in the same vicinity (this event is
labeled in the database as “1995-sed”). Later in September 1995, in support of the uplands
removal action, GeoSyntec sampled near-shore sediment at three locations immediately west of
each of two former API separators (one north of B-Street and one south of B-Street). This event
is labeled in the database as “GeoSyntec Removal Action Sampling”. In 1996, three locations
were sampled in the Dillon Duck area at the north end of the Site and two locations were
sampled west of the FFDA in support of a removal action treatability test. A more
comprehensive sampling was performed in 1997 involving sediment collection from 22 locations
across the entire LCP marsh (identified as the “1997-sed” event). These sampling events are
depicted on Figure 4-3.

4.15 NOAA (1997)

In 1997, NOAA performed a sampling event involving eight locations across the LCP marsh
(Figure 4-4). The study focused on sediment sampling in the LCP estuary south of the B-Street
causeway and east of Purvis Creek. Biota and sediment samples were also collected for
laboratory toxicity testing.

4.2 Sampling in Support of the 1998-1999 Marsh Removal
Response Action

In 1998-1999, approximately 13 acres of marsh flats (nearest the sources of historical facility
discharges) were excavated, backfilled to restore grade, and re-vegetated with native marsh
grasses. Dredging was also performed along a portion of the Eastern Creek and in select portions
of the LCP Ditch (2,650 linear feet). Figure 4-5 shows the Marsh Removal Area and extent of
dredging in the LCP Ditch and Eastern Creek. Details of the removal response activities
performed at the marsh and tidal channels are documented in the “Close-Out Report, Marsh
Area” submitted to the EPA project OSC in October 1999 (GeoSyntec, 1999). This Close-Out
Report includes the following information: (i) characterization and delineation sampling and
analytical results, (ii) waste removal activities; (iii) confirmation sampling and analytical results;
(iv) removal record drawings; and (v) marsh flats restoration activities.

Sampling support for the marsh removal action included several separate events spanning the
timeframe from 1997 (pre-removal planning) through 1999 (post removal). These events were
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performed by GeoSyntec Consultants and included the following events (refer to Figure 4-6 for
locations):

e Fall 1997 LCP Ditch Sampling: Sample ID identified by Julian date; locations were
focused in the western half of the LCP Ditch along the bank and channel with 112
locations sampled in all; all samples were surface sediment (0-1ft).

e Marsh Exploration: 1997; 14 core sample locations with Sample ID "*MGB-"" at
sampling depths up to 7.5ft; exploration also included two exploratory test pits with
Sample ID ""MTD-"" with sampling down to 2ft; all locations were west of the FFDA.

e Eastern Marsh Delineation: 1998; involved collection of 14 surface (0-1ft) and shallow
subsurface (1-2ft) sediment samples along eastern portion of marsh, with Sample 1D
“MED-“.

e Marsh Delineation: 1998; involved collection of 52 surface (0-1ft) and shallow
subsurface (1-2 and 2-2.2ft) sediment samples west of the FFDA; identified with Sample
ID ""MS-"".

e Channel Sediment Characterization: 1998; shallow sediment core samples (depths to
about 2ft) at 14 locations within the LCP Ditch (east of its confluence with Eastern
Creek), identified with Sample ID "*CTS"".

e Channel Sediment Confirmational: 1998-99; program involved sediment sampling along
transects every 50 linear feet of the LCP Ditch channel (east of its confluence with
Eastern Creek) and along Eastern Creek (one in channel center and one on each bank);
sediment cores were taken to depths of up to about 4ft, all with Sample ID "*CSC-"".

e Marsh Confirmational: 1998-99; sampling was performed across the 13 acres of
remediated marsh flats immediately below the backfill soil, from 14 locations all with
Sample ID ""MSC-"*; separate event also involved re-sampling at three locations reported
in the 1995 EPA grid program (K-18; I-27; G30; J-31).

4.3 COC Distributions Established From the Removal Action
Sampling Support

4.3.1 Overview

The compilation of pre-removal action and removal action support sampling events provides a
comprehensive data set for the understanding of the original COC distributions in the marsh.
Data selected for the mapping of the surficial sediment condition were queried by the use of the
""D1" field (i.e., top of the sampling interval) in the database — in this case a D1 of 0 was chosen
to represent the surficial condition depicting the lateral distribution of COCs (Section 4.3.2
below). A discussion of the vertical distribution of COCs follows in Section 4.3.3.
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4.3.2 Lateral Distribution (Surficial Sediment)

4.3.2.1 Mercury (Figure 4-7A)

The pre-removal condition for mercury in the surficial marsh sediment is depicted in
Figure 4-7A. Concentrations in excess of 100 milligrams per kilogram (mg/kg) were common in
sediments bordering the FFDA, also in the same area where process sewer lines once discharged
process wastewater to the estuary. Mercury concentration decreases along a fairly sharp gradient
westward out along the marsh flats. For example, the concentration drops to a condition of about
10 mg/kg along a lateral distance of between 300 ft to 500 ft from the upland shoreline. The
LCP Ditch most proximate to the uplands also exhibited mercury concentration in sediment in
excess of 100 mg/kg, also following a general concentration gradient of decreasing concentration
further along the LCP Ditch. Another area of more elevated concentration is exhibited in the
Eastern Creek.

As previously mentioned, the scope of the marsh removal action was developed on the basis of
COC mass removal. The outer boundary of the 13-acre region of marsh flats removed/restored
represented a line estimated at 25 mg/kg mercury (see gray shaded area on Figure 4-7A).

4.3.2.2 Aroclor-1268 (Figure 4-7B)

The Aroclor-1268 pre-removal condition was quite similar to mercury (as described above), with
perhaps generally higher concentrations in the tidal channels and somewhat lower concentrations
in marsh flats compared to mercury at the same sampling locations.

4.3.2.3 Lead (Figure 4-7C)

The lateral distribution of lead in the surficial sediments was similar to mercury and Aroclor-
1268 in the areas described above, west of the FFDA and process sewer discharge locations that
discharged process wastewater. Here the near-shore sediments were generally in the range of
250 mg/kg to 500 mg/kg, diminishing to a range of around 10 mg/kg to 50 mg/kg a relatively
short distance westward with this condition then persisting throughout most all of the rest of the
LCP marsh. A second general area of elevated lead concentration occurs in the Dillon Duck
wetland area and adjacent tidal creek bordering the northern shoreline of the LCP Site and the
County landfill and firearms firing range further to the north.

4.3.2.4 PAHs (Figure 4-7D)

Figure 4-7D shows the lateral distribution of summed polycyclic aromatic hydrocarbons (PAHS)
(taking the sum of actual detected results; non-detect results were not factored into the
summation in order to maintain consistency of the summation across the multiple sampling
events with varying detection limits). Lesser locations were sampled for PAHSs, and the detected
concentrations were much lower than the other COCs with most locations under 1 mg/kg to
under 0.5 mg/kg. The more elevated concentrations are once again located in near-shore areas
both along the northern and southern shoreline areas and tidal channels.
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4.3.3 Vertical Distribution of COCs in Sediment

The vertical distribution of mercury,Aroclor-1268, lead, and total PAHs in the upper few feet of
marsh sediment was evaluated by EPA and PTI in the 1995 and 1996 sampling investigations,
respectively. Multiple samples were collected and tested for these COCs at discrete depths at
numerous locations:

e 20 locations were sampled in the area of greatest contamination of the marsh surface
(Domain 1)

e 2 locations were sampled in the areas of the Western Creek Complex (Domain 2)

e 6 locations were sampled in the northeast portion of the marsh (Domain 3)

e 4 locations were sampled in Purvis Creek

e 7 locations were sampled in LCP Ditch

Appendix Al provides graphical profiles of the depth-interval sampling results for the COCs.

Thirty nine cores were collected to different depths below the sediment surface to profile
chemical concentrations:

e 16 cores were collected to a depth of 0.8 ft or less (five in Domain 1, two in Domain 2,
four in Domain 3, three in Purvis Creek, and two in LCP Ditch)

e 20 cores were collected to a depth of 1 ft or 1.2 ft (15 in Domain 1, one in Purvis Creek?,
and four in LCP Ditch)

e Three cores were collected at varying depths deeper than 1.2 ft (two in Domain 3 and one
in LCP Ditch)

4.3.3.1 Observed Aroclor-1268 and Mercury Vertical Distributions

Among the 16 cores collected to a depth of 0.8 ft or less, non-detect levels were approached
within the upper 0.8 ft sample interval in eight cores. The remaining shorter profiles could not
be used to identify the depth of contamination at these locations because the data did not extend
beyond 0.8 ft, where declines in mercury and Aroclor-1268 concentrations were observed in the
deeper cores.

Among the 20 cores that were collected to a depth of 1 ft or 1.2 ft, 17 cores were characterized
by higher mercury and Aroclor-1268 concentrations that were confined to the upper 0.8 ft; while
concentrations at depths between 0.8 ft and 1.2 ft, approached non-detect levels.

Among the three cores collected at deeper depths, concentrations were low or approaching non-
detect at 1.6 ft or deeper. The LCP Ditch core showed decreasing concentrations that were less
than 20 mg/kg mercury and less than 2 mg/kg Aroclor-1268 at 1.6 ft depth. The two Domain 3
locations were characterized by low chemical concentrations at all depths (less than 6 mg/kg
mercury and less than 2 mg/kg Aroclor-1268).

! The Purvis Creek core PC110 was sampled to 1 ft for Aroclor-1268 and PAHs and to 2.25 ft for lead and mercury.
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4.3.3.2 Observed PAH and Lead Vertical Distributions

Total PAH and lead were not collected at all 39 locations, but all domains were represented. All
of the Domain 1 cores were collected from the removal area (pre-removal) and had lead
concentrations above 40 mg/kg. In the other locations, eight of the ten cores analyzed for lead
were characterized by sediment concentrations below 40 mg/kg at all depths , and eight of the
ten cores analyzed for PAHs were characterized by sediment concentrations below 4 mg/kg.
Sample locations in close proximity did not necessarily show similar trends (for example, HA-01
and HA-04 were less than 25 feet apart yet the total PAH concentrations at the 4-6 ft depth
interval was non-detect to 2 mg/kg in HA-01 and at the 5-ft depth interval the concentration was
83 mg/kg in HA-04).

4.3.3.3 Domain 1 Vertical Distributions Associated with the Removal Action

Additional depth profiling was performed as part of the marsh exploration sampling in 1997.
During this investigation, sampling was performed to depths of up to 8 ft in the Domain 1
Removal Area. Depth-interval maps of mercury, Aroclor-1268, and lead in the sediments are
provided in Appendix A2. Beyond depths of 1 ft, Aroclor-1268 concentrations were typically
non-detect, and mercury concentrations were below 10 mg/kg, except for core locations directly
adjacent to the LCP Ditch and the FFDA. Lead vertical profiles were confined to a depth of 3 ft,
but below depths of 1 ft lead concentrations were less than 50 mg/kg.

4.3.4 Distribution of Concentrations in Sediment Over Time

A total of 76 locations within the Site were sampled over multiple years and analyzed for
mercury or Aroclor-1268. Depending on the location, samples were collected 2 to 7 times
between 2000 and 2007. Figures 4-8A and 4-8B show temporal trends by creek or domain for
mercury and Aroclor-1268, respectively, for locations with at least four time points. All data
(including data for locations with two or three time points) are included in the project database
and are reported in Tables 4-1a and 4-1b for mercury and Aroclor-1268, respectively.

In general, there is not a consistent trend in surface sediment contamination levels over time for
either chemical, across the site. The r® the linear regressions representing each data point over
time are shown in Figures 4-1a and 4-1b. Overall, r* values average 0.34+0.32 for mercury and
0.30+0.31 for Aroclor-1268; median values were 0.24 and 0.19, respectively. Lower r* values
were obtained when samples were binned across the site. For example, when averaging all seven
samples collected at each time point for samples collected at seven time points, the r* values for
mercury and Aroclor 1268 were 0.15 and 0.05, respectively. Though it may be tempting to think
that there may be some trends when r? values were above 0.7 for some locations, such trends are
unreliable when considering that adjacent locations within the same area show much greater
variability and no reliable trends at all.
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The following reasons may explain the lack of downward trends:

1. It is often difficult to collect samples from precisely the same location during multiple
sample events; thus some of the observed variability may be due to localized spatial
heterogeneity in sediment concentrations.

2. Whereas the site is net depositional, deposition rates are low. Thus there has not been
substantial historical burial of surface sediment deposits over time, making it difficult to
discern historical time trends.

3. The relatively high concentrations in such locations as the LCP Ditch and Eastern Creek
areas may have contributed to localized mixing and localized sediment redistribution,
thus confounding the time trend results.
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WORK PERFORMED IN DIRECT
SUPPORT OF THE RI SITE
CHARACTERIZATION

5.1 Surveys

5.1.1 Property Boundary Survey

Pruitt and Purcell, P.C. surveyed the LCP property boundary in 1989. As second boundary
survey (with full title search) was completed by their successor company, EMC Engineering Inc.
in 2008. The most recent survey was completed by Shupe Surveying Company, P.C. in January
2009. The property boundary is provided in Figure 5-1.

5.1.2 Ground Surveys

Pruitt & Purcell, P.C, provided ground survey control throughout removal actions. Ground
surveys included: (i) establishing reference grids for removal excavation; (ii) establishing lateral
coordinate positions of sampling locations; and (iii) survey support for site grading. Subsequent
investigative sample locations were recorded with a field Global Positioning System (GPS).

.2 Post-removal Baseline Site Characterization and Subsequent
Annual Monitoring with Supplemental Studies

EPA requested that a baseline sampling event be performed following the marsh removal action,
in support of the BERA. This baseline event was performed in 2000 by CDR Environmental.
Beginning in the year 2002 and extending through 2007, annual monitoring was performed in
addition to numerous “supplemental studies.” The compilation of all of these data, from 2000 to
2007, represents more than 800 separate locations sampled across the LCP marsh flats, channels,
and locations beyond, in addition to the hundreds of separate sample locations prior to 2000.
Like the previous ecological studies performed by EPA in 1995 and PTI in 1996, the CDR
Environmental studies were multi-media in scope involving sediment chemistry, surface water
(and at times sediment pore water) chemistry, biota tissue, and various forms of toxicity testing.
The following data presentation focuses upon the sediment chemistry.

e 2000 Baseline Event (Figure 5-2A): sediment Sample ID "'C-*" and "*M-"" depicting
separate locations for creek (channel) and marsh (flats), respectively; 46 locations often
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with paired C and M samples; also several locations of the EPA 1995 sampling grid
(outside the removal action zone) were resampled.

2002 Eco Event (Figure 5-2B): many of same "*C-