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EXECUTIVE SUMMARY

An investigation was conducted in May 2004 as part of the Disposal Area
Monitoring System (DAMOS) to assess the physical distribution of sediments and
chemical profiles in two engineered mounds in Long Island Sound, Stamford New Haven-
North (STNH-N) and Cap Site 2 (CS-2). Seven cores were collected from each mound,
visually inspected and subsampled for selected metals, PAHs, TPHs and total organic
carbon. Visual observations and analytical data were applied to classify horizons into
surficial sediments, capping dredged material (CDM), unacceptably contaminated dredged
material (UDM), historic dredged material, and native base sediments.

The STNH-N mound is one of two capped mounds created in 1979 as the first
engineered open water caps in the United States. The CS-2 mound was created in 1983 as
part of an extensively monitored follow-up capping project. Extensive investigations
performed during and following formation of these mounds revealed that the
contaminated UDM had been successfully capped at both sites. Data from the 2004
investigation was compared to historic data to evaluate the integrity of the caps and assess
the continued isolation of chemicals within the UDM horizon.

The cores collected in the 2004 study at STNH-N and CS-2 provided clear and
consistent data showing that the CDM over UDM sequence remained intact with a well-
defined interface between the intervals at both mounds. At STNH-N, the thickness of the
CDM interval compared well with the distribution of the CDM mapped following the
original formation of the mound, taking into account the expected long-term consolidation
of the hydraulically dredged CDM. At CS-2, the thickness of the CDM was more
variable, reflecting the intermittent disposal associated with mechanical dredging that was
used in the project, but there was no apparent reduction of CDM thickness over time. At
both sites, a surficial layer was noted above the CDM, indicating net deposition since
formation of the mounds. The maintenance of the CDM thickness over time and the
overlying net deposition provide evidence that the UDM interval remained physically
isolated from the overlying waters and unaffected by potential erosive events or other
surface disturbances.

The sediment chemistry data supported classification of sediments into the
observed horizons in the cores. Concentrations for all constituents were generally at least
an order of magnitude higher in the UDM than in the other horizons. Comparison of
1990 and 2004 analytical data indicated similar concentrations were observed in both
surveys. The 2004 analytical results did not suggest any vertical migration of chemicals
from the UDM into the CDM, supporting previous studies indicating chemical isolation
within the UDM.
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1.0 INTRODUCTION AND BACKGROUND

An investigation of previously capped sediment mounds was conducted at the
Central Long Island Sound Disposal Site in May 2004 as part of the U.S. Army Corps of
Engineers (USACE) New England District (NAE) Disposal Area Monitoring System
(DAMOS). The two mounds investigated in this study, Stamford-New Haven North and
Cap Site 2, were formed more than 20 years ago with the initial placement of dredged
material containing elevated levels of contaminants and subsequent capping with dredged
material that was suitable for open water disposal. These two capped mounds were
among the earliest engineered disposal mounds in the United States and have been
investigated periodically to assess their long-term effectiveness at sequestering
contaminants. An introduction to the DAMOS program under which this investigation
was performed is provided below as well as background information on the formation and
previous studies of the disposal mounds.

1.1  Overview of the DAMOS Program

DAMOS is a comprehensive monitoring and management program designed and
conducted to ensure environmental protection at open-water disposal sites throughout the
New England region. For over 25 years, the USACE NAE has collected and evaluated
disposal site data throughout New England. Patterns of physical, chemical, and
biological responses of seafloor environments to dredged material disposal activity have
been documented based on these data. The DAMOS program features a tiered
management protocol designed to ensure that any potential adverse environmental impacts
associated with dredged material disposal activities are promptly identified and addressed
(Germano et al. 1994).

Disposal site monitoring surveys are designed to collect data that will allow
evaluation of the environmental status of each disposal site relative to conditions after
recent disposal of dredged material and to conditions in nearby reference areas unaffected
by disposal activities. The results of each monitoring survey are evaluated to determine
the next step in the process of managing each specific disposal site. Focused studies are
periodically undertaken within the DAMOS Program to evaluate inactive/historic disposal
sites. This investigation represents the next step in a series of focused studies of two
capped disposal mounds which have now been inactive for more than 20 years.

1.2 Introduction to Stamford-New Haven North/Cap Site 2

In 1977, with the formal beginning of the DAMOS Program, a discussion of
approaches to management and monitoring of dredged material disposal in New England
led to advancements in the design of disposal projects within Long Island Sound. These

Stamford-New Haven North/Cap Site 2 Investigation May 2004



discussions resulted in a series of projects designed to sequester contaminated dredged
materials from inner harbor areas beneath layers of cleaner outer harbor materials, a
process known as “capping” (Fredette and French 2004, SAIC 1995, Fredette et al.
1993). The material containing the elevated contaminant levels was termed unsuitably
contaminated dredged material (UDM) because it was unsuitable for unconfined open
ocean disposal. The cleaner material that was suitable for open ocean disposal was termed
capping dredged material (CDM).

One of the earliest capping projects arose from concerns about the disposal of
metal-contaminated Stamford Harbor (CT) Channel sediments proposed for dredging (SAI
1980b). Interagency discussions resulted in a decision to place a volume of UDM
dredged from Stamford Harbor channel at two sites within the Central Long Island Sound
Disposal Site (CLDS, historically referred to as CLIS), termed Stamford-New Haven
North (STNH-N) and South (STNH-S) (Figure 1-1). As part of the project, the two
deposits were capped with different types of material; CDM consisting primarily of sands
was used at STNH-N, and CDM consisting primarily of silts was used at STNH-S (see
SAIC 1995 for a detailed summary of the overall project).

Between 23 April and 15 June, 1979, STNH-N received approximately 31,000 m?3
of silty material (UDM) dredged with a clamshell bucket from the east branch of the
Stamford Harbor channel. This material was placed at a taut-wire moored buoy to form
a compact mound. From 16 to 21 June, 1979, a hopper dredge was used to remove
sandy, shelly material from the channel outside the breakwater of New Haven Harbor for
use as CDM at STNH-N. Approximately 65,000 m? of the CDM was placed near the
center of the UDM mound, and approximately 67,000 m3 was disposed 100 to 300 m
from the center of the mound to form a cap, providing full coverage to isolate the UDM
from contact with the marine environment (SAIC 1995).

In 1983, a similar project was initiated as part of a larger study jointly managed
by U.S. Environmental Protection Agency (USEPA) and USACE Waterways Experiment
Station, entitled the Field Verification Program (FVP). The FVP included laboratory and
field investigations of the fate and effects of contaminated dredged material from Black
Rock Harbor, CT placed at capped and uncapped subaqueous mounds, confined aquatic
disposal sites, and upland (Peddicord 1988, Rogerson et al. 1985). As part of this project
UDM from Black Rock Harbor was placed at two sites within CLDS, termed Cap Site 1
(CS-1) and Cap Site 2 (CS-2) (Figure 1-1). The two sites were capped with different
types of CDM dredged from New Haven Harbor; CDM consisting primarily of silts was

Stamford-New Haven North/Cap Site 2 Investigation May 2004
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Figure 1-1.

Location of the Central Long Island Sound Disposal Site and the capped
mounds Stamford-New Haven North, Stamford-New Haven South, Cap Site
1, and Cap Site 2.
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used at CS-1 and CDM consisting primarily of sands was used at CS-2 (see SAIC 1995
for a detailed summary of the overall project).

CS-2 received approximately 38,000 m3 of UDM from Black Rock Harbor from
18 April to 18 May 1983, with disposal occurring in two distinct phases. CS-2 was
capped with approximately 42,000 m? of sand from New Haven Harbor between 30 May
and 3 June 1983.

1.3  Previous Monitoring of STNH-N and CS-2

Because STNH-N and CS-2 were among the earliest experimental capping
projects, they were extensively studied during their development. At STNH-N,
monitoring surveys were among the first to sequentially document the development and
formation of a subaqueous capped mound (SAI 1979 a-f, 1980 a,b). At CS-2, the
monitoring surveys were part of a much larger comparative study of the placement of
UDM and different management options (Peddicord, 1988). The results of these surveys
provide a good record of the initial nature and distribution of UDM and CDM at these
two sites (summarized in SAIC 1995).

Follow-up investigations were also performed at both sites to examine the mounds
after the deposits had consolidated and weathered for several years. At STNH-N surface
grabs were collected in 1983 on an E-W transect across the mound, and in 1986 grabs
were collected in a cross-shaped grid over the top of the mound (SAIC 1990).
Subsurface cores were collected in 1990 from five locations (SAIC 1995). At CS-2,
surface grabs were collected in June 1983, and subsurface cores were collected in July
1983 and July 1990 (SAIC, 1995).

CLDS has remained an active disposal site since the creation of the STNH-N and
CS-2 capped mounds, with the creation of additional disposal mounds across the site
(Figure 1-2). As such, CLDS has been included in other DAMOS investigations
providing bathymetry and reference site data for comparison (SAIC 2002, Fredette and
French 2004)

1.4  Survey Objectives

It has been over 25 years since the formation of capped mound STNH-N and 21
years since the formation of capped mound CS-2. Evaluation of the long-term stability of
these mounds provides important information for the design and management of current
and future dredged material disposal projects. The May 2004 survey was designed to
collect deep cores over both STNH-N and CS-2 to allow for assessment of contaminant

Stamford-New Haven North/Cap Site 2 Investigation May 2004
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Figure 1-2. CLDS mounds
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distribution within the mounds and comparison with the results of prior studies. An
ancillary objective of the survey was to identify mound variability over a short (meters)
distance scale.
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2.0 APPROACH AND METHODS

The May 2004 coring at STNH-N and CS-2 and subsequent analyses were
performed by ENSR International, Ocean Surveys Inc. (OSI), CoastalVision, and a team
of laboratories. The approach and methods used to collect and analyze the cores were
detailed in a project Sampling and Analysis Plan/Quality Assurance Project Plan (QAPP,
Appendix A). Cores were collected using vibracoring equipment and were subsequently
split, imaged, and subsampled at the University of Rhode Island Department of Ocean
Engineering. Analyses included total organic carbon (TOC), total petroleum
hydrocarbons (TPH), and polycyclic aromatic hydrocarbons (PAHs) performed by
Katahdin Analytical Services Inc.; metals (copper and zinc) performed by STL-
Pittsburgh; and grain size performed by Geo\Plan Associates.

2.1  Coring Survey

Five vibracores plus one replicate were collected at both the STNH-N and CS-2
capped disposal mounds on 24-25 May 2004 (Figures 2-1, 2-2). Pneumatic vibracoring
was performed at the selected stations using OSI’s VC 1500 coring unit outfitted with a
10-cm (4-inch) steel barrel and stainless steel cutter head. The sediment samples were
collected in new, clear lexan liners (8.9 cm (3.5 inch) ID). OSI’s coring barge (R/V
Candu) was equipped with differential global positioning system (DGPS), multipoint
anchoring system, and central moon pool for accurate positioning of cores.

For shipboard storage and subsequent transport of the collected cores, water
overlying the sediment was drained by drilling a hole near the sediment water interface
followed by cutting the lexan liner to within 1 cm of the sediment surface using a hack
saw. The entire 2 to 3 meter long core was labeled, logged, and cut into manageable
subsections of approximately 1 to 2 meters in length. Each subsection was capped,
sealed with tape, and secured in an upright position.

The initial set of 12 cores, subsequently split in the field into shorter sections for
transport and storage, resulted in a set of more than 30 core sections. At the end of each
day, the core sections were off-loaded upright into insulated boxes and iced for storage.
Following completion of the field effort, the cores were transported to the Marine
Geomechanics Laboratory (MGL) at the University of Rhode Island (URI) and stored
upright in a walk-in refrigerator.

Stamford-New Haven North/Cap Site 2 Investigation May 2004
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Figure 2-1. May 2004 coring locations at the Stamford New Haven North capped
mound
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Figure 2-2. May 2004 coring locations at the Cap Site 2 mound
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2.2 Core Processing

Processing of the cores was performed at MGL. Before splitting commenced, any
void existing above the sediment water interface was filled with a high density, low
permeability foam material to prevent sediment/water migration and to maintain the core
configuration and shape during the splitting process. This prevented loss of material
from the uppermost surface sediment slurry. Each core tube was labeled at intervals
from the sediment water interface before splitting.

Core sections were split length-wise using a device designed to cut the hard plastic
liner without disturbing the sediment core. This device cut each core liner axially, using
a set of laterally adjustable routers, pushed along the core using an electric motor and
wire/pulley system. To avoid disturbance, the routers did not cut through the entire
liner. Straight blades were then used to manually finish the cut. Following the splitting
of the lexan core liner, each sediment core section was split lengthwise by hand by
pulling a titanium wire through the core beginning at the uppermost sediment surface and
continuing down through each successive (lower) sediment layer.

After each core was split lengthwise (resulting in two core halves), one half was
transferred to the imaging laboratory for high-resolution filming, subsampling for grain
size analysis, and p-wave analysis. Because the imaging process required surface
smoothing that could have caused chemical cross contamination along the length of the
core, only grain size subsamples were collected from the imaged core splits. The
remaining half of the core was described by examining the open surface of the core,
labeled, and subsampled for chemical analysis.

Subsamples collected for grain size were transferred to plastic zip-lock bags,
labeled, and delivered to the physical testing laboratory for homogenization and analysis.
Details of sample handling and containerization are provided in the project QAPP
(Appendix A).

2.3  Core Descriptions

Core descriptions were conducted by MGL staff with oversight by ENSR and
CoastalVision. Each core was examined to document surface texture, odor, coloration,
stratigraphic changes, and unique features or anthropogenic materials (e.g., plastic) on
log forms (Appendix C). Details of selected split core sections were also photographed.
Based on this examination, select 10-cm horizons were identified in each core for
subsampling and chemical analysis, and 20-cm horizons were identified for quality
control analyses. Each subsample was homogenized before containerization and transfer
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to the analytical laboratory. Details of sample handling and containerization are provided
in the project QAPP (Appendix A). Appendix C also provides a list of the sections
selected for analysis and archive within each sediment core.

2.4  Core Imaging

Core imaging was performed at URI by MGL staff using a GeoTek GeoScan III,
digital video camera mounted on a core logger. The sediment surface along the core
split was smoothed laterally with a plastic plate to minimize changes in focal length, prior
to imaging. Selected cores were covered with plastic film and stored for analysis of p-
wave velocity. However, core logger malfunctions caused a delay in p-wave testing, and
10 cores dried out to the extent that they could not be accurately logged. P-wave velocity
profiles were acquired for two cores (CS-2 cores 2-3, 2-4).

2.5 Core Chemistry

As indicated earlier, several laboratories were involved in analyzing project
samples. A full set of project specifications in the QAPP were provided to the
laboratories (Appendix A). The intent of this section is to provide a brief overview of
the analytical methods employed, a basic understanding of the analytical constraints, and
the comparability to other data sets.

Sediments were prepared for PAH analysis according to EPA SW-846 method
3550B and analyzed using method 8270C modified to utilize selected ion mass
spectrometer mode. Method 3550B is an ultrasonic extraction method incorporating
acetone and methylene chloride as extraction solvents. Samples designated for TPH
analysis were prepared using EPA SW-846 method 3540C (Soxlet) and analyzed using
method 8015B (GC/FID).

Copper and zinc were selected for metals analysis to complement available
historical information that largely focused on these two metals as reliable tracers of
UDM. Metals that are typically used in describing sediment geochemical terms (such as
Al or Fe) were not included because the horizons of interest are man-made features
largely consisting of UDM or older dredged material overlain by coarse-grained cap
material. Metals samples were prepared according to EPA SW-846 method 3050B and
analyzed using method 6010B (ICP/AES). The preparation method (3050B) is a rigorous
acid digestion method using HNO; and H,0, followed by an HCI acid reflux step. TOC
measurements were analyzed using a combustion method (Lloyd Kahn, 1988) which is
preferred for TOC analysis in marine sediments.
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Sediment grain size analysis was performed on the sample set according to Folk
(1974) which combines sieving and pipetting methods. The resulting data tables provided
in Section 3 include the major sediment classes (as gravel, sand, silt and clay).

All data were provided in electronic format for direct transfer into the project
database. Data supporting graphics and tables were directly exported.

2.6  Mound Sediment Classifications

To evaluate large scale mound characteristics, the predominant layers observed
within each core were classified as:

Surface — Material that has deposited on top of the cap.

CDM - Coarse grained dredged material that was used to cap the mound.

UDM - Dredged material unsuitable for unconfined aquatic disposal that created
the original mound.

DM - Dredged material previously disposed at CLDS that was beneath the STNH-
N and CS-2 mounds.

Native Sediment - Native Long Island Sound sediments in place prior to disposal
at CLDS.

Classification into the categories listed above relied primarily on the following
characteristics:

e Sediment color and texture,

e Opverall appearance (uniform versus disturbed),

¢ Unusual material contained within the sediment (anthropogenic material), and
e Cross-core marker horizons.

The most prominent core features were related to basic color and appearance and
provided strong evidence for classification of a core section. The understanding of
mound creation (e.g., coarse CDM placement above UDM) provided clues during the
classification process. Some layers were quite uniform, indicative, for example, of native
sediments underlying the mound. The existence of anthropogenic material (plastic, foil,
etc.) or biological material (preserved plant material) at depth provided a clear indication
that the sediment section was within one of the disturbed dredged material layers. A
distinctive thin horizon of coarse, red sand observed within multiple cores provided a
useful marker for assessing cross-mound core layers. The fact that many cores
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penetrated native sediments also aided the classification process by providing a point of
reference between cores across the mounds.
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3.0 RESULTS

3.1 Results Overview
3.1.1 Field Collection

Sediment cores were successfully collected in May 2004 at the five target and two
replicate locations at each of the two capped mounds. At STNH-N recovered sediment
cores ranged in length from 282 to 296 cm (Table 3-1) and were distributed across the
mound within the area assumed to contain underlying UDM material based on
bathymetric studies conducted prior to and following mound formation (Figure 2-1). Core
1-1 was collected from the northern edge of the upper mound surface; Core 1-2 was
collected from the eastern mound slope; Cores 1-3 and 1-6 were collected as field
replicates from the southern slope; and Cores 1-4 and 1-5 were collected from the
western and northwestern mound flank, in outer, thinner mound areas.

The cores recovered from the CS-2 mound ranged in length from 235 to 289 cm
(Table 3-1) and were distributed across the more irregular CS-2 mound footprint (Figure
2-2). Core 2-1 and 2-2 and field replicate 2-6 were collected across the thickest area of
the mound; Cores 2-3 and 2-4 were collected along the eastern slope of the mound; and
Core 2-5 was collected along the southwestern margin of the mound where a thick UDM
layer had been noted during the 1990 survey (Core “CS-2 Center”, SAIC, 1995).

3.1.2 Core Data Summaries

Physical and chemical laboratory test results are provided in Tables 3-2 and 3-3
(for STNH-N and CS-2, respectively). Silt and clay sediment fractions were summed in
the tables to provide a “percent fines” value. The individual priority pollutant PAH
compounds have been summed to provide a total PAH value. Any compound undetected
in a particular sample was included in the sum at a value of one-half the laboratory
reporting limit. Chemical concentrations that fall between the laboratory reporting limit
and method detection limit were reported with a “J” qualifier and were considered to be
an estimate.

Photographs of each core are presented in Figures 3-1 for STNH-N and 3-2 for
CS-2 along with a scale representing the actual core length in centimeters. Physical and
chemical analytical results have been plotted along the core images as well as
observations of note. To provide a better overall graphical presentation, selected
parameter scales have been amplified or reduced. The TOC results, which were all less
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Table 3-1.

Summary of Cores Collected in May 2004

Coordinates! Recovered Core No. of Core Sections No. of Core
Latitude Longitude

Site Core N) W) Length (cm)2 Submitted for Phys/Chem Analysis Sections Archived
1-1 41°9.253' 72°52.722' 296 8 14
1-2 41°9.246' 72°52.691' 292 9 15
STNH-N 1-3 41°9.23" 72°52.727' 282 9 14
1-4 41°9.239' 72°52.749' 284 8 14
1-5 41°9.260' 72°52.746' 295 8 5
1-6 41°9.231' 72°52.726' 290 10 16
2-1 41°9.463' 72°54.15' 289 9 10
2-2 41°9.451' 72°54.109' 273 9 13
CS-1 2-3 41°9.465' 72°54.085' 245 7 6
2-4 41°9.434' 72°54.103' 250 9 6
2-5 41°9.420' 72°54.164' 264 7 6
2-6 41°9.450' 72°54.108' 231 9 10

'NAD 83 Coordinate System

’Field length estimates differ from final laboratory measurements by 1 to 8 cm.
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Table 3-2.

STNH-N 2004 Sediment Chemistry and Grain Size Results

Site STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N
Station 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1
Sample ID 1-1(A) 1-1(B) 1-1(C) 1-1(D) 1-1(E) 1-1(F) 1-1(G) 1-1(H)
Start Depth (cm) 10 50 70 120 130 140 160 220
End Depth (cm) 20 60 80 130 140 150 170 230
Analysis Unit
GRAINSIZE
GRAVEL percent 1.0 4.9 27.7 4.7 11.8 70.8 9.5 35.5
SAND percent 82.9 64.0 54.7 73.6 46.2 15.1 45.6 23.1
SILT percent 8.9 23.7 14.1 16.8 31.4 9.1 335 26.6
CLAY percent 7.1 7.4 3.5 4.8 10.5 5.1 11.4 14.8
SILT+ CLAY(a) percent 16.0 31.0 17.6 21.7 41.9 14.2 44.9 41.4
TOC
TOC percent 0.4 0.6 0.7 0.3 5.5 3.7 4.2 2.4
PAH
ACENAPHTHENE mg/kg 0.0019J 0.0091J 0.0022 J 0.056 0.17 0.347J 1.77 0.0237]
ACENAPHTHYLENE mg/kg 0.0076 J 0.027J 0.0057 0.042 0.21 0.13 290 0.1
ANTHRACENE mg/kg 0.0187J 0.032 0.017J 0.12 0.87J 0417 221 0.09
BENZO(A)ANTHRACENE mg/kg 0.06 0.29 0.053 0.97 2.4 1.1 4.4 0.41
BENZO(A)PYRENE mg/kg 0.083 0.38 0.084 0.76 2.5 1.2 4.9 0.55
BENZO(B)FLUORANTHENE mg/kg 0.11 0.37 0.096 0.75 2.4 1 3.9 0.47
BENZO(K)FLUORANTHENE mg/kg 0.082 0.35 0.08 0.51 2.2 1 4.3 0.48
BENZOI[G,H,I|JPERYLENE mg/kg 0.03 0.1 0.026 J 0.34] 1.5 0.677J 271 037
CHRYSENE mg/kg 0.066 0.29 0.058 0.8 3 1.4 5.9 0.56
DIBENZO(A,H)ANTHRACENE mg/kg 0.026 U 0.036 0.0086 J 0.038 0.46J 0.197J 1.37J 0.1
FLUORANTHENE mg/kg 0.092 0.4 0.077 1.5 5.2 2.3 10 0.66
FLUORENE mg/kg 0.0074J 0.0117J 0.027 U 0.04 0.18 0.13 0.547] 0.034
INDENO(1,2,3-CD)PYRENE mg/kg 0.043 0.44 0.045 0.7 1.4 0.68 271 0.32
NAPHTHALENE mg/kg 0.0029 J 0.0117J 0.0049 J 0.047 0.15 0.197J 0.74J 0.037
PHENANTHRENE mg/kg 0.054 0.096 0.027) 0.36J 0.9217J 0.85 5.2 0.221]
PYRENE mg/kg 0.14 0.93 0.3 2.4 5.6 2.5 9.9 0.82
Total PAHs (b) mg/kg 0.81 3.8 0.89 9.4 29 14 62 5.2
TPH
TPH mg/kg 32 85 51 140 12000 3100 7500 490
METALS
COPPER mg/kg 11.2 35.0 11.2 18.6 474 340 289 143
ZINC mg/kg 29.0 38.6 30.4 36.2 696 610 381 172

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the reporting limit has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-2 (continued)

Site STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N
Station 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
Sample ID 1-2(A) 1-2(B) 1-2(C) 1-2(D) 1-2(B) 1-2(F) 1-2(G) 1-2(H) 1-2(D)
Start Depth (cm) 10 50 110 134 144 160 180 230 270
End Depth (cm) 20 60 120 144 154 170 190 250 280
Analysis Unit
GRAINSIZE
GRAVEL percent 8.4 5.6 4.9 7.9 11.9 7.8 1.2 0.6 2.1
SAND percent 41.8 91.7 55.3 45.4 59.2 41.4 14.4 10.4 12.5
SILT percent 33.1 1.6 34.3 37.8 20.7 34.5 68.9 64.0 76.7
CLAY percent 16.7 1.2 5.4 8.8 8.2 16.3 15.4 25.0 8.7
SILT+ CLAY(a) percent 49.8 2.7 39.8 46.6 28.9 50.8 84.4 89.0 85.4
TOC
TOC percent 1.8 0.2 14 1.3 11.0 8.3 8.0 2.8 3.0
PAH
ACENAPHTHENE mg/kg 0.0074 J 0.025 U 0.056 0.0217J 1.57 3.61] 4.61] 0.0127J 0.016 J
ACENAPHTHYLENE mg/kg 0.012J 0.417J 0.06 0.061 0.487J 0.87J 16 U 0.052 0.068
ANTHRACENE mg/kg 0.034 1.6 0.14 0.086 2.71] 48] 117 0.06 0.067
BENZO(A)ANTHRACENE mg/kg 0.18 127 0.73 057 9 11 23 0.23 0.22
BENZO(A)PYRENE mg/kg 0.21 1.27 0.81 04817 9 12 19 0.26 0.34
BENZO(B)FLUORANTHENE mg/kg 0.22 0.9817 0.7 0417 8 11 17 0.19 0.25
BENZO(K)FLUORANTHENE mg/kg 0.21 0.9917 0.84 0417 7.9 10 17 0.26 0.31
BENZO[G,H,IIPERYLENE mg/kg 0.096 0.74J 0.537 0.287J 5617 6.87 117 0.15 0.19
CHRYSENE mg/kg 0.22 1.3 0.79 0.56 12 14 26 0.26 0.28
DIBENZO(A ,H)ANTHRACENE mg/kg 0.03U 1.3U0 0.12 0.054 56U 6.8U 16 U 0.092 0.068
FLUORANTHENE mg/kg 0.44 4.4 1.8 1.1 21 31 61 0.34 0.4
FLUORENE mg/kg 0.0127 0.887 0.065 0.0217J 1.57 2.17 4.77 0.027J 0.0317
INDENO(1,2,3-CD)PYRENE mg/kg 0.093 0.627J 0.467 0.26J 4917 6] 107 0.18 0.16
NAPHTHALENE mg/kg 0.0088 J 0.037 0.052 0.043 0.551] 1.17 32] 0.014J 0.043
PHENANTHRENE mg/kg 0.11 4.3 0.74 0.197J 7.3 13 40 0.087 0.18
PYRENE mg/kg 0.41 3.3 2.1 1.1 22 29 53 0.43 0.46
Total PAHs (b) mg/kg 23 23 10 5.6 120 160 320 2.6 3.1
TPH
TPH mg/kg 110 12 660 350 7400 140 9400 180 130
METALS
COPPER mg/kg 35.2 3.6 40.2 20.1 384 634 471 72.9 85.2
ZINC mg/kg 67.5 14.2 76.5 47.9 641 1030 709 117 157

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Val U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-2 (continued)

Site STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N
Station 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3
Sample ID 1-3(A) 1-3(B) 1-3(C) 1-3(D) 1-3(E) 1-3(F) 1-3(G) 1-3(H) 1-3(D)
Start Depth (cm) 10 60 115 125 135 145 190 220 250
End Depth (cm) 20 70 125 135 145 155 200 230 270
Analysis Unit
GRAINSIZE
GRAVEL percent 0.0 15.1 52 17.4 58.6 15.8 1.3 0.0 6.6
SAND percent 8.3 77.1 58.1 77.0 28.4 53.7 30.9 3.8 25.9
SILT percent 57.7 4.5 21.9 3.3 8.3 21.3 50.8 64.7 42.9
CLAY percent 34.0 33 14.8 23 4.6 9.3 16.9 31.4 24.5
SILT+ CLAY(a) percent 91.7 7.8 36.7 5.6 13.0 30.6 67.8 96.2 67.5
TOC
TOC percent 2.9 0.7 1.3 0.7 5.7 5.0 8.2 1.6 2.9
PAH
ACENAPHTHENE mg/kg 0.055 1] 0.024 U 0.127 0.0019J 26U 1.71] 2.41] 0.032J 0.072
ACENAPHTHYLENE mg/kg 0.0611J 0.024 U 140 0.0072J 26U 0.12] 0.24] 0.016 J 0.13
ANTHRACENE mg/kg 0.12 0.024 U 0.571J 0.012J 1] 2.57 517 0.034 ) 0.197
BENZO(A)ANTHRACENE mg/kg 0.4 0.0046 J 2.6 0.04 3.5 6.6 14 0.11 0.73
BENZO(A)PYRENE mg/kg 0.43 0.0083 J 2.8 0.049 3.5 6.7 14 0.12 0.61]
BENZO(B)FLUORANTHENE mg/kg 0.5 0.0082 J 2.2 0.06 3.1 5.2 13 0.12 0.627]
BENZO(K)FLUORANTHENE mg/kg 0.42 0.0082 J 2.8 0.051 3.4 6.7 13 0.11 0.427]
BENZOI[G,H,I]PERYLENE mg/kg 0.18 0.0062 J 147 0.0177J 2317 3.9 8.5 0.069 0.27]
CHRYSENE mg/kg 0.46 0.0073 J 2.9 0.036 3.7 8.8 19 0.13 0.621]
DIBENZO(A,HJANTHRACENE | mg/kg 0.11U0 0.024 U 0.387J 0.023 U 0.64] 1] 2,17 0.022J 0.13
FLUORANTHENE mg/kg 1.1 0.0081J 5 0.064 10 14 30 0.24 1.7
FLUORENE mg/kg 0.063 J 0.024 U 1.4U 0.00317J 0.22 0.78] 1.77 0.01917] 0.15
INDENO(1,2,3-CD)PYRENE mg/kg 0.22 0.0068 J 1317 0.027J 2217 3.6 7.8 0.072 0.34]
NAPHTHALENE mg/kg 0.086 J 0.0012J 0.281] 0.0033 J 0.23 0.671] 1.3] 0.028J 0.054
PHENANTHRENE mg/kg 0.26 0.0036 J 2 0.0171J 1.4 6.3 12 0.084 0.89
PYRENE mg/kg 0.85 0.0137J 6.3 0.092 8 15 30 0.23 1.7
Total PAHs (b) mg/kg 5.3 0.14 32 0.49 46 84 170 1.4 8.6
TPH
TPH mg/kg 540 10 2200 31 16000 8000 18000 140 2300
METALS
COPPER mg/kg 110 3.8 68.5 3.3 780 322 587 25.7 282
ZINC mg/kg 179 15.0 113 12.5 1220 618 1080 87.9 383

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.
(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Val U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-2 (continued)

Site STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N
Station 1-4 1-4 1-4 1-4 1-4 1-4 1-4 1-4
Sample ID 1-4(A) 1-4(B) 1-4(C) 1-4(D) 1-4(E) 1-4(F) 1-4(G) 1-4(H)
Start Depth (cm) 10 50 60 80 90 100 160 220
End Depth (cm) 20 60 70 90 100 110 170 230
Analysis Unit
GRAINSIZE
GRAVEL percent 0.0 8.2 26.3 18.9 11.7 10.0 32.5 2.8
SAND percent 5.6 70.9 59.7 63.3 42.9 38.5 29.6 12.2
SILT percent 60.7 13.3 8.5 11.3 32.4 37.2 28.4 56.7
CLAY percent 33.7 7.6 5.4 6.6 13.0 14.4 9.4 28.2
SILT+ CLAY(a) percent 94.4 20.9 14.0 17.8 45.4 51.5 37.9 84.9
TOC
TOC percent 3.2 0.5 0.5 0.3 3.2 7.5 2.9 2.6
PAH
ACENAPHTHENE mg/kg 0.012J 0.0018 J 0.0011J 0.052 1.17] 3.6] 0.15 0.019]
ACENAPHTHYLENE mg/kg 0.026 ] 0.0068 J 0.0048 J 0.022J 0.371] 0.06 U 0.083 0.05
ANTHRACENE mg/kg 0.0557J 0.017J 0.0055 7 0.177J 1.27J 4517 0.397J 0.087
BENZO(A)ANTHRACENE mg/kg 0.23 0.043 0.0257J 0.447 4.7 127 1317 0.537]
BENZO(A)PYRENE mg/kg 0.35 0.066 0.038 0.46 ] 3.7 117 1.6] 0.84
BENZO(B)FLUORANTHENE mg/kg 0.48 0.085 0.038 0.5 5.3 10J 2.2 0.83
BENZO(K)FLUORANTHENE mg/kg 0.23 0.066 0.036 0.471J 2,67 8.31] 1.1J 0.72]
BENZOI[G,H,I]PERYLENE mg/kg 0.14 0.032 0.0197J 0.147] 1.67J 4917 0.671 0.3917]
CHRYSENE mg/kg 0.28 0.051 0.03 0.4217] 4.3 127 1.4] 0.6517
DIBENZO(A ,H)ANTHRACENE | mg/kg 0.046 J 0.0087 J 0.0056 J 0.046 0.26 1.6] 0.22 0.06
FLUORANTHENE mg/kg 0.75 0.072 0.043 0.66 8.4 27 4.2 0.82
FLUORENE mg/kg 0.0217J 0.0038J 0.026 U 0.061 28U 1.71 0.13 0.036J
INDENO(1,2,3-CD)PYRENE mg/kg 0.22 0.048 0.031 0317 2.8 117 1.67J 0.587
NAPHTHALENE mg/kg 0.026 J 0.0055J 0.0034 J 0.046 0.43] 157 0.06 0.08
PHENANTHRENE mg/kg 0.18 0.036 0.0191] 0.52 3 12 0.517J 0.371]
PYRENE mg/kg 0.57 0.11 0.059 1.1 9.3 23 2.7 1.5
Total PAHs (b) mg/kg 3.6 0.65 0.37 5.4 50 140 18 7.6
TPH
TPH mg/kg 64 27 26 220 1600 8300 2600 200
METALS
COPPER mg/kg 93.6 17.2 14.7 25.0 223 523 363 114
ZINC mg/kg 180 44.4 38.6 39.8 294 879 917 184

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.
(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-2 (continued)

Site STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N STNH-N
Station 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5
Sample ID 1-5(A) 1-5(B) 1-5(C) 1-5(D) 1-5(E) 1-5(F) 1-5(G) 1-5(H)
Start Depth (cm) 10 47 57 67 77 90 120 270
End Depth (cm) 20 57 67 77 87 100 130 280
Analysis Unit
GRAINSIZE
GRAVEL percent 0.0 5.4 2.3 6.3 9.4 1.0 0.4 0.1
SAND percent 24.9 85.4 48.2 71.0 27.0 36.7 13.3 2.1
SILT percent 46.4 2.9 36.7 11.6 34.6 42.2 50.9 63.0
CLAY percent 28.7 6.2 12.9 11.0 28.9 20.1 354 34.8
SILT+ CLAY(a) percent 75.1 9.1 49.5 22.7 63.5 62.2 86.3 97.8
TOC
TOC percent 1.4 0.1 2.3 0.9 4.0 6.8 1.8 1.3
PAH
ACENAPHTHENE mg/kg 0.0074 J 0.0038 J 0.088 0.037 0.357 0.451] 0.062 0.036 U
ACENAPHTHYLENE mg/kg 0.022J 0.0081 J 0.12 0.078 0.23 0.5817 0.036 0.036 U
ANTHRACENE mg/kg 0.029J 0.034 0.5717 0.11 0.7117 1.17 0.5817 0.036 U
BENZO(A)ANTHRACENE mg/kg 0.16 0.087 2.5 1 2.9 5217 2.1 0.0022J
BENZO(A)PYRENE mg/kg 0.26 0.087 2.5 0.87 2.5 7.5 2 0.036 U
BENZO(B)FLUORANTHENE mg/kg 0.32 0.072 2.5 0.77 2.8 9 2.2 0.036 U
BENZO(K)FLUORANTHENE mg/kg 0.26 0.062 1.817 0.56 2.4 6.37J 1.37J 0.036 U
BENZO[G,H,I]PERYLENE mg/kg 0.137] 0.043 1.67J 0.43] 1.17] 3217 0.8317J 0.036 U
CHRYSENE mg/kg 0.17 0.075 2.3 0.88 2.5 52] 1.9 0.0023 J
DIBENZO(A ,H)ANTHRACENE | mg/kg 0.04 0.023 U 0.57J 0.093 0.341] 1.11J 0.15 0.036 U
FLUORANTHENE mg/kg 0.25 0.14 5.1 1.3 6 17 2.9 0.0041J
FLUORENE mg/kg 0.014 7 0.016 J 0.1 0.04 037 0.32 0.065 0.036 U
INDENO(1,2,3-CD)PYRENE mg/kg 0.16 0.05 1917 0.437J 1.8 6] 2 0.036 U
NAPHTHALENE mg/kg 0.026 J 0.0069 J 0.097 0.035 0.13 0.27 0.048 0.036 U
PHENANTHRENE mg/kg 0.16 0.099 0.871] 0.3217J 1.8 3.61] 0.9917 0.036 U
PYRENE mg/kg 0.32 0.2 3.8 1.8 53 13 5.2 0.0068 J
Total PAHs (b) mg/kg 2.3 1.0 26 8.8 31 80 22 0.23
TPH
TPH mg/kg 110 35 2600 490 3600 7200 68 12
METALS
COPPER mg/kg 53.1 5.8 73.1 112 572 531 95.8 10.5
ZINC mg/kg 112 18.1 121 122 914 834 150 60.2

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-2 (continued)

Site STNH-N | STNH-N | STNH-N | STNH-N | STNH-N | STNH-N | STNH-N | STNH-N | STNH-N | STNH-N
Station 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6
Sample ID 1-6(A) 1-6(B) 1-6(C) 1-6(D) 1-6(E) 1-6(F) 1-6(G) 1-6(H) 1-6(I) 1-6J)
Start Depth (cm) 10 60 130 140 150 160 190 230 240 260
End Depth (cm) 20 80 140 150 160 170 200 240 250 270
Analysis Unit
GRAINSIZE
GRAVEL percent 0.0 15.6 7.2 8.0 61.3 8.1 4.2 3.8 13.4 0.6
SAND percent 19.2 73.6 65.1 57.6 27.1 33.0 56.2 31.5 23.2 43.9
SILT percent 49.5 6.0 17.1 29.0 8.1 37.3 31.8 47.4 45.5 47.4
CLAY percent 31.2 4.8 10.6 5.5 3.6 21.6 7.8 17.4 17.9 8.0
SILT+ CLAY(a) percent 80.8 10.8 27.7 34.5 11.6 58.9 39.6 64.7 63.4 554
TOC
TOC percent 4.4 1.1 2.3 1.7 4.2 4.8 4.7 2.5 2.5 2.7
PAH
ACENAPHTHENE mg/kg 0.064 0.023 U | 0.00187J | 0.0147 14U 197 1.67 0.347 0.074 0.016J
ACENAPHTHYLENE mg/kg 0.0427J 0.023 U | 0.00197J 0.03 14U 0.03U 73U 0.087 0.05 0.052
ANTHRACENE mg/kg 0.12 0.023 U | 0.00557J 0.053 1.67 257 337 17 0.397 0.091
BENZO(A)ANTHRACENE mg/kg 0.71 0.0023J 0.0197 0.29 8.717 57 697 247 1.27 0.5
BENZO(A)PYRENE mg/kg 0.77 0.023 U 0.035 0.39 14U 57 8 237 1.17J 0.6
BENZO(B)FLUORANTHENE mg/kg 0.78 0.023 U 0.032 0.43 14U 5.17 6.717 2417 14U 0.54
BENZO(K)FLUORANTHENE mg/kg 0.75 0.023 U 0.031 0.3 14U 3917 7.7 1.87 140 0.57
BENZOI[G,H,IJPERYLENE mg/kg 0.287J 0.023 U 0.0167J 0.16 J 14U 6.1U 730 28U 14U 0.297
CHRYSENE mg/kg 0.82 0.0048 J 0.028 0.32 117 5917 8.7 2.9 1.37 0.57
DIBENZO(A,H)ANTHRACENE | mg/kg 0.096 0.023 U 0.026 U 0.079 14U 6.1U 73U 28U 0.095 0.084
FLUORANTHENE mg/kg 1.3 0.0045 J 0.027 0.57 27 12 14 6.6 3.1 0.84
FLUORENE mg/kg 0.072 0.023 U 0.026 U 0.0211J 14U 6.1U 73U 28U 0.097 0.037J
INDENO(1,2,3-CD)PYRENE mg/kg 0417 0.023 U 0.024 7 0.23 14U 6.1U 73U 28U 14U 0.43
NAPHTHALENE mg/kg 0.094 0.00095J | 0.00367J | 0.0187J 14U 6.1U 730 28U 0.046 0.026J
PHENANTHRENE mg/kg 0.337 0.023 U 0.0157 0.147J 3217 7.9 7.4 3 0.827J 0.17
PYRENE mg/kg 1.3 0.0089 J 0.12 0.92 69 12 21 6 3 1.2
Total PAHs (b) mg/kg 7.9 0.15 0.39 4.0 190 76 110 36 14 6.0
TPH
TPH mg/kg 410 4317 40 560 9700 5100 5500 5100 2200 870
METALS
COPPER mg/kg 99.8 3.7 7.0 24.8 305 325 238 234 214 256
ZINC mg/kg 179 13.8 26.0 53.5 724 413 380 450 394 303

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.
(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-3.

CS-2 2004 Sediment Chemistry and Grain Size Results

Site CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2
Station 2-1 2-1 2-1 2-1 2-1 2-1 2-1 2-1 2-1
Sample ID 2-1(A) 2-1(B) 2-1(C) 2-1(D) 2-1(E) 2-1(F) 2-1(G) 2-1(H) 2-1(T)
Start Depth (cm) 10 55 75 85 95 105 135 155 235
End Depth (cm) 20 75 85 95 105 115 145 165 245
Analysis Unit
GRAINSIZE
GRAVEL percent 1.8 1.9 4.0 3.5 0.7 4.2 2.7 0.3 0.1
SAND percent 48.4 92.3 79.2 58.8 52.7 40.8 25.6 5.3 55.2
SILT percent 27.7 1.3 8.3 21.5 30.7 33.0 51.2 50.0 26.9
CLAY percent 22.0 4.5 8.5 16.2 15.8 22.0 20.4 44.5 17.8
SILT+ CLAY(a) percent 49.7 5.8 16.8 37.7 46.5 55.0 71.7 94.4 44.6
TOC
TOC percent 1.3 0.6 0.9 2.8 2.5 2.5 0.8 8.6 1.5
PAH
ACENAPHTHENE mg/kg 0.007J 0.0018 J 0.0066 J 0.05 0.56 1 1.17J 0.076 181 0.038 U
ACENAPHTHYLENE mg/kg 0.017 0.0034 J 0.0187J 0.083 1.6U 047 0.027 U 18U 0.038 U
ANTHRACENE mg/kg 0.0197 0.0066 J 0.0177J 0.12 1.37 2217 0.021] 24 0.0029 J
BENZO(A)ANTHRACENE mg/kg 0.1 0.024 0.12 0.68 1.47 3.7 0.0046 J 18 0.0054 J
BENZO(A)PYRENE mg/kg 0.14 0.042 0.16 0.85 147 3.6 0.027U 161 0.038 U
BENZO(B)FLUORANTHENE mg/kg 0.15 0.027 0.11 0.74 0.947 277 0.027 U 107 0.038 U
BENZO(K)FLUORANTHENE mg/kg 0.13 0.026 0.1 0.76 1] 3.171 0.027U 117 0.038 U
BENZO[G,H,I]JPERYLENE mg/kg 0.076 0.016 J 0.049 0.317 0.377 0.727 0.027 U 18U 0.038 U
CHRYSENE mg/kg 0.13 0.028 0.12 0.76 1.57 3.8 0.0053 J 21 0.0044 J
DIBENZO(A,H)ANTHRACENE | mg/kg 0.034 U 0.024 U 0.027 0.08 0.11 340 0.027 U 18U 0.038 U
FLUORANTHENE mg/kg 0.14 0.0217J 0.1 1.6 2.5 7.2 0.0117J 37 0.0061 J
FLUORENE mg/kg 0.0081 J 0.024 U 0.0077J 0.05 1.6 U 0.587 0.03 117 0.038 U
INDENO(1,2,3-CD)PYRENE mg/kg 0.11 0.0187J 0.061 0.46J 1.6U 127 0.027U 18U 0.038 U
NAPHTHALENE mg/kg 0.0095 J 0.0036 J 0.0077J 0.047 0.11 340 0.1 1617 0.038 U
PHENANTHRENE mg/kg 0.066 0.0127J 0.044 04217 3 52 0.05 65 0.038 U
PYRENE mg/kg 0.26 0.19 0.36 1.5 2.8 8.3 0.019J 44 0.038 U
Total PAHs (b) mg/kg 1.4 0.44 1.3 8.5 19 47 0.41 330 0.25
TPH
TPH mg/kg 52 22 53 280 860 1300 31 20000 35
METALS
COPPER mg/kg 322 4.7 16.1 378 319 442 10.7 3210 11.3
ZINC mg/kg 74.9 10.2 27.1 271 213 283 29.3 1370 64.6

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-3 (continued)

Site CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2
Station 2-2 2-2 2-2 2-2 2-2 2-2 2-2 2-2 2-2
Sample ID 2-2(A) 2-2(B) 2-2(C) 2-2(D) 2-2(E) 2-2(F) 2-2(G) 2-2(H) 2-2(I)
Start Depth (cm) 10 40 50 80 100 120 140 160 220
End Depth (cm) 20 50 60 90 110 130 150 170 230
Analysis Unit
GRAINSIZE
GRAVEL percent 0.9 15.9 16.4 2.6 0.4 1.2 2.0 2.4 0.1
SAND percent 51.6 60.8 63.1 94.6 46.7 40.1 29.3 76.9 8.0
SILT percent 28.1 15.1 11.5 1.1 35.2 36.7 42.1 15.1 55.9
CLAY percent 19.5 8.3 9.0 1.7 17.7 22.0 26.6 5.6 36.0
SILT+ CLAY(a) percent 47.5 23.4 20.5 2.8 52.9 58.7 68.7 20.7 91.9
TOC
TOC percent 1.2 1.1 2.7 0.8 2.8 4.5 6.9 3.2 2.8
PAH
ACENAPHTHENE mg/kg 0.043 0.048 0.031 0.0036 J 2.4 7.7 1517 30 0.15
ACENAPHTHYLENE mg/kg 0.11 0.147J 0.14 0.0094 J 1.8 U 7.6 U 20U 27U 0.06
ANTHRACENE mg/kg 0.15 0.13 0.087 0.0117J 2.2 7.6 1517 18171 0.097
BENZO(A)ANTHRACENE mg/kg 0.46 0.547] 0.4517 0.076 2.7 11 21 227 0.3217J
BENZO(A)PYRENE mg/kg 0.48 0.92 0.78 0.063 2.4 11 171 201 0.551]
BENZO(B)FLUORANTHENE mg/kg 0.24 0.427] 0.391] 0.039 1.2 6.5] 107 117 0417
BENZO(K)FLUORANTHENE mg/kg 0.35 0.7 0.597 0.04 2 6.87 127 137 0.387J
BENZOI[G,H,IJPERYLENE mg/kg 0.16 041] 0.371J 0.028 0971 317 200 270 0.187
CHRYSENE mg/kg 0.49 0.7 0.587 0.055 3 13 27 251 0.447]
DIBENZO(A ,H)JANTHRACENE | mg/kg 0.078 0.1 0.147J 0.0095 J 0.21] 7.6 U 20U 27U 0.095
FLUORANTHENE mg/kg 0.62 0.58 0.487J 0.046 4.2 15 27 30 0.537J
FLUORENE mg/kg 0.023J 0.03 0.0187J 0.0029 J 0.59171 431 9] 177 0.076
INDENO(1,2,3-CD)PYRENE mg/kg 0.2 0.371J 0.2817J 0.025 0.9417] 7.6 U 200 270 0.287
NAPHTHALENE mg/kg 0.0271J 0.056 0.048 0.0022 J 0.381] 431 161 89 2.6
PHENANTHRENE mg/kg 0.43 0.317J 0.12 0.01917J 2.3 21 41 53 0.391]
PYRENE mg/kg 0.83 2 1.9 0.16 4.8 24 52 53 0.7517
Total PAHs (b) mg/kg 4.7 7.4 6.4 0.59 31 150 300 440 7.3
TPH
TPH mg/kg 110 390 280 24 1500 12000 19000 6600 370
METALS
COPPER mg/kg 36.5 123 74.4 5 542 1320 2220 536 116
ZINC mg/kg 81 99 67.4 9.9 344 644 1240 471 190

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-3 (continued)

Site CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2
Station 2-3 2-3 2-3 2-3 2-3 2-3 2-3
Sample ID 2-3(A) 2-3(B) 2-3(C) 2-3(D) 2-3(B) 2-3(F) 2-3(G)
Start Depth (cm) 10 40 60 70 80 90 120
End Depth (cm) 20 50 70 80 90 100 130
Analysis Unit
GRAINSIZE
GRAVEL percent 5.7 2.4 1.7 11.9 13.0 9.7 0.0
SAND percent 32.8 85.0 12.7 39.1 62.0 62.3 8.5
SILT percent 40.7 5.5 60.9 34.2 14.6 19.0 78.8
CLAY percent 20.8 7.1 24.7 14.8 10.4 9.0 12.7
SILT+ CLAY(a) percent 61.5 12.6 85.6 49.0 25.0 28.0 91.5
TOC
TOC percent 1.7 0.7 1.9 1.6 1.4 2.2 1.8
PAH
ACENAPHTHENE mg/kg 0.017J 0.0017 J 0.016J 0.032 U 0.031 U 0.031 U 0.041 U
ACENAPHTHYLENE mg/kg 0.056 0.0089 J 0.076 0.147J 0.096 J 0.0099 J 0.041 U
ANTHRACENE mg/kg 0.047 0.0089 J 0.12 0.11 0.117J 0.009 J 0.0028 J
BENZO(A)ANTHRACENE mg/kg 0.18 0.022J 0.457 1.8 2.7 0.052 0.028 J
BENZO(A)PYRENE mg/kg 0.39 0.047 0.547 1.9 2 0.095 0.043
BENZO(B)FLUORANTHENE mg/kg 0.21 0.034 057 0.771] 0.827J 0.086 0.029J
BENZO(K)FLUORANTHENE mg/kg 0.28 0.029 0.447J 0.997J 0.96J 0.07 0.041
BENZO[G,H,I]JPERYLENE mg/kg 0.12 0.01571 0.297J 0.847J 0.467J 0.033 0.0137J
CHRYSENE mg/kg 0.35 0.027 7 0.467J 2.6 1.5 0.073 0.034J
DIBENZO(A ,H)JANTHRACENE mg/kg 0.045 0.0074 J 0.1 1.6 U 120 0.0177J 0.0061 J
FLUORANTHENE mg/kg 0.31 0.024J 0.66J 3 2.6 0.045 0.044
FLUORENE mg/kg 0.0051 7 0.028 U 0.046 0.04 0.059 0.031 U 0.041 U
INDENO(1,2,3-CD)PYRENE mg/kg 0.13 0.0177J 0.337J 0.647J 0.5773 0.037 0.0177J
NAPHTHALENE mg/kg 0.023 7 0.0045J 0.076 0.05 0.073 0.0062 J 0.0044 J
PHENANTHRENE mg/kg 0.12 0.018J 0.347J 0.074 0.14 0.028J 0.027J
PYRENE mg/kg 0.47 0.081 1.4 5 6.2 0.19 0.077
Total PAHs (b) mg/kg 2.7 0.36 5.8 19 19 0.78 0.42
TPH
TPH mg/kg 2200 24 140 120 390 87 58
METALS
COPPER mg/kg 41.4 10.9 97.3 31.3 56.2 19.2 19.4
ZINC mg/kg 97.8 23.1 128 46.8 64.1 43.4 74.1

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-3 (continued)

Site CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2
Station 2-4 2-4 2-4 2-4 2-4 2-4 2-4 2-4 2-4
Sample ID 2-4(A) 2-4(B) 2-4(C) 2-4(D) 2-4(E) 2-4(F) 2-4(G) 2-4(H) 2-4(T)
Start Depth (cm) 10 40 56 66 76 86 96 106 146
End Depth (cm) 20 50 66 76 86 96 106 116 156
Analysis Unit
GRAINSIZE
GRAVEL percent 0.3 3.1 2.6 2.5 1.9 3.7 7.5 11.1 0.05
SAND percent 34.7 56.7 73.4 84.4 91.2 53.8 47.1 49.8 6.4
SILT percent 52.3 26.6 14.9 7.4 3.7 29.6 33.4 33.9 78.6
CLAY percent 12.6 13.6 9.0 5.7 3.2 12.9 11.9 5.2 14.9
SILT+ CLAY(a) percent 65.0 40.2 23.9 13.1 6.9 42.5 45.4 39.1 93.5
TOC
TOC percent 1.8 2.1 1.5 1.8 1.2 2.1 1.8 1.7 1.7
PAH
ACENAPHTHENE mg/kg 0.074 0.053 0.02J 27U 0.093 J 0.14 1.97 0.481] 0.04 U
ACENAPHTHYLENE mg/kg 0.16 0.3217] 0.099 0.07 0.157J 0.24J 0.99J 320 0.04 U
ANTHRACENE mg/kg 0.26J 0.14 0.064 1.917 037 0417 8.4 1.17 0.013 ]
BENZO(A)ANTHRACENE mg/kg 1.2 2.4 0.71 4.5 1 22 8.1 227 0.0117
BENZO(A)PYRENE mg/kg 1.2 2 0.86 3.6 0.88 2.1 6.2 32U 0.0147J
BENZO(B)FLUORANTHENE mg/kg 0.557J 0.971] 0417 261 0.41] 1.31] 2.71] 320 0.04 U
BENZO(K)FLUORANTHENE mg/kg 0.77 0.9817 0.44 ] 2617 057 1217 3.6 320 0.04 U
BENZO[G,H,I]JPERYLENE mg/kg 0.46 7 0.86J 0.397J 1.57 0.337J 0.947 1.97 320 0.04 U
CHRYSENE mg/kg 1.2 22 0.68 4.4 0.87 2.1 7.7 2,717 0.0099 J
DIBENZO(A ,H)ANTHRACENE | mg/kg 0.11 0.24J 0.081 0.58J 0.098 0.23] 0.771] 0.15 0.04 U
FLUORANTHENE mg/kg 1.2 2.1 0.517J 7.2 0.88 2.1 10 3.5 0.017J
FLUORENE mg/kg 0.075 0.046 0.0227J 0.069 J 0.087 0.1 0457 320 0.04 U
INDENO(1,2,3-CD)PYRENE mg/kg 0417 0.66 J 0.287J 1.47 02717 0.827J 1.67 320 0.04 U
NAPHTHALENE mg/kg 0.048 0.11 0.06 0.12 0.051 0.187J 0.39] 32U 0.04 U
PHENANTHRENE mg/kg 0.74J 0.12 0.058 5.8 0.7 0.62] 0917 0.96 J 0.0076 J
PYRENE mg/kg 1.9 53 2 8.7 1.9 4.9 17 6.9 0.02117
Total PAHs (b) mg/kg 10 18 6.7 46 8.5 20 73 31 0.27
TPH
TPH mg/kg 130 220 140 220 170 860 790 570 23
METALS
COPPER mg/kg 67.8 49.3 29 21.7 26 278 353 267 17.2
ZINC mg/kg 124 65.5 36.7 22.6 28.0 256 225 209 69.1

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-3 (continued)

Site CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2
Station 2-5 2-5 2-5 2-5 2-5 2-5 2-5
Sample ID 2-5(A) 2-5(B) 2-5(C) 2-5(D) 2-5(B) 2-5(F) 2-5(G)
Start Depth (cm) 10 30 50 70 80 90 130
End Depth (cm) 20 40 60 80 90 100 150
Analysis Unit
GRAINSIZE
GRAVEL percent 4.1 5.7 0.6 0.3 0.0 10.0 0.0
SAND percent 75.0 49.2 15.4 7.9 3.3 23.3 3.0
SILT percent 13.4 27.7 53.5 57.0 56.2 38.4 61.7
CLAY percent 7.6 17.4 30.5 34.9 40.4 28.3 35.3
SILT+ CLAY(a) percent 20.9 45.1 84.0 91.8 96.7 66.7 97.0
TOC
TOC percent 1.1 1.3 1.4 0.9 2.1 1.5 1.5
PAH
ACENAPHTHENE mg/kg 0.025 U 0.032 U 0.0058 J 0.0057 J 0.0028 J 0.0043 J 0.038 U
ACENAPHTHYLENE mg/kg 0.0068 J 0.003 J 0.035 0.03 0.0087J 0.0069 J 0.038 U
ANTHRACENE mg/kg 0.0074 J 0.0038 J 0.029J 0.024J 0.0091 J 0.0071 7 0.038 U
BENZO(A)ANTHRACENE mg/kg 0.038 0.0157J 0.157J 0.081 0.038 0.059 0.038 U
BENZO(A)PYRENE mg/kg 0.06 0.0227 0.26 0.098 0.045 0.064 0.038 U
BENZO(B)FLUORANTHENE mg/kg 0.025 U 0.032 U 0.2 0.03 U 0.0271J 0.0371J 0.038 U
BENZO(K)FLUORANTHENE mg/kg 0.025 U 0.032 U 0.13 0.066 0.035 0.045 0.038 U
BENZOI[G,H,IJPERYLENE mg/kg 0.0187J 0.032 U 0.13 0.06 0.0171 0.0257J 0.038 U
CHRYSENE mg/kg 0.034 0.0127 0.12 0.066 0.045 0.048 0.038 U
DIBENZO(A ,H) ANTHRACENE mg/kg 0.025 U 0.032 U 0.071 0.027 ] 0.03 U 0.037 U 0.038 U
FLUORANTHENE mg/kg 0.045 0.0187J 0.2 0.087 0.045 0.022J 0.038 U
FLUORENE mg/kg 0.025 U 0.0044 J 0.016 J 0.0068 J 0.0033 J 0.0045 J 0.038 U
INDENO(1,2,3-CD)PYRENE mg/kg 0.025 U 0.032 U 0.157 0.068 0.0147J 0.018J 0.038 U
NAPHTHALENE mg/kg 0.0043 J 0.029J 0.36 0.0117J 0.0063 J 0.0053 J 0.038 U
PHENANTHRENE mg/kg 0.0137J 0.0042 J 0.081 0.046 0.0217J 0.0091J 0.038 U
PYRENE mg/kg 0.084 0.035 0.47 0.26 0.12 0.087 0.038 U
Total PAHs (b) mg/kg 0.39 0.24 2.4 0.95 0.45 0.46 0.30
TPH
TPH mg/kg 25 24 84 38 29 25 20
METALS
COPPER mg/kg 8.4 11.2 38.4 17.6 14.8 13.1 11.4
ZINC mg/kg 21.5 45.7 65.0 42.2 55.4 66.9 71.5

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.
(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Table 3-3 (continued)

Site CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2 CS-2
Station 2-6 2-6 2-6 2-6 2-6 2-6 2-6 2-6 2-6
Sample ID 2-6(A) 2-6(B) 2-6(C) 2-6(D) 2-6(E) 2-6(F) 2-6(G) 2-6(H) 2-6(I)
Start Depth (cm) 10 30 40 50 60 80 100 120 190
End Depth (cm) 20 40 50 60 70 90 110 130 200
Analysis Unit
GRAINSIZE
GRAVEL percent 2.0 0.3 0.2 6.0 10.2 4.2 5.2 14.0 0.2
SAND percent 49.4 9.0 14.2 56.8 68.2 73.9 73.9 65.2 5.8
SILT percent 32.6 56.8 56.5 27.0 14.6 13.5 14.9 15.1 65.0
CLAY percent 16.1 33.9 29.1 10.2 7.1 8.4 6.0 5.7 29.0
SILT+ CLAY(a) percent 48.7 90.7 85.6 37.2 21.6 21.9 20.9 20.8 94.0
TOC
TOC percent 1.5 1.5 1.7 3.2 2.2 3.2 4.5 3.8 1.8
PAH
ACENAPHTHENE mg/kg 0.009 J 0.0157 0.057 271 76 43 20 28 0.0127J
ACENAPHTHYLENE mg/kg 0.0157J 0.029 J 0.064 0.035 U 0.16 U 31U 0.033 U 0.14 U 0.0064 J
ANTHRACENE mg/kg 0.032J 0.052 0.74 ] 0.035 U 0.16 U 271 17 17 0.016J
BENZO(A)ANTHRACENE mg/kg 0.2 0.31 0.71] 2017 36 33 27 19 0.054
BENZO(A)PYRENE mg/kg 0.29 0.33 0.621] 35U 281 261 21 14171 0.06
BENZO(B)FLUORANTHENE mg/kg 0.22 0.171] 0.34] 35U 10J 117J 9.917] 917 0.04 U
BENZO(K)FLUORANTHENE mg/kg 0.14 0.12 0.357J 35U 18171 18171 14 8917 0.04 U
BENZOI[G,H,IJPERYLENE mg/kg 0.079 0.072 0.11 35U 9.1] 117 7.31] 5517 0.0237]
CHRYSENE mg/kg 0.24 0.29 0.681J 3517 37 34 27 19 0.044
DIBENZO(A ,H)ANTHRACENE | mg/kg 0.034 U 0.047 0.032J 35U 2917 2217 2.87 2217 0.04 U
FLUORANTHENE mg/kg 0.29 0.3 1.1 38 48 40 30 29 0.065
FLUORENE mg/kg 0.0084 J 0.016 J 0.036J 817 247 227 127 15 0.0127]
INDENO(1,2,3-CD)PYRENE mg/kg 0.12 0.15 0.227] 35U 7.71] 8.1J 6.87 5.17 0.05
NAPHTHALENE mg/kg 0.0157J 0.026 J 0.077 35U 3517 62 29 54 0.075
PHENANTHRENE mg/kg 0.098 0.064 0.16 62 130 84 45 50 0.036 J
PYRENE mg/kg 0.49 0.65 2 100 85 68 50 38 0.11
Total PAHs (b) mg/kg 2.3 2.6 7.3 410 520 500 320 310 0.62
TPH
TPH mg/kg 72 29 52 2400 2000 7400 8100 4600 43
METALS
COPPER mg/kg 42.6 259 42.5 582 275 676 874 689 27.5
ZINC mg/kg 103 73.2 92.9 376 236 524 739 696 77.5

Note: Start and end depths are based on measurements from the top of the core and represent depths below the sediment-water interface.

(a) Sum of Silt plus Clay

(b) Sum of individual PAHs; 1/2 the RL has been substituted for undetected data.

J: Estimated value

U: Undetected Value; result represents the laboratory reporting limit.
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Figure 3-1d. STNH-N Core 1-4 characteristics and horizon classification
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Figure 3-1e. STNH-N Core 1-5 characteristics and horizon classification
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Figure 3-1f. STNH-N Core 1-6 characteristics and horizon classification
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Figure 3-2a. CS-2 Core 2-1 characteristics and horizon classification
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Figure 3-2b. CS-2 Core 2-2 characteristics and horizon classification
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Figure 3-2c. CS-2 Core 2-3 characteristics and horizon classification
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Figure 3-2d. CS-2 Core 2-4 characteristics and horizon classification
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Figure 3-2e. CS-2 Core 2-5 characteristics and horizon classification
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Figure 3-2f. CS-2 Core 2-6 characteristics and horizon classification
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than 10%, have been amplified by a factor of five to better distinguish sediment
concentrations since they are plotted on a scale with percent fines (silt/clay) which often
exceed 90%. Copper and zinc values were reduced by a factor of five to plot on the
same scale as total PAHs.

Classification of core intervals as surficial sediment, capping dredged material
(CDM), mound dredged material (UDM), older dredged material (DM), and native
sediment is also presented in Figures 3-1 and 3-2. In order to consistently characterize
the upper sediment interval contained in each core, while avoiding what was sometimes a
slurry-like material at the very top of the core, the section from 10-20 cm of each core
was analyzed. Subsequent sections were selected from various depths within each core;
pre-selected depths were not consistently analyzed among all cores to allow investigators
the flexibility of capturing unique features within each core and so as to not cross obvious
interval boundaries. Based on these observations, some cores were sampled more
intensively than others, i.e., a greater number of core sections were selected for analysis
(Table 3-1). Summary statistics for the analytical results for samples collected in the each
interval are provided in Table 3-4 for STNH-N and Table 3-5 for CS-2.

The results presented in the Tables 3-2 through 3-5 and Figures 3-1 and 3-2 as
well as information on texture, coloration, and odor noted during logging of the cores are
summarized below in Sections 3.3 and 3.4 for STNH-N and CS-2, respectively. For the
purpose of describing sediment textures, the nomenclature developed by Shepard (1954)
has been used. For example, material containing 30 percent sand, 30 percent silt, and 40
percent clay is termed “sand, silt, clay” whereas material that is 40 percent silt, 5 percent
clay, and 55 percent sand is termed “silty sand”. A more detailed description of each
core and the associated core logs are presented in Appendix C.

3.1.3 Data Quality

Analytical data quality was assessed according to the Region I, EPA-NE Data
Validation Guidelines for Evaluation of Environmental Analyses (EPA 1996) and the
USEPA Region I Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses (EPA 1991). A single data package for each of the measured
chemical parameters was subjected to a Tier II validation. Additionally, the quality
control criteria specified in the Quality Assurance Project Plan (Appendix A), and the
quality assurance and quality control criteria specified in the analytical methods were used
to assess the data during the data validation. No significant issues were noted during this
data review. A summary of the data review is presented in Appendix B.
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Table 3-4.

2004 STNH-N Layer Summary Statistics

Layer n' Sample IDs Parameter Unit (dry) Average Minimum Maximum Median Std Dev
1-2(A) Silt/Clay percent 78 50 94 81 18
1-3(A) TOC percent 2.7 1.4 4.4 2.9 1.2
Surface 5 1-4(A) Total PAHs mg/kg 4.3 2.3 7.9 3.6 2.4
1-5(A) TPH mg/kg 247 64 540 110 214
1-6(A) Cu mg/kg 78 35 110 94 32
Zn mg/kg 144 68 180 179 52
1-1(A, B, C, D) Silt/Clay percent 23 2.7 50 21 14
1-2(B, C, D) TOC percent 0.9 0.1 2.3 0.7 0.7
CDM 19 1-3(B, C, D) Total PAHs mg/kg 7.0 0.1 32 3.8 9.6
1-4(B, C, D) TPH mg/kg 399 4.3 2600 51 737
1-5(B, C, D) Cu mg/kg 26 33 112 17 29
1-6(B, C, D) Zn mg/kg 47 13 122 39 36
1-1(E, F, G) Silt/Clay percent 44 12 84 45 20
1-2(3, F, G) TOC percent 5.7 2.9 11 5.0 22
UDM 17 1-3(E, F, G) Total PAHs mg/kg 100 14 317 80 78
1-4(3, F, G) TPH mg/kg 7361 140 18000 7400 4804
1-5(E, F) Cu mg/kg 433 223 780 384 155
1-6(E, F, G) Zn mg/kg 726 294 1220 709 265
1-1(H) Silt/Clay percent 72 41 96 67 18
1-2(H, ) TOC percent 2.5 1.6 3.0 2.5 0.5
L 1-3(H, ) Total PAHs mg/kg 11 1.4 36 6.0 11
Historic DM 1506 TPH mg/kg 1275 68 5100 490 1680
1-6(H, I, J) Cu mg/kg 157 26 282 143 92
Zn mg/kg 246 88 450 172 137
1-4(H) Silt/Clay percent 91 - - - 9.1
1-5(H) TOC percent 2.0 - - - 0.9
. . Total PAHs mg/kg 3.9 - - - 5.2
Native Sediment 2 TPH me/ke 106 ) ) ) 133
Cu mg/kg 62 - - - 73
Zn mg/kg 122 - - - 88

'n=the sample quantity included in the layer statistics
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Table 3-5.

2004 CS-2 Layer Summary Statistics

Layer n' Sample IDs Parameter Unit (dry) Average Minimum Maximum Median Std Dev
2-1(A) Silt/Clay percent 49 21 65 49 16
2-2(A) TOC percent 1.4 1.1 1.8 1.4 0.3
2-3(A) Total PAHs mg/kg 3.6 0.4 10 2.5 3.6
Surface 6
2-4(A) TPH mg/kg 432 25 2200 91 867
2-5(A) Cu mg/kg 38 8.4 68 39 19
2-6(A) Zn mg/kg 84 22 124 89 35
2-1(B, C) Silt/Clay percent 34 2.8 91 22 31
2-2(B, C, D) TOC percent 1.4 0.6 2.7 1.4 0.6
CDM 14 2-3(B) Total PAHs mg/kg 8 0.2 46 5 12
2-4(B, C, D, E) TPH mg/kg 124 22 390 69 117
2-5(B, C) Cu mg/kg 34 4.7 123 26 32
2-6(B, ©) Zn mg/kg 48 9.9 99 41 30
2-1D, E, F, G, H) Silt/Clay percent 44 21 94 43 21
2-2(E, F, G, H) TOC percent 3.4 0.8 8.6 2.8 1.9
UDM 17 2-4(F, G, H) Total PAHs mg/kg 206 0.4 520 150 192
2-6(D, E, F, G, H) TPH mg/kg 5194 31 20000 2000 6363
Cu mg/kg 763 11 3210 536 809
Zn mg/kg 478 29 1370 344 366
2-3(C, D, E, F) Silt/Clay percent 63 25 97 67 30
2-5(D, E, F) TOC percent 1.7 0.9 2.2 1.6 0.5
L Total PAHs mg/kg 6.6 0.5 19 1.0 8.6
Historic DM 7 TPH mg/kg 118 25 390 87 128
Cu mg/kg 36 13 97 19 31
Zn mg/kg 64 42 128 55 30
2-1(I) Silt/Clay percent 85 45 97 93 20
2-2(D) TOC percent 1.9 1.5 2.8 1.8 0.5
Native 6 2-3(g) Total PAHs mg/kg 1.5 0.2 7.3 0.4 2.8
Sediment 2-4(1) TPH mg/kg 92 20 370 39 137
2-5(G) Cu mg/kg 34 11 116 18 41
2-6(D) Zn mg/kg 91 65 190 73 49

'n=the sample quantity included in the layer statistics
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3.2  Stamford-New Haven North
3.2.1 Physical Characteristics and Observations

Distinct and consistent strata were observed in the six cores from STNH-N. A
dark, fine-grained surface layer was observed at the top of all the cores. This layer
ranged from approximately 20 to 30 cm in thickness, with up to 94% fines and TOC
ranging from 1.4 to 4.4%. Core 1-1, collected on the upper portion of the mound was
the exception, where the upper fine-grained layer appeared less than 10 cm in thickness
and was not captured in the first sampling interval.

The dark, fine-grained surface layer graded into an interval of much lighter and
coarser grained material, assumed to be the New Haven CDM placed at the site. This
interval ranged in thickness from approximately 50 cm for the cores located closer to the
mound edge (Cores 1-4, 1-5) to over 100 cm near the top of the mound (Core 1-1). This
interval was quite variable in appearance with numerous shells, shell hash, and pockets of
fine material. Three 10-cm sections were sampled in this interval for most cores. Sand
was the dominant grain size, with the sand and shell fraction generally over 70%. TOC
was low, ranging from 0.1 to 2.3% with a median of 0.7%.

Beneath the lighter colored, coarse-grained material there was a sharp transition to
a very dark gray-black silt and sand which gave off a strong petroleum odor in four
cores. This interval ranged in thickness from approximately 20 to 80 cm and was
assumed to be the Stamford Harbor UDM placed at the site. The dark sand and silt was
interspersed with pockets of gravel and shell and occasionally interlayered with lighter
olive silt. Two or three 10-cm sections were sampled in this interval for each core. Silt
and clay content ranged from 12 to 84 %, with a median of 45%. Samples from this
interval consistently had the highest TOC of each core, ranging from 2.9 to 11%, with a
median of 5.0%.

The dark UDM horizon was underlain by a layer that was predominantly a lighter
olive silt and clay but had pockets of sand and gravel as well as shell and wood
fragments. Some layering of darker material was apparent, as were some irregular
contact angles between sediment types. The mixed properties and disturbed nature of this
material indicated older dredged material disposed at the site prior to the STNH-N mound
formation. One or two 10-cm sections were sampled in this interval for most cores. In
addition to the lighter color and texture change, analysis revealed that this interval was
further distinguished from the overlying UDM by moderate TOC content, ranging from
1.6 to 3%. This older dredged material interval ranged in thickness from approximately
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10 cm at Core 1-4 on the outer flank of the mound to > 100 cm at Core 1-1 (interval
extended to the bottom of the core).

In four cores, layers of what appeared to be native Long Island Sound sediments
were identified below the older dredged material. This material was generally logged as a
light olive clay silt. A distinctive thin sand lens was embedded within the silt in three of
the cores. There appeared to be a gradation from the overlying older dredged material to
the native sediment rather than a sharp transition. The two samples collected from this
interval had very high silt and clay content (85-98%) and lower TOC (1.3-2.6%).

3.2.2 Sediment Chemistry

Although sediment chemistry profiles for the STNH-N cores varied significantly
with depth, there was strong consistency within the strata identified by the physical
characteristics noted above. For the dark, fine-grained surface layer, zinc concentrations
ranged from 68 to 180 mg/kg, with a median of 179 mg/kg. Copper concentrations
ranged from 35 to 110 mg/kg, with a median of 74.9 mg/kg. TPH concentrations were
more variable and ranged from 64 to 540 mg/kg, with a median of 110 mg/kg. Total
PAH concentrations ranged from 2.3 to 7.9 mg/kg, with a median of 3.6 mg/kg.

Concentrations of all constituents were generally lower in the coarse-grained CDM
interval, although similar to the physical characteristics, there was a larger degree of
variability within this interval. Zinc concentrations ranged from 13 to 122 mg/kg, with a
median of 39 mg/kg. Copper concentrations ranged from 3 to 112 mg/kg, with a median
of 17 mg/kg. TPH concentrations ranged from 4 to 2600 mg/kg. Most values were at the
low end of this range, and the median was 51 mg/L. Total PAH concentrations ranged
from 0.1 to 32 mg/kg. Again, most values were at the low end, and the median was 3.8
mg/kg.

Highest concentrations for all constituents were found in the dark UDM interval.
Zinc concentrations ranged from 294 to 1220 mg/kg, with a median of 709 mg/kg.
Copper concentrations ranged from 223 to 780 mg/kg, with a median of 384 mg/kg. TPH
concentrations ranged quite widely from 140 to 18,000 mg/kg (nearly 2%), with a
median of 7400 mg/kg, contributing to the strong odor noted in some samples. Total
PAH concentrations also varied widely, ranging from 14 to 317 mg/kg, with a median of
80 mg/kg.

In the assumed historic dredged material beneath the UDM, concentrations of all
constituents were much lower than in the UDM, with zinc concentrations ranging from
88 to 450 mg/kg, and copper concentrations ranging from 26 to 282 mg/kg. TPH
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continued to vary widely, ranging from 68 to 5100 mg/kg. Total PAH were also lower
than the UDM, ranging from 1.4 to 36 mg/kg.

Only two samples were analyzed from what was logged as the native Long Island
Sound sediments. One sample collected near the bottom of Core 1-5 had very low
concentrations of all constituents (1-5(H) in Table 3-2). The other sample collected in the
lower half of Core 1-4 (1-4(H) in Table 3-2) had constituent concentrations similar to
those found in the overlying historic dredged material and may have been collected from
a transition zone between the two intervals.

3.2.3 Mound Sediment Classification Summary

The Stamford Harbor UDM was identified as a distinct interval in all six cores
collected at STNH-N. A minimum UDM thickness of approximately 20 cm was found in
Core 1-5, collected near the edge of the original mapped mound. The thickness of the
UDM interval increased in cores collected farther up the mound, with a maximum of
approximately 80 cm in Cores 1-4 and 1-6. Although the UDM was generally dark in
appearance and contained elevated contaminant concentrations, there was some variability
both between and within individual cores. This variability is best characterized in the field
replicate Cores 1-3 and 1-6, collected within several meters of each other. The overall
thickness of the UDM interval was similar for the two cores, but in Core 1-6, the interval
contained a much larger component of a lighter olive silt (Figures 3-1c and 3-1f).

Above the UDM, there was a sharp transition to the overlying cap in all cores.
The cap consisted of distinct, coarse-grained CDM directly above the UDM with a
surficial interval of finer-grained material worked into the CDM. The overall cap
thickness ranged from approximately 80 cm on the mound flank to nearly 150 cm near
the top of the mound.

Lighter colored material with increased fines and occasional shells and gravel was
found beneath the UDM in all six cores. Given the disturbed nature of this sediment and
slightly elevated contaminant levels, it was considered to be older dredged material
historically disposed at the site prior to STNH-N mound formation. A gradual transition
to apparent native Long Island Sound sediments was noted beneath the older dredged
material in four cores. The native material consisted of a relatively uniform olive to gray
silt, with occasional imbedded coarser horizons.
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3.3 Cap Site 2
3.3.1 Physical Characteristics and Observations

Distinct vertical strata were observed in the six cores from CS-2. However,
consistency of these strata among cores was not as strong as for STNH-N. The surficial
interval was typically dark olive-gray with a nearly even sand-silt content. TOC for the
10-20 cm interval was low, ranging from 1.1 to 1.7%. This sand and silt surficial
interval extended to 30 to 40 cm in all cores except Core 2-5 where surficial sediments
were coarser.

In four cores (2-1, 2-2, 2-3, 2-4) the surficial interval was underlain by a sharp
transition to coarser material with shells and shell hash, ranging from 20 to 50 cm in
thickness. Cores 2-5 and 2-6 transitioned to finer, lighter colored material beneath the
surficial interval. This finer material was approximately 40 cm thick with imbedded shells
in Core 2-5 and was approximately 20 cm thick in Core 2-6. All of this material was
classified as CDM, with the variability in grain size consistent with the source of the cap
material (New Haven) and method of removal (mechanical dredging). Two 10-cm
sections were sampled in this CDM interval for most cores, with a median sand and shell
fraction of 78% and median TOC of 1.4%.

Beneath the varied CDM, there was a sharp transition to a very dark mixture of
silty sand and sandy silt in four cores (2-1, 2-2, 2-4, 2-6). This interval contained some
horizons of lighter olive silt, and a strong petroleum odor was noted in two cores. This
interval ranged in thickness from approximately 35 to 100 cm and was assumed to be the
Black Rock Harbor UDM placed at the site. Three or four 10-cm sections were sampled
in this UDM interval in each core. Silt and clay content ranged from 21 to 94 %, with a
median of 43%. TOC was lowest (0.8% minimum) in the lighter horizons and highest
(8.6%) in the darker sections, with a median of 2.8%.

The UDM interval was not apparent in two cores (2-3, 2-5). In these cores the
CDM transitioned to a chaotic mixture of silt, sand, and shells that was lighter in color
than the UDM and assumed to be older dredged material disposed at the site prior to the
CS-2 mound formation. This interval was approximately 50 cm in length in both cores. A
total of seven 10-cm sections were sampled in this interval for the two cores. Silt and
clay content ranged from 25 to 97%, with a median of 67%. TOC was low, ranging from
0.9 to 2.2%. This older dredged material was apparent beneath the UDM in the other
four cores, ranging in thickness from approximately 15 to 35 cm.

Stamford-New Haven North/Cap Site 2 Investigation May 2004



47

In all six cores, native Long Island Sound sediments were apparent below the
older dredged material. Similar to the STNH-N cores, this material was generally logged
as a light olive clay silt, but evidence of episodic deposition of coarser sediments was not
as apparent beneath CS-2. In general, the exact boundary between the older dredged
material and underlying native material was difficult to discern, with a gradual transition
from the disturbed and heterogeneous older dredged material to the more uniform native
material below. One 10-cm interval was sampled within this interval for each core. Silt
and clay content was over 90% for all but one sample, and TOC ranged from 1.5 to
2.8%.

3.3.2 Sediment Chemistry

Similar to STNH-N, sediment chemistry profiles varied significantly with depth for
the CS-2 cores but displayed consistency within the strata identified by the physical
characteristics noted above. For the dark, sand and silt surface layer, zinc and copper
concentrations were low, with medians of 78 and 34 mg/kg, respectively. TPH
concentrations were more variable and ranged from 29 to 2200 mg/kg, with a median of
62 mg/kg. Total PAH concentrations were low, with a median of 1.8 mg/kg.

Concentrations of all constituents in the varied CDM interval were generally
similar to the surface interval. The median zinc concentration was 41mg/kg, and the
median copper concentration was 26 mg/kg. TPH concentrations ranged from 22 to 390
mg/kg, with a median of 69 mg/kg, and the median total PAH was 4.5 mg/kg.

Similar to the STNH-N cores, highest concentrations for all constituents were
found in the dark UDM interval in CS-2 cores, although there was a greater degree of
variability. Zinc concentrations ranged from 29 to 1370 mg/kg, with a median of 344
mg/kg. Copper concentrations ranged from 11 to 3210 mg/kg, with a median of 536
mg/kg. TPH concentrations ranged quite widely from 31 to 20,000 mg/kg, with a median
of 2000 mg/kg, contributing to the strong odor noted in some samples. Total PAH
concentrations also varied widely, ranging from <0.1 to 515 mg/kg, with a median of
147 mg/kg.

Relative to the UDM described above, concentrations of all constituents were
much lower in the assumed historic dredged material that was found in Cores 2-3 and
2-5. Median zinc and copper concentrations were 55 and 19 mg/kg, respectively. TPH
varied over a smaller range, from 25 to 390 mg/kg. Total PAH concentrations were also
lower than the UDM, ranging from 0.5 to 19 mg/kg.
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Of the six samples analyzed from what was logged as the native Long Island
Sound sediments, five had generally low concentrations of all constituents. One sample
collected near the bottom of Core 2-2 (sample 2-2(I) in Table 3-3) had constituent
concentrations similar to those found in the overlying historic dredged material and may
have been collected from a transition zone between the two intervals.

3.3.3 Mound Sediment Classification Summary

The Black Rock Harbor UDM was identified as a distinct interval in four cores
collected closer to the top of the CS-2 mound, with thicknesses ranging from
approximately 35 to 100 cm. Although the UDM was generally dark in appearance and
contained elevated contaminant concentrations, there was some interlayering of lighter,
finer-grained, and less contaminated material.

Above the UDM, there was a sharp transition to the overlying cap in all four of
the cores. The cap consisted of CDM with variable appearance and grain size directly
above the UDM with a more uniform surficial interval of finer-grained material worked
into the CDM. The variable nature of the CDM was highlighted by the replicate cores
collected at CS-2. Core 2-2 had the greatest overall cap thickness (approximately 90 cm)
with an extended sequence of coarse-grained material (Figure 3-2b). Replicate Core 2-6,
collected several meters away had the least overall cap thickness (approximately 50 cm)
with very limited coarse-grained material (Figure 3-2f).

Cap material was also present at the two cores with no identified UDM interval.
Beneath the cap material, both cores had an approximately 50-cm thick interval of
heterogeneous and/or disturbed material that was apparently older dredged material
historically disposed at the site prior to CS-2 mound formation. Shorter sequences of this
older dredged material were apparent beneath the UDM at the other four cores. A
gradual transition to apparent native Long Island Sound sediments was noted beneath the
older dredged material in all six cores. Similar to STNH-N, the native material consisted
of a relatively uniform olive to gray silt, but with limited imbedded coarser material.

34 P-Wave

P-Wave velocity measurements were made in two of the cores collected during the
2004 survey (Figure 3-3). Sharp excursions in the profile should be discounted as
measurement noise and/or error, but the underlying p-wave variability measured in upper
layers was indicative of heterogeneous sediment mixtures and consistent with general
CDM and UDM characteristics. Below the 120 cm core depth of Core 2-3, p-wave
measurements were very uniform which was consistent with the uniformly fine-grained,
olive colored sediment observed in this region of the core.

Stamford-New Haven North/Cap Site 2 Investigation May 2004



Core Depth (cm)

49

Core 2-3
P-Wave Velocity (m/s)
c§>00 1000 2000 2500
T T
50 |
100 |
150 |

200 | f"

250

300

Figure 3-3. P-wave velocity profiles from Cores 2-3 and 2-4
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P-Wave measurements made within Core 2-4 were also variable in upper layers,
although increasing overall within the CDM layer with depth as the material became
coarser to about 85 cm. This was followed by a decrease in velocity within the 85 to 135
cm horizon. Below this depth, p-wave measurements increased dramatically within a
relatively short interval, which may have been the result of an increase in core liner
thickness. The thicker core liner is expected in this area since the core was cut laterally
at about 142 cm and contained a plastic end cap.

Below about 150 cm, the p-wave measurements were very uniform with few
exceptions throughout the remaining core length, consistent with the uniform, fine-
grained sediment character observed in that region of the core.
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4.0 DISCUSSION

The STNH-N and CS-2 capped mounds at CLDS are among the earliest
engineered open-water caps. As such, they have been studied periodically to assess the
long-term stability of this dredged material management technique. There are two sets of
processes governing the movement of contaminants within buried sediments and into to
overlying waters where they might be available to the ecosystem. Physical processes,
such as scouring of bottom sediments by tidal or storm-related currents, disturbance by
trawling, or mixing resulting from burrowing of organisms, can cause redistribution of
sediments. This is of potential concern for capped mound settings where the sediment
redistribution could result in UDM at or near the sediment-water interface. Chemical
processes, such as dissolution of contaminants into surrounding pore water, can allow
previously sediment-bound contaminants to move into the pore space of the sediment. If
pore waters can actively exchange with near-surface pore water or overlying water,
contaminants might become available to biota. This type of pore water exchange process
has been shown to be virtually non-existent for a capped mound setting where there is no
mechanism for active flux of water through the mound, such as exists at STNH-N and
CS-2 (Murray et al. 1994).

Previous investigations have shown both the STNH-N and CS-2 mounds to be
stable, with no evidence of physical disturbance of mound components or chemical
migration (Fredette et al. 1992). The May 2004 coring investigation was designed to
provide additional assurance of mound stability 20+ years after formation of the STNH-
N and CS-2 mounds with the following objectives:

e Compare the physical distribution of sediment intervals within the cores with
expected values based on core location on the mound and on previous data to
assess the physical integrity of the caps.

e Compare the chemical profiles within the cores to previous data to assess the
maintenance of chemical isolation of contaminants within the UDM interval.

To provide a context for discussing STNH-N and CS-2 mound physical condition
and chemical profiles, a review of the formation of the mounds is presented in Section
4.1. Maps of mound configuration, generated as part of the original mound construction,
were used to select coring locations in the May 2004 study and as a context to evaluate
the resulting data. The mound horizons and chemical profiles delineated in Section 3 were
evaluated as an independent data set and compared with historical data to address the
above objectives. These data also allowed addressing an ancillary objective, identifying
mound variability over a short (meters) distance scale.
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4.1 Review of Mound Formation

The distribution and characteristics of sediment at each capped mound represent
the net product of a series of events, both natural and anthropogenic. Some of these
events took many years (e.g., natural deposition of fine-grained sediment), and others
were completed within a single day (e.g., disposal of a barge load). Natural transport
and accumulation of sediments occur throughout Long Island Sound and would have
occurred before, during, and after discrete dredged material disposal events. Disposal of
dredged material in the vicinity of CLDS took place throughout much of the twentieth
century, prior to detailed record keeping of dredging and disposal activities. Hence, the
presence of historic dredged material from a number of potential sources was expected in
the vicinity of both cap sites. The disposal events for the STNH-N and CS-2 capping
projects were grouped around taut-wire moored buoys or specified disposal targets, and
the dates, sources, and volumes of disposed material are reasonably well-known.
Subsequent deposition and reworking of surface material is assumed to have occurred
following the completion of disposal activity (1979 for STNH-N and 1983 for CS-2) until
the present. Recently, during the 2003-2004 season, disposal at the CDAO3 buoy,
located approximately 300 m to the southwest of the STNH-N mound, could have
resulted in accumulation of dredged material on top of the cap.

For interpretation and discussion, the depositional stratigraphy identified in the
2004 cores was grouped into presumed horizons: base material of native Long Island
Sound sediment, older dredged material (DM) with unknown source characteristics,
dredged material unsuitable for unconfined open ocean disposal (UDM), capping dredged
material (CDM) placed at the sites to sequester the contaminated UDM, and surface
sediment representing recent deposition and reworked upper CDM. Our knowledge of
the characteristics and distribution of material in each of these horizons is uneven given
the lack of records for the historic DM and given the heterogeneous nature of the UDM
and CDM, which were collected from several harbors, depths, and locations and
deposited in bulk on the seafloor over existing historical deposits. The following
provides a review of the chronology of mound formation and the known characteristics of
materials used in the two capping projects.

4.1.1 STNH-N History

The Stamford-New Haven project was the first planned open water capping
operation performed in the United States. The seafloor of the area was surveyed prior to
mound development to establish depths across the intended site (SAI 1979a). The seafloor
had some irregular topography, likely the result of historical disposal, but the pre-
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placement surveys were not designed to document the older dredged material.
Development and capping of the STNH-N mound was performed in 1979 and is
summarized below.

UDM Placement — Approximately 31,000 m®> of UDM was deposited at a taut-wire
marker buoy at STNH-N in April-June 1979. The material was mechanically dredged
from Stamford Harbor and transported and disposed at STNH-N using split-hulled barges.
Pre-dredging sediment sampling characterized this UDM as predominantly silts and clays
with elevated levels of oil and grease, volatile organics, and metals.

Following placement of the UDM, a bathymetric survey revealed a well-defined
mound rising approximately 2 m off the bottom with some elongation of the peak to the
southwest and a more extensive mound apron extending to the east and southeast (Figure
4-1 from SAI 1979d). Comparison of the post-disposal survey results with the pre-
disposal bathymetry allowed for mapping of the UDM thickness (Figure 4-1). Note that
the outer 20-cm contour in the figure has been dashed given the presumed accuracy of the
bathymetry measurements in 1979. Diver and grab sampling surveys identified the mound
surface as gray cohesive clay clumps 20-30 cm in diameter scattered within a matrix of
black oily silt and watery clay (SAI 1979d,e). These surveys provided a more reliable
assessment of the full extent of the mound. The black silty material was spread as a thin
layer over oxidized sediment at the margin of the mound. The apron of UDM rapidly
thinned from approximately 50 cm thick at the mound margin to 3-6 cm thick at a
distance of 50 m and to 1-3 cm thick at a distance of 100 m beyond the mound margin
(SAI 1979d).

CDM Placement — Following placement of the UDM, approximately 112,000 m’
of coarse-grained CDM was deposited over the STNH-N mound in June 1979. The
material was hydraulically dredged from the mouth of New Haven Harbor and
transported and disposed at STNH-N using a hopper dredge. The CDM was not analyzed
for chemistry but was characterized as a silty, clayey, fine-medium sand with shell
fragments (Fredette et al. 1992). Approximately 65,000 m® of the CDM was placed near
the center of the mound, and the remainder was placed within a band approximately 100
to 300 m from the mound center. Comparison of a bathymetric survey performed after
cap placement with the pre-cap survey indicated an estimated cap thickness of 1-2 m over
the majority of the mound (Figure 4-2).

Comparison of the bathymetry survey performed following STNH-N formation
(SAI 1979e) with a follow-up survey performed 12 years later (Silva et al. 1991) revealed
that the overall morphology of the mound remained the same, but that the height above
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Figure 4-1. Composite depth difference map of UDM at STNH-N based on the
bathymetric surveys conducted on March 22 and May 21, 1979 (SAI
1979d) with 2004 core locations indicated
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Figure 4-2. Composite depth difference map of CDM at STNH-N based on the
bathymetric surveys conducted on May 21 and June 19, 1979 and
interpolation of bathymetric survey on June 22, 1979 (SAI 1979¢) with
2004 core locations indicated
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the seafloor was reduced by approximately 1 m. Given that cores recovered from the
mound during the 1990 survey revealed an intact cap layer, the reduction in mound
height was attributed to consolidation of mound components and the underlying seafloor
(Silva et al. 1991, Fredette et al. 1992, Silva et al. 1994). The results of a 2000
bathymetric survey (SAIC 2002) are presented in Figure 4-3 along with overlays of the
previously mapped primary UDM mound extent and CDM cap thickness. This survey,
performed 21 years after the formation of STNH-N, is similar to the 1991 survey; the
mound retained its original morphology of a nearly 2 m rise above the surrounding
seafloor.

4.1.2 CS-2 History

The CS-2 mound was formed in 1983, four years after STNH-N, as part of an
extensively monitored follow-up capping study. Baseline surveys at CS-2 prior to mound
formation included bathymetry, sediment-profile imaging (SPI), side-scan sonar, and
diver observations. The bathymetric survey indicated complex topography with relief of
approximately 1 m and apparent coarse dredged material in the northeast portion of the
survey area (Morton 1983). SPI survey data indicated habitat disturbance at several
stations on the eastern margin of the survey area (200 and 400 m east of the disposal
buoy) consistent with older dredged material. Diver surveys conducted near the center of
the site reported a cohesive oxygenated silt with very few shell fragments and no
evidence of recent dredged material disposal (Morton et al. 1984). The side-scan survey
revealed large patches of high reflectance material consistent with older dredged material
deposits in the eastern portion of the survey area (Morton et al. 1984). Development and
capping of the CS-2 mound was performed in 1983 and is summarized below.

UDM Placement — Approximately 30,000 m®> of UDM was placed at CS-2 in April
1983. The material was mechanically dredged from Reach 1 in Black Rock Harbor and
transported and disposed at CS-2 using split-hulled barges (Morton et al. 1984). Pre-
dredging sampling characterized the Black Rock material as highly contaminated with
both organic and inorganic compounds, including oil and grease, PAH, copper, and zinc
(Rogerson et al. 1985 and Fredette et al. 1992).

Following UDM placement, a bathymetric survey documented the presence of an
elliptical shallow mound, approximately 200 m east-west and 100 m north-south with a
maximum elevation of 1 m above the surrounding sea floor (Figure 4-4 from Morton et
al. 1984). This mound contrasted with the initial UDM deposit at STNH-N (which had a
similar volume of UDM) with a lower height and broader dimensions indicating that the
Black Rock material was less cohesive than Stamford Harbor material, and tended to

Stamford-New Haven North/Cap Site 2 Investigation May 2004



37

72°52'48"W 72°52'36"W

11905,

Z Z
N N
= =
& &
— —
< <
72°52'48"W 72°52'36"W
Depth (m)
) Meters | I I I I @
0 25 50 D O o O DL ODAOL LD
VNV AV AT AN OV 0N OV 0N O
TR AT AT AT TR T 2T T T D
@ Historical Buoy Location T3 Primary Extent of UDM Mound
@ 1990 Core Location [ 40+ cm Cap Thickness Notze(:)goathy:r}stry based
O 2004 Core Location [_" 20 - 40 cm Cap Thickness Egthyme{:};‘ E'e;ﬁ{z
~~ 0.25 m contour (SAIC 2002)
Projection: Conformal Conic ~ Coordinate System: CT State Plane (m)  Datum: NAD 83  Depth in meters, MLLW
J:\\Water\ProjectFiles\P90\9000DAMOS\Reporting\2004\STNH_CS2\Draft\Figures\STNH_N_cores.mxd September 2004
Figure 4-3. Recent STNH-N bathymetric contour map showing 1990 and 2004 coring

locations

Stamford-New Haven North/Cap Site 2 Investigation May 2004



58

72°54'12"W
|

CSs-2

£ - z
< o :
o [ o
— -
< <
[
72°54'12"W
) Meters
0 25 50 ]
—— UDM Thickness (cm)
O 2004 Actual Core Location
Projection: Conformal Conic  Coordinate System: CT State Plane (m)  Datum: NAD 83
J:\Water\ProjectFiles\P90\9000DAMOS\Reporting\2004\STNH_CS2\Draft\Figures\CS-2_UDM.mxd November 2004

Figure 4-4. Composite depth difference map of UDM thickness at CS-2 based on the
bathymetric surveys conducted on April 7 and 28, 1979 (Morton et al.
1984) with 2004 core locations indicated
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spread out more following placement on the sea floor. Diver observations and a side-
scan sonar survey noted a flat deposit of dredged material with clay clumps, wood
fragments, shells and coarse-grained material centered on the disposal buoy. Following
characterization of the CS-2 UDM mound, an additional 8000 m3 of material from Reach
3 in Black Rock Harbor was placed at CS-2 in May 1983.

CDM Placement - Following placement of the UDM, approximately 42,000 m® of
coarse-grained CDM was deposited over the CS-2 mound in May-June 1983. The
material was mechanically dredged from outside the New Haven Harbor breakwater and
transported and disposed at CS-2 using split-hulled barges. The material was
characterized as dark grey coarse sand (Fredette et al. 1992). A bathymetric survey
conducted to assess the distribution of CDM over CS-2 indicated that most of the capping
material was placed south and west of the disposal buoy, while the UDM was more
closely centered and slightly to the east. During capping operations at CS-2, there were
some problems with the operation of the Loran receivers used for locating capping points,
and tug operators instead used the buoy as a reference point for most of the barge loads
(Morton et al. 1984). The resulting cap layer varied in thickness from 20 to 140 cm and
formed roughly an equilateral triangle pointing south with sides approximately 250 m
long (Figure 4-5). The thickest deposits were over the southern point of the triangle, but
the cap at the center of the mound was at least 80 cm thick over a broad area (Morton et
al. 1984).

Following the completion of the cap, the surface of the mound was surveyed
extensively with side-scan, SPI, and divers. Side-scan results showed high reflectance
material centered on the mound and evidence of cratering from individual barge loads
(Morton et al. 1984). Divers observed a 2-cm layer of fine sand over sandy gravel with
ripples and patchy distribution of shell fragments, clay clumps and wood debris at the
center of the mound. They also observed rapid changes in elevation of 1-2 m over the
surface of the mound in the recently-deposited dredged material. The results of the SPI
survey indicated that the CDM was thicker than camera penetration from the center of the
site to the margin of the bathymetrically observable mound. Beyond the margin of the
mound, the thickness of the CDM decreased quickly to thin layers (1 to 4 cm) over thin
layers of UDM (1 to 9 cm) (Morton et al. 1984).

Another round of surveys was performed one to two months following completion
of the cap, which included collection of sediment cores, bathymetry, SPI, and diver
observations. The bathymetric survey indicated consolidation in the thickest portion of
the mound, and divers noted a 2-cm deposit of flocculent soft sediment over the CDM
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Figure 4-5. Composite depth difference map of CDM dredged material thickness at CS-
2 based on depth difference between bathymetric surveys conducted on
April 28 and June 8, 1979 (Morton et al. 1984) with 2004 core locations
indicated
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and relatively flat topography compared with the previous survey. The surface was
scattered with clay clumps with some peat, and the western region was littered with
chunks of wood, fishing gear and rope (Morton et al. 1984). The SPI survey also
reported a 2-cm layer of silt on top of the CDM and a similar distribution of CDM and
UDM compared to the previous SPI survey. The flanks of the mound had thin layers of
UDM (<2 cm) covered by thin layers of sand that were beginning to be mixed by
bioturbation (Morton et al. 1984).

Comparison of the bathymetry from the survey performed following CS-2
formation (Morton et al. 1984) with a follow-up survey performed eight years later (Silva
et al. 1991) revealed that the overall morphology of the mound remained the same.
Similar to STNH-N, cores recovered from the CS-2 during the 1990 survey revealed an
intact cap layer (Fredette et al. 1992). The results of a 2000 bathymetric survey (SAIC
2002) are presented in Figure 4-6 along with overlays of the previously mapped primary
UDM mound extent and CDM cap thickness. This survey, performed 17 years after the
formation of CS-2, was similar to the 1990 survey; the mound still retained its original
morphology of approximately a 0.75 m rise above the surrounding seafloor.

4.2  Physical Distribution of Mound Sediments

The physical characteristics of the CDM generally differed from those of the
UDM at both STNH-N and CS-2. These characteristics (color, texture, organic content,
odor) were used to classify the layering within the 2004 cores as described in Section 3
and to assess the physical integrity of the CDM over UDM mound structure 20+ years
after formation. The earlier investigations that characterized the mound structure
following formation were used to select a range of locations over the mounds for coring
in the 2004 study to ensure representative coverage. Cores were of sufficient length to
capture the full mound stratigraphy at each location.

4.2.1 STNH-N

All six of the STNH-N cores showed clearly differentiable CDM and UDM
intervals. The overall cap thickness ranged from approximately 75 cm to 145 cm (Table
4-1). The cap was made up primarily of CDM, but also contained a surficial layer
ranging in thickness from 10 to 30 cm and consisting of fine sediment grading into CDM.
This surficial layer was assumed to be the result of deposition occurring since mound
formation that has been reworked into the CDM through biological activity and surface
disturbance.
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The 2004 core locations are shown on the original cap thickness map prepared
following mound formation/capping (Figure 4-2). Taking into account the overall mound
consolidation that was documented following formation, the thickness of the CDM
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Figure 4-6. Recent CS-2 bathymetry showing 1990 and 2004 coring locations
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Capped Mound Layer Thickness Estimates Observed in 2004 (thickness in cm)

Table 4-1.

Mound Layer

Core ID/Layer thickness

CAP-Surficial
CAP-CDM
UDM

DM

STNH-N

Native Sediment

CAP-Surficial
CAP-CDM
UDM

DM

CS-2

Native Sediment

1-1
10
120

1-2
15
130
55
80
10

1-3%
30
105
75
75

135

1-4
30
60
85
10
95

24
30
55
35
15

115

1-5
30
45
20
50
145

2-5
10
60

50
145

1-6*
20
125
80

100
35
45

RField Replicate
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recorded in the 2004 cores (ranging from 45 at Core 1-5 to 130 at Core 1-2) was in good
agreement with the original estimated CDM thickness at each location (ranging from just
under 100 cm at Core 1-5 to just over 200 cm at Core 1-2). For 2004 cores collected in
close proximity to cores from the 1990 study (see 1-1/40N and 1-4/40W in Figure 4-3), a
thicker CDM layer was recorded in both of the 2004 cores relative to the 1990 cores
(Tables 4-1 and 4-2). This may have been due to recent dredged material that may have
accumulated on the mound during the 2003-2004 disposal season, when the CDAO3
disposal buoy was located approximately 300 m to the southwest of the STNH-N mound.
Minor differences in CDM thickness may also be due to natural variation within the
intervals or to differences in vibracore equipment or techniques between the two studies
that resulted in increased compaction of the 1990 cores. The lack of a trend toward
reduced CDM thickness in 2004 coupled with the record of deposition of fine-grained
sediment over the CDM provided evidence that surficial erosion and disturbances had not
occurred at a level that would affect the CDM layer.

The transition from CDM to underlying UDM was visually quite distinct in all six
of the cores based on color and texture (Figures 3-1 and 4-7). Banding of CDM and
UDM, indicating potential interlayering or mixing at the time of formation, was only
noted in the lower cap interval of Core 1-5 (Figure 3-1e). Although the fines content was
similar between the CDM and UDM in some samples, the CDM had a larger fraction of
shells and very coarse material. The UDM was generally dark in color and uniform in
appearance, but with some variability of color and texture within the interval. The
transition from UDM to underlying historic dredged material was generally less defined
than the UDM-CDM interface.

The UDM interval was identified in all of the 2004 cores and ranged in thickness
from approximately 20 cm in Core 1-5 to 85 cm in Core 1-4 (Table 4-1). Once again
taking mound consolidation into account, these UDM thicknesses were in good agreement
with the original estimated UDM thickness at each location (ranging from just over 60 cm
at Core 1-5 to 120 cm at Core 1-4 in Figure 4-1). For 2004 cores collected in close
proximity to cores from the 1990 study (see 1-1/40N and 1-4/40W in Figure 4-3), a
thicker UDM layer was recorded in both of the 2004 cores relative to the 1990 cores
(Tables 4-1 and 4-2), again potentially due to natural variation or greater compaction of
the 1990 cores during collection.

Historic dredged material was identified beneath the UDM in all six of the cores.
Four of the cores penetrated through the dredged material into base material of native
Long Island Sound sediments. The boundary between the historic dredged material and
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Table 4-2.

Capped Mound Layer Thickness Observed in 1990 (thickness in cm)

Mound Layer Station ID/Thickness
40N 40W CTR 60E 408
CDM 80 50 110 75 140
STNH-N UDM 40 40+ 50 20-40 20
Core Length 125 160 160 110 180
8ON CTR 80 NE 40E 50W
CDM 60 40 80 65 25
2 upm 0 40-80" 35 0 0
Core Length 130 120 125 120 140

'The bottom 40 cm from the core may be historic dredged material
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Figure 4-7. Ternary grain size plots of the STNH-N mound layers
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Figure 4-7 (continued). Ternary grain size plots of the STNH-N mound layers
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Figure 4-7 (continued). Ternary grain size plots of the STNH-N mound layers
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underlying native sediment was not well-defined, likely because the disposal of historic
dredged material occurred intermittently over an extended period of time (decades).

Cores 1-3 and 1-6 were collected as replicates within several meters of each other.
Overall, the cores were quite similar in profile and interval thickness. There was some
variation within the UDM; an intact sequence of lighter grey silt was identified in Core
1-6, while the interval was more mixed in Core 1-3. As discussed in Fredette et al.
(1992), variability at this scale is to be expected given the mechanical dredging/split-
hulled barge techniques used to place the UDM.

4.2.2 CS-2

The CDM over UDM sequence was identified in four of the six CS-2 cores. In the
remaining two cores, a CDM interval was identified with no apparent underlying UDM
interval. The overall cap thickness ranged from approximately 50 to 95 cm (Table 4-1).
Similar to STNH-N, the cap was made up primarily of CDM, but also contained a
surficial layer, ranging in thickness from approximately 10 to 30 cm. The surficial layer
was coarser in texture than at STNH-N, consisting of nearly even sand and silt-clay
content (Figure 4-8). In addition, the CDM layer at CS-2 showed more variability in
color and texture than at STNH-N, making it harder to differentiate from the surficial
material (Figure 3-2).

The 2004 core locations are shown on the original cap thickness map prepared
following mound formation/capping (Figure 4-5). Comparison of the thickness of the
CDM recorded in the 2004 cores (Table 4-1) with the original mapped CDM thickness
(Figure 4-5) revealed greater variability but no consistent trend, i.e., there was no
observable trend toward reduced CDM thickness in the 2004 cores relative to the original
estimates. None of the 2004 cores were collected in close proximity to those in the 1990
study (Figure 4-6), and a direct comparison of CDM thickness cannot be made.

The transition from CDM to underlying UDM was visually distinct in the four
cores in which UDM was present based on color and texture (Figures 3-2 and 4-8).
Similar to STNH-N, the fines content in the UDM was sometimes similar to the CDM,
but the CDM had a larger fraction of shells and very coarse material. Also similar to
STNH-N, there was some variability of color and texture within the UDM interval, and
the transition to underlying historic dredged material was generally less defined than the
UDM-CDM interface.
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Figure 4-8. Ternary grain size plots of the CS-2 mound layers
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Figure 4-8 (continued). Ternary grain size plots of the CS-2 mound layers
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Figure 4-8 (continued). Ternary grain size plots of the CS-2 mound layers
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The UDM interval identified in the four cores ranged in thickness from 35 cm in
Core 2-4 to 100 cm in Core 2-6 (Table 4-1). Similar to the CDM, these interval lengths
showed more variability than the STNH-N cores when compared to the original estimated
UDM thickness at each location (Figure 4-4). This variability was highlighted by
comparison of the 2004 replicate cores and comparison with the 1990 core data. Cores
2-2 and 2-6 were collected within several meters of each other (Figure 4-2), but the
UDM thickness measured in the two cores varied by about 25 cm (Table 4-1, Figures
3-1b and 3-2f). Core 2-5 was positioned in the general direction of the 1990 Core CTR
but closer to the mound center (Figure 4-6). A relatively thick, 40+ cm layer of UDM
was recorded for Core CTR, and a similar or greater thickness was expected at Core 2-5,
positioned closer to the mound center. However, no UDM interval was found in Core
2-5.

Historic dredged material was identified beneath the UDM or CDM in all six of
the cores, varying in thickness from 15 to 50 cm (Table 4-1). As expected, this material
was variable in texture (Figure 4-8). All six of the cores penetrated into base material of
native Long Island Sound sediments. Similar to STNH-N, the transition from the
overlying historic dredged material to the underlying native sediment was not well-
defined.

Cores 2-2 and 2-6 were collected as replicates within several meters of each other.
In addition to the variability in the UDM intervals for the two cores noted above, the
overall cap thickness varied by 45 cm between the two cores (Table 4-1, Figures 3-2b
and 3-2f). This variability was expected given that both the CDM and UDM at CS-2
were placed using mechanical dredging/split-hulled barge disposal (Fredette et al. 1992).

4.2.3 Sediment Distribution Summary

The cores collected in the 2004 study at STNH-N and CS-2 provide clear and
consistent data showing that the CDM over UDM sequence remains intact with a well-
defined interface between the intervals at both mounds. At STNH-N, the thickness of the
CDM interval compared well with the distribution of the CDM mapped following the
original formation of the mound, taking into account the expected long-term consolidation
of the hydraulically dredged CDM. At CS-2, the thickness of the CDM was more
variable, reflecting the mechanical dredging that was used in the project, but there was no
apparent reduction of CDM thickness over time. At both sites, a surficial layer was noted
above the CDM, indicating net deposition since formation of the mounds. This layer was
more distinct and thicker at STNH-N, potentially the result of its location near the center
of CLDS, with significant dredged material disposal over the past 25 years (see disposal

Stamford-New Haven North/Cap Site 2 Investigation May 2004



75

mounds noted on Figure 1-2). In the 2003-2004 disposal season, the disposal buoy was
located approximately 300 m to the southwest of STNH-N, and depth-difference maps
calculated from subsequent bathymetric surveys indicated a thin layer (up to 0.25 m) of
deposition over at least the southern portion of the mound. Taken together, the
maintenance of the CDM thickness over time and the overlying net deposition provide
evidence that the UDM interval remains physically isolated from the overlying waters and
unaffected by potential erosive events or other surface disturbances.

4.3 Chemical Distribution within Mound Sediments

Following classification of the distinct horizons within the 2004 cores, subsamples
from each of the horizons were submitted for chemical analyses. Specific analyses
included total petroleum hydrocarbons (TPH), polycyclic aromatic hydrocarbons (PAH),
copper, zinc, and total organic carbon (TOC). The analytical results for the different
intervals were compared with each other and compared with the results of previous
studies, looking for evidence of consistency of chemical distributions within and between
horizons in the context of relatively heterogeneous sediments. The overall goal was to
assess the effectiveness of the mound/cap structure at chemically isolating contaminants
over time.

As presented in Fredette et al. (1992), chemistry within the UDM and, to a lesser
extent, the CDM of STNH-N and CS-2 was expected to display wide variations spatially
as a result of the techniques used for dredging and placement. Given this variability, a
large dataset would be required for statistical comparison within a given interval.
However, given the relatively large difference in chemical concentrations between the
UDM and the other intervals, simple statistics have been used to summarize and compare
the chemical data presented in Section 3.

4.3.1 Comparison with Chemistry of Previous Investigation

Given the experimental nature of the STNH-N and CS-2 projects, a number of
investigations were performed before, during, and after mound formation, many of which
included sediment sampling and analysis (see SAIC 1995, Appendix C for a partial list).
Data from previous investigations which have been reviewed and used in comparison to
the 2004 data include the following:

e Pre-mound formation data characterizing the UDM and CDM sediments as
summarized in Fredette et al. (1992) and SAIC (1995).
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e Analysis of core samples collected from both mounds in 1990 and summarized in
Fredette et al. (1992) and SAIC (1995).

e Analysis of grab samples collected at the CLDS reference area in 2000 as part of
disposal site designation (ENSR 2001).

Some analytical methods from the 1990 investigation compared well with those
specified for the 2004 investigation while others did not. The analytical methods used in
2004 are detailed in Appendix A-1; 1990 method details are provided in Appendix A-2.
Metals processing and analysis methods were exactly the same for the two investigations,
using an acid leaching procedure followed by ICP/AES analysis. The methods in 1990
for TPH, TOC, and PAHs were generally less definitive than the methods employed for
the 2004 investigation, and the resulting datasets are less comparable than the metals
datasets. Method references in this discussion refer to the SW-846 method series (EPA,
1986) with the exception of the 1990 TPH method (418.1). This earlier TPH method
was selected from Methods for Chemical Analysis of Water and Wastes (EPA, 1979).

The 1990 TPH data were generated by EPA methods 9071 (extraction) and 418.1
(analysis), using n-hexane as the extraction solvent followed by IR instrumentation. This
method results in an operationally defined TPH result. Furthermore, petroleum products
more volatile than fuel oil #2 may have been lost during the extraction process, and
heavy crude and fuel oils would not have been fully extracted. Overall, the methods used
to generate the 1990 dataset could have resulted in a low bias in the data, with the degree
of bias dependent on the range of compounds that actually existed. The 2004 sample set
was analyzed using a acetone and methylene chloride extraction, according to Method
3550, which are more effective over a broader range of compounds. The resulting
extract was then analyzed using a GC method (EPA Method 8015B) providing more
definitive results. The TPH results generated in 2004 are therefore not directly
comparable to the 1990 TPH results.

For TOC, the 1990 investigation employed a wet combustion method, whereas in
2004, the samples were analyzed using a pyrolytic combustion method. While the 2004
combustion method is considered to be the method of choice for marine sediments, the
methods are not considered equivalent and the two sets of results are not directly
comparable.

Finally, the PAH method used in 1990 (EPA Method 8310) is more prone to
interferences and less definitive than the GC/MS method specified for the 2004
investigation (EPA Method 3550/8270C). Baseline and retention shifts are common
when using the 8310 HPLC method which typically results in a low bias, but in some
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cases false positives are also possible. Unfortunately, it is not possible to predict the
degree of bias without an in-depth study of the potential interferants relative to
instrumentation that is now dated. It is necessary to keep in mind these method
differences when comparing the 2004 dataset with the 1990 dataset.

Historical method details for the 1983 samples (summarized in Morton et al. 1984,
Fredette et al. 1992 and SAIC 1995) were not available to fully assess data comparability,
although it is believed that sediments were not dissolved for metals analysis (R. Valente,
pers. comm.). Thus, the leaching procedure used in 1983 is likely comparable to those
used in the 1990 and 2004 investigations, as are the metals data generated. Information
relating to the analysis of PAH compounds and TPH was also not available for these
earliest measurements and no assessment of data comparability could be performed.

The comparisons made to surface sediments from a CLDS reference area (Table
4-3; ENSR 2001) also warrant comment regarding data comparability. The methods used
to generate the CLDS reference results are detailed in a QAPP prepared for a larger
Long Island Sound study (ENSR 2000) and the same methods were specified for the
analysis of sediment TOC, metals, and PAHs. The 2000 and 2004 data tabulated in
Table 4-3 should be directly comparable.

4.3.2 STNH-N

The analytical results presented in Section 3 for each core horizon at STNH-N
(surface, CDM, UDM, older dredged material, native sediment) were pooled, and the
summary statistics have been presented in Figures 4-9 through 4-13 for each of the
analytical constituents. Also presented in the plots are pooled UDM and CDM data from
the 1990 coring study. Mean surface sediment values at the CLDS reference site from a
2000 investigation (ENSR 2001) and global mean sediment values for copper and zinc
(Bowen 1979) have also been plotted on the figures for reference.

Concentrations within the UDM interval dominate the plots for all constituents and
remained at the same overall levels reported for the Stamford Harbor sediments prior to
dredging (Fredette et al. 1992). For TOC (Figure 4-9), the UDM was clearly organic
carbon enriched, while organic carbon in the coarse-grained CDM was relatively lower.
TOC for the surface sediment and older dredged material intervals were slightly higher
than at the CLDS reference site. For copper and zinc, the 1990 and 2004 data sets were
similar (Figures 4-10 and 4-11); median UDM values were approximately an order of
magnitude higher than for the CDM with little or no overlap of the two data sets. Copper
and zinc were moderately elevated within the older dredged material interval. There was
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Table 4-3. Surface Sediment Comparisons - 2000 CLDS Reference Sediments vs 2004
Capped Mound Sediments

Total PAH
% Fines TOC (%) Copper (mg/kg) Zinc (mg/kg) (ug/kg)
CLDS Ref (n=8)"
Minimum Value 90 1.6 31.5 88.5 488
Maximum Value 94 2.3 55.0 121 1481
Median 93 1.8 46.2 110 739
Mean 92 1.9 44.0 107 867
Standard Dev. 1 0.3359 10.0 13.2 390
Cap Site 2 (n=6)
Minimum Value 21 1.1 8.4 21.5 387
Maximum Value 65 1.8 67.8 124 10357
Median 49 1.4 40.0 89.4 2505
Mean 49 1.4 38.2 83.7 3636
Standard Dev. 16 0.00003 19.1 35.1 3.6
STNH-N (n=6)
Minimum Value 16 0.4 11.2 29.0 811
Maximum Value 94 4.4 110 180 7928
Median 78 2.4 73.4 146 2972
Mean 68 2.4 67.2 124 3704
Standard Dev. 30 0.0001 39.9 65.6 2.6

'From ENSR (2001).
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slightly more overlap in the UDM and CDM data sets for total PAH and TPH (Figures
4-12 and 4-13), but median values remained approximately an order of magnitude higher
in the UDM interval. For the organics, there was less comparability between the 1990
and 2004 data sets, particularly for TPH. As noted in Section 4.3.1, this was likely due
to a difference in analytical methods between the two studies which had a tendency to
bias the 1990 data low.

4.3.3 CS-2

The analytical results for CS-2 core intervals were pooled and plotted in Figures
4-14 through 4-18. Similar to STNH-N, concentrations within the UDM interval
dominate the plots for all constituents and remain at the same overall levels reported for
the Black Rock Harbor sediments prior to dredging (Fredette et al. 1992). For TOC, the
UDM remains organic carbon enriched relative to the other intervals (Figure 4-14). For
copper and zinc, the 1990 and 2004 data sets are similar (Figures 4-15 and 4-16), and the
elevated copper to zinc ratio noted in previous investigations remains (SAIC 1995). The
median UDM values remained approximately an order of magnitude higher than for the
CDM with little or no overlap of the two data sets. Similar to STNH-N, there was
slightly more overlap in the UDM and CDM data sets for total PAH and TPH (Figures
4-17 and 4-18), but median values remained approximately an order of magnitude higher
in the UDM interval. Also similar to STNH-N, there was less comparability between the
1990 and 2004 organics data sets, particularly for TPH, attributed to a difference in
analytical methods. The historic dredged material at CS-2 had consistently lower
concentrations of all constituents relative to STNH-N.

4.3.4 Sediment Chemistry Summary

The sediment chemistry data supported the visual classification of sediments into
the observed horizons in the cores. Concentrations for all constituents were generally at
least an order of magnitude higher in the UDM than in the other horizons. Chemical
differences between historic dredged material and native base material were less
pronounced, particularly at CS-2. Comparison of 1990 and 2004 analytical data (where
appropriate, and accounting for expected biases) indicated similar concentrations were
observed in both surveys.

Previous investigations have demonstrated that the sediment chemistry results from
UDM horizons within capped mounds at CLDS are consistent with pre-disposal
contaminant inventories (Fredette et al. 1992, SAIC 1995). Despite the heterogeneity of
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these source sediments, the episodic placement events, consolidation of the mounds after
capping and spatial complexity of the horizons, the chemical signatures of UDM and
CDM horizons have remained comparable over the history of the projects. The apparent
chemical stability of each horizon is consistent with the demonstrated physical stability of
the mounds and model results of potential contaminant migration (Murray et al. 1994).

In the absence of active movement of pore water (on a level seafloor there is a
constant hydraulic head; pore water is only advected by biological activity or physical
mixing) after consolidation, movement of contaminants within capped mounds is limited
to the diagenetic process of molecular diffusion (Brannon et al. 1987, Poindexter-Rollings
1990). After the initial consolidation of mounds, further compaction is controlled by
sedimentation rates (Berner 1980, Silva et al. 1991). In effect, the pore waters below
active biological mixing depths (ca. 50 cm) are a static pool and release of contaminants
from this pool is controlled by molecular diffusion rates. Molecular diffusion is a very
slow process. While contaminant availability to pore waters is controlled by complex
chemical reactions, the rate of diffusion can be modeled based on empirical observations
(Wang et al. 1991). For the case of capped mounds in Long Island Sound, the calculated
rate of diffusive flux of metals from undisturbed sediments (500 years for 50 cm) is much
lower than the average sedimentation rates for the Sound (Murray et al. 1994). It is not
surprising that the chemical concentrations within the UDM and CDM have apparently
remained stable over the life of the mounds.

As presented in Fredette et al. (1992), chemistry within the UDM of STNH-N and
CS-2 was expected to display wide variations spatially given the dredged material
placement techniques, which result in a heterogeneous distribution of material over the
mound. Results of the 2004 survey supported this expectation, with concentrations
varying up to two orders of magnitudes. Data in replicate cores collected within meters
of each other resulted in metals concentrations one order of magnitude different from one
another. Although considerable variation within a horizon was observed, variation
between horizons was far greater, and was consistent with previous studies.

Stamford-New Haven North/Cap Site 2 Investigation May 2004



91

5.0 CONCLUSIONS

The STNH-N mound is one of two capped mounds created in 1979 as the first
engineered open water caps in the United States. The CS-2 mound was created in 1983 as
part of a follow-up capping project. Extensive investigations performed during and
following formation of these mounds revealed that the contaminated UDM had been
successfully capped at both sites. The May 2004 survey included collection of six long
cores from each of the mounds, covering areas with a range of expected UDM and CDM
thicknesses. Follow-up investigations included detailed logging of core stratigraphy and
chemical analyses of selected core intervals. The primary objectives of these
investigations were to:

e Compare the physical distribution of sediment intervals within the cores with
expected values based on core location on the mound and on previous data to
assess the physical integrity of the caps.

e Compare the chemical profiles within the cores to previous data to assess the
maintenance of chemical isolation of contaminants within the UDM interval.

The cores collected in the 2004 study at STNH-N and CS-2 provide clear and
consistent data showing that the CDM over UDM sequence remains intact with a well-
defined interface between the intervals at both mounds. At STNH-N, the thickness of the
CDM interval compared well with the distribution of the CDM mapped following the
original formation of the mound, taking into account the expected long-term consolidation
of the hydraulically dredged CDM. At CS-2, the thickness of the CDM was more
variable, reflecting the mechanical dredging that was used in the project, but there was no
apparent reduction of CDM thickness over time. At both sites, a surficial layer was noted
above the CDM, indicating net deposition since formation of the mounds. This layer was
more distinct and thicker at STNH-N, where recent dredged material has likely been
deposited. Taken together, the maintenance of the CDM thickness over time and the
overlying net deposition provide evidence that the UDM interval remains physically
isolated from the overlying waters and unaffected by potential erosive events or other
surface disturbances.

The sediment chemistry data supported classification of sediments into the
observed horizons in the cores. Concentrations for all constituents were generally at least
an order of magnitude higher in the UDM than in the other horizons. Chemical
differences between historic dredged material and native base material were less
pronounced, particularly at CS-2. Comparison of 1990 and 2004 analytical data (where
appropriate, and accounting for expected biases) indicated similar concentrations were
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observed in both surveys. The 2004 analytical results did not suggest any vertical
migration of chemicals from the UDM into the CDM, supporting previous study results
showing chemical isolation within the UDM.

As the objectives of this study were fully met, no specific follow up investigations

are proposed. However, given the long-term interest in capping as a management tool for
contaminated sediment, the following recommendations are proposed:

For future assessment of the physical integrity of the mounds, performance of
periodic multi-beam bathymetric and side-scan surveys is proposed as an
alternative to coring. These surveys would provide detailed maps of bottom
topography capable of resolving even small, 1-meter scale disturbances. The 2000
multi-beam survey (SAIC 2002) could be used as a baseline for future depth-
difference plots to assess larger scale processes such as the deposition that appears
to be taking place over both mounds.

To better understand the deposition process taking place over the mounds, the
historic chemistry data from grab samples collected from the surface of the
mounds throughout the 1980s could be compiled and compared against the
reference data collected at CLDS in 1990. If warranted, the upper 5 cm interval of
the May 2004 cores (currently archived) could be analyzed as representative of a
surface grab for further comparison.

The sampling and characterization of historic dredged material and native Long
Island Sound sediments (including recent deposition) represents a potentially useful
insight into the time history of contaminant flux in Long Island Sound. Archived
samples should be made available to qualified investigators for further
investigations if not required for management of dredged material disposal
activities.
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