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EXECUTIVE SUMMARY 

Science Applications International Corporation (SAIC) conducted a monitoring 

survey at the Western Long Island Sound Disposal Site (WLIS) from 16 to 18 September 

1997 and from 5 to 6 March 1998 aboard the M/V Beavertail as part of the Disposal Area 

Monitoring System (DAMOS) Program. Field efforts in September focused on the active 

southwestern quadrant of WLIS and consisted of precision bathymetry and Remote 

Ecological Monitoring of the Seafloor (REMOTS®) to monitor the development, stability, 

and benthic conditions of the disposal mounds. The September 1997 survey documented 

changes in bottom topography at the disposal area relative to July 1996. Approximately 

35,000 m? of dredged material was disposed on the WLIS seafloor during the 1996-1997 

disposal season to form the I mound. Using REMOTS® sediment-profile photography, we 

evaluated the benthic recolonization status and sediment conditions of the new I mound and 

the 1996 H mound, relative to reference areas, SOUTH and SW-REF. 

Additional field work was conducted from 5 to 6 March 1998 to investigate 

potential sites for a new reference area and compare seasonal effects on benthic conditions 

in REMOTS® photographs. At the present time, only two reference areas near WLIS have 

been accepted to represent ambient conditions for the region. The DAMOS protocol 

requires that three reference areas be used both for comparing the conditions between 

ambient environments and dredged material disposal mounds, and for evaluation of 

dredged sediments for disposal permits at WLIS. For the first time in DAMOS’s history, 

a high-resolution side-scan sonar survey was used as a guide to locate and investigate a 

potential reference area. The survey, conducted to the southeast of WLIS, proved valuable 

in defining a large area that was relatively clear of historic dredged material deposits, 

which are widespread in the regions surrounding WLIS. A 300 m radius region was 

identified and referred to as SE-REF. To complete the March surveys, we revisited the 

REMOTS® stations over the WLIS H and I disposal mounds. 

Buoys have been deployed to control disposal operations within the boundaries of 

WLIS since its initiation as a regional dredged material disposal site in 1982 (WLIS III). 

Since receiving the first volumes of sediment dredged from coastal Connecticut and New 

York in 1982, WLIS has been monitored on a semi-annual basis for the U.S. Army Corps 

of Engineers, New England District (NEA). Currently, a total of nine discrete disposal 

mounds exist on the WLIS seafloor within an east-west trending seafloor depression that 

extends through the center of the disposal site. The latest monitoring activity was 

concentrated over the most recent dredged material deposits, the WLIS H and WLIS I 

mounds, as well as the reference areas. 

Depth difference calculations and mapping of bathymetric data depicted the I mound 

below the buoy location, 40°59.203° N, 73°29.072° W (NAD 27), between the D and G 

mounds. The mound was 3.7 m high with a diameter of about 150 m. REMOTS® 

sediment-profile photography indicated benthic recolonization of Stage I organisms in 

Vill 



EXECUTIVE SUMMARY (continued) 

September and more advanced Stage III indicators in March. The redox potential 

discontinuity (RPD) depths, which indicate depth of sediment oxidation, also increased 

from September to March. 

The H mound was developed in the spring of 1996, when the WDA buoy, deployed 

at 40°59.228' N, 73°28.732' W, received approximately 15,300 m3 of sand, silt, and clay 

dredged from harbors and creeks along the Connecticut coast and the north shore of Long 

Island, New York. The deposition of this material formed a 1.5 m high mound, approx- 

imately 230 m in width. REMOTS® photography detected a solid Stage I pioneering 

polychaete community with increased evidence of Stage III activity in September relative to 

the July 1996 survey. RPD depths were shallower in September than July, but did increase 

again in March. The number of advanced successional status indicators in the photographs 

increased in the March surveys. 

The widespread presence of historic dredged material in the region surrounding 

WLIS has complicated our ongoing search for a suitable third reference area for this 

disposal site. Sediments from shipping ports along the Connecticut and New York coasts 

have been dredged and disposed in Long Island Sound since the late 1800s, long before a 

developed management plan was in operation. In 1954, eight disposal sites were in 

existence for the western Long Island Sound region. WLIS is located between three of 

these historic sites which received large volumes of dredged materials until the 1980s. 

Using side-scan sonar survey real-time data as a guide, we identified a new potential 

reference area (SE-REF) for WLIS (40°59.203° N, 73°29.072° W). Further investigation 

showed that SE-REF met many of the specified requirements for selection of a reference 

area. While we recommend SE-REF as a third reference area, we recognize that survey 

data could not conclusively rule out the presence of historic dredged material. Future 

monitoring surveys should continue to investigate and confirm the absence of historic 

dredged material at SE-REF. 



1.0 INTRODUCTION 

The Western Long Island Sound Disposal Site (WLIS) is about 2.7 nmi north of 

Lloyd Point, New York, and 2.5 nmi south of Long Neck Point, Connecticut, located 

along the east-to-west axial depression that extends through Long Island Sound (Figure 

1-1). Three historic disposal grounds, Stamford, South Norwalk, and Eaton’s Neck, 

surround the active site. To regulate and carefully manage disposal operations in western 

Long Island Sound, the New England District of the U.S. Army Corps of Engineers 

(NAE) chose WLIS as the western Sound’s only active site in 1982, under the auspices of 

the Disposal Area Monitoring System (DAMOS) Program (USACE 1982). The 

established 5.29 km? disposal site has accepted small to moderate volumes of dredged 

material originating from Stamford, Norwalk, and other coastal communities of 

Connecticut and New York. 

The long-term management strategy for disposal of dredged material at WLIS is to 

form potential containment basins for future use as confined aquatic disposal cells. Some 

sediments from industrialized harbors have elevated contaminant levels that are best 

isolated from the marine environment. The containment basins are designed to minimize 

the lateral spread of fine-grained dredged material during and after disposal and to 

maximize the overall capacities for containing polluted dredged sediments. Due to the 

success of capping and containing large volumes of dredged material (over one million 

cubic meters) at the Central Long Island Sound Disposal Site, potential containment basins 

continue to be developed at other DAMOS disposal sites in preparation for managing 

contaminated sediments in the future (Morris et al. 1996). At WLIS, the disposal mounds 

have been placed in rings to build containment berms in relation to the naturally steep 

upward slope of the seafloor to the south of the disposal site. 

WLIS is set in a fine-grained depositional environment, characterized by relatively 

weak tidal currents (Knebel et al. 1998). Because many tributaries flow into western Long 

Island Sound, fine-grained particles are continually added to the estuarine waters and 

gradually settle out onto the seafloor. To determine the impact of disposed dredged material 

at the site, reference areas near WLIS are monitored to examine the ambient sediments and 

monitor benthic conditions for comparison. Before the DAMOS Program was established, 

disposal operations were not subject to a developed management plan, resulting in an 

extensive distribution of historic dredged material throughout western Long Island Sound. 

Since 1991, historic dredged material has been detected at several former WLIS reference 

areas that therefore were discontinued (3000E, EAST, WLIS-REF, 2000S, and 2000W;; 

Eller and Williams 1996, Charles and Tufts 1996, Morris 1998; Figure 1-2). 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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The first objective of the September 1997 survey was to document and delineate the 

changes in bottom topography of the disposal area relative to July 1996. To continue the 

development of a containment berm, dredged material was disposed between the existing D 

and G mounds, forming the I disposal mound. In addition, the I mound was placed so as 

to cover an isolated area exhibiting apparent low oxygenated conditions and poor recoloni- 

zation in two of three replicates at one station south of the D mound and east of the G 

mound during the 1996 REMOTS® survey (Morris 1998). The buoy marking the I mound 

location was positioned at 40°59.203° N, 73°29.072° W and received approximately 

35,000 m? of new sediment during the 1996-97 disposal season. 

The second objective of the monitoring survey was to assess the benthic 

recolonization status of both the new I mound and the 1996 H mound, relative to two 

reference areas, SOUTH and SW-REF, surrounding WLIS. This was accomplished 

through two successive REMOTS® sediment profile surveys. The first was a 

comprehensive REMOTS® survey conducted in September 1997 over the H and I mounds. 

In March 1998, five stations near the center of the each mound were profiled and 

photographed with the REMOTS® camera to assess the health of the benthic community 

and to compare the results with previous surveys. Both sets of survey data were evaluated 

on predictions based on previous experience with dredged material monitoring and 

protocols outlined in the DAMOS Tiered Monitoring Plan (Germano, Rhoads, and Lunz 

1994). For the September survey, we predicted that the benthic recolonization at the I 

mound would be in the early stages of recovery due to recent disposal, with a Stage I 

assemblage predominant on the mound surface. Evidence of advanced Stage III activity 

should be apparent only in the surficial sediment layers of the WLIS H mound. 

Amphipods, Stage II organisms, are not typically found in the western Long Island Sound 

region probably due to the fine grain size of the sediment and depth of the disposal site 

(>25 m). With the change in seasonal conditions between the September and March 

surveys, we expected to see greater RPDs depths and reduced biological activity in 

early March. 

The H mound was formed during the 1995-96 disposal season at 40°59.228' N, 

73°28.732' W, to the east of the E and F mounds. Based on recorded barge volumes, a 

total of 15,300 m? of dredged material from Connecticut and New York waterways was 

disposed at the site, forming a 1.5 m high disposal mound, approximately 230 m in 

diameter. The 1996 REMOTS® sediment-profile photography survey detected a solid 

Stage I pioneering polychaete community with some evidence of Stage III activity, as well 

as deep RPD depths over the majority of the H mound. 

The benthic conditions of disposal mounds are compared to reference areas. Three 

reference areas typically are monitored at each DAMOS disposal site. However, only two 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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reference areas, SOUTH and SW-REF, are currently used at WLIS because historic dredged 

material has been detected at previously utilized areas. Therefore, the third objective of the 

September survey was to identify a new potential reference area near WLIS. Selection of 

the reference area is based on water depth, proximity to the disposal site, grain size, and 

sediment chemistry (EPA, USACE 1991). Because previous investigations of regions 

surrounding WLIS have provided clear evidence of historic dredged material, potential 

reference areas within close proximity to WLIS are limited. To locate an area free of 

historic dredged material mounds, we utilized a high-resolution side-scan sonar survey that 

provided real-time data. We were not able to complete the survey in September because 

excessive lobster gear in the region interfered with the equipment and potentially could have 

damaged the survey instrument. The side-scan survey was postponed to late winter/early 

spring, when fishing gear was expected to be less intense in the area. 

Although lobster pots and traw] lines continued to pose obstacles in March, the side- 

scan sonar survey was conducted near the disposal site. The survey was planned to be 

conducted over a 2000 x 4000 m area east-southeast of the WLIS disposal site. The 

presence of abundant lobster gear and dredged material on the seafloor prompted on-site 

revisions to the survey plans. 

A potential reference area, SE-REF, was identified at 40°58.301 °N, 73°27.722°W 

(NAD 27) and was recommended for further analysis as a reference area. We conducted a 

REMOTS® sediment-profile photography survey and collected ten grab samples from SE- 

REF, within a 300 m radius of the central reference point. The sediment-profile 

photographs showed ambient sediments with a thin oxidized layer over dark, sulfidic mud 

composed primarily of silts. No anomalous chemical values were detected in geochemical 

analyses of the grab samples. The survey data in this report suggested that SE-REF is a 

strong candidate for the third reference area at WLIS required by DAMOS protocols. 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 



2.0 METHODS 

2.1 Time Line 

The time line of 1996/1997 disposal activities and 1997/1998 monitoring surveys at 

WLIS is displayed on Figure 2-1. The reférence area investigation was delayed in 

September because abundant lobster gear in the area obstructed survey lanes and posed a 

hazard to survey instruments. The investigation was completed in March 1998. The 

1996/1997 disposal activities resulted in the formation of the I mound (Figure 2-2). The 

1997/1998 disposal activities formed the J mound which will be discussed in the next 

WLIS report. Figure 2-3 shows the time line for the 1995/1996 disposal season that 

created the H mound. 

2.2 Survey Area 

In order to fulfill the objectives of the 1997 WLIS monitoring survey, SAIC 

conducted a comprehensive field effort consisting of precision bathymetry and REMOTS® 

sediment-profile photography surveys. The bathymetric survey at WLIS was performed 

over an 800 x 800 m area centered at the 1996 disposal buoy position, 40°59.203' N, 

73°29.072' W (Figure 2-4). The survey covered a total of 25 survey lanes, oriented 

east/west, with 25-m lane spacing. By comparing current results with those of previous 

surveys, the size and shape of the new mound was quantified and graphically represented. 

2.3 Navigation 

Bathymetric data were collected with SAIC's Integrated Navigation and Data 

Acquisition System (INDAS) to insure accurate comparisons with prior datasets. The 

system utilizes a Hewett-Packard 9920® series computer to provide real-time navigation 

and collect position, depth, and time data for later analysis. The Del Norte Trisponder® 

System provided positioning data to an accuracy of +3 m in the horizontal control of 

North American Datum of 1927 (NAD 27) by referencing to shore stations established 

along the Connecticut coast at the known benchmarks of Norwalk Harbor Power Plant 

(41°04.248' N, 73°24.501' W) and Greenwich Point (41°00.580' N, 73°34.193' W). A 
detailed description of the navigation system and its operation can be found in SAIC 

Report No. 290 (Murray and Selvitelli 1996). Bathymetric surveys at WLIS currently are 

conducted using NAD27 and the Del Norte navigation system for comparability with 

previous datasets and master grid. Before a transition can be made to the more recent 

North Atlantic Datum of 1983 (NAD83) using differential Global Position System 

(DGPS), a new master grid of the disposal site must be generated with this advanced 

technology. 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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September 1997 Survey Grid 

41° 00.000" N- 

40° 59.500’ N— 

40° 59.000’ N — 

| 

SWREF“ 
40°58.500 Ni 4 “ 

A 

and REMOTS® Stations 

800 m x 800 m 
Bathymetry Survey Grid 

ke 

++ 
H Mound 

WLIS Disposal Site 

SOUTH 

T 

073° 30.000° W 

] 

A REMOTS® Survey Stations 

T 

073° 29.000° W 
T 

073° 28.000° W 

Figure 2-4. Chart of the September 1997 bathymetric survey area and REMOTS® 

stations relative to the WLIS boundaries 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 



I] 

Then future bathymetric surveys may be conducted in NAD83 using DGPS and will be 

depth differenced to the master grid. 

For efficient survey operations at WLIS, SAIC used DGPS data in conjunction with 

SAIC's Portable Integrated Navigation and Survey System (PINSS) to position the survey 

vessel over the July 1996 REMOTS® camera stations. A Magnavox 4200D GPS receiver 

and a Magnavox MX5OR differential beacon receiver provided DGPS positioning data to 

PINSS in the horizontal control of North American Datum of 1983 (NAD 83) to an 

accuracy of +5 m. The Coast Guard differential beacon broadcasting from Sandy Hook, 

New Jersey (286 kHz) was selected for satellite corrections due to its close proximity to 

WLIS. 

The target REMOTS® station locations were calculated in NAD 27, then converted 

to NAD 83 for real-time navigation using the U.S. Army Topographic Engineering 

Center's CORPSCON version 3.01. The actual positions of the REMOTS® replicate 

photographs were recorded in NAD 83 and then converted to NAD 27 with CORPSCON 

for compatibility with bathymetric data for reporting purposes. All REMOTS® data in the 

DAMOS Database are stored in the native NAD 83 datum. 

2.4 Bathymetric Data Collection and Processing 

An ODOM DF3200 Echotrac® Survey Fathometer with a narrow beam, 208 kHz 

transducer measured individual depths to a resolution of 3.0 cm (0.1 ft) as described in the 

DAMOS Navigation and Bathymetry Standard Operating Procedures (Murray and Selvitelli 

1996). Depth values transmitted to INDAS were adjusted for transducer depth. The 

acoustic returns of the Fathometer can reliably detect changes in depth of 20 cm or greater 

due to the accumulation of errors introduced by the positioning system, changes in sound 

velocity through the water column, the slope of the bottom, vertical motion of the survey 

vessel, and tidal corrections. 

Observed tidal data were obtained through the National Oceanographic and 

Atmospheric Administration (NOAA), Ocean and Lake Levels Division's (OLLD) National 

Water Level Observation Network (NOAA 1997, 1998). This network is composed of 181 

water level stations that are located throughout the Great Lakes and coastal regions of the 

United States. These stations are equipped with the Next Generation Water Level 

Measurement System tide gauges and satellite transmitters that have collected and 

transmitted tide data to the central NOAA facility every six minutes since 1 January 1994. 

Observed tidal data are available 1 to 6 hours from the time of collection in a station 

datum or referenced to Mean Lower Low Water (MLLW) and based on Coordinated 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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Universal Time (UTC). For the 1996 WLIS survey, data from NOAA tide station 8467150 

in Bridgeport Harbor, Bridgeport, CT was used for tidal calculations. The NOAA 6-minute 

tide data were downloaded in the MLLW datum, corrected to local time, and tidal 

differences based on Greens Ledge, Sheffield Island, Connecticut, were applied. 

In order to make valid comparisons between present and past bathymetric surveys of 

the area, the July 1992 and June 1990 bathymetry models were recorrected to observed 

MLLW. The OLLD database also provides historic NOAA observed tidal data 

(31 December 1993 and earlier) as hourly water heights. Through interpolation, a smooth 

tidal curve was developed to allow for accurate tidal corrections of historic bathymetric 

data sets. 

A Seabird Instruments, Inc. SEACAT SBE 19-01 Conductivity, Temperature, and 

Depth (CTD) probe was used to obtain sound velocity measurements at the start, midpoint, 

and end of each survey day. The data collected by the CTD probe were bin-averaged to 1 

meter depth intervals to account for the pycnocline (a rapid change in density that creates 

distinct layers within the water column). A mean sound velocity was then calculated using 

the bin-averaged values. 

The bathymetric data were analyzed using SAIC's Hydrographic Data Analysis 

System (HDAS), version 1.03. Raw bathymetric data were imported into HDAS, 

corrected for sound velocity, and standardized to Mean Lower Low Water using the 

NOAA observed tides. The bathymetric data were then used to construct depth models of 

the surveyed area. A detailed discussion of the bathymetric analysis technique is provided 

in the DAMOS Navigation and Bathymetry Standard Operating Procedures (Murray and 

Selvitelli 1996). 

2.5 REMOTS® Sediment-Profile Photography 

REMOTS® photography was used to detect the distribution of dredged material 

layers, map benthic disturbance gradients, and monitor the benthic infaunal recolonization 

and successional status of the H mound and the I mound, as well as the WLIS reference 

areas. Cross-sectional photographs of the top 20 cm of sediment were taken for analysis 

and intercomparison with the ambient sediments of the adjacent WLIS reference areas 

(SOUTH and SW-REF). The Rhoads and Germano (1982, 1986) protocol for REMOTS® 

analysis was followed for measurements and interpretation. 

Three replicate photographs were taken at 13 stations over the WLIS H and WLIS I 

mounds (Figure 2-4, Appendix A Table 1). The REMOTS® sampling grids formed a 

cross-shaped pattern with three stations along each of four arms and one station in the 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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center. The REMOTS® survey over the H mound grid, centered at 40°59.228' N, 

73°28.732' W (NAD 27), was sampled every 50 m in accordance with the 1996 survey. 

The I mound was centered at 40°59.203' N, 73°29.072' W (NAD 27), with station 

spacing at 50 m. In March 1998, the central five stations were reoccupied for comparison 

with the September results. In addition, a 25-station radial grid, with three replicate 

photographs at each station, was conducted over the new reference area, SE-REF, 

identified in the side-scan sonar survey (Figure 2-5, Appendix A Table 2). 

Data from the existing reference areas SOUTH and SW-REF were used for 

comparison of ambient western Long Island Sound sediments relative to the sediments 

deposited at WLIS through disposal operations. Reference area SOUTH (40°58.688' N, 

73°29.201' W) was sampled at six randomly selected stations and SW-REF (40°58.688' 

N, 73°29.909' W) was sampled at seven stations. 

2.6 Side-Scan Sonar 

In an effort to locate potential reference areas to replace 2000W REF, a side-scan 

sonar survey was attempted over a 2000 x 4000 m area to the east-southeast of WLIS (in 

September 1997). However, clusters of lobster fishing gear located within the region 

impeded progress of the survey. As a result, the side-scan sonar survey operations were 

postponed until late November and then until March. 

In March, the planned side-scan sonar survey over a 2000 x 4000 m area east- 

southeast of the WLIS disposal site was revised due to the presence of abundant lobster 

gear and dredged material identified on the seafloor. The orientation of the initial survey 

area was altered to a 1500 x 4000 m area oriented east-west with the northwest corner of 

the survey located within WLIS (Figure 2-5). A second smaller survey was designed to 

examine an area south of Eaton’s Neck and west of a rocky reef in an area where lobster 

gear was minimal. This smaller survey consisted of 10 survey lanes measuring 1000 m in 

length and spaced 100 m apart. Side-scan images of the seafloor within the small 1000 x 

1000 m survey identified areas with no apparent dredged material. However, these areas 

were in relatively shallow water, less than 18 m, that may not be representative of the 

ecological conditions at WLIS which has depths varying between 30-35 meters. Side-scan 

operations were continued in the modified 1500 x 4000 m survey area in water depths 

greater than 18 meters. A potential reference area, SE-REF, was identified at 

40°58.301°N, 73°27.722°W, NAD 27, with a mean water depth of 19.5 m. 

Side-scan sonar data were collected with an EdgeTech DF1000 towfish. Acoustic 

signals at a frequency of 100 kHz were emitted from two transducers mounted in the DF1000 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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dual-frequency (100 kHz and 500 kHz) towfish. The acoustic returns were relayed to an 

EdgeTech 380 data recorder and 260 thermal printer to produce images of the bottom 
features. The side-scan sonar survey lanes were spaced at 100 m intervals for 150 percent 

bottom coverage. Bathymetric readings also were collected during the side-scan sonar 

survey. Navigation data were obtained in NAD83 using DGPS. Similar to REMOTS® 

data, the positions were converted to NAD27 for reporting purposes. 

2.7 Sediment Grab Sampling 

A series of ten sediment grab samples were collected from the identified potential 

reference area, SE-REF. Prior to the collection of each sample, the grab sampler, sub 

cores, bowl, and utensils were washed thoroughly with alconox and seawater, and then 

rinsed with acetone. A 0.1 m* Young-modified Van Veen grab sampling device was 

deployed at random locations within a 300 meter radius of the center. The grab samples 

were brought on deck and described. Two titanium cores were used to extract four 

subsamples of the grab sample, which were then homogenized in a stainless-steel bowl. 

Next, the sediments were placed into labeled, 8 oz and 4 oz pre-cleaned containers from 

the laboratory. The 8 oz containers were designated to be used for geochemistry analyses, 

and the 4 oz were to be used for grain size analysis. The containers were sealed with 

electric tape and placed in a cooler with ice for storage and transport to the lab. 

2.8 Laboratory Analyses and Quality Assurance/Quality Control Results 

This section describes the methods used for physical and chemical sample 

preparation, extraction, and analyses of the grab samples. Samples were analyzed for all 

chemical parameters by the Woods Hole Group Environmental Laboratories (WHG), 

Raynham, MA. The methods used for analysis of each type of analyte are listed in 

Table 2-1 and are described in detail in Test Methods for Evaluating Solid Waste EPA 

SW-846 (EPA 1997). Grain size was analyzed using American Society for Testing and 

Materials (ASTM) Method D422-63 by Normandeau Associates, Bedford, NH. 

2.8.1 Sediment Grain Size and Total Organic Carbon 

Grain size analyses were conducted using American Society for Testing and 

Materials (ASTM) Method D422-63. A sieve analysis was performed in which the sample 

was separated into size fractions of greater than 62.5 mm (<4 phi; sand and gravel), and 

less than or equal to 62.5 mm (>4 phi; silt and clay). The gravel and sand fraction was 

subdivided further by mechanically dry sieving it through a graded series of screens. The 

wet sieve and dry sieve fractions less than 62.5 mm (silt and clay) were combined for each 

sample. The silt and clay fraction was then subdivided using a pipet technique based upon 
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Table 2-1. 

Methods of Physical and Chemical Analyses for WLIS Samples 

WLIS Samples 
All samples Grain Size ASTM D422 Sieve/Hydrometer 

SW-846 Method 
(USEPA 1997) 

All samples Total Organic Carbon 9060 
All samples PAHs 8270 GC/MS-SIM 

All samples Trace Metals: 
Aluminum 6010 ICAP-AES 

Arsenic 7060 GFAA 

Cadmium 7131 GFAA 

Chromium 6010 ICAP-AES 

Copper 6010 ICAP-AES 
Lead 6010 ICAP-AES 

Mercury 7471 CVAA 

Nickel 6010 ICAP-AES 

Zinc 6010 ICAP-AES 

All samples Pesticides/PCBs 8080A GC-ECD 

PAHs = Polynuclear Aromatic Hydrocarbons 

GC/MS-SIM = Gas Chromatograph/Mass Spectrometer-Selected Ion Monitoring 

GC-ECD = Gas Chromatograph-Electron Capture Device 
ICAP-AES = Inductively Coupled Argon Plasma - Atomic Emission Spectrometry 

GFAA = Graphite Furnace Atomic Absorption 

CVAA = Cold Vapor Atomic Absorption 

PCBs = Polychlorinated Biphenyls 

differential settling rates of particles. Data on grain size were converted from units of phi 

(Wentworth 1922) to units of gravel, sand, silt, and clay. 

Total organic carbon (TOC) analyses were performed using EPA SW-846 Method 

9060 (EPA 1997) by the WHG laboratory. Dried sediment aliquots were pulverized and 

homogenized prior to analysis. For each day of analysis, two reference samples were 

analyzed as laboratory control samples (LCS) prior to and after the WLIS samples. In 

general, organic carbon is measured using a carbonaceous analyzer which converts the 

organic carbon in a sample to carbon dioxide (CO,) by either catalytic combustion or wet 

chemical oxidation. The CO, formed is then either measured directly by an infrared detector 

or converted to methane (CH,) and measured by a flame ionization detector. The amount of 

CO, or CH, in a sample is directly proportional to the concentration of carbonaceous material 

in the sample. Results expressed in this report are on a dry weight basis. 
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2.8.2 Polynuclear Aromatic Hydrocarbons (PAHs) 

The laboratory extracted ten samples by EPA SW-846 Method 3550A (EPA 1997). 

Prior to extraction, the samples were spiked with surrogate compounds, and extracted 

sequentially using methylene chloride: acetone and then methylene chloride. Separate 

aliquots were weighed, dried in an oven, then reweighed for calculation of the moisture 

content. The extracted samples were concentrated, treated with activated copper to 

reduce/remove elemental sulfur, spiked with internal standards, and then analyzed using a 

modified version of EPA SW-846 Method 8270 (EPA 1997). Method 8270-PAH-SIM 

(Revision 0; GC/MS-SIM) is a WHG standard operating procedure and a more rigorous 

method than the standard method 8270. The sample extract containing the semi-volatile 

compounds was injected into a gas chromatograph (GC) with a narrow-bore fused-silica 

capillary column. The temperature-programmed GC column separated the analytes, which 

were detected with a mass spectrometer with selected ion monitoring. In this method of 

analysis, qualitative identifications are confirmed by analyzing standards under the same 

conditions used for samples and comparing mass spectra and GC retention times. The 

mass spectra of the target analytes were compared with the electron-impact spectra of 

authentic standards for identification. Quantification is based on a multi-level initial 

calibration. Samples were reported on a dry weight basis in units of wg/kg and were not 

adjusted for surrogate recovery. Surrogate recovery analyses provide information on a 

laboratory’s detection accuracy on a sample by sample basis. Because the recovery 

percentages were acceptable, the data were not biased. Therefore, adjustment for 

surrogate recoveries was not necessary. 

2.8.3 Pesticides and Polychlorinated Biphenyls (PCBs) 

The WLIS samples were analyzed for organochlorine pesticides and PCB aroclors 

using a modified version of SW-846 Method 8080A (Gas Chromatography and Electron 

Capture Detection [GC-ECD] 8080A, Rev. 2, Woods Hole Group). Prior to extraction, 

the samples were spiked with surrogate compounds, and extracted by sonication using 

methylene chloride: acetone. The extracted samples were concentrated, exchanged into 

hexane, and treated with activated copper to reduce/remove elemental sulfur. For these 

sediments, no additional cleanup was deemed necessary. Extracts were analyzed for target 

pesticides and PCBs by GC-ECD. Qualitative identifications are confirmed by analyzing 

standards. PCB Aroclor standards (Aroclors 1016, 1221, 1232, 1242, 1248, 1254, 1260) 

and toxaphene were analyzed. Samples were reported on a dry weight basis in units of 

ug/kg and were not adjusted for surrogate recovery. 
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2.8.4 Metals 

The WHG laboratory digested 10 samples for metals analysis by EPA SW-846 

Method 3051 (EPA 1997), which provides a rapid multi-element acid leach of sediments. 

A representative sample of approximately 1 to 2 g wet weight of sediment was digested in 

a microwave using concentrated nitric acid. Digestates were analyzed by instrumental 

techniques appropriate for meeting reporting limit requirements. The samples were 

analyzed using inductively coupled argon plasma-atomic emission spectroscopy (ICAP- 

AES), using EPA SW-846 Method 6010 (EPA 1997), for aluminum (AJ), chromium (Cr), 

lead (Pb), copper (Cu), nickel (Ni), and zinc (Zn). Arsenic (As; Method 7060) and 

Cadmium (Cd; Method 7131) were analyzed by graphite furnace atomic absorption 

spectroscopy (GFAA). Mercury was analyzed by cold vapor atomic absorption 

spectroscopy (CVAA), Method 7471 (EPA 1997). Results were reported on a dry weight 

basis in units of mg/kg. 

2.8.5 Quality Assurance/Quality Control 

Data quality was assessed in relation to specified criteria for precision, accuracy, 

representativeness, comparability, and completeness (PARCC). Analytical precision was 

expressed as the percentage of the difference between results of replicate samples (Relative 

Percent Difference [RPD]). Analytical accuracy of the laboratory was evaluated 

quantitatively as the percent recovery of a spiked standard compound or surrogate 

compound added at a known concentration to the sample before the analysis. When spiked 

duplicates were run, the results were expressed as an RPD to evaluate precision of the 

analysis of the spiked compounds. By inference, the precision of analysis of other related 

compounds should be similar. Laboratory accuracy also was evaluated qualitatively by 

evaluating the laboratory QC information on sample holding times, method blank results, 

recovery of internal standards, and laboratory quality control samples. The following 

section defines the various QA/QC requirements and summarizes the data quality 

objectives for this project. 

Meso) | Sample Tracking and Holding Times 

SAIC Standard Operating Procedures for sample tracking and custody were 

followed. All sediment containers and bags were stored at 0-4° C prior to analysis. 

Chain-of-custody records were maintained for all samples. One container was received 

with a crack on the bottom of the jar; this sample was selectively sampled only for grain 

size from the top of the container. All other samples were logged as received in good 

condition. 
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The recommended maximum holding times between sampling and extraction are 

listed for the following: PAH, pesticide and PCB samples, 14 days; metals, 6 months; and 

mercury (Hg), 28 days. PAH samples must be analyzed within 40 days of extraction (EPA 

1997). All holding times for chemical analyses were met. The sediment samples were 

collected on March 6, 1998. The samples were stored under refrigeration until they could 

be delivered to the laboratory on March 9, 1998. PAH samples were extracted on March 

11, 1998, and analyzed March 21, 1998, meeting the required holding times. Pesticide 

and PCB extraction/analysis was conducted on most samples on March 19 and 27, 1998, 

respectively, meeting holding times. Trace metal samples, including Hg, were digested on 

March 12, 1998, and analyzed from March 13 to 17. 

2.8.5.2 Method Blanks 

Method blanks are laboratory QC samples that are processed with the samples but 

contain only reagents. Method blanks test for contamination that the laboratory may have 

contributed during sample preparation. No target compounds or metals were measured in 

any of the method blanks. 

2.8.5.3 Assessment of Analytical Accuracy 

Analytical accuracy is determined by the percent recovery of a known concentration 

of a compound that is spiked to the environmental sample before analysis. The closer the 

numerical value of the measurement approaches the actual concentration of the compound, 

the more accurate the measurement. The percent recovery values are calculated using the 

following equation: 

1 

c 

where: A, = Total compound concentration detected in the spiked sample 

A, = Concentration of the compound detected in the unspiked sample 

A, = Concentration of the spike added to the sample 

Matrix spike samples (MS) and matrix spike duplicates (MSD) are prepared by 

dividing a sample into multiple aliquots and spiking an aliquot with a known concentration 

of analyte and finally proceeding with the analysis as though the spike were a sample. 

Supporting accuracy data were provided by samples spiked with surrogate compounds, as 

well as spiked blanks and laboratory control samples. Surrogate spikes are analyzed as a 

check on the laboratory’s ability to extract known concentrations of compounds not 
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normally found in the sample, but having similar characteristics. Surrogate compounds, 

which are the only means of checking method performance on a sample by sample basis, 

were conducted on all PAH, pesticide, and PCB analyses. 

PAH Accuracy. Sample GR-1 was selected for MS/MSD analysis. For the matrix 

spike analyses, 12 of 16 compounds resulted in percent recovery values that were 

significantly below the QC limits (<35% recovery). The matrix spike duplicates also 

were significantly below the QC limits with 10 of the 16 compounds at or below the 10% 

recovery. The laboratory provided a quality control review and suggested that the low 

recoveries may be a function of low spike concentrations relative to the existing sediment 

concentration of the single sample selected for matrix spike analyses. The high variability 

of moisture content in marine sediments may also affect the results where the same 

moisture content is applied to replicates which may differ. Despite the low recoveries in 

the MS/MSD analysis for sample GR-1, the accuracy of the PAH data was considered 

acceptable because of the additional quality control results. All of the surrogate spike 

recoveries, which were tested for each sample, were within acceptable limits. Recoveries 

for PAHs were between 42-128%, with more limited ranges for each surrogate tested. 

Surrogate recovery percentages indicate the ability of the laboratory to detect a known 

concentration of compounds that behave similar to those tested in a sample. All spiked 

targets of the spiked blank met the acceptance criteria with percent recoveries ranging from 

63 to 98%. Finally, an instrument reference material (NIST IRM 1491), using an 

independent-source standard, was tested and all targets also met the acceptance criteria. 

Pesticides/PCB Accuracy. Sample GR-9 was selected for MS/MSD analysis. 

Aldrin, gamma-BHC, heptachlor, dieldrin, and 4,4’°-DDT were spiked as representative 

pesticides. All MS/MSD sample recoveries resulted in acceptable accuracy. 

Pesticide/PCB samples were spiked with two surrogate compounds, tetrachloro-m-xylene 

(TMX) and decachlorobiphenyl (DCB). Recovery of DCB was acceptable for all samples, 

and TMX acceptable in all but one sample (26% recovery; acceptance limits are 30- 

150%). In addition, two spiked laboratory control samples were within acceptance limits, 

indicating overall acceptable accuracy for pesticide and PCB data. The WHG laboratory 

investigated the continuing calibration verification (CCV) samples for negative bias 
because of the lack of any measured pesticide or PCB data in the WLIS reference samples. 

CCV exceedences were not considered to have biased the data, so pesticide/PCB results 

were reported with no qualification. 

Metals Accuracy. Sample GR-1 was selected for MS/MSD analysis. The 

MS/MSD recoveries were considered acceptable for all metals in both the MS and MSD 

samples except aluminum (Al). Low recoveries of spiked Al were due to the low spiked 

concentration relative to the natural concentration (19000 mg/kg sample concentration, 
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~ 1000 mg/kg spike). All metal recoveries were within acceptable limits for the 

laboratory control sample, indicating acceptable accuracy for the metals data. 

TOC Accuracy. Sample GR-1 was selected for MS/MSD analysis. Recoveries of 

TOC in both the MS and MSD samples, as well as eight analyses of the standard reference 

material, indicated acceptable accuracy of the TOC data. 

2.8.5.4 Assessment of Analytical Precision 

Analytical precision is expressed as the relative percent difference (RPD) between 

two results. Precision for this dataset was calculated from the RPD between the MS and 

MSD recovery values. The closer the numerical values of the measurements are to each 

other, the lower the RPD. Low RPD values indicate a high degree of analytical precision. 

The relative percent difference (RPD) between two sample results was calculated using the 
following equation: 

RPD = Samp Res— Dup Res 100 

r (Samp Res+ Dup Res/ 2) i 

Sample GR-1 was selected for MS/MSD analyses, except for pesticides/PCBs (GR-9). 

Precision limits for the RPD of the MS/MSD samples was 35% for PAHs. Of 16 PAH 

compounds analyzed, 2 were outside of the 35% limit (phenanthrene and benzo(a)an- 

thracene). Overall, the PAH data were considered to be acceptably precise. All pesticide 

compound MS/MSD recoveries were within 20%, indicating acceptable precision of pesticide 

data. Pesticide and PCB (all below detection for WLIS samples) detection limits were 

reported on a sample-specific basis based on the on-column reporting limit, with a PCB on- 

column calibration standard of 100 ng/ml; these data provide supporting information for the 
precision of the reporting limit. 

All RPDs for MS/MSD metals samples were <10% (most <5%) indicating good 
precision, except for Al. As stated above, the low relative concentrations of the Al spikes 

make the MS/MSD recovery data not acceptable for assessment of precision. The RPD 

between actual sample results of Al was within 10%, indicating acceptable precision of Al 

analyses. Finally, the RPD results of TOC recoveries in the MS/MSD samples were 2.8% 
for one day of analysis, and 38.3% for the second. Precision of duplicate TOC analysis 

for the sample GR-1 was within 10%. Cumulatively, the RPD data indicate an acceptable 

level of precision for TOC. 
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3.0 RESULTS 

To monitor changes in the topography and benthic conditions at WLIS, we surveyed 

the southwest quadrant of the disposal site (Figure 2-4) where all disposal activity has 

occurred since 1982 (Section 3.1). The WLIS disposal mounds have been strategically 

placed to form potential containment cells. The REMOTS® surveys were focused over the 

recently deposited I mound (Section 3.2), the 1995-1996 H mound (Section 3.3), and the 

reference areas South and SW-REF (Section 3.4). In addition to the development of 

containment basins, the I mound was placed between the D and G mounds to cover an area 

exhibiting low dissolved oxygen conditions and poor recolonization in the 1996 REMOTS® 

monitoring survey (Morris 1998). 

For the new reference area investigation, using a high-resolution side-scan sonar 

survey, we located a region identified as SE-REF that appeared to be free of historic 

dredged material deposits. We also conducted a REMOTS® photography survey to 

characterize the ambient material and confirm that no dredged material was in the 300-m 

radius of the center of the reference area (Section 3.5). The ambient sediments had a high 

sulfide content and were in many cases darker than typical reference areas. However, 

determination of the contaminant levels in sediment grab samples revealed moderate to low 

pollution levels similar to ambient sediment conditions of western Long Island Sound. 

3.1 WLIS Disposal Site Bathymetry 

The September 1997 800 x 800 m bathymetric survey at WLIS detected eight 

dredged material disposal mounds on the WLIS seafloor (Figure 3-1). The I mound is a 

result of the most recent deposition. There are a total of nine mounds in the southwest 

quadrant, including the 1995-1996 H mound which is located to the east of the survey 

area. Depths in the survey area ranged from 27 m to 35 m. The minimum depth occurred 

over the southern edge of the survey area, which continues to shoal towards the south to 

form the terminal moraine of Long Island. This natural containment wall, created by 

glacial deposition, combined with the strategic placement of the dredged material mounds 

has resulted in the formation of several basin areas that may serve as potential containment 

cells for dredged material in the future. 

3.2 WLIS I Mound 

To continue the development of the dredged material containment berm and basins, 

material was disposed between the existing D and G mounds. The buoy was positioned at 

40° 59.203“ N, 73°29.072° W, where approximately 35,000 m? of new dredged sediments 

over the disposal season were placed, forming the I disposal mound. 
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September 1997 Bathymetry Survey 

40° 59.400° N > 

40° 59.300° N 

40° 59.200° N | 

40° 59.100° N 

40° 59.000° N | 

073° 29.200° W 073° 29.000° W 073° 28.800° W 

WLIS, NAD 27 
800 x 800 m Survey Area 
Depth in Meters, Contour Interval 0.25 m 

Et Zh 

0m 200 m 

Figure 3-1. Bathymetric chart of the September 1997 800 x 800 m survey area 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 



24 

3.2.1 Bathymetry 

We compared the September 1997 bathymetric survey results with the July 1996 

survey and calculated the depth difference (Figure 3-2). The bathymetric chart shows the 

development of the I mound just southeast of the buoy location. The mound reached a 

maximum height of 3.73 m above the 1996 baseline chart, with an approximate width of 150 

m. The 0.25-m apron covers the northwestern portion of the G mound. Previous 

REMOTS® surveys had indicated poor environmental conditions, characterized by slow 

recolonization rates and decreased RPD depths due to the oxidation of high labile organic 

concentrations, in an isolated region south of the D mound and west of the G mound. 

Although the mound was not placed directly over this area, apron mound material potentially 

has covered some of the problem region area at 1996 REMOTS® station D200S. 

3.2.2 REMOTS® Sediment-Profile Photography 

REMOTS® sediment-profile photography was used to document benthic 

recolonization as well as delineate the placement and any environmental impacts of the 

recently disposed dredged material. The September 1997 survey occupied a 13-station 

cross grid with stations located 50 m apart over the I mound (Figure 2-2). The March 

1998 survey sampled a 5-station grid, including the center and four 50-m stations for 

comparison. Complete REMOTS® results for the new disposal mound are available in 

Appendices B and C. 

3.2.2.1 Sediment Grain Size and Stratigraphy 

In September 1997, we detected dredged material at all I mound stations and in 

most replicates. Replicates at 150E indicated a thin layer of dredged material, 6 cm to 

7 cm, over ambient sediments. Dredged material thickness was greater than penetration at 

most of the stations. The average mean camera penetration was 13.40 cm, which was 

greater than measured at the reference areas (Section 3.4). 

A thin layer of brown, oxidized silt over black sulfidic mud characterized the 

sediment in the photographs. The lighter surface layer indicated the depth of RDP and 

oxygenation. Redox rebounds, which are stratigraphic differences in color or shade below 

the surface layer on the sediment-profile image, were evident at Stations 100S, 100W, and 

150E, all of which were outside of the 0.25 m depth mound apron identified in the 

bathymetric survey. The presence of a redox rebound interval in a new sediment deposit 

suggests a gradual decline in pore water oxygen content, which could be attributable to a 

decrease in regional bottom water dissolved oxygen concentrations. Redox rebounds tend to 

be driven by seasonal effects. For the central five stations only, redox rebounds increased 
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Figure 3-2. Depth difference plot of the I mound, from July 1996 to September 1997 

bathymetric surveys over the southwestern quadrant of WLIS 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 



26 

from zero replicates in September to one in March. In some replicates, the distinctions 

among redox rebounds, multiple dredged material layers, and relict RPDs indicating dredged 

material over ambient sediments were not clear. These distinctions are discussed further in 

Section 4.1.3. 

Physical REMOTS® parameters indicated the surface and near-surface layers of the 

mound were mainly composed of silt and clay with the major modal grain size consistently 

reported at >4 phi. Mean camera penetration over the I mound showed no distinct 
pattern, with the shallowest penetration (7.28 cm) at CTR and the deepest penetration 

(15.89 cm) at 150N. Replicate-averaged surface roughness values for the REMOTS® 

camera stations over the I mound ranged generally from 0.52 to 3.16 cm. Although some 

replicates were indeterminate, surface roughness was attributed primarily to physical 

effects, with some replicates indeterminate or indicating biogenic activity. 

During the March 1998 survey, we detected dredged material at all five central 

stations over the I mound. The replicates of the 5-station grid were characterized again by 

a thin layer of oxidized, brown silt over black mud. Although the grain size was primarily 

silt and clay, some rocks, sand, and large shell fragments were visible at Station SON. In 

September, the grain size varied from medium sand to clay. In March, the average 

penetration depth at 5ON (1.90 cm) was significantly less than the depth of 12.7 cm 

observed in September. The difference in grain size may have affected the penetration 

depths at SON. The CTR station had a comparable mean penetration depth of 6.52 cm in 

March relative to 7.28 cm in September. In contrast, the mean penetration depths 

increased by about 3 cm for SOE, 50W, and 50S from September to March. The 

penetration depth indicates the relative sediment water content at sites with similar grain 

size because the camera acts as a static-load penetrometer (Revelas et al. 1987). In March, 

surface roughness was attributed to physical effects for CTR, 50N, and SOE, and was 

indeterminate at 50S and 50W. 

3.2.2.2 Benthic Community Assessment 

Using three parameters, we determined the benthic recolonization rate and overall 

health of the project mounds relative to the WLIS reference areas. We examined the 
infaunal successional status, the apparent Redox Potential Discontinuity (RPD) depth, and 

the Organism-Sediment Index (OSI). The RPD and OSI values were mapped over the 

target locations to show the distribution of biological conditions. The Rhoads and 

Germano (1982, 1986) protocol for REMOTS® analysis was followed for measurements 

and interpretation. In some replicates, wiper smears obstructed successional stage 

identification and RPD measurements in both September and March surveys. 
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The successional status was primarily characterized by Stage I pioneering 

assemblages of polychaetes in September as predicted by DAMOS protocol. Several 

replicates indicated the presence of a higher successional status containing Stage III taxa or 

feeding voids due to the deposit feeder’s biological activity (Figure 3-3). The average 

mean RPD for the I mound was moderate to shallow with a depth of 1.93 cm, varying 

from 0.92 cm to 6.81 cm. The overall median OSI value was 4 (Figure 3-4, Table 3-1). 

The central 5-station grid stations, resurveyed in March, had an average RPD of 2.25 cm 

and OSI of 7 in September. 

The successional status in March indicated a slightly greater presence of Stage III 

organisms (Figure 3-3). The RPD depths were significantly deeper than observed in 

September with an overall average depth of 2.56 cm (Figure 3-5); however, wiper smears 

obstructed measurements in a number of replicates. In March, the 5-station grid OSI value 

of 8 was slightly higher than in September and may be attributed to seasonal effects on 

sediment oxygen contents and the progression in the successional status (Figure 3-5). No 

low dissolved oxygen conditions were observed in the replicates from either the September 

or March survey. 

3.3. WLIS H Mound 

During the 1995-1996 disposal season, 15,300 m’ of sand, silt, and clay dredged 

from the Connecticut and New York waterways were disposed at WLIS and formed the H 

mound. About two-thirds of the material, 10,060 m’ barge volume, was dredged from 

Connecticut’s Wlison Cove, Norwalk and Stamford Harbors, and Pratt’s Cove. The 

remaining material, 5,240 m’ barge volume, derived from New York’s Manhasset Bay 

along the north shore of Long Island. REMOTS® data from the 1996 monitoring survey 

indicated healthy condition relative to reference values, with a moderate-to-deep RPD and 

evenly distributed benthic recolonization (Morris 1998). We revisited WLIS H in 

accordance with DAMOS monitoring protocols to observe the benthic conditions and 

examine evidence for the predicted advanced successional status that occurs with a healthy 

benthic recovery over the long-term. 

3.3.1 Bathymetry 

The September 1997 bathymetric survey area did not extend over the H mound. 

The 1996 bathymetric survey chart of this smaller area was used as a basemap for the 

REMOTS® data, showing a sediment mound with a minimum depth of 32.5 m (MLLW) 

over the apex of the H mound (Figure 3-6). 
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Figure 3-3. Distribution of successional stage assemblages over the I mound, overlaid on 

September 1997 bathymetry and detectable mound margin 
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Figure 3-5. Distribution of RPD depths and OSI values for March 1998 REMOTS® 

stations overlaid on bathymetry and detectable mound margin 
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Table 3-1 

Summary of REMOTS® Results at I Mound Stations in September 1997 and March 1998 

| MOUND Summary Table September 1997 

RPD Mean Median Mean Camera Mean Boundary 

(cm) OsI Penetration (cm) Roughness (cm) 

1! MOUND Summary Table March 1998 

RPD Mean Median Mean Camera Mean Boundary 

(cm) Os! Penetration (cm) | Roughness (cm) 

WLIS Reference Areas September 1997 

SOUTH Avg. 1.97 7 9.42 1.09 

SOUTH Range 1.04-2.14 3.0-9.0 6.55-11.29 

SW-REF Avg. 1.47 7 

0.89-1.67 

6.24 1.00 

SW-REF Range 0.85-1.94 3.0-8.0 4.54-7.78 0.67-1.92 
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Figure 3-6. Distribution of successional stage assemblages over the H mound overlaid on 
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3.3.2 REMOTS® Sediment-Profile Photography 

REMOTS® sediment-profile photography was used to document benthic 

recolonization as well as track the thin layers of dredged material and assess the overall 

impact of deposition over the surface of the WLIS H mound. The September 1997 survey 

reoccupied the 13-station 1996 grid. The March 1998 survey sampled a 5-station grid, the 

center, and 50-m stations for comparison. 

3.3.2.1 Sediment Grain Size and Stratigraphy 

During the September 1997 survey, we detected and measured dredged material at 

every station over the H mound. Dredged material thickness over the H mound was 

greater than penetration at every station except one replicate at 150W, which had a 12-cm 

thickness over ambient material (Appendix B). With few exceptions, dredged material 

exceeded the camera penetration depth. Redox rebound intervals, areas showing evidence 

of intermittent or seasonal oxidation below the currently oxidized surface layer, were noted 

at many stations over the H mound. Redox rebound is discussed further in Section 4.1.3. 

The number of redox rebounds decreased from ten replicates in September to seven in 

March out of a total of 15 replicates at the 5-grid stations. The depth of the redox rebound 

also decreased 4.24 cm to 2.43 cm (or 6.36 cm to 5.21 cm, excluding stations without 

rebounds). 

Physical REMOTS® parameters indicated the surface and near surface layers of the 

mound were mainly composed of silt and clay with the major modal grain size consistently 

reported at >4 phi. Mean camera penetration over the H mound showed no distinct 

pattern, with the shallowest penetration (10.94 cm) at 50E and the deepest penetration 

(18.14 cm) at 150W and an overall average of 15.06 cm. The range of camera penetration 

depths were comparable to 1996 results (12.98-18.57 cm). Replicate-averaged surface 

roughness values for the REMOTS® camera stations over the H mound ranged from 0.38 

cm at 150N to 4.38 cm at 10OW. Again, the 1997 results were similar to those observed 

in 1996, which ranged from 0.64 cm to 3.24 cm at 100S. Although some replicates were 

indeterminate, surface roughness was attributed both to biogenic activity and, to a lesser 

extent, physical effects. 

We compared the physical REMOTS® parameters of March 1998 to the September 

survey results. The grain size was predominantly silt and clay (>4 phi). The mean 

camera penetration depth was an average of 1.40 cm less than the September survey results 

for the five stations. The mean boundary roughness values covering only the 5-station grid 

were more consistent in March, ranging between 0.73 and 0.85 cm. Many of the 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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replicates had indeterminate surface roughness values, with five attributed to physical 

effects and two to biogenic activity. 

Bese ay4 Benthic Community Assessment 

Although the majority of replicates had a Stage I successional status in September 

1997, there was an increase in the presence of Stage III indicators, both deposit feeders and 

feeding voids, since the July 1996 survey (Figure 3-6). The mean RPD depths, however, 

were shallower than observed in previous surveys, with an overall average of 1.44 cm 

(Figure 3-7) compared to 2.46 cm from July 1996. The Organism-Sediment Index, which is 

a combination of the previous factors, was close to the 1996 survey results with an overall 

median of 4. Two replicates with OSIs of 7 at 5|0W, which had a zero OSI value in 1996 

due to low DO, did show improved benthic conditions (Figure 3-7; Table 3-2). No low DO 

conditions were evident in either September or March surveys. 

In March 1998, the benthic conditions at the 5-station grid had improved 

significantly since September 1997. Evidence of Stage III organisms was found in 10 of 

the 15 replicates. Stage I organisms were less abundant at both the H and I mounds in 

March. Stage I organisms, which are polymorphic filter feeders that can easily adapt and 

recolonize new resources, tend to die back during winter and then increase again in May. 

The overall mean RPD in March was 2.3 cm (Figure 3-8). The OSI values ranged from 4 

to 11 with an overall median of 8 (Figure 3-8; Table 3-2). 

3.4 WLIS Reference Areas 

As part of the DAMOS tiered monitoring protocols, we collected reference area 

data in September 1997 to provide a baseline to compare results from the dredged material 

mounds. A total of thirteen stations were occupied over two reference areas (SOUTH and 

SW-REF). Complete REMOTS® results for the WLIS reference areas are available in 

Appendix B. In March, we investigated SE-REF but did not revisit South and SW-REF 

due to time constraints. 

3.4.1 Sediment Grain Size and Stratigraphy 

Ambient sediments, characterized by brown silt or very fine sand over mud, were 

identified in almost all of the replicates. SOUTH Station 1 appeared to contain dredged 

material, and SW-REF Station 9 was indeterminate. The major mode of grain size was 

>4 phi for majority replicates, with 3 to 4 phi for 15 replicates. The mean camera 

penetration at the reference areas, 9.42 cm for SOUTH and 6.24 cm for SW-REF, was 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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H Mound 

September 1997 REMOTS® Stations over 
July 1996 Bathymetry 

40° 59.300° N 

40° 59.250° N 

40° 59.200° N 

5 Sta Overall 
40° 59.150’ N A 4 ~ 1.44 

6 

40° 28.800° W 73° 28.700° W 73° 28.600° W 

RPD Average WLIS 
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OS! Median Depth in meters, contour interval 0.25 m 

NAD 27 
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Om 100 m 200 m 

Figure 3-7. Distribution of Redox Potential Discontinuity (RPD) depths and Organism- 
Sediment Index (OSI) values for September 1997 REMOTS® stations overlaid 
on July 1996 bathymetry of the H mound 
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H Mound 

March 1998 REMOTS® Stations over 
July 1996 Bathymetry 
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Figure 3-8. Average Redox Potential Discontinuity (RPD) depth (cm) and median OSI 
values for March 1998 REMOTS® stations overlaid on July 1996 bathymetry 
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Table 3-2 

Summary of REMOTS® Results at H Mound Stations in September 1997 and March 1998 

H MOUND Summary Table September 1997 

RPD Mean 

(cm) 

Median 

OSs! 

Mean Camera 

Penetration (cm) 

Mean Boundary 

Roughness (cm) REMOTS Station 

H MOUND Summary Table March 1998 

RPD Mean 

(cm) 

Mean Camera 

Penetration (cm) 

Median 

Os! 

Mean Boundary 

Roughness (cm) REMOTS Station 

WLIS Reference Areas September 1997 

SOUTH Avg. 1.97 7 9.42 1.09 

SOUTH Range 1.04-2.14 3.0-9.0 6.55-11.29 0.89-1.67 

SW-REF Avg. 1.47 7 6.24 1.00 

SW-REF Rang 0.85-1.94 3.0-8.0 4.54-7.78 0.67-1.92 
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shallower than measured at the I and H mounds (Table 3-3). Boundary roughness was 

attributed primarily to physical effects. 

3.4.2 Benthic Community Assessment 

Successional stages were split between Stage I and III organisms. The RPD depths 

ranged from 0.8 cm to 6.33 cm. The overall median OSI value was 7 for both areas. For 

SOUTH, the median OSI values ranged from 3 to 9, and for SW-REF, 3 to 8 (Table 3-3). 

The low OSI values at some stations may have been due to low dissolved oxygen 

conditions in September (Section 4.1.2). 

3.5 New Reference Area Investigation 

Previous monitoring surveys have detected historic dredged material at several 

previous and proposed reference areas surrounding WLIS (EAST, WLIS-REF, 2000S, and 

3000E) which were then discontinued. The most recent 1996 REMOTS® survey detected 

dark, reduced sediments and methane gas bubbles in three replicates from 2000W 

reference area indicating the presence of weathered dredged material (Morris 1998). This 

finding was not surprising considering that the reference area was located within the 

Stamford Historic Disposal Site. To replace 2000W, we conducted a series of surveys to 

locate an area with a 300 m radius clear of historic dredged material. 

3.5.1 Side-Scan Sonar 

For the first time, a side-scan sonar survey was used to locate and investigate a 

potential reference area. The survey in September, however, was limited to a small area 

by the many lobster pots dispersed throughout the area that obstructed survey operations. 

We postponed the reference area investigation to the winter, when lobster gear would be 

less intense in the region. 

Although some lobster gear continued to pose hazards in March, the side-scan sonar 

survey was still conducted near WLIS. The initial side-scan sonar survey was designed 

over a 2000 x 4000 m area east-southeast of WLIS to locate a region representative of 

natural ambient conditions. The presence of abundant lobster gear and dredged material on 

the seafloor prompted on-site revisions. 

The orientation of the initial 2000 x 4000 m survey area was altered to due east- 

west with the northwest corner of the survey located within WLIS and was reduced in size 

to 1500 x 4000 m (Figure 2-3). A second smaller survey was designed to examine an area 

north of Eaton’s Neck and west of a rocky reef in an area where lobster gear was minimal. 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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Table 3-3 

Summary of REMOTS® Results at SOUTH and SW-REF 

Reference Area Stations in September 1997 

WLIS Reference Areas Summary Table September 1997 

RPD Mean Median Mean Camera Mean Boundary 

(cm) OSI Penetration (cm) Roughness (cm) Station 

SOUTH 

RefS1 

RefS2 2.06 

RefS3 1.93 

RefS4 1.04 

RefS5 3.00 

RefS6 

10.43 1.00 

6.55 0.89 

9.13 0.79 

11.29 1.25 

a rN won o o 

SW-REF 

RISW7 

RfISW8 

RfISW9 

RfSW10 

RISW11 

RISW12 

RISW13 1.50 a 5.46 0.89 

SOUTH Avg. 1.97 if 9.42 1.09 

SOUTH Range 1.04-2.14 3.0-9.0  6.55-11.29 0.89-1.67 

SW-REF Avg. 1.47 7 6.24 1.00 

SW-REF Range 0.85-1.94 3.0-8.0 4.54-7.78 0.67-1.92 
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This smaller survey consisted of 10 survey lanes measuring 1000 m in length and spaced 

100 m apart. Side-scan images of the seafloor within the small 1000 x 1000 m survey 
identified areas with no apparent dredged material. However, these areas were in 

relatively shallow water (<18 m) which may not be representative of the ecological 

conditions at WLIS. Side-scan operations were continued in the 1500 x 4000 m survey 

area in water depths greater than 18 m. Although detection of dredged material was 

common at depths below 18 m, a potential reference area was identified at 40°58.301 ‘N, 

73°27.722°W (NAD 27), with a mean water depth of 19.5 m (Figure 2-5). The center of 

the new reference area was designated as SE-REF CTR. 

The results of the high-resolution side-scan sonar survey over the identified reference 

area showed an area that appeared relatively free of dredged material (Figure 3-9). Lobster 

pots and trawl] lines marked the seafloor. A dredged material mound was detected to the 

northwest, outside of the 300-m radius of the reference area center. Some weathered historic 

dredged material may be present in the southwest section of the new reference area. In the 

larger 1500 x 4000 m survey area, we did detect dredged material deposits to the north and 

east of this region outside of SE-REF, which are shown in Figure 3-10 for comparison. 

3.5.2 REMOTS® Sediment-Profile Photography 

REMOTS® replicates were representative of target locations in the 300 m radius of 

the potential reference area (Figure 3-11). The figure also shows the 25-station REMOTS® 

grid relative to ten grab samples taken randomly over SE-REF. 

3.5.2.1 Sediment Grain Size and Stratigraphy 

Fine-grained silt predominantly characterized the ambient sediments. The 

photographs showed an oxidized, brown layer with some small shell fragments over black 

or grey-black mud. Figure 3-12 shows the variation in sample replicates from SE-REF. 

Replicate 1OONW D, with a deep RDP and high OSI value, is representative of many 

replicates at SE-REF. 100NW D is within the normal grey-scale for REMOTS® replicates, 

whereas 200SW C contains sediments that are darker in appearance than typical for 

DAMOS reference areas. Redox rebounds were observed in ten replicates. 

The physical REMOTS® parameters were comparable to reference areas SOUTH 

and SW-REF. The grain size was primarily silt and clay, >4 phi. The mean camera 

penetration for each station ranged from 7.79 to 15.67 cm, with an overall average of 

12.91 cm. In September, penetration depth was shallower at SOUTH and SW-REF, with 

average mean depths of 9.43 and 6.24 respectively. The mean boundary range averaged 

1.52 cm, varying between 0.65 and 4.80 cm. The boundary range was slightly greater 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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Reference Area, SE-REF 

Side-Scan Sonar Survey Lanes 13 and 15 
and REMOTS® Stations 

2: 

po, ~lobster pots 
and trawl lines 

an 

40° 58.300° N 

40° 58.200° N 

300 m radius 

of SE-REF 

073° 27.900° W 073° 27.700° W 073° 27.500° W 

WLIS SE-REF, NAD 27 

Zh 
Om 200m 

Figure 3-9. Side-scan sonar survey images and REMOTS® stations for the SE-REF 

reference area investigation. Side-scan images were not mapped according 

to exact geodetic positions and have been placed as accurately as possible 

for representation purposes only. 
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Reference Area, SE-REF 

March 1998 Grab Samples and 

REMOTS® Stations and Replicates 

Z @® 
40° 58.400 N 4 V 

: 
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40° 58.200 N 4 

Le eats 

073° 27.900° W 073° 27.700° W 073° 27.500" W 

A REMOTS® Station WLIS Reference Area, NAD 27 
@ REMOTS® Replicates a 

= Grab Samples om 200 m 

Figure 3-11. REMOTS® replicate locations near target stations and grab sample locations 

within SE-REF 
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than seen at the other reference areas in September, which averaged 1.09 cm at SOUTH 

and 1.00 cm at SW-REF. Physical effects primarily caused surface roughness, although 

some replicates did indicate biogenic activity or were indeterminate. 

3:522.2 Benthic Community Assessment 

Stage III or Stage I on III indicators characterized most replicates, even though the 

Stage III feeding voids lacked oxygenated sediment halos (Appendix C). Because the low 

water temperature in early March reduces the metabolic rate of benthic organisms, the 

active voids may have been less oxygenated. The lower metabolic rate also decreases the 

consumption rate of oxygen in the sediments. The lower biological oxygen demand (BOD) 

results in greater RPD depths. The RPDs at the potential reference area stations were 

deep, ranging from 1.83 to 4.63 cm and with an average of 3.04 cm. A few replicates 

(200N C, 300E A, 300SE A, and 200S C) were exceptions with RPDs less than 1 cm. 

The total OSI values, with a median of 10, were very high for a WLIS reference area 

(Figure 3-13, Table 3-4). For comparison, in September 1997 the median OSI value of 

both SOUTH and SW-REF was 7. 

3.5.3 Sediment Grab Samples 

All sediments collected at random locations in SE-REF with the grab sampler shared 

similar characteristics with little variation (Figure 3-11). Black, silty clay overlain with a 

thin (0.2 to 1.0 cm) olive-grey, oxidized layer was observed at each station in the potential 

reference area. REMOTS® photo 200SW C (Figure 3-12) is representative of the 

appearance of the grab samples. It is not known how much of the surface, oxidized layer, as 

visible in 1OONW D (Figure 3-12), was resuspended as the sampling device was lowered to 

the seafloor, immediately prior to sample extraction. The samples were retrieved and 

brought on deck for description and sub-sampling. The sediments had a fine, pudding-like 

texture and sulfidic odor. Small shell fragments and Mulinia shells covered the surface. A 

7-cm polychaete was found in Grab 8, and a worm was observed in Grab 1. 

3.5.3.1 Grain Size Results 

The ten WLIS reference grab sample grain size data had consistent sand and fine- 

grained fractions (Table 3-5). Most of the samples had silt (26 to 49%) and fine sand (26 

to 41%) as the primary component, with the general classification either a silty fine sand, 

or sandy silt. One sample (GR-9) was dominated by clay (45%), with nearly equivalent 

concentrations of silt (26%) and fine sand (28%). Other than GR-9, clay varied from 16 to 

28% in the samples. The sand fraction in all of the samples was dominated by fine sand. 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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Figure 3-13. Distribution of RPD depths and OSI values for March 1998 REMOTS® 

Stations at SE-REF. Stations that have one or more replicates that may 

indicate dredged material are circled in green. 
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Table 3-4 

Summary of REMOTS® at SE-REF Reference Area Stations in March 1998 

SE-REF March 1998 

Mean 

Mean Camera Boundary 

RPD Mean Median Penetration Roughness 

(cm) OSI (cm) (cm) 

3.04 10 12.91 1.52 

18-43 6-11 7.8-15.7 0.65 - 4.80 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 



48 

All samples had >50% fines, with the total fine fraction (silt and clay) ranging 

from 54 to 71%. There was no particular spatial pattern of grain size in the potential 

reference area that could be discerned from the grab sample data. The consistency of grain 

size was best demonstrated by the coefficient of variation (CV) values (variability around 

the mean) for the major components (>10%). The CVs were all within 20% except for 

the clay fraction (37%; Table 3-5). 

Seek /4 Geochemistry Results 

Total Organic Carbon (TOC) and Percent Solids. TOC values were very 

consistent among the WLIS SE-REF samples, ranging from 22,000 to 25,000 mg/kg (2.2 

to 2.5%) with a CV of 4.5% (Table 3-6). The data suggest that there were no spatial 

patterns of organic carbon among the reference station grab samples. Percent solids data 

were slightly more variable (CV = 5.3%), with values ranging from 35 to 41%. 

Polynuclear Aromatic Hydrocarbons (PAHs). The PAH composition of the 

WLIS SE-REF sediments was relatively consistent in all of the sediment samples, showing 

low concentrations of both high and low molecular weight PAHs (Table 3-7). In general, 

the dominant PAHs were pyrogenic (high molecular weight [HMW]), with the highest 

detected concentrations being fluoranthene, pyrene, and benzo(a)pyrene. The presence of 

detectable low molecular weight (LMW) PAHs indicated the possible presence of 

petroleum residues. The greatest variability of individual compounds (CV), ranging from 

25 to 71%, occurred in a few samples that had the highest detected values of the 

compounds (Table 3-7). Stations GR-1, GR-5, GR-9, and GR-10 had the highest PAH 

concentrations for both HMW and LMW PAHs. Overall, however, the concentrations 

were lower than the mean reference value calculated from historical WLIS reference 

station data (Figure 3-14; Murray 1995). Normalizing the data to TOC resulted in a 

similar pattern between stations. These concentrations were also below the mean values 

measured in historical sampling. The spatial distribution of these detected PAHs showed 

no consistent pattern, and no direct relationship to the presence of dredged material as 

noted in side-scan and REMOTS® data. 

Pesticides and Polychlorinated Biphenyls (PCBs). There were no pesticides or 

PCB arochlors detected at the WLIS SE-REF potential reference area (Table 3-8). 

Detection limits for pesticides ranged from <10 ywg/kg for most compounds to 

23-91 pg/kg for methoxychlor and toxaphene. Arochlor detection limits ranged from 46 to 

91 wg/kg. The laboratory checked for potential negative bias of the data, and the lack of 

detected compounds was verified. 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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Table 3-6. 

Total Organic Carbon and Percent Solids Results for WLIS SE-REF Samples 

WLIS Station Name Total Organic Solids (%) 

Carbon (mg/kg) 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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Metals. Metal concentrations were exceedingly consistent among the ten SE-REF 

samples, with CV values all <10% except for Cd (15%; Table 3-9). All metals were 

reported above instrument detection limits in all samples. Station GR-1 had the highest 

concentrations of Cd, Cr, Cu, Pb, and Zn, but there was no consistent pattern of metal 

concentrations among any of the other stations. 

The mean metal values were compared with historical reference values compiled 
from other WLIS reference areas (Murray 1995). The mean values measured in the SE- 

REF stations were higher than all mean values reported for the historical data (Table 3-9). 

Cadmium, Pb, Ni, and Zn were within one standard deviation of the historical mean, while 

the remaining metals (As, Cr, Cu, and Hg) were all within two standard deviations. The 

95% confidence levels for SE-REF stations and the WLIS Reference Area dataset were 

compared (Figure 3-15). The 95% confidence intervals were determined by multiplying 

the standard deviation of the SE-REF dataset (n=10) by 2.26 and of the WLIS-REF 

dataset (n> 20) by 1.96 (Mendenhall 1979). The overlapping intervals for each metal 

indicates no significant statistical difference between the potential reference area and the 

compiled reference area dataset. 

Metals were also evaluated normalized to the fine-grained fraction (Table 3-10). The 

normalized metals data were overall more variable than the metals data, with CVs ranging 

from 5 to 22%. All of the normalized metal mean values were within two standard 

deviations of the WLIS compiled reference area normalized mean, and the mean values for 

Cd, Ni, and Zn were within one standard deviation. Metals also were normalized to Al, 

resulting in similar ranges and CVs as the data normalized to fine grain size. 
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4.0 DISCUSSION 

The first two major objectives of the 1997-98 survey at WLIS were to document 

the changes in bottom topography of the disposal site relative to July 1996, and assess the 

benthic recolonization status of the new I mound and the 1996 H mound relative to two 

reference areas, SOUTH and SW-REF (Section 4.1). The I and H mounds were surveyed 

in both September 1997 and March 1998 to evaluate the response of the benthic 

community, and observe changes in seasonal conditions. 

The third major objective was to identify a new potential reference area near WLIS 

to replace 2000W (Section 4.2). The sediments at the new proposed reference area, SE- 

REF, were characterized through a REMOTS® survey and grab sampling. Although a few 

images from the side-scan and REMOTS® surveys suggested possible historic dredged 

material within SE-REF boundaries, the overall side-scan and REMOTS® survey data and 

geochemical analysis of grab samples indicated ambient sediments with acceptable, low 

concentrations of contaminants of concern for a reference area. 

4.1 Dredged Material Monitoring at Mounds H and I 

4.1.1 Development of Contaminant Cells 

The I mound was formed during the most recent disposal activities at WLIS, over 

the disposal location between the D and G mounds. This disposal location was selected to 

add to a ring of disposal mounds forming a containment berm. These berms can create 

basins for minimizing the spread of disposed sediments to optimize capping or isolation of 

dredged sediments and maximizing volume capacity (Figure 4-1). 

To continue the formation of containment berms, dredged material may be placed to 

the south of the G mound (1), between E and H mounds (2), and between C and E mounds 

(3) in the future. Figure 4-1 shows a three-dimensional view of the mounds and 

containment basins. A very large.basin area could be created with the additional placement 

of disposal mounds to the west of the survey area at locations 4, 5, and 6. The 1996 

survey report also suggests another containment possibility in the depression just east of the 

F mound. The containment berm would include the natural ridge of the Long Island Sound 

moraine margin and the H and F mounds plus two disposal mounds between the H mound 

and the naturally occurring ridge to the south (Morris 1998). 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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Figure 4-1. Bathymetric chart and three-dimensional view of the 1997 survey area with 
recommended disposal locations to complete potential containment basins. 

Note the change in perspective. 
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Table 4-1. 

Navigation Positions of Future Disposal Mounds 

Approximate Location Longitude, NAD 27 Latitude, NAD 27 

South of the G mound 1 073° 29.088° W 40° 59.100° N 

4.1.2 Dissolved Oxygen in Western Long Island Sound 

Since 1985, hypoxia (low dissolved oxygen conditions) and its associated 

complications with benthic recolonization have been documented in DAMOS monitoring 

reports of WLIS (Morris 1998, SAIC 1987). Because of these complications in the 

summer, the monitoring survey was scheduled for late-September after the fall turnover of 

the water column. The western half of the Sound becomes hypoxic in the late summer, 

with dissolved oxygen falling below 1 mg: I and, in specific regions, to 0.0 mg-I' (CT 
DEP 1997). Hypoxia is a direct result of eutrophication, the excessive nutrient loading and 

organic matter enrichment of the estuarine waters of Long Island Sound. The increased 

input of nitrogen concentrations from terrestrial sources results in artificially abundant 

phytoplanktonic populations. As the excessive organic matter settles and decomposes on the 

seafloor, the greatest depletion of oxygen occurs in the bottom waters, which may become 

anoxic at depth. The problem is exacerbated in the late summer by the stratification of the 

Sound waters into two separate layers, with a warm layer over cool, denser waters. 

Because limited mixing occurs, the bottom waters do not become reoxygenated by 

photosynthesis and wave action which supply oxygen to the surface waters. 

The Long Island Sound Study (LISS), a U.S. Environmental Protection Agency 

(EPA) management program, officially recognizes the onset of hypoxia at DO 

concentrations below 3.0 mg I’ (LISS 1990, CT DEP 1997). In experimental tests, DO 

concentrations at 5.0 mg I’ or greater had few adverse effects on marine life (LISS 1990). 

Concentrations of DO below 5.0 mg I" have been shown to reduce survival of some 

planktonic larvae and growth of a variety of organisms, and DO concentrations below 3.0 

mg | tend to have more severe effects on marine life. 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 



61 

Bottom dissolved oxygen concentrations are measured by the Connecticut 

Department of Environmental Protection (CTDEP) Bureau of Water Management 

(Figure 4-2). The data were collected as part of the LISS Summer Hypoxia Monitoring 

Program and consisted of surface and bottom water DO values for eighteen primary 
stations throughout 1997 and 1998, and a number of secondary summer/fall stations (July 

to October). Annual stations C2 and D3 and seasonal monitoring stations 5, 8, and 9 were 

selected for their proximity to WLIS (Figure 4-2). Both surface and bottom waters were 

tested at each station. Because the bottom water concentrations were measured 

approximately 5 meters above the actual substrate, the dissolved oxygen in the water near 

the sediment surface is most likely lower than the observed values. 

In 1997, the dissolved oxygen conditions did not drop as low as reported in 

previous years during the late summer months. Although the oxygen concentrations 

decreased sharply from June 4 to June 27, the levels did not fall below 3.6 mg I’ during 

the summer or fall. However, recovery was slower in September 1997 than in 1996 due to 

warmer temperatures. During the September survey, the overlying bottom waters at 

stations 5 and 8 had DO levels of 4.6 mg I’. The dissolved oxygen increased from 7.8 to 

10.8 mg I’ over the winter months and peaked in March at 11.1 mg I, during the second 

survey time (Figure 4-2). Although the overlying bottom waters did not become hypoxic, 

the water near the sediment interface may have been so in certain regions. 

4.1.3 Hypoxia and Seasonal Effects on Benthic Community Parameters 

Seasonal changes affect the environmental conditions of the seafloor observed in the 

REMOTS® surveys. We observed shallower RPD and lower OSI values at SW-REF in 

September 1997 relative to July 1996, indicating that the reference area was affected by the 

late summer hypoxia. Although the stations at reference area SOUTH in late September 

1997 had OSI values and RPD depths similar to the July 1996 stations, the numbers were 

comparable to SW-REF (Table 3-3). 

Figures 4-3 and 4-4 show replicates from South and SW-REF, respectively, that are 

representative of the variability among replicates in each area. Two of the eighteen 

replicates at South did have deeper RPDs than South 2A which contributed to deeper average 

RPD depth. As the temperature of the air and water decreases in the fall and into the 

winter, mixing of the stratified layers of the Sound occurs and dissolved oxygen 

concentrations increase (Figure 4-2). Surveys over the I and H mound indicated greater 

RPD depths and improved conditions in March relative to September. 

Water temperature is directly correlated with the metabolic activity of benthic 

organisms. Seasonal changes in bottom sediment temperature were recorded at a central 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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LIS location from July 1974 to January 1976, with the highest temperatures (about 22° C) 

in late August and lowest (about 3° C) in March (Rhoads and Boyer 1982). Therefore, 

metabolic activities, such as bioturbation and decomposition, were expected to be noticeably 

greater in September than March. Greater bioturbation would suggest greater oxygenation 

of the sediment and redox layer. However, the decomposition of organic matter, which 

increases both the chemical and biological oxygen demands, also occurs at a faster rate in 

warmer waters. The cause and effect relationships of RPDs, metabolic rates, and dissolved 

oxygen conditions of the waters are complex (Rhoads and Germano 1982). Stage I species, 

which are known to die off in the cooler waters in the winter and then rapidly reproduce 

and recolonize in the spring, were less common in March than in September. 

Redox rebounds observed at the disposal mounds represent retrograde conditions 

caused by decreases in pore water irrigation by benthos and/or higher rates of oxygen 

consumption at depth. The depth of the RPD decreases and rebounds upwards. The 

rebound tends to be a result of seasonal changes in water temperature, metabolic rates, and 

chemical reaction rates. For instance, when organic matter settles on the seafloor and 

begins decomposing, the oxygen demand of the sediments increases, decreasing the RPD. 

The organic matter attracts pioneering Stage I organisms which are filter feeders that are 

not effective at exchanging pore water with surface water and are associated with shallow 

RPD depths (Rhoads and Germano 1982). 

Redox rebounds were visible in both September and March at the H mound, and to 

a lesser extent at the I mound and the potential reference area, SE-REF (Figures 4-5 

and 4-6). Replicate HI00NA shows the spatial variability of redox rebound. Because 

redox rebounds were not visible in photographs of ambient sediments from SOUTH or 

SW-REF in September, the higher organic matter concentration of the dredged sediments 

most likely has contributed to the redox rebounds at the disposal mounds. In March, 

decreased metabolic rates primarily account for the redox rebounds at the disposal mounds 

and at SE-REF 

Redox rebounds at times appeared similar to relic RPDs. For a few replicates, the 

measured redox rebound actually represents the depth of the relic RPD. Both redox 

rebounds and relic RPDs are characterized by a lighter band of sediment, with a higher 

reflectance than the surrounding sediments, in the middle or lower section of the image 

(Rhoads and Germano 1990). A relic RPD as observed in I 15OEA (Figure 4-6), occurs 

when a relatively thin layer of dredged material is placed over the ambient sediments and 

represents the former ambient RPD. A new RPD will be formed at the sediment surface. 

The thickness of the recently deposited dredged material can be measured from the surface 

to the top of the relic RPD. The appearance of layered dredged material also results from 

multiple barge load disposals during the same season such as detected in HSONA in 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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September (Figure 4-6). The slides were reanalyzed in some cases to determine whether 

images indicated redox rebounds, relic RPDs, or dredged material layering due to multiple 

disposals of barge loads at the buoy location during one disposal season. 

4.1.4 Summary of Benthic Conditions at H and I Mounds 

The H mound has been successfully recolonized supporting a benthic community 

with an advanced successional status. Formed during the 1995-1996 disposal season, the 

H mound was observed in the 1996 REMOTS® survey to have a solid Stage I pioneering 

polychaete community with some evidence of Stage III activity. Stage II activity is not 

typical in the western Long Island Sound region. In the September 1997 REMOTS® 

survey, we again observed a predominance of Stage I surface tube dwellers with an 

increase in the number of replicates with Stage III feeding voids. However, the RPDs 

were decreased from the July survey. By March 1998, feeding voids were apparent in 

almost every replicate indicating a healthy Stage II] community over the H mound. 

Deposit feeders are known to survive over the winter months, whereas shallow-living 

organisms have a higher mortality in the winter months (Rhoads et al. 1977). Although 

Stage I organisms were present in March, they were less abundant. Layering of dredged 

material disposed during the 1995-1996 disposal season was apparent in many images. 

Redox rebounds were less apparent and shallower in March than September. Because 

metabolic rates are depressed in the colder winter months, the correlated depth of oxidation 

tends to decrease. However, the RPD depths were greater in March, which indicates that 

the sediments were affected by hypoxia in September. Decomposition of organic matter is 

greater in the summer and increases the sediment oxygen demand, whereas oxygen is 

controlled by physical diffusional processes in the winter. 

The I mound, created during the 1996-97 disposal season, also indicated improved 

conditions from September to March. However, the changes were less dramatic when only 

the 5-grid stations were compared. RPD depths and OSI values were lower in the outside 

stations which were notably at greater water depths. The successional status in September 

was advanced for a recently deposited mound and continued to indicate a healthy recovery 

in March. Figure 4-7 shows a lobster living at 150W and shrimp at 50S B on the disposal 

mound. 

Although the I mound, the most recent deposit at WLIS, has not been placed 

directly over an isolated problem area identified in the 1996 report, the apron of the mound 

likely covers this region. Concern had been expressed over the slow recolonization rates at 

Station D200S, to the east of the G mound, apparently due to low dissolved oxygen 
conditions. I mound stations, 5OW and 50S, close to D200S, indicated favorable benthic 

conditions during both September and March surveys. 
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4.2 New Reference Area Investigation at SE-REF 

Reference areas are necessary for assessing the environmental impacts of dredged 
material disposal and for classifying the suitability of dredged material for disposal through 

the permit evaluation process. Selection of a reference area is based on proximity to the 
disposal site, sediment chemistry, and similar water depths and grain size (EPA and 

USACE 1991). Reference sediments should be representative of ambient conditions and 

free of historic dredged material or other unnatural contamination or disturbances (EPA 

and USACE 1997). Reference areas provide a control region of ambient conditions for 
comparison with results of sediment-profile photography and geochemistry analyses at the 

disposal mounds. 

Disposal operations before 1977 occurred throughout Long Island Sound both in the 

historic disposal sites and the surrounding regions. From 1954 to 1972, an estimated total 

of 22 million cubic yards of dredged material was disposed at eight sites in western Long 

Island Sound, with sixty percent (13.2 million cubic yards) at Eaton’s Neck which is close 

to WLIS (Fredette et al. 1993). Since 1983, dredged material disposal has been directed to 

positioned buoys in the southwestern quadrant of WLIS and has been carefully monitored 

and managed. 

During monitoring surveys, the benthic conditions at disposal mounds are compared to 

observations of ambient sediments at reference areas. Although three reference areas are 

required according to DAMOS protocol, only two reference areas, SOUTH and SW-REF, 

currently qualify to represent ambient conditions. 2000W was the latest reference area to be 

discontinued due to the detection of historic dredged material in many REMOTS® replicates 

during monitoring surveys (Morris 1998). Low DO conditions and methane bubbles were 

observed in the area both in 1992 and 1996. Figure 1-2 displays the location of 2000W, 

which is within the boundaries of the historic Stamford Disposal Site, in addition to five other 

discontinued reference areas relative to WLIS. All six have been abandoned due to the clear 

evidence of dredged material. In addition, REMOTS® data collected randomly to the north 

and east of WLIS indicated that historic dredged material was widespread throughout these 

regions (Eller and Williams 1996). Therefore, all of the regions surrounding WLIS, except 

the southeast, have been investigated prior to this report and historic dredged material has 

been detected in every direction. 

To replace 2000W, we investigated the southeast region and identified a potential 

reference area, SE-REF. We characterized the sediments using multiple survey 

techniques, including: side-scan sonar, REMOTS® sediment-profile photography, and 

sediment grab sampling with geochemical and grain size analyses. 

Monitoring Cruise at the WLIS Disposal Site, September 1997 and March 1998 
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The survey data collected over SE-REF indicated fine-grained, ambient sediments 

that tended to have a high sulfide content. The side-scan images show even, weak to 

moderate backscatter for the area, similar to USGS side-scan results for the region. The 

USGS characterized the area as a combination of reworking and sorting and fine-grained 

sediment deposition environment (Knebel et al. 1998). The sediment grab samples all 

appeared to be very similar in composition and indicated uniform ambient conditions 
characteristic of fine-grained sediment deposition environments. Below the thin oxidized 

surface layer, the sediments were dark and had a sulfidic odor. Overall, the grab samples 

corresponded to REMOTS® photographs from the area. Grain size analysis showed that 

silts and clays were predominant in all grab samples similar to observations of grain size in 

REMOTS® photographs. REMOTS® results indicated deep RPDs, Stage III successional 
status, and high OSI values such as seen in 100N D (Figure 3-13). However, the 

sediments tended to be very dark with low reflectance values relative to typical conditions 

at reference areas such as SOUTH and SW-REF. Although some replicates did show 

lighter sediments that were less sulfidic, the dark sediments found throughout SE-REF 

might be characteristic of the western Long Island Sound ambient sediments. 

The mean water depth at SE-REF was 19.5 m, which is shallower than the average 

depth at WLIS. Water depths ranged from 27 m to 35 m in the latest bathymetric survey 

over the disposal mounds in the southeast quadrant of WLIS. The survey data over the 

area of SE-REF indicated that the area was free of distinct topographic features or steep 

slopes, although both are present just south of SE-REF. Although the water depth was 

shallower at SE-REF relative to WLIS, the relief appeared to be acceptable for a reference 

area. 

Consistent concentrations of the tested metals and organics were measured in the 

sediment grab samples. No pesticides or PCBs were detected. The PAHs were at or 

below the mean historic reference area values for WLIS (Figure 3-14). The low but 

slightly variable PAH levels had a patchy spatial distribution that did not correlate with 

location. The metals values were higher than the standard reference area data for WLIS, 

but were within one to two standard deviations of the mean values. Figure 3-15 shows 

overlapping 95% confidence levels for SE-REF and the WLIS Reference Area datasets and 

no significant statistical difference. The fine-grained sediments, such as those at SE-REF, 

have a large surface area that attracts and accumulates trace metals (Horowitz 1985). In 

addition, the sediments have high reduced iron and sulfide concentrations indicated by the 

dark appearance of the sediments. Both iron hydroxide and organic matter have large 

surface areas that easily collect trace metals and are chemically reactive. Because Long 

Island Sound is surrounded by intensely urbanized areas and has a large drainage basin, 

contaminants from many point and non-point sources enter the waters of the Sound and 

settle in the bottom sediments of depositional environments and may be characteristic of 
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the current ambient sediments (Turgeon et al. 1989). No samples had anomalous values 

typical of dredged material deposits for any of the geochemical analyses. 

Although some survey data suggested the possibility of historic dredged material 

within the 300 m radius of SE-REF, the evidence was rather ambiguous. Some possible 

weathered dredged material was identified in the southwest section of SE-REF in the side- 

scan sonograph (Figure 3-9). The mottled relief with no definite shadows typical of rocks 

or boulders may represent disposed dredged material that has been on the seafloor for a 

long time. This marked area could also be attributed to remaining glacial debris or 

exposed bedrock associated with the small knoll feature on the southern flank of the 

reference area. If this is the case, the presence of the knoll and glacial debris may indicate 

winnowing in the southwest section. 

REMOTS® stations 300N, 300SE, 100S, 200S, and 200SW indicated possible 

dredged material in a few replicates. Replicate C at 300NW was indeterminate because the 

surface was disturbed by either a large burrow or camera penetration, or possibly both. 

Replicate 100S C had a mottled sediment profile which provided the most convincing 

indication of dredged material for REMOTS® photographs (Figure 4-8). Replicates A and 

C at 300SE and B at 300N had high boundary roughness values and dark sediments with 

very shallow RPD depths. Replicate C at 200SW also was very sulfidic and had a thin 

RPD layer (Figure 3-13). However, as mentioned previously, sulfidic sediments are 

characteristic of the western Long Island Sound region. The high boundary roughness 

values are most likely due to recent physical disturbances at the sediment-water interface 

(i.e., trawling, dragging of lobster gear across the bottom, etc.). Abundant lobster gear in 

the area was observed in both September and March and is visible in the side-scan survey 

images at SE-REF. Because fishing practices, such as lobstering, that affect the bottom 

sediments are intensive at WLIS and the surrounding regions, some unnatural disturbances 

of the substrate are expected at all reference areas that are within close proximity to WLIS. 

In summary, the recent survey data indicated that SE-REF meets sufficient 

reference area requirements to replace 2000W as the third reference area for WLIS. SE- 

REF is within 1500 m of the WLIS boundary and appeared to have a moderate topographic 

relief. The fine-grained sediments, primarily composed of fine sand, silt, and clay, were 

similar to observations of grain size at WLIS and the previous reference areas. Due to the 

widespread distribution of dredged material in the region, it is unlikely that a reference 

area with a complete lack of evidence of dredged material will be found. Although the 

side-scan and REMOTS® detected possible historic dredged material, the evidence was 

equivocal. No methane bubbles, such as those seen in many replicates showing sulfidic 

dredged material at 2000W, were present at SE-REF. All ten grab samples indicated 
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ambient sediments. PCBs were absent, and PAHs concentrations were at or below mean 

reference area values for WLIS. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The 1997 and 1998 monitoring cruises accomplished both the monitoring objectives 

at the Western Long Island Sound Disposal Site and the new reference area investigation 

and characterization tasks at SE-REF. 

Comparisons with the 1996 report showed that a distinct mound, WLIS I, was 

developed at the 1996-1997 buoy between the D and the G mounds. The I mound 

contributed to the development of a containment berm and potential basins for future 

capping operations of dredged sediments. The small to moderate size of the mound was 

consistent with the volume reported in disposal barge logs. The apron of the I mound 

appears to cover the area identified at D200S to the east of G mound that had a negative 

OSI value in 1996. The benthic community on and surrounding the mound indicated a 

healthy recovery and rapid recolonization rate. Stage I organisms were predominant in 

September, although several replicates from both the September and March surveys 

indicated advanced Stage III deposit feeder activity. The I mound, or alternatively the D 

and G mounds, should be resurveyed in the next monitoring survey at WLIS to monitor the 

continued recovery and health of the benthic environment over these disposal mounds. 

REMOTS® surveys over the 1995-1996 H mound showed improvements in the 

benthic conditions. Although the RPD depths in September were slightly depressed due to 

the seasonal low oxygen conditions, the successional status had advanced since 1996. In 

March, all replicates indicated feeding voids and, except 50W, a Stage III successional 

status and deeper mean RPD depth. 

Seasonal conditions did affect the benthic conditions observed in the REMOTS® 

sediment-profile photographs. Although hypoxia was not as severe as in previous years, the 

low dissolved oxygen conditions in the bottom waters did reduce the RPD depths and OSI 

values in September at both the disposal mounds and reference areas. Redox rebounds were 

common at the H mound and present at a few stations at the I mound both in September and 

March surveys. Despite observations of deep RPD depths in March, redox rebounds were 

visible at the SE-REF which were not seen at the reference areas in September. 

To continue the ongoing development of a containment berm and basins, future 

disposal mounds may be placed south of G (1), C-E (2), and E-H (3) as well as between H 

and the natural, steep slope near the southern border of the disposal site. The basins may 

then be used to optimize capping or isolation of dredged sediments by containing the 

spread of sediments on the seafloor. A larger basin area could easily be constructed with 

additional placement of mounds at locations 4, 5, and 6 on Figure 4-1. 
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The side-scan survey conducted in March 1998 was useful in identifying a new 

potential reference area near WLIS to replace 2000W and fulfill the DAMOS protocol for 

three reference areas. The survey data and sediment characterization show that SE-REF 

meets sufficient reference area requirements, including proximity to WLIS, grain size, and 

sediment chemistry. No compelling evidence of historic dredged material was found. 

However, the reference area should be accepted with some caution. Although the benthic 

conditions and ecology appeared to be very similar to WLIS, the water depth at SE-REF is 

about 10 m shallower than WLIS. A patchy area detected in the side-scan images in the 

southwest section of WLIS potentially may be weathered, historic dredged material or 

glacial debris related to the small knoll feature that is to the south of the reference area. 

SE-REF and its southern flank should be investigated further with a comprehensive 

bathymetric survey during the next monitoring survey at WLIS. To insure the absence of 

dredged material within SE-REF, we also recommend that at least seven stations be 

occupied in future REMOTS® monitoring surveys at the reference area. 

Because historic dredged material has been detected throughout the region 

surrounding WLIS, selection of potential reference areas is limited. Using a variety of 

surveying techniques, we have located an area that is relatively free of historic dredged 

material. The survey data show that SE-REF is a strong candidate for a reference area and 

is representative of ambient conditions in the region. 
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APPENDIX A 
Navigation Positions for REMOTS® Stations 





Table 1. Navigation Positions for WLIS September 1997 REMOTS® Survey 
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Table 2. Navigation Positions for WLIS March 1998 REMOTS® Survey 

WLIS March 1998 REMOTS Stations NAD 1927 NAD 83 
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APPENDIX B- 
September 1997 REMOTS® Surveys 
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