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1.0 INTRODUCTION

During the spring of 1983, a series of concurrent
dredging operations were conducted in harbors on the north shore
of Long Island Sound. Because the sediments dredged £rom these
harbors varied dramatically in contaminant levels and physical
parameters and since all disposal was assigned to the Central
Long Island Sound Disposal Site (CLIS), these operations provided
a unigque opportunity to address some of the important questions
regarding environmental impacts of dredged material disposal and
procedures for managing and monitoring such disposal operations.
A summary of dredging and isposal operations at the CLIS
disposal site which took place during this period is presented as
Appendix I.

In particular, since the dredged material properties
ranged from clean sand to relatively contaminated organic silts,.
sufficient sediment was available to c¢onduct an in-situ
measurement program to assess the geophysical aspects of dredged
material capping operations. Because capping procedures are
often used as a management technique to reduce the potential
environmental impact of contaminated sediment disposal in open
water, it is important to understand the physical properties and
processes which affect the efficiency and effectiveness of this
technique. Furthermore, as these parameters are meore fully

understood, operational guidelines must be developed to increase
the overall effectiveness of the procedure.

This report presents the results of the first year in a
three year research program to study the geophysical parameters
of capping and to develop a basis for future operational
specifications for capping procedures to insure max imum
effectiveness and isolation of contaminants. A summary of the
monitoring operations conducted to evaluate disposal at the FVP
and Cap sites in CLIS is presented in Appendix II. During the

first year of the program, three major study areas were
addressed:

1) The disposal and cappring of sediments from Black
Rock and New Haven Harbor at the Central Long
Island Sound Disposal Site was closely monitored
to determine the current state of the art in
capping procedures and monitoring techniques.

2) Geotechnical properties of sediments at the
dredging site, in the disposal scows and in the
capped mound were measured to determine changes
caused by dredging and to assess their influence
on the resulting deposit.

3) A preliminary "Classification Scheme" was
developed to assist permit personnel in
designation of potential capping sites in
evaluation of the suitability of specific
sediments for capping, and in specification of
operational procedures required for a successful
result.



All of these subjects require further development and
research during future years of the program. Consequently, this
report provides a summary of progress to date and a basis for
modification of the program to insure that the objectives of the
Corps of Engineers are met.

1.1 Background

Several maijor capping operations have been conducted by
the Corps of Engineers in the New England region, including the
Stamford/New Haven project at the Central Long 1Island Sound
Disposal Site and extensive covering of sediments at the Mud Dump
Site in New York Bight. In the Stamford/New Haven project,
Stamford sediments that were high in heavy metal contamination
were deposited in two mounds, one of which was capped with silt
from New Haven and the other with sand from the outer breakwater
area of New Haven Harbor. The disposal operations were very
successful, in that the Stamford material was concentrated in
small mounds that were well covered by New Haven material
(Morton, 197%a,b). Post-disposal monitoring of these sites has
indicated some 1loss of material from the silt cap during
Hurricane David (Sept, 1979), but that there were essentially
stable conditions for both sand and silt caps since that event
(Morton, 1983). Both caps have recolonized, however, the

population on the sand cap is markedly different from the natural
- fauna of the area due to the difference in substrate (Brooks,
1983).

At the Mud Dump Site, larger volumes of sediment
containing heavy metal and organic contaminants were capped

primarily with sand from Ambrose Channel. Extensive monitoring
programs similar to those conducted at the Central Long Island
Sound Site were also undertaken in this area. The results

obtained were similar in that both the "contaminated" and
"capping" sediments were deposited successfully, and have
remained stable over a period of time (O'Connor & O'Connor,
1%82).

Both of these programs have demonstrated the
feasibility of capping operations over the short term. Of major
concern are the long term stability of the capping material,
relative to the hydrodynamic properties of the environment and
the ability of existing monitoring procedures to detect movement
of that material. Assuming that the cap remains in place, the
efficiency of capping material in covering and isolating the
contaminated sediment from the overlying water column and biota
is also of primary importance.

In 1983, Black Rock and New Haven Harbors (Fig. 1-1)
were dredged concurrently, and the disposal location for both
sites was designated as the Central Long Island Sound Disposal
Site. These operations provided an excellent opportunity to
duplicate the experiment conducted with the Stamford/New Haven
projects in 1979, and to evaluate in more detail the procedures
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and results of current capping operations and subsequent
-monitoring techniques.

Based on samples taken by the New England Division
(NED) of the Corps of Engineers (NED, 1980, 1982), Black Rock
Harbor sediment was classified as a highly contaminated sediment
consisting primarily of organic silts and clays with relatively
high concentrations of o0il, grease and heavy metals, combined
with significant, but not excessively high, concentrations of
PCB's., Conversely, New Haven Harbor sediments were classified as
having moderate to low contaminant levels (NED, 1980) consisting
of fine silts toward the head of the harbor and medium to coarse
sands near the mouth.

Using these data, a project plan was developed where
contaminated sediments from Black Rock Harbor were to be placed
at two specified locations within the Central Long Island Sound
Disposal Site using point dumping procedures under Loran-C

navigation control. The resulting deposits were capped with
material from New Haven Harbor; one with silt and the other with
sand. The dredging and disposal of Black Rock Harbor material

was closely coordinated with the Field Verification Program
(FVP), a dJoint research effort sponsored by the Corps of
Engineers and the EPA. In order to provide comparison between
the capped and the uncapped sediment used £for the FVP, the
material to be capped was dredged from areas immediately adjacent
to the section used for the FVP program (Fig. 1-2). Likewise,
'coordination with the New Haven operation was required to insure
that the capping be with the desired sediment type and of the
correct amount of material. The dredge sites for the capping
sediment are shown in Figure 1-3.

Management of disposal at the Central Long Island Sound
(CLIS) Disposal Site was also required to insure that all
operations took place efficiently with no interference between
projects. Figure l1-4 is a diagram of the CLIS site indicating
specific disposal area survey grids established as part of the
Disposal Area Monitoring System (DAMOS) program. The STNH-N,
STNH-S and NORWALK grids were established to monitor previous
capping operations in the area (Morton, 1979, 198l1). The
Mill/Quinnipiac River (MQR) grid was established to monitor a
similar capping operation (Morton, 1982), but the site was also
used during the period of this study to dispose of a small
guantity of Black Rock material which was subsequently capped by
a large quantity of New Haven silt.

The FVP site was established in the northeast corner of
the CLIS site to conduct research studies of uncapped
contaminated sediment from Black Rock Harbor as a joint project
between the Corps of Engineers and EPA. Low contaminant level
sediments from New Haven Harbor, outer Black Rock Harbor and
other small projects in the area were all disposed at the "SP"
“buoy prior to and during the period of this study.

The selecticon of the two Cap Site grids for this
program was based on several criteria, including:
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° natural bottom with no previous record of dispoéal

. flat bottom for precision bathymetric survey
studies
o sufficiently removed from other sites to reduce

potential for contamination by ongoing projects

e location within the CLIS site to maintain the
consistent disposal management policy of the New
England Division

As stated above, the capping operation was conducted by
dep051t1ng material from Black Rock Harbor at each - of the sites
and then covering the resulting deposit with sediment from New
Haven Harbor. At Cap Site #1, the capping material was silt,
that was similar in composition to that disposed of at the MQR
site, while at Cap Site $#2, sand from the outer reaches of the
channel was used as the capping material.



2.0 MEASUREMENT PROCEDURES AND INSTRUMENTATION

The objective of this capping program is to provide the

— Corps of Engineers with sufficient information and a logical

framework within which to make decisions as to the suitability of
specific disposal sites for dredged material and operating
procedures for capping operations. The approach used to achieve
this objective consists of acquisition of in-situ measurements on
an active capping operation using existing procedures and
instrumentation and interpretation of those measurements in terms
of specific parameters and theories to assess the wviability of
such  procedures, The  following sections provide basic
information on the procedures and instrumentation used to obtain
the field measurements of the program.

2.1 In-Situ Sediment Volume and Distribution Measurements

In order to assess the effectiveness of capping
operations at an open water disposal site, a mass balance
approach must be used.  Both the Central Long Island Sound
(Morton, 1979) and New York Bight (O'Connor & O'Connor, 1982)
studies have concluded that normal background energy levels are
insufficient to cause significant ercsion and transport of
dredged material. Consequently, any changes that take place can
be expected to be associated with extreme storm events, or in
open ocean environments, with long period swell conditions.

Because of the sporadic nature of sediment ercosion and
transport, rates of erosion cannot be determined simply by
in=-situ measurement of hydrodynamic and sediment parameters.
Rather, continuous monitoring of changes in dredged material
volume with time provided a more accurate measure for long term
assessments. Consequently, procedures for remote monitoring of
disposal mounds to detect changes in volume due to disposal
operations and sediment mavement over the long term have been
developed and used with some success throughout New England as
part of the DAMOS program (Morton, 1981, 1983).

There are, however, potential error sources involved
‘with this procedure that are related to the effects of density on
the calculation of mass balance and to measurement errors
associated with the hydrographic techniques used. Consequently,
use of this procedure on this program serves two purposes; one is
to monitor mass balance, and the other is to evaluate those error
sources and reduce their impact, as much as possible, through
correlation with geotechnical properties of the dredged material.

The procedures used to0 measure mass balance and
long-term volume changes are based on hardware systems and
software programs designed to produce extremely precise replicate
surveys, so that small changes in topography can be determined.
These data are then used to evaluate sediment accumulation during
disposal, sediment movement after deposition within the vicinity
of the mound, or total loss of material from the disposal site.

Prior to the disposal of dredged material at Cap Sites
#1 and #2, a survey grid was established at each site consisting



of 29 transects, 800 meters 1long oriented in an east-west
- direction and spaced 25 meters apart. When conducting the
- surveys, range data from a Del Norte positioning .system with an
accuracy of *1lm are input to a computer which then provides
steering information to assist the helmsman in maintaining the
ship's position relative to the survey grid. Since precision
data are required for this work, surveys are only made on calm
days so that steering errors are less than 5 meters on either
side of a given transect. This navigational precision is
necessary for comparing replicate surveys since slight errors in
position can cause large errors in depth over sloping bottoms.

Data acquisition is controlled by the sampling rate of
the Del Norte Trisponder unit which is nominally one position
measurement per second. Depth measurements are obtained £rom a
Raytheon 719 fathometer with a digitizing unit and they are
recorded on magnetic disk with corresponding time and position
information.

Analysis of bathymetric data is accomplished through
the generation of depth sections along the transect lanes. Since
each transect is reproducible with a positional accuracy of
better than 5 meters, these sections provide a means of
evaluating the precision of the survey technique, as well as
small scale changes in topography. All depths on these sections
are corrected for sound velocity, draft and tidal height.
Assuming no signficant change (i.e. deposition or erosion) in the
depth o0f the ambient bottom at some distance from the mound, the
precision of the depth measurements between successive surveys
can be evaluated by comparing the depths at the extremities of
the transect.

Following development of the vertical sections, the
data are inserted into a grid pattern for further analysis. This
grid pattern is established such that each grid block is centered
on a transect lane, with a north-socuth length equal to the lane
spacing (25 m), and an east-west length equal to one half the
lane spacing (12.5 m). This c¢onvention is applied to all
surveys, even though it is possible to establish a finer grid
pattern by sampling more frequently along the transect direction.’
The finer grid pattern would, however, introduce a bias into the
data since the resolution between lanes cannot be improved.

All depth measurements falling within the area of each
grid block are averaged and a mean depth is assigned to each grid
location. The matrix of depths is then used to develop a contour
chart of the entire survey area.

Calculations of volume difference between successive
surveys are accomplished by comparison of the gridded data. The
difference in depth ( AZ ) of each cell between successive
surveys is determined by subtraction and then multiplied by the
area of the cell to determine the net change in volume. These
volume changes are then summed along transects and over the
entire grid to determine the total volume change.

10



The precision of the depth measurement must be
‘_/ extremely high to achieve an accurate volume estimate because
small changes in depth are multlplled by the area of the survey.
In order to increase this precision, additional corrections are
made based on the assumption that no significant changes in depth
occur on the natural bottom beyond the extremities of the
disposal mound. To make these corrections, a least squares
computation comparing all depths on the margins of both surveys
is made to determine a best f£fit between successive surveys.
Small differences resulting from errors in tide, sound velocity
or draft corrections are thus accounted for and the baselines of
successive surveys are accurately aligned with each other,
Corrections of this type, while always very small, are important
for increasing the resolution of the veolume difference technque.

The errors in determing the topographic volume relative
to a baseline have been evaluated through a calculation of the
standard error based on ' the standard deviation of the depth
measurement, A conservative estimate of the precision in depth
measurement by echo sounding which accounts for ship motion,
navigation, correction factors, topographic changes, etc. is
EZO cm for each point. It should be pointed out that this
—-20 cm is a random error that exists for a single measurement,
but which is drastically reduced by a factor of 1/ N (where N =
the number of measurements) when considering and comparing an
entire survey.

Using this figure for the standard deviation of all

—" depths within a grid cell, and assuming that the standard

deviations of all cells are approximately equal, the error £for
the total survey can be expressed as:

A o;

VM(n-1)

€,=

where

area of survey =c 2
x 800 = 3.6 x 10™m

number of cells
64 x 2% = 1856

2o
o
ol

number of measurements in each cell
6 (approximately)

Hon

9

i

Standard deviation of individual depth measurement
0.2m

__/ therefore,

€, = 1160m°
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Since a depth difference (AZ ), between successive

__/ surveys, is determined for each grid cell, a contour program can

be applied to the difference data and a contour difference plot

generated which provides information on the distribution of

changes in depth resulting from the accumulation or loss of
sediment volume,

Although the replicate bathymetric surveys provide a
reasonable approach to remote sensing of disposal mound stability
over time, they are somewhat restricted in their ability to
detect small vertical changes in depth (¥20 cm) on a point by
point basis. Therefore, while thevy can define the extent of the
disposal mound and the total volume of material present, the
bathymetric survey should not be used to delineate the spread of
material., The classic description of dredged material dispersion
following disposal from a scow (Gordon, 1974) includes convective
descent, which creates a mound at the disposal point, surrounded
by an apron of finer material with decreasing thickness at
greater distances from the point of impact. As this apron
becomes finer, detection by acoustic measurement becomes
impossible and other methods must be used.

For this study, three techniques were used to evaluate
the distribution of material; diver observations, the REMOTS
interface camera, and side scan sonar. Diver observations
provide a unique capability to combine subjective observations
and discrete measurements to obtain an understanding of sediment

B, distribution and behavior, but have the limitation of restricted
. coverage and poor navigation control. The REMOTS camera (Fig.
2~1) (Germano, 1983) provides vertical photographic images of the
sediment/water interface to a nominal depth of 18 cm and can be
used to map specific parameters such as dredged material
thickness, surface boundary roughness, oxidation depth, modal
grain size and other more general information related to benthic
biolegy, including faunal succession and bioturbation effects.
The primary advantages of the REMOTS camera are its ability to
accurately measure small thicknesses of dredged material over the
fringe areas efficiently with excellent navigation control and
replication of measurements. The side scan sonar provides a
capability for assessing the overall physical characteristics of
the disposal sites, and can detect and display relative
differences in surface sediment density. The side scan sonar is
particularly effective in displaying the areal distribution of
dredged material within the disposal site. By combining these
three approaches to measurement of sediment volume and
distribution at the disposal site, an accurate and complete
knowledge of in-situ conditions can be developed for application
to other disposal areas and operations.

Diver observations were conducted with transect lines
deployed across the disposal site using the navigation control
system aboard the R/V UCONN. These lines, marked at specified

~incremental distances, then provided position information for
— divers to determine the spatial distribution of dredged material.
Underwater photographs were obtained to document surface
conditions and observations were recorded in diver logs for

12
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comparison with other measurements.

REMOTS measurements were made using the navigational
control system to establish stations on a grid over the disposal
site and three replicate observations were made at each station.
Measurements of boundary roughness, camera prism penetration
depth, and the positive redox area in the sediment, as seen in
profile, were taken from the black and white negatives. These
measurements were accomplished with . the Measuronics LMS t®
Image Analysis System. Negatives were used instead of positive
prints in order to aveid changes in image density that can
accompany printing a positive image. The image analysis system
is capable of detecting 256 grey scale values while density
slicing an image. Data on grain-size estimates, evidence of
surface erosion, and faunal information were determined from 8 x
10 inch positive prints. At this magnification, the resulting
print is 1.5 times real scale.

The range of grain-size (exclusive of shells and shell
fragments) is estimated from the photographs by overlaying a
grain-size comparator which is of the same scale. The comparator
was prepared by photographing a series of Udden-Wentworth size
classes through the profile camera (equal to or less than coarse
silt up to granule and larger sizes). Seven grain-size classes
are on this comparator. The lower limit of optical resolution of
the photographic system is about 62 microns, allowing recognition
of grain sizes equal to, or greater than, coarse silt. The
~accuracy of this method has been documented by comparing our
REMOTS estimates with grain-size statistics determined from
laboratory sieve analysis. :

The boundary roughness values represent the max imum
topographic relief measured over the width of the optical window
of the profile camera which is fixed at 12.75 cm.

If there 1is oxygen in the overlying water column, the
near surface natural sediment will have a high reflectance value
relative to anoxic sediment underlying it. This is because the
oxidized surface sediment contains £erric hydroxide (an olive
color when asscociated with organic particles), while the hydrogen
sulphide sediments below this oxygenated layer are grey to black.
Although the high reflectance value of the surface layer is
talked about in this report as the "oxidized layer®, some
sulphate reduction can take place in micro-anaerobic environments
(interiors of fecal pellets or diatom frustules) within this
ferric hydroxide zone. The boundary between light colored ferric
hydroxide surface sediment and underlying grey to black sediment
is called the redox potential discontinuity (RPD). 1In areas
where dredged material is present, this oxidized layer is covered
with reduced sediment and the thickness of dredged material can
be readily measured.

The areas of positive (aerobic) and negative (anoxic)
RPD are determined with the Measuronics LMS System by
density-slicing reflectance values. The area of the oxidized
layer can then be divided by 12.75 (the prism window width) to

14
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obtain a mean depth for the RPD. In the absence of a
bioturbating fauna, the RPD depth is less than 0.5 cm thick in
organic-rich muds, while mature bottom sediments have RPD depths
greater than 3 cm. A seasonal change in the RPD depth has been
observed related to temperature effects on bioturbation rates;
however, this is quite small. The RPD depth 1is given special
attention in photograph analysis as it is a sensitive indicator
of the presence of dredged material, within station patchiness,
bioturbation activity, and deposition/erosion environments,

In order to efficiently characterize conditions at a
given station within the disposal site, a multi-parameter habitat
index has been constructed to quantify habitat quality. Habitat
quality is defined relative to two end-member standards. The
lcwest value is given to those bottoms which have - low, or no
dissolved oxygen in the overlying water, no apparent macrofaunal
life, and methane gas present within the sediment (Rhoads and
Germano, 1982). The habitat index for such a condition is minus
10. At the other end of the scale, an aerobic bottom with a
deeply depressed RPD, evidence of a mature macrofaunal
assemblage, and no apparent methane gas bubbles at depth will
have a habitat index of plus 1l. The habitat index is arrived at
by summing the subset indices presented in Table 2-1.

Although not directly related to geophysical
properties, the successional stage of the benthic infauna is
important for assessing the habitat index. A detailed discussion
of the stage of succession relative to REMOTS images is given in
Rhoads and Germanc (1982). This paper deals with primary
succession, i.e. faunal colonization of a new or recently
disturbed sedimentary surface, such as an active disposal site.
In general, pioneering species are smaller, have shorter life
spans and do not depress the RPD as much as species associated
with a mature undisturbed bottom.

Although diving, REMOTS and sidescan data all provide
excellent information concerning the distribution of material
cver the bottom, the replicate bathymetric survey technigue
remains as the most viable approach to remote measurement of
sediment volume. However, in order to apply this technique to
mass balance calculation, an equally accurate measure of dredged
volume must be determined and an understanding of the changes in
sediment density which occur during dredging and disposal must be
available, Furthermore, a knowledge of post-disposal compaction
cf the dredged material 1is required to accurately evaluate
long-term stability. The following sections describe our
approach to addressing these problems through use of a Nuclear
Density Probe, erosion/compaction stakes, and dual frequency
sonar measurements in Black Rock Harbor.

2.2 Nuclear Density Probe
A major effort of this program has been an assessment
of the accuracy, reliability and practical application of a Model

3565 Nuclear Density Probe, manufactured by Troxler Electronic
Laboratories 1Inc. Since sediment density is known to be closely

15



r--!BC?"EfﬂC:EEl\F"ﬂlJC:I\11(3lUE3,l!dt:.

_
' TABLE 2-1

Parameters Used to Determine Habitat Index
From REMOTS Images

PLANIMETERED RPL AREA INDEX VALUE

0-10 cm?
10.1-20.0
20.1-30.0
30.1-40.0
40.1-50.0
50.1

WP

CHEMICAL PARAMETERS INDEX VALUE

Methane present -2
No/low dissolved O2 -4

SUCCESSIONAL STAGE INDEX VALUE

(Primary Succession)

|
e

Azoic
- Stage
Stage
Stage
Stage
Stage

WMo H -
kW

SUCCESSICNAL STAGE INDEX VALUE

(Secondary Succession)

Stage 1 on a Stage 3 SI

Stage 2 on a Stage 3 SII

HARITAT INDEX = Total of all subset indices

S/
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related to other geotechnical properties of sediments, use of the
probe could provide valuable insight into changes in sediment
properties caused by- the dredging and disposal operations. In
order to accomplish this work, SAI personnel were required to
attend a course in the handling of radioactive material and, as a
result, obtained licenses for operation of the system. When this
was completed, the unit was delivered and initial measurements
were conducted in April, 1983.

The Nuclear Density Probe works on the principle of
measuring backscattered gamma radiation emitted from a Cesium 137
radioactive source that 1is mounted at the base of a stainless
steel rod. When this rod penetrates the sediment, the intensity
of Dbackscattered radiation is a function of the-density of the
material. Since the radioactive source is continually decaying,
the instrument must be calibrated each _time it is used by
measuring the backscatter intensity in a liquid of known density.

In practice, this calibration is accomplished by taking
a series of standard counts in a container of water and measuring
the density of the water with a laboratory grade hydrometer. The
density measured by the hydrometer is then input to the
microprocessor via the instrument control module and then used to
calibrate observed counts for determination of actual density
measurements.

Measurement stability and drift are two major factors
that must be evaluated to insure that the probe will remain in
calibration. The stability of the probe is determined by taking
the ratio of the standard sample period of the backscatter counts
to the mean number of counts per sampling period. If this ratio
is less than .35, the instrument is considered stable. The drift
of the unit is measured in a similar manner by obtaining two
groups of standard count measurements separated in time. The
ratic of the difference between these two measurements and their
mean is expressed as a percentage of the drift rate. If the
drift rate is less than 1%, the drift is normal and c¢an be
accounted for when calculating density over a significant time
pericd. Examples of stability and drift tests, made during a
typical sampling operation, are presented in Table 2-2 and they
-indicate that the probe that was used on this project is well
within specifications.

After replicated calibration counts have been obtained,
the probe is wused to make a series of density measurements
according to the procedures described in Figure 2-2, At each
sample location, the probe is inserted into the sediment,
nominally at .5m increments, and three fifteen second counts are
made at each depth increment to determine density. At the
completion of sampling, a second calibration is made wusing the
hydrometer procedure and instrument drift is calculated for
application to the density measurements.

Analysis of the data consists of simple statistical

procedures that determinee the mean and standard deviation for
all replicate counts within a given depth increment. This mean

17
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*/' Table 2-2

STATISTICAL STABILITY TEST

TEST NUMBER DENSITY STANDARD COUNTS

3518 (NORM)
3519
3523
3507
3503
3512

X = 3513.67

X = 59.28 c = 7.69

5%;3% = 0,13 —>= Instrument is stable

AW W

Ratio

INSTRUMENT DRIFT TEST

TEST NUMBER DENSITY STANDARD COUNTS

3515
3500 -
3495
3494
3518

U W N

X = 3504.40 o

Total Average = (3513.67 + 3504.40)/2 = 3509.04
Difference = 3513.67 - 3504.40 = 9.27

9.27 _
Drift = 100 = 0.26%

3509.04

= 11.33

18



SCIENCE APPLICATIONS, INC.

L

SEDIMENT DENSITY
MEASUREMENT

PROCEDURE

CENSITY MEASLREMENT
PROCECURES

1WERSE. PROBE 4 WATER
PERFORN STAHDARY) CTUNT

WEASIRE CENSITY
¥ITH HYCROMETER

INPUT YATER CENSITY
0 CONTROL WODULE

USING PROBE FRAME
PENETRATE BOTTOH AT S8CM
INCREVENTS

FOR EACH INCREMENT
RECGRD THREE FAST COUGTS
s =0

FUR EACH IMNCREMENT
RECLRD THREE DEMSITY
YALUES

NOTHER SAMPLE

PERFCAH NHOTHER STANDARD
COUNT TO CECX FOR
INSTRUMENT CRIFT

AMALYSIS PROCEDURES

CEVIATION FIR EACH INCREMENT

CALCJLATE MEAN & STANDARD

b

I
b peoroam mLvsts o
YARIMZE AS APPOOPRIATE I

FIGURE 2-2

19

S/~



value 1is then considered a data point for application to studies
; of density and other geotechnical parameters.

An important aspect of the program to examine sediment
density as it relates to capping operations was the requirement
to obtain data at the disposal sites in up to 20 meters of water.
Diver operation of the probe was not feasible, due to the
requirement for a large number of sample locations and the
necessity for accurate placement of the probe, In order to
obtain these measurements from shipboard, a frame was designed
for multiple station sampling while at the same time c¢ontrolling

the depth of penetration so that vertical profiles of density
could be obtained.

The frame, shown in Figure 2-3, consisted -of a broad
wooden base with a four sided framework of angle iron, 2 meters
high, which supported a pipe that was slotted on both sides to
hold the nuclear density probe. The probe and its associated
stainless steel rod and cable were inserted into the pipe and
attached to a collar with tongs extending beyond the surface of
the pipe for attachment of a block and tackle rig. Surrounding
the base of the pipe was a lead collar that shielded the
radioactive source when the probe was on deck. A double purchase
block and tackle rig was installed within the frame using Kevlar
line to reduce stretch. This Kevlar line was lead to the surface
and, when the frame was lowered to the bottom, provided the
necessary force to penetrate the probe into the bottom. Since a
4:1 purchase was used, each 0.5m of penetration equalled 2m of
line at the surface. In order to determine the total amount of
penetration that occurred, a marker was inserted in the slot of
the tube which would indicate the maximum depth of penetration at
each station,

Two extremely different sediment types had to be
considered when designing this probe; the soft mud of Black Rock
Harbor and the hard sand of the New Haven outer channel.
Consequently, the base of the support frame was provided with two
removable wooden flaps, which provided a large surface area to
prevent sinking into the soft mud. Conversely, these flaps were
removed and lead weights added to the base of the frame to
provide sufficient weignt for penetration into the hard sand.

Diver observations of the frame during preliminary
tests indicated that penetration occurred as expected and that
the frame generally remained upright without sinking into the
soft sediment to any significant degree. Tracking of the
penetration marker generally indicated penetration equal to that
measured through tension on the "'Kevlar line. However, on
occasion, when measuring the sand cap, it became apparent that
the frame 1lifted rather than the probe penetrating, causing the

unit to tip over.
2.3 Additional Instrumentation

Although the instrumentation described above provided
most of the data used in this repert, additional instrumentation
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was required to generate supporting information.

Most of the work accomplished on this program was
conducted from the R/V UCONMN, a 65 foot "T" boat converted for
research by the University of Connecticut, She 1is fitted with
hydraulic winches and booms for over the side operations and has
sufficient lab space for electronic instrumentation. The UCONN
was supported by the "EAST PASSAGE", a 26 foot Mon Ark workboat
which was used for sampling within the harbors and to support
diving operations at the disposal sites.

All navigation control for surveys, sediment sampling
and REMOTS photography was provided by the SAI Navigation and
Data Acgquisition System, a computerized control unit interfaced
to a Del Norte 540 microwave positioning system. The SAI system
provides real time video displays of ship pesition relative to
designated lanes or locations which substantially enhance the

apability of the ship's helmsman to steer survey lanes w1th1n
=5 meters and to obtain repl;cate sediment samples within *10
meters. This precision in ship control is an essential
requirement for this program since the disposal mounds are quite
small and spatial wvariability in measured parameters is
relatively large. Using calibration techniques established under
the DAMOS program, recorded position accuracies within the CLIS
disposal site are ¥1-2 meters.

A Klein Side Scan Sonar was used to evaluate the
. distribution of dredged material over the Cap Sites, and to
assess potential interference from other disposal operations.
The system consisted of a 100kHz towfish, nominally positioned 10
meters above the bottom, and connected to a standard Klein wet
paper recorder. The range scale was set to 75 meters and surveys

were conducted over lanes 1000 meters long with a spacing of 100
meters (Fig. 2-4).

Sediment sampling at the disposal sites was
accomplished using a stainless steel Smith-MacIntyre grab
sampler, or a 3 meter long grav1ty corer supplied by the R/V
UCONN, All samples were stored at 4°C and all cores were kept
in a vertical orientation until sliced at the NED sediment lab. .
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3.0 MONITORING OF DISPOSAL AND CAPPING OPERATIONS

As described in Section 1 of this report, concurrent
dredging and disposal operations from harbors on the North Shore
of Long Island Sound during the Spring of 1983 created a unique
opportunity to examine environmental impacts of dredged material
disposal in open water and to assess potential management
procedures for control of disposal operations. Although a
significant portion of the research conducted at the Central Long
Island Sound Site during this period was not directly associated
with the capping program, much of the data have direct relevance
to interpretation of results at the c¢ap sites and will be
discussed in this section.

The proposed sequence of disposal operations at the
CLIS site (Fig. 1-4) during the spring of 1983 was established as
follows: ‘

) Disposal of 20-—30,000m3 of contaminated Black
Rock sediment from section 1 (Fig. 1-2) at a
taut-wire buoy at MQR

° Disposal of approximately 55,000m> of
contaminated Black Rock sediment from section 2
(Fig. 1-2) at a taut-wire buoy at FVP

3 ancurrent disposal of approximately 1 million
m> of New Haven silt at MQR under Loran-C
control '

® Disposal of approximately 25,000m3 of
contaminated Black Rock sediment from areas
immediately adjacent to Section 2 at a taut-wire
buoy at Cap Site #1

] Disposal of approximately 30,000m3 of
camtaminated Black Rock sediment from areas
immediately adjacent to Section 2 at a taut-wire
buoy at Cap Site £2

e Disposal of approximately 60,000m3 of New Haven
silt under Loran-C control at Cap Site #1

) Disposal of approximately 30,000m3 of New Haven
sand under Loran-C control at Cap Site #2

e Disposal of approximately 16,000m3 of Black Rock
sediment from Section 3 at the "SP" buoy

This sequence was established by the New England
Division and managed by coordination between contractors and
disposal inspectors. Disposal position control was accomplished
using. two procedures; point dumping at a taut-wire buoy, or use
of a computerized Loran-C system. The taut-wire buoy system was
used for disposal of contaminated sediments where the primary
objective was to reduce the spread of material for future capping
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operations.

The Loran-C system was used to spread the capping
material over a larger area and to distribute the large volume of
material dredged from New Haven Harbor to prevent excessive
shoaling at one point.

The taut-wire buoy design was the same as that used on
previous deployments at the CLIS site (Morton, 1982). A
schematic of the mooring design is shown in Figure 3-1. The
advantages of the counterweight design, used here, over elastic
tether moorings are the increased strength which means that the
buoys can survive some contact with the disposal scows, and the
ability to move from one peint to another without dismantling the
entire mooring. Since bottom depths within the CLIS site are all
within one meter, the same buoy was used for point dumping of
Black Rock sediment at the MQR, CS#l and CS#2 sites. The buoys
were deployed f£from the R/V UCONN using the SAI Navigation System
at a point 25 meters north of the center of the survey grid.
Disposal c¢rews were then instructed to dump as close to the south
side of the buoy as possible so that the mounds were formed in
the center of the survey.

The Loran-C control was a special modification of the
SAI Navigation System designed to position the disposal scows as
accurately as possible so that a controlled distribution of
dredged material could be developed. Schematic diagrams of the
' system are presented in Figures 3-2a and b. The system
confiquration for the New Haven project consisted of two scow
units and a single display unit aboard the tug. Each scow system
was . comprised of a Microleogic Loran-C, a VHF transmitter, and
rechargeable batteries. The system aboard the tug had an Apple
II microcomputer interfaced to a VHF receiver. The computer
generated a display similar to that shown in Figure 3-3, to
provide the helmsman with range and bearing to the designated
disposal point, and a visual representation of the scows track
relative to that point. The disposal location for each scow
could be input either automatically or manually, depending on
requirements. Each time a scow was dumped, a permanent record of
the actual location was recorded on magnetic disk. This Loran-C
system was used for disposal of New Haven material at the MQR

site and for control of capping operations at the CS#l and CS#2
sites.

3.1 Baseline Conditions

Prior to disposal, each of the designated sites was
surveyed to provide baseline information for comparison with
post-disposal conditions. ' The following sections describe the
information determined during those surveys.

3.1.1 Cap Site #1
A baseline bathymetric survey (Fig. 3-4) of Cap Site $1

was conducted on 7 April, 1983, which indicated a relatively flat
bottom sloping only 0.5m from north to south over the survey
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area. However, due to scheduling and weather problems, this
survey was made a few days after disposal operations began and a
slight elevation is apparent in the south center of the survey.

A side scan sonar survey conducted on the same data
indicated a predominantly soft, silty bottom interspersed with
concentrations of rough, high reflectance sediment (Fig. 3-5).
The frequency of occurrence for these high reflectance areas
increases toward the east in the general area of permit disposal
operations at the "SP" buoy and the previous Norwalk disposal
operation. At the extreme east of the survey, the entire surface
is composed of high.reflectance material (Fig. 3~6).

Previous experience with side scan sonar records in
this area {(Morton, 1982) and other disposal sites (Menzie et al,
1982) has indicated that dredged material, and particularly that
which has recently been disposed of, produce this high
reflectance signature regardless of -the grain size of the
sediment. If the dredged material is of a similar fine grained
texture as the surrounding material, this high reflectance
contact tends to diminish with time as the sediment is reworked
into the surface expression similar to the surrounding deposits.

In the area immediately south of the disposal buoy
(Fig. 3-7), dredged material on the bottom results in another
area of high reflectance with crater signatures also observed by
Menzie et al (1982) characteristic of the location of actual
- dumping. The cratering most likely results from initial impact
of disposed material on natural bottom producing a sidewards
displacement of sediment and some penetration into the bottom.
The combination of bathymetric and side scan data obtained at the
site supported observations from the research vessel that initial
disposal operations were not tightly controlled through dumping
with the buoy immediately north of the scow. The importance of
this control was re-emphasized to Corps inspectors, and future
disposals were much closer to the buoy.

3.1.2 Cap Site #2

Cap Site #2 was established 700m north of Cap Site #1
to provide a site for capping with sand material. The baseline
survey (Fig. 3-8) indicates a more complex topography than the
CS#1 site, but still maintains a slope with a depth difference of
one meter from north to south across the site. A shoal area with
a topographic relief of one meter is also present in the
northeast corner of the site. Sediment samples in that area were
of a coarse sand, indicating the possible presence of previous
disposal in the area. No side scan records were obtained prior
to disposal at CS#2, however, subsequent surveys revealed an
original bottom very similar to that observed at Cap Site #1, but
with more frequent high reflectance areas and complete high
reflectance on the east and northeast margins. Based on these
~results, it 1is apparent that both Cap Sites have potential
influence from previous disposal operations on the east side of
the area. It is important to note that side scan surveys extend
beyond the bathymetric survey grids and include areas not
considered in other analysis procedures.
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3.1.3 REMOTS Observations at CS#l1 and CS#2

A REMOTS photographic survey was conducted over both
cap sites on April 6, 1983. Eleven stations were sampled at each
site with 200 meter spacing over an orthogonal grid. Four
replicate sediment profile photographs were taken at each station
and three exposures (chosen at random) were measured for baseline
parameters with the Measuronics Image Analysis System in the
manner described earlier.

The major modal grain size for all station replicates
was 49 , a coarse silt. The range of grain size, exclusive of
shell debris, was 4¢ -3¢ (silt-clay to very fine sand) with the
exception of replicate 1 at station 200N (CS#2) which had some
fine sand (2¢ ) present. :

_ Both cap sites have a positively skewed boundary
roughness frequency distribution (Fig. 3-%a). The major mode at
CS#1 1is 0.41-0.80cm while the major mode at CS#2 is 0.81-1.20cm.
The major modal RPD depth for CS#1 is 4.1-4.5¢cm and the frequency
distribution appears to be symmetrical about this mode (Fig.
3-9b). This RPD depth mode is equivalent to the major RPD mode
observed on natural, undisturbed bottom at the CLIS-REF station
in March 1983 (MSI, 1983).

The RPD at Cap Site #2 has a major mode at 3.l1-3.5cm

and a minor mode at 5.1-5.5cm. This ~ frequency histogram
represents either a bimodal distribution or positively skewed
normal distribution. The small sample size does not allow

determination of the exact nature of this frequency distribution.
Bimodal RPD distributions represent patchy mosaics of shallow and
deep RPD values where the low values represent recently disturbed
bottoms which occur in an otherwise undisturbed area
characterized by higher RPD values.

Figure 3-10 is a map of the mean RPD depth at both
capping sites. With the exception of station 400E, all RPD
values at CS #1 are greater than 4.2cm, while only three station
means at CsS#2 are above this value, indicating possible
disturbance of the sea floor in the recent past.

Habitat indices for each station sampled at the two cap
sites are presented in Figure 3-11. Values of 10 and 11 are
representative of areas with undisturbed seafloor. In contrast,
colonized dredged material disposal areas generally have habitat
indices in the range of 1 to 7 with most values falling within
the frequency class 4-5. The ambient bottom c¢an also have
habitat indices with these values which are caused by local
natural disturbances such as current scour or predation activity.
Cap Site #1 has only one station (all three replicates of station
400E) which falls within the 4-5 class, while Cap Site #2 has
values of 5 at three stations (200N-200E, 200E and 400E). In
general, the distribution of habitat index values at the ¢two
" study sites suggests that CS#1 has a higher habitat value than
Cs#2, and that the northeastern quadrant of CS#2 (stations
200N-200E, 200E and 400E) are particularly low in their habitat
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indices, indicating a disturbance has taken place there in the
recent past. This disturbance patch contributes to the apparent
bimodality of the RPD depth frequency distribution shown in
Figure 3-9a.

3.1.4 Diving Observations at CS#l and CS#2

In order to observe baseline conditions at the cap
sites and to deploy instrumentation for post-disposal, in-situ
measurement of dredged material accumulation, compaction and
erosion, a series of five dives at CS#l and seven dives at CS#2
were made between April 8 and April 18, 1983. Initial dives
involved deployment of a 200m long transect array oriented in an
east-west direction across the center of each site (Fig. 3-12).
The array consisted of a Bottom Deflection Measurement Device
(BDMD) located at the center of the transect and four
erosion/compaction stakes at distances of 25 and 75 meters east
and west of the center. A 200m long transect line marked at 5m
intervals was tied to the BDMD and anchored with pipe anchors
immediately south of the erosion/compaction stakes (Fig. 3-13).

The BDMD was a 3 meter long steel pipe, welded to a 1.5
square meter plate placed on the surface of the sediment. An -
acoustic target was then fixed by divers at the top of the pipe
so that differences in depth between a known location and the
BDMD could be measured over time, thus reflecting changes in the
depth of the 1initial surface following disposal of dredged

material. Figure 3-14 provides an example of baseline
measurements of the BDMD with the Raytheon 719 fathometer on a
comparatively rough day. It is readily apparent that the

measurements of the minimum depth on the BDMD are essentially
equal to 14.8m (48.7 ft), while the depth of the reference bottom
located using the SAI Navigation System at a point 450m southwest
gf the disposal site is 17.6m with a standard deviation of
-l4cm (-.46 f£t). Whether or not such measurements are
sufficiently accurate to detect bottom deflection was to be
determined on subsequent measurements following disposal.

The erosion/compaction stakes were 3 meter long PVC
tubes, 5cm in diameter, and marked at l0cm intervals. The tubes
were threaded into l.5meter PVC anchors imbedded in the natural
bottom. These stakes were to be used following disposal to
measure the thickness of dredged material and to monitor
post~-disposal changes in sediment thickness. Previous erosion
stakes placed in dredged material have indicated, under normal
conditions, that no net 1loss of material, due to erosion, is
taking place on disposal mounds in the CLIS site (Morton, 1982).
However, since these stakes were placed after disposal in the
dredged material, no measurement of compaction was possible. On
this program, the stakes anchored in the bottom permit assessment
of compaction as well as erosion through post-disposal monitoring
of sediment thickness.

Based on visual observations along the transect lines
at Cap Site #1, the sediment surface was cohesive, flat and
. featureless near the ends with small <¢lay clumps and gray
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sediment indicative of dredged material near the center due to
/ active disposal. Less than 5% of the total surface sediment
contained incorporated shell hash material. Surface shell hash
may be attributed to recent feeding activity by the Asterias
forbessii and Cancer irroratus that were observed during the
dive. Bioturbation 1in the area, from surface tracking and
self-burial, 1is attributed to  Cancer irroratus, Pagurus
longicarpus and Limulus polyphemus -activity. At Cap Site #2, the
sediment surface was also c¢ohesive, flat, and relatively
featureless with an oxygenated surface layer of 3=-5mm.
Observable shell fragments accounted for less than one percent of
the total sediment surface and may be attributed to minimal
feeding activity by Asterias forbesii and Cancer irroratus.
Bioturbation was evident, as tracking, over the entire surface by
crabs and starfish, and as small decapod burrows. Unlike Cap
Site #1, there was no indication of recent disposal activity at
this site,

Photographs from the two cap sites indicate a natural
undisturbed bottom (Fig. 3-15) composed of a fine oxygenated silt
with the hydroid Corzgorgha present in large numbers. A typical
decapod burrow 1indicating extensive bioturbation activity is
shown in Figure 3-16. Figure 3-17 shows an erosion/compaction
stake threaded into its anchor with the transect line located
immediately adjacent to the station.

3.1.5 MOR Baseline Conditions

During the spring of 1982, sediment from the Mill River
in New Haven was deposited at the MQR site and capped with
additional material from the Quinnipiac River. The mound created
by the capping operation is readily apparent in Figure 3-18 as an
elliptical shaped elevation with axes of 300m and 180m and a
maximum elevation of approximately 1l.5m. Prior to disposal of
New Haven sediment, a replicate survey of the site was conducted
in December 1982. Figure 3-19 shows the results of that survey
and conditions of the site immediately before iny¥itiation of the
present project. Very 1little change had occurred over this
period, indicating a stable containment situation.

3.1.6 FVP Baseline Conditions

A major effort was made under the Field Verification
Program to define the baseline conditions at the FVP site in some
detail, The results of that study are presented in a New England
Division Technical Report (Morton et al, 1982) and are summarized
here for comparison with data from cap site surveys.

A detailed bathymetric survey was conducted over an
area 800 x 800 meters square centered at the designated disposal
point to form a Dbaseline for future measurement of dredged
material wvolume and to identify any significant topographic
features in the study area. These data, presented in Figure
~ 3-20, indicate the expected lack of topography characteristic of
the CLIS site. Although there are no significant topographic
features present, a gentle slope to the south is evident as the
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FIGURE 3-15 WNatural bottom CS #2, Coryomorpha
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‘ FIGURE 3-16 Decapod Burrow
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FIGURE 3-17 Erosion/Compaction Stake
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depth increases from 19.5 to 20.5 meters over the survey area.

Although bathymetric surveys can identify significant
topographic features, more extensive data are required because
changes in bottom conditions can occur which do not have a
topographic expression. Consequently, a side scan sonar survey
was conducted over a larger area to map any apparent differences
in bottom type and to locate any indications of previous disposal
in the site. The area surveyed by side scan was centered at the
designated disposal point and consisted of 11 lanes, 1000m long,
spaced 200m apart.

The survey revealed a major change in bottom conditions
from the western margin of the site toward the east. On the
western edge, the bottom was much more variable with frequent
patches of strong reflecting sediment and obvious detritus.
Toward the east the reflectance of the surface sediment
decreased, there were fewer detritus outcrops, and the bottom was
dominated by a series of troughs oriented in an east-west
direction that was parallel to the tidal current flow.

Figure 3-21 shows a typical record from the western
region which displays the random distribution of targets that
were spread over the bottom. These records indicate a continual
spillage and debris from disposal operations taking place over a
long period of time. Such conditions appear common in the
vicinity of disposal points where a standard approach lane is
designated, as was the case with the Stamford/New Eaven project.

Figure 3-22 shows bottom conditions resulting from an
older dumping operation. The circular impact zones and increased
reflectivity associated with the deposits have been identified in
other areas, particularly in Buzzards Bay (Menzie et al, 1982).
Figure 3-23 is located on the eastern side of the survey area,
and 1is characterized by the relatively strong reflections from a
series of troughs or furrows in an east-west direction. These
troughs oriented parallel to the dominant tidal flow direction
were not observed on previous surveys of the CLIS site, including
the cap sites. They have been identified in other tidal regions
where deposition of fine grained sediments was occurring.

Formation of the furrow features is thought to be the
result of two factors: helical secondary £low patterns and
localized abrasion or scour around coarser particles. The
helical flow patterns have been shown to develop in well-mixed
bottom boundary layers associated with short-term, non-steady
tidal flows similar to those that occur in Long Island Sound.

Based on these records, the bottom in the vicinity of
the designated disposal point appeared to be uniform and typical
of natural sediment throughout the CLIS site. The presence of
disposal debris and previous disposal sites in the western part
of the survey resulted in a shift of the designated FVP disposal
point to the north and east. The significance of the mud furrows
at the FVP site is not known at this time, however future work is
expected through other programs to evaluate their role in
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sediment dynamics of the disposal site.

Two REMOTS surveys were conducted at the FVP site prior
to disposal. On the first survey in August, 1982, 51 stations
were sampled and based on the results, 15 stations were
determined as representative of the area. These fifteen stations
were sampled in March 1983 to evaluate seasonal differences. The
results of these surveys indicated a sediment that was similar to
natural material at CS#l and CS#2; a fine silt clay with a
well-mixed surface layer exhibiting an RPD depth greater than
4cm. There was no seasonal difference between the RPD depth
(Fig. 3-24), however, there was an increase in bottom roughness
values indicating more erosional features, which may be related
to greater turbulence due to winter storms. Habitat indices at
the FVP site were slightly higher than those at the <cap sites,
indicating less disturbance due to recent disposal activities.
Consistent values from 9 to 11 suggest a mature seafloor with
good habitat quality.

Diving cbservations at the FVP site support the
observation of a mature, undisturbed natural bottom. The bottom
was consistently made up of soft muddy sediment that was similar
to other areas of the Central Long Island Sound Site. Divers
were not able to distinguish the troughs observed on the sidescan
record, but they did notice concentrations of detritus in
depression zones similar to that observed in other areas.

The hydroids, Corymorpha pendula, were ubiquitous over
the -entire region, as expected £from earlier studies. This
species continues to be a unique indicator of dredged material
distribution.

3.1.7 Summary of Baseline Conditions

Based on the results of previous and ongoing studies at
the CLIS disposal site, the baseline conditions of the cap site
locations can be evaluated in terms of the entire region. In
general, the two sites appear to be more recently disturbed than
other areas within the CLIS site, however, not to the extent that
measurements taken as part of the capping program will be
severely impacted. The natural bottom throughout the cap site
area generally has habitat indices greater than 9, indicative of
a mature, undisturbed sediment surface. However, some areas in
the east and northeast sectors show decreased values in the same
locations where side scan sonar records indicate that the bottom
has been affected by previous disposal operations.

The f£lat bottom associated with the disposal sites
provides a good basis for replicate bathymetric surveys and the
oxidized surface layer of natural sediment provides a distinct
boundary on REMOTS photographs to indicate the original bottom
prior to disposal. Consequently, future measurements of dredged
- material thickness should be accurately accomplished. Diving
operations were successful in deploying transects with BDMD's and
erosion/compaction stakes at-both sites.

54



r—-——EBC:IEEFJtSIE APPLICATIONS, INC.
-
so+ MEAN RPD DEPTH -- AUGUST 1982 4@4. MEAN RPD DEPTH -=- MARCH 1983
A5 351
E 304 E 35
é a5+ E 25
£ 204 g 2ze
N _] N
$ 1S54 $ 18
18-+ 18 .
5-l 5 '
e --+--P-|-+! '!--M--& y— ] -l---'!'---i*--i'
6.5 1.5 2.5 3.5 4.5 5.5 6.5 7. 3 .5 1.5 2.5 3.5 4.5 5.5 6.5 ?.5
REDOX DEPTH CCM) *=DOX DEPTH (CM>
45 BOUNDARY ROUGHNESS UALUES - 8,82 45#50UNQQRY ROUGHNESS UVALUES - 3,83
L 40 FYNE
F 35 e 354
K s ®
E <2 E 39"-
0 2. Q
E ] U 254
; 20 B 204
v 13 5 15~
e 194
5 g | | PT
N R R e i ol B N T RS SR S 8 - B R R-B B N § H ¥V
B .2 .4 .6 .8 1.2 1.6 2.8 2.4 3‘?_4,5 .8 1.2 -1?-2?*‘*
BOUNDARY ROUGHNESS C(CM) BOUNDARY ROUGHNESS (CM>
COMPARISON OF RPD DEPTH AND BOUNDARY ROUGHNISS VALUES
BETWEEN AUGUST, 1982 AND MARCH, 1983 AT THE FVP SITE
_ FIGURE 3-24
y 4

55



Although most measurements were completed prior to

_~ disposal, some disposal of Black Rock material took place at Cap

Site #1 prior to the bathymetric survey. Observations of the

disposal by personnel aboard the R/V UCONN revealed that these

operations were not tightly controlled near the disposal buoy.

Consequently, corrections will be made in future surveys to
accomodate for this material.

3.2 Interim Surveys

In order to provide data for management of disposal
operations, interim surveys and measurements were made on all
sites. These were particularly important at the cap sites to
insure tight control of contaminated Black Rock material prior to
capping. The following sections present the results of these
surveys for each disposal site within the CLIS site.

3.2.1 Cap Site #1

An interim bathymetric survey was conducted at Cap Site
#1 on 28 April, 1983, following completion of Black Rock sediment
disposal at the site. The results of that survey are presented
in Figure 3-25, indicating development of a mound approximately 1
meter high with an average diameter of approximately 150 meters.
A contour difference chart (Fig. 3~26) comparing this survey with
the baseline data indicates similar conditions with most of the
material located immediately southeast of the disposal buoy, but
__/ extending to the northeast. No topographic expression is evident
from the material that was apparently disposed farther south of
the buoy during the first stages of disposal.

Diving observations were conducted on 27 April to
evaluate dredged material characteristics and to examine the
condition of the BDMD and erosion/compaction stakes deployed
prior to disposal. The sediment characteristics observed were
typical of a post~disposal area. Cohesive, eroded clay and peat
clumps, 0.3 =~ 1.0 meters in diameter, characterized the
substrate. . Their surface was consolidated and cohesive, yet
current erosion was evident around the base of the more stable
clumps. The clumps generally had a gray ancxic coloration and
the surrounding sediment had a light brown oxygenated veneer (1-2
mm) over a black organic matrix, which was very soft and
non-cohesive, The sediment surface consisted of less than 1%
exposed shell fragments of oyster, scallop and c¢lam, however,
there was also some evidence of coarse material exposed on the
mound. Considerable anthropogenic input, i.e. pipes and logs,
were noted approximately 75m west of the BDMD. There was no
evidence of bioturbation or' infaunal colonization on areas
covered with dredged material., No distinct conical central pile
could be observed from the designated center of the BDMD. Areas
northeast, socuth, and west of the center were flat and uniform,
and there was no dredge material coverage along the first 1l0m of

~ the east transect leg. At this point, dredged material coverage
—' was approximately l.5m at the BDMD and no declining slope was
observed.
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Figures 3=-27 through 3-30 are representative
__ photographs of dredged material observed at the cap site,
following disposal of Black Rock material. Figure 3-27 is
representative of the clay dumps observed on the site, while 3-28
indicates the presence of coarse sediment within the dredged
material. Figures 3-29 and 3-30 reveal the presence of near
shore shell fragments and debris within the dredged material.
Only the BDMD and the first 10m of the eastern line of the
erected transect array that was completed on 8 April 1983, were
located during this study. Sweep searches were conducted for all
the 10 foot PVC compaction stakes and none were successful. It
must be assumed that either the array did not sustain direct
impact by the barge loads and the stakes were sheared off by the
resulting outward flow of material, or that the stakes may have
been dislodged by commercial fishing traffic.

3.2.2 Cap Site #2

Following completion of disposal of Black Rock dredged
material at Cap Site #1, the disposal buoy was moved to its Cap
Site #2 position and further disposal took place at that point.
During disposal at Cap Site #2, an interim survey was conducted
on April 28, 1983 (Fig. 3-31). The contour chart of that survey
revealed the formation of an elliptical mound approximately 60 cm
thick at its maximum elevation and extending 250m on an east-west

axis and 125m on a north-socuth axis. The contour difference
chart (Fig. 3-32) verified the distribution of sediment close to
_ the disposal buoy. Additional disposal continued after this

survey until May 18th; consequently, the full distribution of
Black Rock sediment at this site is unknown.

A side scan survey conducted over this site on May 11,
1983 produced results similar to those observed at Cap Site #1,
however, the high reflectance areas associated with dredged
material were more pronounced in the center of the site
indicating satisfactory positioning of disposal operations. In
addition, high reflectance areas were present in the east and
northeast positions of the site, indicating some previous
disposal.

Diving observations at this cap site also resulted in a
loss of the erosion/compaction stakes although the BDMD was found
intact at a later date. The sediment observed at this location
was similar to that at Cap Site #1, and although no mounding or
slope could be detected, the material was more prevalent in the
vicinity of the disposal buoy.

3.2.3 MQR Site
Initial disposal at the MQR site in 1983 consisted of
point disposal of a small guantity of sediment from Bridgeport
and Black Rock Harbors, which was relatively high in heavy metals
~ and organic content. This material was then capped by the large
— volume of sediment dredged from New Haven Harbor.

Based on the results of previous capping operations
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FIGURE 3-27 Cap Site #1 Interim Survey
Fractured clay clump subject t¢ erosion
following deposition.
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FIGURE 3-28

Cap Site #1 Interim Survey
Evidence of coarse grained sediment
Black Rock dredged material.
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FIGURE 3-29 Cap Site #1 Interim Survey

Mya arrenaria shell indicative of shell

material transport within dredged material.
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FIGURE 3~30 Cap Site #1 Interim Survey
Wood debris deposited as part of Black
Rock dredged material.
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with New Haven material, and because of the large volume of
sediment to be dredged, a Loran-C controlled navigation system
was used to spread the capping sediment over a larger area rather
than develop a steep sided mound using point dumping procedures.
This disposal control system, as described earlier, was
programmed with ten different disposal points arranged
concentrically at distances of 80 and 120 meters from the center
cf the site. By sequencing through these points, the dredged
material was spread evenly over the bottom and a record of each
disposal was obtained.

7 Although some problems were experienced due to loss of

Loran-C signals, (at which time dispcsal took place at the "SP"
buoy) the system was successful in distributing the dredged
material over the designated area. Figure 3-33- is a contour
chart of an interim bathymetric survey conducted on May 6, 1983.
At this time, approximately 70% of the dredging had  been
completed and the mound at the MQR site had expanded to a roughly
circular configuration with a diameter of 400m and an average
thickness of approximately two meters.

Following completion of the bathymetric survey, a
series of grab samples were obtained on N-S and E-W transects
across the mound. As 1in previous capping operations, the
thickness of dredged material decreased rapidly beyond the flanks
of the mound to a l=-2cm layer at distances of 400m from the
center of the site. Traces of material were present, however, at
distances up to 1000 meters, particularly on the west transect.

In summary, the disposal of New Haven material at the
MOR site was accomplished efficiently and effectively so that a
large volume of material was disposed of in a relatively small
area. A uniform cover was provided without creating a
steep-sloped conical mcund, which would have been more
susceptible to wave action and, consequently, less stable as a
cap. Based on this survey, controlled distribution of disposal
points appeared to be an effective method for placement of
capping material.

3.2.4 FVP Site

Disposal of contaminated Black Rock sediment was
carefully monitored at the FVP site through a series of interim
surveys. The first of these, on 28 April, 1983, was conducted to
assess the conditions of the site, as the first loads of sediment
were deposited., The results of this survey (Fig. 3-34) indicated
that a small mound had formed in the vicinity of the disposal

buoy and, therefore, that additional disposal should c¢reate the
desired mound.

A second interim bathymetric survey and associated side
scan survey were congucted on May 5, 1983, after the disposal of
approximately 35,000m” of dredged material had been completed.
The results of this survey (Fig. 3-35) were also satisfactory as
a small mound approximately 150m in diameter had formed at the
buoy with a topographic relief of more than one meter. Sediment
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samples taken at the same time revealed a covering of several

— centimeters thickness which extended out to a range of 200m on

the east and slightly farther on the west side of the mound.
This covering consisted of fine black organic silt with a high
water content and low cochesiveness., The sediment appeared to be
quite fluid and in the process of mixing with the natural fluff
layer at the site.

A side scan survey, conducted on the same day, revealed
some interesting results. The mound created by the disposal
operation was conspicuous as a region of high reflectance
superimposed on the natural mud furrows at the site (Fig. 3-36).
An interesting feature is also shown in Figure 3-37, indicating
an area of high reflectance created by scow leakage after
disposal. The record follows the usual track of scows at they
leave the disposal point heading south and then turning and
proceeding west. It is puzzling that only one track can be seen,
since if this were a common phenomenon, more examples would be
present. However, if such leakage does occur, then it is a
mechanism for dispersion of some amount of contaminants even if
the point dumping operation is generally successful.

3.2.5 Summary of Interim Conditions

The primary objective of the interim surveys at all
sites was to evaluate the condition of Black Rock sediment during
disposal to insure that distribution over the bottom could be

' sufficiently controlled to permit future capping cperations. In
general, the results indicated that such an operation would be
feasible since relatively small mounds were created at all
locations. Some caution should be exercised, however, since the
sediment appeared to be a combination of typical dredged material
with cohesive gray clumps and coarse grained sediment that was
interspersed with a soft, non-cohesive matrix with the potential
to spread over larger areas. However, evidence £rom side scan
surveys and sediment samples from the FVP site indicate that such
spreading 1is not significantly more extensive than that observed
on previous disposal operations at this site (Morton, 1979).
Measurements at the MQR site indicated that New Haven sediment
dumped using a Loran-C controlled system could be spread evenly
over a relatively large area in a manner that would be suitable
for capping operations.

In summary, the interim surveys supported the expected
conditions and indicated that capping of contaminated Black Rock
Harbor sediment with New Haven material was a feasible operation.

3.3 Post-Disposal Surveys

Immediately following completion of dredging and
disposal, a series of surveys were conducted to assess the
~results of the disposal operations and to establish a new
baseline for post-disposal monitoring procedures. The following
sections present the results of these studies.

70



TL

—— s

PP

ek e

FVP INTERIM
TIDESCAN SUIVEY
MAY 5, 1983

o} AT rantRe
3

REY CRY O T, T
N L, Sh A 2 . P
2 AN %

FIGURE 3-36




— SCIENCE APPLICATIONS, INC.

g

-

FVP INTERIM
S1IDE3CAN SURVYEY
MAY S, 1983

FIGURE 3-37

= Y




3.3.1 Cap Site £1

Capping operations designed to cover Black Rock Harbor
sediment at Cap Site #1 with silt from the upper portion of New
Haven Harbor were conducted over a period from April 18 to May
23, 1983. Disposal took place with the same large scows and
Loran-C disposal control systems used at the MQR site,. However,
since the mounds created by the point dumping of Black Rock
material were quite small, a decision was made to input only one
disposal location to the computer., Assuming a random
distribution of errors about this point, it was £felt that
adequate distribution of capping material would be accomplished.

Figure 3-38 presents the designated disposal point and
the actual location of specific disposal events to develop a cap
from ©New Haven material. From this chart it is readily apparent
that nearly all disposal took place to the southwest of the
designated site, not in a random pattern as expected.

An explanation for this phenomenon may be related to
the fact that the scows were approaching the point from the north
and may have overshct the destination prior to disposal.
However, most of these errors are on the order of 100m or more,
and do not appear consistent with previous operations. Although
a reason for this affect cannot be fully determined, the fact
that disposal generally took place to the southwest is reflected
in the sediment distribution determined from a post-disposal
. monitoring survey during June 1983 (Fig. 3-39).

From this survey and the contour difference chart (Fig.
3-40), derived from a comparison of the June and April surveys,
the deposition of cap material to the southwest of the Black Rock
sediment can be clearly seen, The resulting mound is
approximately 250 meters in diameter in a southwest-northeast
direction and 175 meters on a perpendicular axis. However, the
NE 50 meter segment of the mound 1is essentially unchanged in
depth indicating that no significant coverage in that area was
accomplished., Based on these data, insufficient capping of Black
Rock material, particularly on the eastern margins of the mound,
has occurred.

A side scan survey of the area provides 1little
additional information relative to the distribution of material
as there are no significant differences between the acoustic
reflection of the Black Rock and New Haven dredged material.
However, Figure 3-41 does indicate the restricted distribution of
side scan signal indicating that most of the disposal material
remains in a relatively small area.

Diving observations at Cap $8Site #1 indicated that
general sediment conditions three weeks after the last disposal
operations were atypical of recently dumped material. The
sediment surface was a flat, featureless, soft, oxidized mud with
only a patchy distribution of 10-100cm clay clumps, and 1 year
0ld scallop shells. The top lcm of sediment was easily suspended
by agitation and below 2-3cm was aerobic black in color. Below
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2cm, the sediment was c¢ohesive. There was no apparent
bioturbation at this stage. A typical description of recently
dumped material would consist of more topographic reliief,
composed of clay clumps interspersed with a fine matrix of
dredged material. Based on these observations, dives were
probably conducted over uncapped Black Rock sediment. .

On 29 June 1983, five weeks after completion of the
capping phase at this disposal site, an erosion stake array was
deployed at the center of the site (Fig. 3-42). A 75m east/west
transect line was positioned over the sediment with 25m east of
the center and 50m west of the center. Seven 1 meter, 3.8cm
diameter erosion stakes were positioned at the locations shown in
the <figure so that exactly 30cm were above the sediment/water
interface and 70cm were driven into the sediment. = After this
deployment, the BDMD pole was located 10m north and 15m east of
the center of the erosion stake array.

3.3.2 Cap Site $2

. A similar situation developed at Cap Site #2 as a

result of disposal operations conducted in the same manner as
those at Cap Site #l1. Figure 3-43 presents a series of disposal
events occurring during capping operations from May 30 through
June 3, 1983. A similar pattern of disposal to the southwest
occurs, however, the errors are not as large as those described
at Cap Site #l. This is probably because the disposal buoy was
still in place during this period and served as a reference for
tug operators. Radio communication with the Corps inspector
aboard the ship confirmed that the disposal position output by
the computer was correctly located south of the buoy, so it |is
clear that the offset in location is not due to Loran-C
calibration error. During capping operations at CS #2, some
problems developed with operation of the Loran receivers;
consequently, when this occurred, disposal was accomplished using
the buoy as a reference. This resulted in better control of cap
placement compared to CS #1, but fewer disposal events were
. recorded by the computerized system.

The results of capping with sand from the outer portion
of New Haven Harbor are presented as a contour chart in Figure
3-44 and a contour difference chart in Figure 3-45., As in the
Cap Site #1 situation, most of the material has been deposited
south and west of the disposal point and although there is
coverage over the entire Black Rock deposit, it is only 20-40cm
thick on the eastern borders while it may be as much as 1.4
meters thick on the western margin. The resulting mound is
roughly shaped as an equilateral triangle, pointing south from
the disposal point with sides approximately 250 meters in length.

A post-capping side scan survey also revealed
conditions similar to Cap Site #l1 with the mound identified as a
very strong reflector (Fig. 3-46) in the center of the survey.
" The strong reflectance associated with sand deposits and the
cratering characteristic- of disposal operations were evident on
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this record, providing supporting evidence of a relatively small
aerial distribution of the mound.

Diver observations at this site indicated that sediment
surface conditions near the center of the site consisted of 2cm
of fine sand over a layer of hard sandy gravel. The fine sand
had obvious current ripples running ncrth/south, with a crest to
crest period of 5-8cm and 2-3cm trough. This sediment type was
not uniform over the whole center of the site. Surface
distribution of shell fragments, clay c¢lumps and anthropogenic
input was patchy, but prominent during every diver transect.
Shell hash was incorporated into both clay and sand material.
Some randomly distributed clay clumps, 10-30cm in length, were of
high organic content (black in color), with a 2mm brown oxidized
veneer. Anthropogenic input included woed debris, scraps of
metal and clothing. General topography of the site was marked by
rapid 1-2m changes in slopes. The only obvious bioturbation of
the sediment was at the periphery of the dredge spoil where four
lobster burrows were observed under a 30-foot piling and Asterias
forbesii was observed during foraging activity.

An erosion array was deployed on 22 June 1983 for
monitoring over the long term post-disposal period. A 50m line
was positioned due west from the BDMD and one meter long erosion
stakes were driven intoc the sediment to a depth of 70cm at the
positions indicated in Figure 3-47. These erosion stakes are PVC
pipes graduated in centimeters so that they can be read during
future diver surveys.

3.3.3 REMOTS Observations at CS$#l and CS#2

A REMOTS photographic survey was obtained at both cap
sites following completion of disposal to assess the distribution
of material and to evaluate the thickness of capping deposits
over Black Rock sediment. On June 13, 1983, 11 stations were
sampled at each cap site. These were the same stations occupied
in the pre-disposal survey of April 6, 1983 ({(Fig. 3-10). The
results of this initial survey were used to determine additional
stations so that the second survey, made on June 14, was able to
cover the full perimeter of the dumped area.. On June 14, 1983,
36 additional stations were sampled, making a total of 58
stations (Fig. 3-48). One sample was taken at each station teo
determine the thickness of Black Rock sedimeat and the overlying
cap material. Thicknesses exceeding the length of the REMOTS
prism window are indicated on subsequent figures by a "> "
preceeding the penetration value for that station. All of the
flank regions of the mounds were less than 19cm deep; therefore,
an accurate map of most of the disposal stratigraphy could be
developed.

The pre-disposal surface was recognized by the presence
of an oxidized (high reflectance) mud buried below the low
reflectance Black Rock harbor sediment. The sandy material from
CS#2 was also easily recognized as its grain-size was much
coarser than the silt-clay of the underlying Black Rock material
(Fig. 3-49a). The cap material at CS{l was "clean" mud, which
was visually indistinguishable from thé underlying. Black Rock
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FIGURE 3-49a Remnpts photograph of station 200N showing
sand cap at surface and underlying sediment
(black layer). Below this layer is the
buried redox of the predisposal surface.
Bar in upper left hand corner equals 1 cm.
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FIGURE 3-49b Computer density-sliced image
9f the Remots photograph shown
in (A). Note that the density-
sliced image has removed the
vertical streaking caused by the
Remots prism entering the bottom.




sediment. Thickness measurements of the sand cap and Black Rock
sediment were made with the Measuronics LMS Image Analysis System
(Fig.  3-49b) to the nearest millimeter. These measurements
represent the average thickness of the units of interest in each
photograph. Areas and perimeters of Black Rock sediment and
capping materials were also measured £rom the isopleth maps
generated from thickness data with the LMS System.

Figure 3-50a gives disposed material thickness at each
station within CS#1 (n=27), and Figure 3-50b is a contour map of
those values. The thickness values and contours £or CSil
represent the thickness of both the Black Rock sediment and
capping material, since it is impossible to separate these two
materials based on their reflectance values.

Figure 3~51la shows Black Rock sediment thickness and
sand cap thickness wvalues for each CS#2 station (n=31), and
Figure 3-51b is a contour map of the Black Rock material. The
perimeter of the zero isopleth, and area of the 0-2cm contour
interval, depend heavily on interpretation of the REMOTS photo
from station 400E. This appears to be an area which has
experienced recent disturbance either through disposal or
erosion. The boundary roughness is high (2.3cm), no sand is
present, and the characteristically black {low reflectance) Black
Rock harbor silt-clay is apparently not present. The sediment
observed at station 400E is a high reflectance mud; however, the
origin of the sediment is unknown. This deposit may represent
- New Haven silt designated for dispcosal at the CS#l, MQR or "Sp"
sites, or may be a remnant of previous disposal at the Norwalk
disposal site as indicated by the high reflectance values
observed on the side scan records in this area. Until further
data are available, this sediment has arbitrarily been eliminated
from consideration as Black Rock material.

Figure 3-51lc 1is an 1isopleth map of the sand capp
thickness. The grain-size composition of the underlying Black
Rock sediment is uniformly a silt-clay ( <4® ). The capping sand
appears to be uniformly spread over the surface and is easily
detected in the REMOTS photos because of its markedly different
texture and reflectance value (Fig. 3-47a).

In summary, the REMOTS data provde information on
overall spread of dredged material from Black Rock harbor,
indicating results similar to those obtained at the FVP site,
where sediment samples during the interim surveys indicated
material present to a radius of 2-300 meters from the disposal
point. In addition, these data permit an assessment of the
effectiveness of the sand cap 1in covering the Black Rock
material, and indicate that a uniform cover of 2-4cm on the
flanks of the CS#2 mound has been achieved with greater thickness
near the center of the site. A limitation of the REMOTS and
other wvisual measurements is the lack of discrimination between
Black Rock and New Haven sediment at Cap Site #l. Under those
conditions, sediment sampling and subsequent chemical analysis
remain the only method for distinguishing such material.
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FIGURE 3-51b Isopleth map of Black Rock sediment thickness (in am). Contour
interval is 2 an. Dashed line denotes probable extent of Black Rock
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3.3.4 MQR Site

Disposal of New Haven material at the MQR site took
place entirely under control of the Loran-C disposal system
described earlier. Figure 3-52 presents the actual location of
dumping events relative to the ten locations designated for
disposal. Although the individual events are evenly spread over
the site, it is apparent that most disposal occurred south of the
designated points in a manner similar to that observed at the cap
sites. Consequently, disposal at the MQR site produced a well
defined c¢ircular mound approximately 450 meters in diameter and
2~3 meters thick (Fig. 3=-5%3).

Although REMOTS photographs were not taken at this
site, sediment samples obtained immediately after disposal
consisted of a soft, high water content, black organic silt
which, while predominantly contained in the mound at the center
of the site, could be traced to distances of 800m in an east-west
direction and 400m in a north-south direction.

3.3.5 FVP Site

Disposal of contaminated Black Rock sediment at the FVP
site was tightly controlled through a taut-wire moored buoy and
the resulting deposit (Fig. 3-54) was relatively small,
approximately 200m by 100m, with the major axis oriented in an
east~-west direction. When viewed on the contour difference chart
(Fig. 3-55), the topographic expression is slightly larger with a
thin layer of material extending along a NE/SW direction. The
maximum thickness of the mound is approximately 1.8 meters. Side
scan sonar records over the site indicated similar conditions as
those observed during the interim survey with the mound defined
by an area of strong reflections masking the east-west troughs
prevalent throughout most of the survey. The trail of material

extending south and west remained as an obvious feature of the
record.

Sediment samples and diver observations of the FVP
mound indicated that the center portion of the Black Rock
material consisted of a mixture of coarse grained materials
including a gray sand, cohesive gray, clay clumps up to 50cm in
diameter, and a matrix of soft, high water content black organic
silt with a strong odor and obvious presence of 0il and grease.
At a relatively short distance from the center (100-150m), the
thickness of this material was reduced substantially to a layer
several centimeters thick, which was composed of a fine grained
black organic silt, with virtually no coarse material, but a
continued high water vcontent and a strong odor. At distances
approaching 400m from the center, this layer had thinned to a
slight veneer over the natural bottom, and the margin of visible
dredged material was between 400 and 500 meters in the east-west,
and 300-400 meters in the north-south directions.

Three REMOTS surveys were made at the FVP site

following completion of disposal operations. The first, on May
24, sampled the entire suite of 52 stations occupied on the
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original baseline survey, while the second and third surwveys, on
May 26 and June 13, sampled a grid of 20 stations with replicate
photographs to determine within station variability. Thickness
of dredged material 'was measured using the same technigues
described for the cap sites.

A contour map of Black Rock sediment thickness at the
FVP site is given in Figure 3-=56. Eleven additional stations
were added along the east-west transect line to obtain a more
accurate positioning of the_zero thickness isopleth. This chart
shows an area of 7.36 x 105m2, affected by dredged material;
however, a major uncertainty in this map exists in the position
of the boundary on the west side of the FVP site. This area is
shown as a cross-hatghsd pattern in Figure 3-56, and occupies an
area of 1.49%9 x 10°m“. Black Rock material in this area is
patchily distributed with some station replicates showing the
presence of dumped material while other replicates shown a
"normal"” bottom. Furthermore, since this area extends to the
west into areas with previous disposal, identification of Black
Rock material is less certain. The RPD depth also provides an
excellent indication of dredged material distribution as shown in
Figure 3-57. The area containing RPD depths less than 3.74 is
outlined on this chart, since sediment within this boundary
contains an abnormally thin redox which is characteristic of
newly disturbed bottoms. The critical value of 3.74cm 1is bhased
on the June 13, 1983 data for the CLIS~REF station, which had a
mean value of 3.74. The surveys of the FVP site in Augus: 1982
and March ‘1983 also showed that the ambient seafloor las RPD
depths greater than 3.0cm, with the major mode being about 4cm.

If the RPD map of Figure 3-57 1is compared to the
sediment thickness c¢hart (Fig. 3-56), the 3.74cm deep RPD
boundary contour is nearly coincident with the =zero thickness
contour. Although redox depths are, in this case, dependent on
the presence or absence of Black Rock material, their measurement
from REMOTS images is independently made and therefore we use
these two parameters as separate criteria for the identification
of disturbed seaflocor at the FVP site.

Finally, the habitat indices as determined by the
REMOTS camera are  presented in Figure 3-58. All stations
affected by Black Rock material have indices less than 8 and most
station fall below an index of 5. The modal index is 2.

Stations located outside of the impacted area have
values greater than 5, and the distribution is bimodal with peaks
at 7 and l1ll. This bimodal distribution mainly reflects whether
- or not a station replicate contained evidence of only pioneering
species’ (lower value) or also displayed subsurface feeding voids
characteristic of mature infauna (higher value).

Baseline studies in August 1982 and March 1983 showed
the area of the FVP site to have habitat indices ranging from
- 10-11. The frequency distribution of habitat indices for
post-disposal conditions are comparable to the distribution shown
for other DAMOS disposal sites within Long Island Sound.
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3.3.6 Summary of Post-Disposal Conditions

. * The results of the capping operations were not

successful in fully covering Black Rock material, particularly at
the CS#1 location. Although complete coverage was attained at
the CS#2 site, the thickness of sand material on the eastezn
border was less than desirable, and may not be adequate to insure
capping following post-disposal reworking and bioturbation. The
reasons for this are primarily related to disposal contreol
problems which resulted in deposition of both the silt and sand
caps to the south and west of the desired location. The causes
of this lack of control are not entirely clear, but it is obvious
that when conducting small scale capping operations, extreme care
in disposal position and frequent monitoring of results are
required to insure coverage. In the future, scows with capping
material should approach the disposal point from the same
direction as those dumping the contaminated material, and at
least one interim survey should be conducted during the capping
operation to assess the distribution of material.

In spite of these problems, studies of capping
parameters can still be conducted since the geotechnical
properties of the sediments remain unchanged and some effective
capping has taken place at both sites. It appears that disposal
of New Haven material at the MQR and Black Rock sediment at the
FVP sites was successful, and that important data concerning the
behavior of the respective sediment types under c¢ontrolled
. dredging and disposal conditions can be applied toc the capping
project.

Special care must be taken to insure that influence
from previous or ongoing disposal operations do not affect the
results of this study. In particular, the presence of Norwalk
and "SP" disposal sites to the east may have been detected in

side scan and REMOTS data and interpretation of results should
consider this information.

3.4 Post-Disposal Monitoring

The effectiveness of capping operations depends to a
large extent on the long-term stability of the sediment placed at
the disposal site to cover the contaminated sediment.
Consequently, post-disposal monitoring of these sites is of
critical importance to evaluate the success of the procedure.
The £ollowing sections provide a summary of post-disposal
monitoring results during the summer and fall of 1983.

3.4.1 Cap Site #1

A replicate bathymetric survey of the Cap Site #1 area
was conducted on August 23, 1983, which resulted in the contour
chart shown in Figure 3-59. A comparison with the post-disposal
survey from June, 1983 indicates no apparent changes in the shape
of the mound, and the contour difference chart (Fig. 3~60)
indicates virtually no difference over the entire survey.
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Sediment samples and diver observations on the site
revealed a smooth sediment surface with an oxidized layer
beginning to form in the upper portion of the sediment column
After four weeks, there had been no change in the erosion stake
readings, thus indicating that there is no observable monthly
erosion by this type of disposal material during the early summer
season.

3.4.2 Cap Site §$2

A similar survey at Cap Site #2 was conducted on the
same day to assess stability of the sand cap. The contour chart
(Fig. 3-6l) shows some change from the June survey, and the
difference <chart (Fig. 3=62) indicates an area of depression
relative to the post-disposal survey near the west center portion
of the cap at the point of highest elevation and greatest
thickness. Based on these data alone, we cannct at this time
relate this change in depth to either erosion or compaction of
the mound.

Diver observations of sediment surface conditions at
this site revealed heavy natural deposition since the sandy New
Haven dredge material was used to cap the Black Rock Harbor
sediments. At this date, a flocculent 2cm layer of soft sediment

was present over a hard sand/gravel layer. At mid-day flood
current of l3cm/sec (0.25kt), this sediment condition created a
bottom visibility of only 1 meter. Some eroding clay clumps,

presunably of the B}ack Rock Harbor dredge material, were
observed at a 1 per 5m“ density with patchy distribution. This

provides evidence of thin or incomplete capping operations with
the New Haven material. The average clay clump was approximately
25cm in diameter and light brown in color due to an approximately
2mm oxidized veneer, One clay clump had an obvious peat
constituent with what look like Spartina rhizoids eroding through
one side. No biological activity was associated with the clay
clumps, but substantial amounts of motile species were seen
nearby on the recent natural sediment. The general topography
was flat except for an area of steep (1l:5) westerly slope that
was encountered halfway along the transect. The divers did not
follow down this slope, but it was estimated to be an elevation

change greater than 3 meters. Anthropogenic deposits in this
area were represented by a piece of a steel rod, chunks of wood
to 0.5m 1long and derelict £fishing gear and rope. No

erosion/compaction stakes were found on the site, and therefore,
measurements could not be made at this time.

3.4.3 REMOTS Observations at CS#1 and CS#2

On August 29-'and 30, 1983, 22 stations at Cap . Site #1
and #2 were sampled with three replicate photographs at each
station. Methods of ana1y31$ of the resultlng REMOTS images were
conducted as described in previous sections.

The major mode for boundary roughness values at each
site is 0.8cm; the majority of the roughness elements at the
sediment surface at both sites are due to biogenic sediment
reworking., The few high values observed at each site are from
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stations where physical scour is evident. Some stations on the
. flanks o©£f the mound at Cap Site #2 have a "chaotic" sedimentary
fabric. PFigure 3-63 shows such a "chaotic" fabric consisting of
buried cohesive mud clasts mixed in with overlying sand.

The grain size distribution for stations at Cap Site %1
is essentially unchanged from the last survey in June. All
stations have major modes in the silt-very fine sand ( >4¢ - 39¢)
range. The limits of the sand cover at Cap Site $2 are the
same as reported earlier. The range of grain size still exists
(a 3 - 1l I sand layer overlying a 4¢ - 3® gsilt); however, 5
stations at Cap Site #2 show a surface layer of mud approximately
2cm thick overlying and admixed into the sand cap. Figure 3~64a
and b show sediment profile photographs from 200W at Cap Site #2
in June and August. The top photo, taken in June, has a layer of
sand greater than 4cm thick, while the bottom photograph in
August shows a 2cm  thick layer of mud on top of the sand cap.
Reduced sediment can be seen at depth underneath this middle sand
layer. This areal extent of this newly deposited mud layer is
found mainly on the western side of the mound, where the contour
difference chart has shown a decrease in the thickness of the
material. Such a deposit may suggest settling of the mound,
since erosion sufficent to produce such a decrease would not
permit accumulation of such deposits in the same area.

In the two months following disposal, both cap site
areas were significantly improved in benthic habitat quality.
Figure 3-65 compares - values at each station for depth of the
redox potential discontinuity (RPD} and Figure 3-66 compares
habitat indices for both sites between June and August, 1983.

Frequency distributions of mean RPD depth and habitat
index values for both sites in August are shown in Figure 3-67.
The major mode for RPD depth and habitat indices are cne class
interval greater at Cap Site #1 than at Cap Site #2; most of the
area of Cap Site #1 has been bioturbated to a depth of 3-3.5cm.
Most stations at Cap Site #2 are not reworked to as great a depth
below the sediment-water interface. This may be related to the
physical resistance that the comparatively larger sand grains
offer to bioturbating organisms, as well as gqualitative
differences in colonizing species. Comparing these values with
‘values obtained in June, the rate of increase in the depth of the
RPD is approximately one centimeter per month. This 1is within
the expected range of reworking rates £for Long Island Sound
benthos, given the high water temperatures and correspondingly

increased metabolic activity of the infauna during the summer
months.

By combining the volume difference results with the
REMOTS observations, it is possible to assess the effectiveness
of the sand cap in isolating Black Rock material from the
colonizing benthos. Because the maximum depth of the RPD at Cap
Site #2 is about 3cm, the area of the sand cap greater than 4cm
- thick can be considered as having effectively isolated the
underlying material from the infauna. _This represents about 20%
of the total area covered by sand at Cap Site #2. A portion of
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FIGURE 3-64a Sediment profile photography at Cap Site 2, Station

200 W taken June, 1983. DNote the 4 cm thick sand
layer at the sediment surface.

FIGURE 3~64b Sediment profile photograph from this same station
taken August, 1983. The 2 cm thick layer of mud at
the sediment surface is easily distinguished from the

Reduced, anoxic sediment can be seen at depth.

middle sand layer (the former sediment surface).
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the remaining 80% of the sand cap has areas where the depth of
the RPD exceeds the thickness of the sand layer. By overlaying
and digitizing the two contour maps of sand cap thickness and RPD
depth, it is possible to determine the area of bottom where the
infauna have penetrated the sand cap and are exposed to the
underlying sediment. Figure 3-68 shows the two contour maps for
sand cap thickness and RPD depth at Cap Site #2, as well as a map
delimiting the areas where the RPD depth exceeds the thickness of
the sand cap. This area represents approximately 31% of the
total area of the sand cap at Cap Site #2, which has been
penetrated by colonizing organisms. However, it is important to
note that the thickness of Black Rock material in these areas is
quite small, generally less than 2cm (Fig. 3-51b).

3.4.4 MQR Site

No post-disposal monitoring of the MQR site has taken
place since June 1983, PFuture monitoring will be conducted as
part of the DAMOS program on a semi-annual basis.

3.4.5 FVP Site

Extensive post-disposal monitoring has taken place at
the FVP site at more frequent intervals through the summer and
fall of 1983. Replicate bathymetric surveys were conducted on
June 21, July 19, and August 26, 1983. <Contour charts for these
survevys are presented as Figures 3-69, 3-70, and 3-71,
respectively. All of these surveys show wvery little change in
the topography of the disposal' mound, however, the volume
difference chart comparing the baseline post-disposal condition
in May with the July survey (Fig. 3-72) showed a slight decrease
in depth at the center of the mound. A later comparison between
the July and Augqust surveys (Fig. 3-73), showed no change
whatsoever. .As in the case of other mounds, this appears to have
been an initial reworking and settling of the mound, with no
significant erosion and transport of material occurring.

Side scan records over this period showed a general
decrease in the intensity of the reflected signal associated with
the disposal mound. This can be attributed to general reworking
of the sediment and deposition of fine material on the surface of
the disposal mound. This phenomenon was also observed by divers
who noted the development of an oxidized surface layer and
initial reworking of the blanks of the mound by large epifauna,
and the usual infauna associated with the Central Long Island
Sound area.

REMOTS surveys at the FVP site have provided some
important results relative to conditions of Black Rock material
with time. Both the RPD depth and the Habitat Index values have
improved over the summer. RPD depths increased at a rate of
.6cm/month since June, reaching an average depth of 2.77cm in
areas impacted by Black Rock dredged material. This is still
- lower than natural bottom conditions (approximately 4cm), but a
significant improvement with time. Likewise, the Habitat Index
has improved from a value of about 3 during June to 5 during
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August, primarily because of the progressive oxidation caused by
~the infaunal deposit feeders. :

There are no indications of significant spreading of
Black Rock sediment. In fact, the margins of the mounds become
less discernible and appear to recede toward the center of the
mound as bioturbation and natural deposition combine to mix
natural sediment with Black Rock material. These processes
result in a deposit with no detectable layering. Although the
margins can  no longer be detected with the REMOTS camera, it is
important to note that the contaminants remain at that site and
are available for interaction with the infauna.

3.4.6 Summary of Post-Disposal Monitoring

As expected from previous studies at the CLIS site
(Morton, 1983), no significant erosion or transport of dredged
material has occurred after completion of disposal operations.
However, it must be considered that the summer months do not
produce the storms and associated wave action which migh cause
ercsion during the winter months. All sites, including the FVP
site, where Black Rock sediment was fully exposed to the
environment, are adjusting to existing environmental conditions
through recolonization, deposition of natural sediments, and
réworking through bioturbation. Continued monitoring should be
conducted through the winter months to assess long—-term changes
in sediment parameters and to determine cap stability in the
presence of winter storms.
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4.0 GEOTECHNICAL MEASUREMENTS

The geotechnical properties of dredged material were
studied as part of an overall assessment of the geophysical
aspects of capping operations for several reasons. Although some
work has been done evaluating the conditions of dredged material
at the disposal site, very little information is known about the
changes the material undergoes as it is removed from its original
location, transported to the disposal site and dumped on the
bottom. These changes c¢ould have significant effects on such
parameters as the spread and distribution of sediment at the
disposal site, the strength of the material to support a cap, the
stability of the cap and the accuracy and viability of monitoring
procedures following disposal.

Measurements of geotechnical parameters were made to
meet the following objectives:

® determine the changes in sediment properties
associated with the dredging and disposal
operation

o determine the impact of those changes on capping

procedures in terms of the ability to cap
contaminated materials and the integrity ¢f the
cap in isolating contaminants over a long.period
cf time

° develop guidelines defining limits for application
of different sediment types to capping procedures

® determine how changes in geotechnical properties
affect the accuracy of monitoring procedures, in
particular the effects of density changes,
compaction and consolidation on volume
neasurements

) determine the effectiveness of in-situ sediment
density measurements as a method for estimating
other geotechnical parameters and defining
sediment properties for disposal management
decisions

® evaluate the accuracy, reliability and
effectiveness of the Troxler Nuclear Density Probe
as an instrument for in-situ measurement of
sediment density

Although most of the emphasis on this program was
centered on capping operations at two locations in the Central
Long Island Sound disposal site (CLIS), additional data were
obtained from other ongoing projects in the area as part of the
Disposal Area Monitoring System (DAMOS). PFigure:l-l is a diagram
of the CLIS site and the specific disposal area survey grids
examined under this and other parts of the DAMOS program, Cap
sites #1 and #2 were selected for this program based on several
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criteria, including:

° natural bottom with no previous record of disposal

® flat bottom for precision bathymetric survey
studies

® sufficiently removed from other sites to reduce
potential for contamination of results by ongoing
projects

e conduct disposal operations within the CLIS site

to maintain the consistent disposal management
policy of the New England Division

The capping operations were coordinated with other
disposal programs at the Field Verification Program (FVP) site in
the northeast corner and the Mill-Quinnipiac River (MQOR) site 1in
the southwest corner of the CLIS disposal site. Relatively
contaminated material from Black Rock Harbor was deposited at the
FVP site and silt from New Haven Harbor was deposited at the MQR
site during the period of this study. The capping study was
conducted using similar material, in that Black Rock sediment
from the same area as the FVP material was dumped at each of the
cap sites and then covered with sediment from New Haven Harbor.
At Cap Site 1 the capping material was silt similar in
composition to that dumped at the MQR site, while at Cap Site #2,
sand from the outer reaches of the channel was used as the
capping material. Bathymetric charts of the resulting mounds
were presented in the previous section. Although some influence
of dredged material from the Norwalk and "SP" disposal sites was
observed on the eastern margins of the capping sites, the side
scan and REMOTS data obtained during this study requires that
this information be considered during interpretation of results.

4.1 Nuclear Density (ND) Probe Measurement Results

The nuclear density probe was used extensively. during
this study in an attempt to provide baseline information on the
nature of sediment density variability in - harbor sediments, in
the 1loaded scows and at the dJdisposal site. The following
sections provide a summary of data obtained during this study:;
interpretation of results will be considered in a later section
using other data sources as well as this information.

4.1.1 New Haven Harbor

A transect of twelve stations was made c¢overing the
entire 1length of the ©New Haven channel in April, 1983, at the
locations shown in Figure 4-1. The results of these measurements
are given in Table 4-1, and presented in Figure 4-2, The first
portion of data was obtained by divers inserting the probe into
the bottom, and the latter portion of data was obtained by free
falling the probe into the bottom. Consequently, depth of
penetration is not well known for the latter set of data.
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STA #

New Haven Harbor

' Sediment Density Measurements

April, 1983

DENSITY

12

11

10

SUMMARY

=l

Qi

wn

q #

QX

it

i

o

1.194
1.374
1.274

1.281
0.090

1.453

1.444
1.187
1.355
1.459

1.36325
.12491

1.158
1.195
1.22%
1.248

1.2075 .-
039619

1.577
1.566

1.5715
.00665

1.428
1.599
1.725

1.584
.1491

STAH DENSITY

9 1.263

6,7,8 1.335
: 1.284
1.311

1.31
.0255

K

5 1.318

4 1.356
1.286
1.575
1.494

1.42775
.13078

Mean Density (N) = 1.368

Standard Deviation (o)

TABLE 4-~1

= .119
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The results indicate no significant trend in density in
spite of significant changes in sediment composition from an
" extremely soft mud near the head of the harbor to sand near the
mouth (NED, 1980). It should be noted, however, that dredging of
the upper portion of the harbor had already been conducted at
this time and, therefore, measurements were probably obtained in
natural sediment as opposed to maintenance material.

Measurements were also taken in scows recently filled
with sediment dredged from the vicinity of the scrap metal piers
located on the east side of the harbor and from the turning basin
off Long Wharf.  The results of these measurements are
represented in Table 4-2. Dredged material in both scows was
substantially less dense on the average than material in the
harbor, however, both scows showed an increase in density with
depth and for Scow $#1 the sediment density at the bottom of the
scow approached the density of in-situ sediment.

For the type of sediment being dredged, the addition of
water during the dredging process reduces the overall density of
material transported to the disposal site, however, a significant
portion of material is relatively undisturbed, sinks to the
bottem of the scow and is transported to the disposal site
intact. Because of time constraints and electronic problems with
the probe, no additional scow measurements were made within New
Haven Harbor.

4.1.2 Black Rock Harbor

A series of density measurements were made within Black
Rock Harbor after dredging was completed. The measurement
locations are shown in Figure 4~3 and the results are presented
in Table 4-3 and Figure 4-4. The smaller numbers in Figure 4-3
are locations of c¢ore samples obtained prior to dredging
operations. (Unfortunately, the ND probe was not available during
the pre-dredge coring study.)

An interesting aspect of the Black Rock Harbor
measurements was definition of the sediment water interface.
When pushing the probe into the bottom there was no obvious
increase in resistance coinciding with an increase in density
which would indicate a discrete surface. Later investigations
with a dual frequency sonar further substantiated such
observations through detection of a substantial "fluff" layer.
Figure 4-5 presents a record of the Black Rock harbor bottom made
with a 27 kHz system which shows a sediment layer with a distinct
low reflectance which lies between peaks of sediment with higher
reflectance. Likewise, Figure 4-6 is a dual frequency trace
through the same region which indicates an extensive fluff layer,
approximately .5m thick as measured by the 200 KkHz system,
overlying more dense material observed by the 3.5 kHz signal.

In order to relate density measurements made under
- these conditions, the probe was lowered at equal increments of
.3m and the sediment surface was arbitrarily defined as the level
at which a significant increase in density occurred. 1In most
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Table 4-2
Sediment Density Measurements
in
Dredge Material Disposal Scows
New Haven Harbor
Scow #1 Scow #2
Scrap Metal Piers Turning Basin
April, 1983 : May, 1983
Depth (m) Density Depth (m) Density
.5 1.131
1.0 1.095 1.0 1.180
1.5 1.184
2.0 1.242 2.0 1.186
2.5 1.242 2.5 1.190
3.0 1.262 3.0 1.197
4.0 1.321
4.3 1.318
- _
X= 1.250 X= 1.181
o = .077 g = .025
—
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Table 4-=3
Sediment Density Measurements
Black Rock Harbor
June, 1983
Sta % Depth Density Sta ¢ Depth Depsity
1 -1.8 1.017 ) 5 -2.0 1.022
- 03 1-032 . - 06 10022
0 1.168 0 1.146
] 1.212 3 1,187
1.5 1.191 , . .6 1.209
.9 1.191
1.5 1.187
2 - .9 1.013 6 - .5 1.024
: - .3 1.018 . - .3 1.088
- .1 1.059 0 1.246
[+ 1.148 3 1.165
.9 1.198 .6 1.185
1.2 1.334 1.2 1.342
.5 1.286
ut 1.8 1.295
- 2.0 1.327
-1.5 1.018 .9 1.01l6
- .9 1.019 .06 1.016
- .3 1.021 .3 1.084
0 1.135 0 1.231
«3 1.154 .3 1.313
.6 1.180 .6 1.275
.9 1.215 .9 1.587
1.2 1.285
1.5 1.489
-2.0 1.019
- .6 1.036
0 1.209
.3 1.206
.6 1.763
.9 1.807
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cases, this increase was at least .l gm/cm3, however in some
samples such as #2, #6 and 47, the increase was more gradual,
indicating the presence of a fluff layer. There was also a
marked increase in density with depth in these measurements.
Measurements less thag 50 cm from the sediment/water interface
averaged _1.193 g/cm” while those greater than 50cm averaged:
1.33 g/cm3. This upper value is close to the mean of 1.20 for
the density of samples obtained prior to dredging and analyzed by
laboratory methods as shown in Table 4~4. The sediment below 50
cm is significantly more dense and probably represents
undisturbed material. From these data, it is readily apparent
that the dredged material from Black Rock Harbor consisted of a
significant amount of low density sediment slurry, some of which
remained as a fluff layer and some of which was obviously
transported to the disposal site in the scows. Furthermore, it
is apparent from the sub-bottom profiles in Figures 4-~5 and 4-6
that more dense material was also dredged.

In addition to density measurements, grain size and
Atteburg limits were also determined for these samples. Atteburg
limits are engineering parameters used to test the plasticity of
sediments., These results indicate that Black Rock sediments have
high plasticity, and are composed of fine silt with extremely
high liquid limits. This is probably associated with the high
organic content of the sediment. :

Sediment density measurements were obtained from three
scow loads during the dredging of Black Rock Harbor. The results
of these measurements, presented in Table 4-5, show relatively
low density material in one scow load, while others showed a
higher density more typical of maintenance material.

In summary, the sediments from Black Rock Harbor were
less 3dense than sediments from New Haven (1.20 versus l1l.37
gm/cm”) ; however, once dredged and placed in the disposal
scows, there appeared to be a vertical layering of material
according to density in each of the three scows and frequently
relatively large differences between the mean density measured

for entire scow loads and the mean density of the individual
stations.

4.1.3 Disposal Site

The density probe was also deployed at the disposal
sites to assess the changes in density that occurred during the
dispesal operation. The penetration frame was used to sample
transects across the mounds developed at Cap Sites #1 and #2 and
the FVP site. Each station was sampled by placing the frame on
the bottom and inserting the probe in 50cm increments. The
results of the measurements are presented in Tables 4-6 through
4-11. The FVP data are presented in this report, since they
represent uncapped Black Rock material and give added insight to
the interpretation of the Cap Sites.

Background density_ levels for natural §ed1ment in the
area averaged 1.378 gm/cm3 with a 0.5 gm/¢m” increase in
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Black Rock Harbor

Table 4-4

Pre-Dredging Geotechnical Properties

Mean
Grain Liquid
Density Size Limit -

1.18 .012 213
1.24 .043 . 147
1.15 .012 204
1.17 .014 209
1.15 .010 210
1.18 .039 202
1.16 .009 204
1.16 .013 186
1.19 .012 195
1.19 .015 155
1.28 .048 123
1.23 .021 158
1.16 .035 210
1.24 .031 122
1.26 .035 126
1.17 014 192
1.17° .015 199
1.33 .043 142
l.20 .023 177

.08 .014 33

Plastic

Limit

76
55
77
73

Plasticity
Index

137
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Table 4-5
Sediment Density Measurements
Black Rock Harbor Disposal Scow
May, 1983
SCOW SCow SCOW
#1 $#2 #3
DEPTH DENSITY DENSITY DENSITY
. 5m 1.119 1.173 1.224*
1.0m 1.159 1.183 1.168
1.5m 1.182 1.230 1.212
2.0m 1.192 1.222 1.196
= 1.174 1.202 1.200
X = 1.191
-/ ¢ = ,029
_
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1.776
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1.395
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1.474
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Table 4-6

100E

1.357
1.387
1,489

INCREMENTS 50CM EXCEPT WHERE NOTED)

200E

1.430
1.487
1.409
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1.433
1.374
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200w
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Table 4-7

25E

1.341
1.371
1.463

T.0. = PROBE STAND TIPPED OVER
(PROFILE INCREMENTS 50CM

50E 100E 200E
1.356 1.324 1.536
T.O. 1.470 1.361
T.0. 1.458 1.412

EXCEPT WHERE NOTED)
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density over the 1.5 m of penetration. Density levels on the
- disposal mounds were markedly different. The FVP mound was
characterized by sediment densities on the order of 1.4 to 1.5,
Cap Site #2 with a predominance of sand from 1.5 to 1.8, and Cap
Site #1 with more normal values of 1.25 to 1l.3. The density
values have remained consistent within each mound over the period
from June to October, c¢onsequently it is apparent that these
differences are a result of the respective dredging and disposal
operations and not post disposal phenomena.

Although further interpretation requires additional
data, it is readily apparent that density measurements . may
provide significant insight toward understanding the processes
that may be affecting disposal and capping operations in the
marine environment.

4.2 Coring Operations

During July, 1983, 15 gravity cores were obtained at
the Central Long 1Island Sound Disposal site, sampling the
disposal mounds created at the FVP, Cap Site #1 and Cap Site #2
disposal points. A summary of the core locations and their
overall 1lengths is presented in Table 4-12, Charts of the core
locations are presented in Figure 4-7a, b and ¢, -and graphic
presentations of core lithology are presented in Figures 4-8 to
4-22.

Typical natural bottom sediment in the disposal area
consists o©of a cohesive silty-clay, with relatively low water
content, and is generally light gray in color. This sediment was
found at the base of all cores and apparently extends for several
meters without much variability.

In spite of the low density, high water c¢ontent,
organic rich silt, that was characteristic of the upper layers of
Black Rock Harbor sediment, a typical core from the FVP site
contained relatively.coarse sand, with large amounts of organic
detritus present. This material was predominant throughout the
mound area, but at distances from 100 to 400 m from the disposal

point, the sediment is finer and more similar to typical harbor
material.

Cores taken from Cap Site #l, show a somewhat different
situation. Here the silt from New Haven has behaved in a manner
similar to that which occurred during the Stamford-New Haven
operation. A relatively thick mound of dredged material has

formed and 1is composed of cohesive silt material that appears
quite stable. .

At the present time, it is impossible to distinguish
Black Rock sediment from New Haven material on the basis of
visual observations, since both are black organic silts.
Sediment samples have been taken from these cores and are
presently being analyzed at the New England Division to insure
that material at the base of the silt layer is in fact Black Rock
sediment and that the top portion is New Haven silt.

142



[————ESC:HEFICSEEl\Fﬂ?lJt:A\TWt:E&!B,lﬂdcza

— Table 4-12
Summary Data For
Gravity Cores From
Central Long Island Sound Disposal Site
July, 1983
Black Rock New Hawven
Disposal Site Location Core Length Thickness Thickness
Ve CENTER 142 cm 86 cm
50N 155 cm 44 cm
1008 230 cm 1¢ cm
100E 129 cm 28 cm
100w 129 cm 18 cm
CAP SITE #1 CENTER 210 cm 97*cm
SON 140 cm 89 cm
758 122 cm 86 cm
50E 162 cm %9 cm
100w 172 cm 86 cm
. CAP SITE #2 CENTER 121 cm 35.6 cm 50.8 cm
- 25N 150 cm 2 cm 85 cm
508 127 cm 9 com 60 cm
S50E 177 cm 12 em 41 cm
75W 173 cm 5 em 74 cm

*Boundary between Black Rock and New Haven sediment cannot be
distinguished through lithology
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Field Log No.

Site FVP

Location Center

Date Sampled July 1983
Length of Core 142.2 cm
Diameter 6.5 cm

l om =8 cm of core

Darkened area indicates
dredged material

Figure 4-8
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Field Log No.

Site FVP

Location 100 West

Date Sampled July 1983

Length of Core 129.5

CcIl

Diameter 6.5

cm

lcm=8 cm of core

Darﬁened area indicates
dredged material.

Figure 4-9
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Figure 4-10
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dredged material

Not to scale past this peoint
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Figure 4-13
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Field Log No.

Site cs-1

Location Center

Date Sampled July 1983

Length of Core 210

cm

Diameter 6.5

Ccm

1l om= 8 cm cf core

Darkened area indicates
dredged material

Not to scale past this point

Figure 4-14
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Field Log No.

Site Cs 1

Location 75 South

Date Sampled July 1983

Length of Core 121.9 : cm

Diameter 6.5 cm

l cm = 8 cm of core

Darkened area indicates
dredged material

Figure 4-16
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Figure 4-17
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dredged material

Figure 4-18
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Figure 4-19
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Figure 4-20
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Figure 4-21
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Figure 4-22
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The cores taken through the sand cap at Cap Site #2
indicate that the c¢ap is in place and, in most cases, 'is more
" than .5m thick and composed of coarse sand and shell fragments.
The laver of Black Rock material is clearly visible beneath the
sand, however, the thicknesses observed are all less than 40cm in
all cores.

Table 4-13 presents a comparison of Black Rock sediment
thickness measured prior to capping in April, 1983 (Fig. 3-32),
and that measured in the cores. In all cases, the thicknesses in
the cores are substantially less than those measured by
bathymetric techniques, which raises several questions concerning
the behavior of the Black Rock material during capping, such as:

o Has the material mixed with the sand cap during or
after disposal?

) Has it been compacted?

o Did the same phenomenon occur at Cap Site #1 or at

the Stamford/New Haven sites?

At the present time, these guestions remain unanswered,
but they must be addressed to insure the validity and feasibility
of capping relatively unconsolidated, high water content organic
silts. The cores taken during this program were not examined in
terms of geotechnical parameters which could give answers to
these questions. Future work should address these questions
, through a combination of remote measurements and geotechnical
analysis of undisturbed samples.

It is known from previous sampling in the area that the
layering described beneath the observed dredge material 1is
typical of natural deposits in the area, however, changes in the
geotechnical properties of the Black Rock material and its
behavior in response to capping with both sand and silt require
more extensive study. More cores are needed that can be analyzed
for chemical content to define the origin and amount of
intermixing of sediments under the different types of cap
material, then studied in terms of geotechnical parameters to
assess changes and responses due to capping operations.

4.3 Geotechnical Measurements

Prior to the coring program, an opportunity arose to
obtain samples from the disposal sites to assess the geotechnical
properties in terms of their effect on disposal in general and
capping operations in particular.

During June 1983, fourteen surface samples were
acquired at Central Long 1Island Sound disposal site using a
Smith-MacIntyre grab sampler. After a grab sample was obtained,
a thin wall plastic tube with a 6.5 cm diameter and 15 cm length
- was pressed into the sample to recover sufficient gquantity of
sediment for geotechnical testing. These tube samples were
capped and kept in refrigerated storage. The samples were taken
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——SCIENCE APPLICATIONS, INC.

Differen
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-15cm
-28cm
-28cm
-3lcm

-15cm

~—
Table 4-13 Comparison of Black Rock Sediment
Bathymetric Core
Station Thickness Thickness
CS-2 Center 50cm 35cm
Cs-2 50E 40cm 12cm
CS-2 25N 30cm 2cm
Cs=-2 508 40cm Scm
Ccs-2 75W 20cm Scm
—
Thickness determined from Pre-Capping Bathymetric
Measurements and Post-Capping Core Samples
—’

163



from the three mounds studied under this project; the Field
Verification Program (FVP) mound which is composed of
contaminated Black Rock Harbor. spoil and the two capped mounds
designated as CS#1 and CS#2 which are capped with silt and sand
respectively.

The objective of this study was to determine the
physical and engineering properties of these mound samples for
purposes of classifying the sediments and evaluating strength and
compression behavior. This geotechnical information will provide
a basis for material balance analyses during dredge material
disposal monitoring and for predicting mass deformation of mounds
under the affect of their own weight and as a result of storm
wave loading. ‘

4,3.1 Testing Program

BEach of the samples was subjected to a series of
classification tests including determination of water content,
Atterberg limits, particle size gradation, undrained strength and
unit weight. In addition, several selected samples were
subjected to consolidation and direct shear tests and organic
matter content determination. These samples were selected to be
representative of Black Rock sediment, cap material and natural
bottom sediments in order to obtain strength and compression data
for these different sediment types. Testing generally conformed
to standard ASTM procedures except for the preparation of the
extremely soft sediments for direct shear and consolidation
testing, since there are no ASTM procedures for handling and
trimming during soft sediment testing.

Since all of the samples were from the surface of the
mound and adjacent seafloor, they had very high water contents
and an almost fluid-like consistency. As a result, there was
some sediment-fluid separation during storage and sloshing of
sediment within the core 1liner during transit. These samples
would be classified as very disturbed for purposes of engineering
properties determination. While disturbed samples from the
mounds may be justified for gedotechnical testing on the basis
that the mounds are composed of a very recently deposited
disturbed sediment mass, the natural bottom sediments probably
exhibit some aging affects which were destroyed during sampling
and handling. Consequently the laboratory strength and
compression properties and some index properties for natural
bottom sediments may not be fully representative of in=-situ
properties.

Because all of the samples were soft, it was impossible
to extrude the sediment from the core liner and have it support
its own weight. The procedure for strength and consolidation
testing consisted of pouring or spooning the soft sediment into
the testing apparatus and subjecting it to high frequency
vibrations while unconfined so the sediment would flow, thus,
minimizing the presence of air voids in the specimen. This
method of preparation was found to have 1little affect on
soil-fluid separation or densification of clays, but does result
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in a more homogeneous test specimen than trimming with a wire
saw. However, it tends to further destroy any stress history
- affects that may have existed in the sediment. Some
densification occurred for sand sample CS2-CTR.

If future coring studies are conducted, samples will be
obtained with a gravity core and maintained in an undisturbed
state for subsequent analysis. The engineering properties of
these sediments, while difficult to measure, are of prime
importance for assessing the behavior of dredged material during
disposal and capping. Further development of procedures and
testing protoccls are required and more samples for replication

of results are required to obtain more confidence in test
results.

4,3.2 Results of Geotechnical Tests

. Although the sediment samples were only about 15 cm
long, many samples contained two distinct sediment types such as
cap material over Black Rock sediment or Black Rock over natural
bottom sediment. When a sample was extruded from the tube and
identified as being layered, the sample layers were separated and
index properties tests were performed on each portion depending
upon the gquantities of sediment present, Several samples,
therefore, contain two sets of index property data - one for each
layer.

‘ The test data for each sample are summarized in Table
4-14 a, b and ¢. The location of each sample is designated by a
mound designation and location on the mound.

There is a considerable amount of sediment property
variability in Table 4-14 because of the many different sediment
types sampled. However, many of the index and engineering
property test results correlate well with the particle size
distribution. Although other correlations probably exist, they
are not visibly obvious for the small number of samples that were
tested. A brief summary of each of the parameters includes:

® Water Content

The measured water contents are observed to vary
significantly within a sample when more than one
value of water content is determined, probably as
a result of disturbance and solid segregation
during storage. The values reported in Table 4-1
are average values. These water contents
correlated fairly well with the amount of silt and
clay in each sample. The greater the amount of
silt and clay the greater the natural water
content measured. There also appears to be a
direct correlation between water content and
organic matter content.

165



99T

Sample

FVP 400E

FVP 200E

FVP 100E

FVP S50E

FVP CTR

Desc.

Ol-gry silt
with clag &
some san

Blk silty
sand (B.R.)

01-Gry clayey
silt

Blk Organic
Silty Sand
(B.R.}

( Bt AL WA s ST T B USSR B VA WSepy 48 W (

TABLE 4-14a
GEOTECHNICAL PROPERTIES

Strength

Undr.

.098

OF
SEDPIMENTS AT THE
FVP SITE
FE] 0

u B 3o e 2NN
%g g %% ~ Eg m.ﬁ-ggﬁf—??
202 4adE AdE Owunno-—
119.4 92.8 40 5.3/70.1/24
150.0 119.1 23 - 21.6/55.4/23
104.0 44.2 2.6/68.4/29

125.9 60,1 52.1 63.8/24.2/12.

Blk Silty Sand 117.5 71.1 33.9 44.1/37.9/18

with some clay

Silty Sand -
some shells
(BE.R.)

Blk Silty -
sand (cap?)

99,5 36.4 63.6/22.4/14.

62.8 56.9 22.8 57.6/32.4/10

. 064

.096

Su (T/m<)
Wet

Mass (g/ml)
Density

=
-]
=]

1.33

1.44

1.38

1.40

1.45

l.62

Organic
Matter

=3}
.
]

7.8

5.5

Content %

0.40

c

Compr.
Index C

=)
.

o
| %)

0.75

Cl

B

<

(]

~ B

- % -0 O

) W B~
$2 w 85§

GHL OOU

0.16 5.5%10 2

0.125 2.6x10 2




L9T

( | L (
TABLE 4-14B

GEOTECHNICAL- PROPERTIES
OF
SEDIMENTS AT THE
CAP SITE #1

5 g
- .
—~ & o ]
(3] ~ Q Y
+ o ﬁ B ey O + O o
e g d - b S S TR T = . - E
. . . . o Y + 0
2 4 B2 BE  ad Jedduo 45° el BEE.G B8 98 42°
o - . . * m <] £ o0 3]
i 88,5 4" 2,080 8498% 58.,288 BE8 58 85 280" 880
CS-1 200E bk. 01, 127.6 107.8 39.5 5/60/35 .12 1.38 0.49
clayey silt
CS~-1 100E 10cm Blk. 152.0 120.9 55.6 22.5/50.5/27 .17 1.33 8.7 0.87 0.17 4.,8:*:10-'2
silt material
(B.R.)
2 cm Gry 157.5 127.1 22,8 1.32
clayey silt
Cs-1 50E Blk Clayey 167.0 151.2 62.3 3.2/61.8/35 .12 1.31
$ilt Material
(B.R.)
Oil.Clayey 164.0 132.9 €6.7 4,4/63.6/32 1.31
Silt
CS-1 Ctr Blk Clayey 153,2 103 62,7 16,0/53/31 1.33 7.4 0.42 0.59 0.13 4.8x10ﬁ2

Silt w/some
Sand (cap)




89T

N

*_—( el A LI AL LI, 1. K 'k

TABLE 4-14c

GEOTECHNICAL PROPERTIES

OF
SEDIMENTS AT THE
CAP SITE #2
—- )
) g * 0 E%
Kl ~
o ] Y E oDy D o §) ™~
v < K e] ol o~ — ¥ A . " .3 E
B G i e bhE Homom éﬁﬂ na 5838 § HI 98 “ 8-
g ] veg L DE L mE ANgoRS Oy  pug oLy BY SR 4 8§
L] g §E3z° ﬂ;33 nHAE unnuy O~ syl E:ECJ(DQ(J [/ Y O H nHoL [SRSIS]
CS~2 200E Ol silt/clay 109.5 76.8 38.6 12.8/58.2/29 .27 1.42 0.52 0.67 0.09 5«2:-:10-2
w/some sand
(cap)
Blk Sandy- 88 36.5 40.7/46.3/13 1.50 6.9
siit material
CS-2 100E Ol Gry Sand 30.9 83.8/10.2/6 N.A. 1.91
w/some silt
{cap)
Blk. Organic 83.5 1.5 61.0/26/13 .22 1.51
Cs-2 50E Sand w/silt 26.2 92.6/5.4/2 N.A. 1.98 1.4
and shell
hash
-2
C5-2 CTR Lt, 01. Sand 24.8 80.8/16.2/3 N.A. 1.99 1.3 0.72 0.04 0.01 6x10
w/some silt &
Shells




Atterberg Limits

The liquid and plastic limits were run on the
fraction of solids passing the No. 200 sieve.
These properties also correlate directly with the
amount of silt and clay in the sample. The
differences between the liquid and plastic limits,
called the plastic index, show that the Black Rock
sediments are of moderate to high plasticity and
are typical of published values for slightly
organic silty dredge material. However, all
.values here are substantially lower than those
measured in the pre~dredging samples. Most of the
cohesive samples have water contents that are
greater than the liquid limit, which shows that
they behave as fluid for all practical purposes.

Grain Size

Most samples show a large fraction of the
particles in the silt-size range. This reflects
the relation of these sediments to typical soils
in the Connecticut area. The amount of particles
in the clay size range tends to be smaller than
the amount in the silt size range. Eight of the
samples are largely sand, including four samples
of capping sand from mound CS#2, and four from the
center of the FVP mound.

Undrained Shear Strength

The undrained shear strength of cchesive samples
was measured with a NGI fall-cone penetrometer.
The soft fluid~like behavior of the samples is
reflected in the low strength value;, reported as
tons per sgquare meter (1 T/m2=lg/cm Y.

Wet Mass Density

The values of mass density in tons per cubic meter
were computed from measured specific gravity and
void ratio measurements. They are typically low
and indicative of the high water contents of the
samples. These densities are close to the minimum
values expected for this type of soil.

Organic Matter Content (OMC)

The percent organic matter was determined by
heating the sample to 500°C in a muffle furnace.
The loss of weight was attributed solely to
combustion of organic matter. The results show
that the dredge material contains a moderate
guantity of organic matter (5 to 9%) and the sand
cap at CS#2 has a low value of less than 2%. With
the few number of samples measured, it is
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impossible to determine a difference between Black
Rock and New Haven sediment at this time based on
Organic Matter Content.

Direct Shear Data

The results of the direct shear tests are reported
as a ratio of shear strength, S8, to effective
consolidation stress. These data represent a
partially drained shear condition and can be used
conservatively in design as the tangent of the
drained friction angle. The reason for the
uncertainty in strength is due to the specified
method of testing, i.e. direct shear with partial
drainage. Triaxial testing requires using less
disturbed and stiffer samples than obtained for
this study, but should be considered in future
work.

Compression Index (C.)
The Compression Index of a sediment is a measure
of the stress-strain properties of the soil, using
a loading (increasing load) mode in a device that
allows only vertical displacement.

As shown in the table, the compression indices are.
quite high and fall in a narrow range for both
dredge material and natural bottom samples
containing large amounts of silt and clay. The
sand cap sample from CS#2 has a compression index
that is lower than the other samples by an order
of magnitude and is typical of sand.

Swell Index (CS)
The Swell Index is a measure of a sediments
ability to expand or increase in void ratio due to
a decrease in applied stress (unloading).

Coefficient of Consolidation (CV)

The coefficient of consolidation is a property
that indicates the speed with which the sediment
mound will settle when subjected to an imposed
load. The greater the coefficient of
consolidation, the faster the settlement will
occur. In this test program, the values of C,
tended to increase slightly with increasing
applied stress. The values of Cy reported in
Table 4-~1 are average values for the raBge of
applied stress (about 0.03 to 4.0 kg/cm

Summary of Geotechnical Test Data

There 1is considerable wvariability in the engineering
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properties of the sediment tested in this study, which reflects a
heterogeneous sediment composition of the mound and possibly
mixing of cap, mound and natural bottom sediments during
deposition. The mound sediments are primarily organic silts with
variable sand and clay fractions. Sediment strengths are very
low as a result of high water contents of the surface grab
samples and, as a result, these fluid-like samples exhibited
considerable disturbance, possible from sampling, handling and
storage. The potential £for compression (consolidation) is
generally moderate to high with both mound and natural bottom
sediments having about the same compression indices. Further
work is needed to assess the impact of this compressibility on
mass balance calculations and more emphasis must be placed on the
properties of the sea floor to evaluate the potential volume
changes.

4.4 Summary of Geotechnical Measurements

The geotechnical measurements made during the past year
have provided some important insights into assessing the
geophysical aspects of dredge material disposal particularly
related to capping of high water content, organic silts. It is
apparent that low density harbor sediments are not as easily
managed as more cohesive silts and sands. Significant
differences between mounds developed from these sediment types
were observed,

There appears to be a differentiation and possibly a
loss of low density material during the dredging, transport and
disposal operation which results in a coarser, more dense mound
at the disposal site. There is certainly evidence, based on the
£luff layer observed at Black Rock Harbor (Fig. 4-5 and 4~6) that
a substantial amcunt of fine material remains at the dredging
site. PFurthermore, the vertical density gradients within the
scows indicate that this differentiation is maintained during
transport. This would result in a more significant turbidity
flow along the bottom following disposal, thus creating a coarse,
cohesive and dense mound surrounded by flanks of low density,
non~cohesive, high water content fine sediment extending as a
thin deposit for several hundred meters.

This type of dredged material contrasts sharply with
the more cohesive material such as the silt £rom New Haven
Harbor, which tends to maintain the integrity of the sediment and
produce steeper, thicker mounds with less unconsolidated material
on the flanks., Such factors in addition to defining the behavior
of the material during disposal affect the ability to support a
capping operation. Not only does the spatial distribution play
an important role in defining the area to be covered, but
evidence derived from the coring operations indicates that the
capping procedure may induce further spreading or mixing with the
cap material.

Certainly further work 1is required to define. those
geotechnical properties of harbor sediments that affect these
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parameters in terms of open water disposal and capping. The
Nuclear Density Probe, remote sensing surveys, . in-gitu
" measurements and sediment testing have all answered specific

questions regarding the behavior of this dredged material in a
capping operation. They have also created new questions based on

the observations, and more work is needed to understand these
phenomena. :
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5.0 DEVELOPMENT OF A CLASSIFICATION SCHEME FOR SELECTION OF
CAPPING AS A DREDGED MATERIAL DISPOSAL ALTERNATIVE

Application of capping procedures to a given disposal
situation requires that the specific parameters defining the
sediments being considered and potential disposal sites to be
used meet certain criteria to insure a successful operation. At
the present time, these criteria are not well defined and a
logical decision making process is not in place to assess whether
capping is an appropriate and feasible disposal alternative for a
specific project. The purpose of the classification scheme to be
discussed in this section is to begin development of such a
decision making process based on both theoretical considerations
and the observed field data discussed in earlier sections.

Designation of capping as a disposal alternative
requires a knowledge of three major parameters:

® The geotechnical properties of the contaminated
sediment to be capped and how they affect the
behavior of the material during the initial
disposal and capping operation.

° The geotechnical properties of the capping
sediment and how they affect the ability of the
material to cover and isolate the contaminated
sediment over the long-term.

e The environmental parameters of the disposal site
and how they will .interact with the dredged
material to insure a long~term stable situation.

There are many other project and region specific
parameters that also must be considered, such as:

e equipment type and availability

* distance from the dredging site to the disposal
point

e operational guidlines for dispoéal operations

e affect of disposal on surrounding biota

) impact on fisheries

However, these are related to determining whether or
not open water disposal 1in general is feasible and not

specifically concerned with capping, and will not be considered
at this time.
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The approach taken to develop a classification scheme
for determining the feasibility of capping is to use the - results
of past studies, to place boundaries on important parameters, to
insure the permitting agency that the decision made 1is safely
within acceptable 1limits of environmental risk. When those
boundaries for one or more parameters are approached or exceeded,
then the agency would have the option of rejecting capping as an
alternative or conducting field observations to determine whether
or not the particular sediment or disposal site is appropriate
. for capping.

Using this technique, theoretical models, which
obviously have limitations, can be employed to evaluate
conditions and predict future consequences well within their

accuracy range. These will provide a framework for logical
decisions based on theory where practical and supported by £field
observations where necessary. Wherever possible, the

classification scheme will apply the results of previous studies,
no develop new computations to assess parameters, thus keeping
the application of the decision process as simple as possible.

By the completion of this project, the classification
scheme should be in the form of a simple computer program
supported by an operators manual which will request certain
parameters relative to sediment properties and disposal site
environmental conditions., These parameters will be entered
through a menu format and processed to provide probablllty curves
relative to specific capping criteria such as: -

® expected distribution of contaminated sediment
following disposal

° expected thickness of cap as a function of
sediment volume and location

° expected erosion rate of cap material
and other parameters to be determined.

As discussed earlier in this report, additional
information is required for evaluation and prediction of the
effects and interactions of geotechnical properties on the
behavior of dredged material during open water disposal. Such
factors as water -depth, dredging technique, disposal control,
sediment density, cohesiveness, etc. must all be considered and
evaluated based on previous experience. That has been the thrust
of this first year of £field study under this program, and
although progress has been made, more work is required to
generate significant input to the classification schene.

Consequently, most of the effort relative to this part
of the program during the past year has centered on understanding
and developing procedures for assessing the environmental effects
on capped depesits and quantifying the parameters affecting the
long~term stability of the capping material. During the next
year, more effort will be placed on quantifying the behavior of
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dredged material based on geotechnical properties, so that,
during the £final year of the program, the classification scheme
will be operational and available for wverification on existing
capping operations.

5.1 Physical Processes Affecting Capped Deposits

Since the long-term stability of the capped deposit is
the primary goal of the capping operations, the factors affecting
stability of the mound must be addressed in detail. Mound
stability can be characterized by the following processes:

1) gettling of the mound,

2) horizontal spreading of the mound,

3) slumping and shearing of the mound,

4) settling of the cap into the underlying material,
5) mixing of the cap and the underlying material, and
6) efosion of the cap or mound. |

These processes can be broken into two categories
according the the controlling mechanisms. The first four
processes deal with changes in the structure of the mound and are
primarily . dependent on the geotechnical properties of the
sediments and the mound structure itself. Mixing of the cap and
underlying material and erosion of the mound are primarily
controlled by the environmental conditions of the site and can be
determined via sediment transport calculations.

All six processes are dependent upon both the
environmental conditions of the site and the geotechnical
properties of the sediments; however, the sediment transport
processes are more sensitive to the environmental conditions and
the mound structure change processes to the geotechnical
properties of the sediments. Consequently, the sediment
transport processes can be used to classify the suitability of a
site; while the mound structure changes can be used to classify
the suitability of contaminated and capping dredged materials
regarding a specific mound shape or height.

For capping to be a viable method of isolating
contaminated disposal materials from the surrounding environment,
no significant erosion or mixing of the mound should occur over a
long time period. Consequently, disposal sites suitable for
capping are low energy regions with little or no current
velocity. Although current velocity will certainly be a factor
input to the classification scheme, its effect, standing alone,
is certain to be negligible, However, when- generated by storm
events, the mean current velocity can have an important effect.
However, it 1is the passage of low pressure atmospheric
disturbances over the disposal area that is certain to have the
most profound effect on disposal mound stability and these
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disturbances must be considered. Reasonable estimates of storm
effects can be determined using site specific parameters and
theoretical calculations. These estimates can then be input to a
sediment transport model implemented on a computer to estimate
the rate of erosion of c¢ap material as a function of storm
intensity. The frequency of intensity can then be used to
predict long term stability of the mound.

Working toward development of such a procedure, a
current literature review has been completed and applied to the
capping situation, along with identifying some of the potential
problems of such an approach. This section of the report
presents a detailed discussion of the development and utilization
of the sediment transport model, including potential problem
areas that must be acknowledged in order for the disposal site
classification criteria to be useful.

Because of the major underlying role of sediment
transport in the erosion and transport of dredged material, a
short description of the physical processes involved in sediment
transport will be given, Sediment transport consists of two
natural physical processes: first particles are entrained into
the water column and after entrainment, they are transported by
the motions of the water column until they settle out. While the
particles are entrained in the water column, there are two modes
of suspension, bedload and suspended load. These modes of
suspension are shown in Figure 5-1. The bedload is defined as
"the concentrated sediment that moves on or in close proximity to
the bottom, maintained in a dispersed state by grain-to-grain
contacts" (Komar, 1976). Particles actually "transported within
the water column, maintained above the bottom by the turbulence
of the water" are considered the suspended load (Komar, 1976).
Usually, particles which enter the suspended load are quickly
dispersed; whereas particles in the bedload travel only short
distances. In spite of this, the suspended load is generally
responsible for only a small portion of the transport; most of it
is accounted for by bedload transport, due to the much higher
sediment concentrations.

Sediment transport 1is caused by a combination of wave
and current motions. The wind blowing across the water surface
exerts a force which has a two-fold effect. As in Figure 5-1,
waves are generated and propagate in the direction of the wind
and a wind-driven current is created; however, because of local
bathymetric effects, the wind-driven current may be in a
different direction than the wind. This wind-driven current,
when combined with the tidal and non-tidal currents comprises the
total current. Due to the relatively long period of the tide and
other currents as compared to the fluctuations of the wave
orbital velocities, the total current is viewed as a 'steady'
velocity. Both the total ‘'steady' current and wave orbital
velocities have near-bottom components which exert forces on the
bottom. However, due to the boundary shear stress associated

- with the wave velocities, the force exerted by a wave will be

much greater than the force exerted by a 'steady' current of the
same magnitude. On the contrary, the fluctuating nature of the
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wave velocities is not well suited for transport, as opposed to
the 'steady' current, which can efficiently transport particles
even though it may be ¢of a much smaller magnitude than the wave
velocities. Thus the wave orbital velocities effectively '‘stir'
the bottom, entraining particles which are then carried along by
the ‘'steady' current flow. Both the wave induced velocities and
the currents are potentially ineffective by themselves, but they
can combine t¢ bring about transport ¢f the sediment particles.

There are other £factors involved in this entrainment
process, notably the weight of the sediment particles and effects
on the current and wave velocities. The grain size and sediment
density determine the particle's weight, which is important in
the entrainment process. Usually a distribution of both grain
size and density are present in the sediment; consequently, it is
gquite possible for some of the smaller, lighter particles to be
affected and not the larger, heavier particles. Velocity effects
are also important factors and are affected by: 1) the water
depth, 2) turbulence generation, and 3) bottom shear stress.
Wave orbital velocities decrease with the water depth; in
relatively deep water, the bottom effects of wave orbital
velocities may be minimal for a certain set of conditions which
would erode and transport material in shallower water. The
effects of turbulence generation and bottom @shear stress are
complex, with higher levels of turbulence being generated over a
rough bottom than over a smooth bottom, Figure 5-1. This
turbulence can increase entrainment due "to the generation of
shear velocities associated with the roughness elements. This
effect, however, is only a part of the total bottom shear stress
effect on the velocities.

Through boundary layer dynamics, the bottom shear
stress and near-bottom velocities become interdependent. As the
velocities come in contact with the bottom, they exert a shear
stress on the bottom. This shear stress requires energy and
effectively decreases the velocities creating a boundary layer
adjacent to the bottom. Within this boundary layer, the
velocities are a function of the shear stress. Friction caused
by velocities flowing along the bottom characterize this shear
stress. The amount of friction, which affects the velocities, is
determined by the velocities and the roughness or friction factor
of the bottom. Thus the near-bottom velocities and the bottom
shear stress are coupled through the bottom friction and both
affect the amount of sediment transport.

The sediment transport process is further complicated
at the onset of transport, due to the dynamic nature of some of
the parameters and the effects of transport itself. The
entrained sediment effectively increases the bottom roughness
enhancing the bottom shear stress. However, the bottom roughness
can also decrease due to erosion of the roughness features.
Similarly, the water depth 1is dynamic and will increase as
transport occurs. Another dynamic feature is due to the
particle's weight. As mentioned earlier, only a portion of the
sediment may be subject to transport  due to weight
considerations. Usually the larger heavier particles will be
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left behind, forming a 'lag' deposit. = This lag deposit may
‘protect' the underlying sediment from further erosion. Due to
many factors, once transport is initiated, its dynamic nature
further complicates and often accelerates the processes.

5.2 Literature Review

A significant amount of work has been done to define
and quantify the sediment transport process. The present
state-of-the~art formulations can quantitatively predict the
sediment transport within an order of magnitude of accuracy.
These formulations account for the processes described above for
non-cohesive sediments., Similar formulations have been made for
cohesive sediments; however, they are not as well developed or
comprehensive as the non-cohesive theories.

The initial efforts evaluating sediment transport were
made by Shield's (1936), concentrating on determination of the
threshold of motion for cohesionless sand in steady
unidirectional flow. He developed the Shield's criteria which
relates the Reynold's number to the shear stress at the onset of
sediment motion. Bagnold (1946) also empirically related the
near~bottom motion to the onset of sediment motion. He then
developed a model of sediment transport for both steady and
oscillatory flow (Bagnold, 1963). Einstein (1972), however, was
the first to develop an analytic form for the empirical relations
of. sediment transport and the flow conditions, relating bedload
to flow intensity. Wang and Liang (1974) used Einstein's work to
develop a model of sediment transport due to waves at a constant
water depth. Another sediment transport model which ignored wave
effects was developed by Lepitit and Hauguel (1978). The work of
Shields, Bagnold and Einstein provided a basis for future
sediment transport calculations, however, these early models were
inadequate because they ignored the effects of bottom roughness.

The efforts were then split with some investigators
concentrating sSpecifically on obtaining data such as: Sternberg
and Larsen (1975) in the open ocean, Davies and Wilkenson (1978)
in shallow water, Kana and Ward (1980) during storms, and a
review of the data is given by Grant and Madsen (1978), and other
investigators such as Komar and Miller (1974), who qualitatively
determined the threshold of sediment motion with waves. Madsen
and Grant (1976) made quantitative estimates of the shear stress
on the transport due to both waves and currents. They later
included the effects of a rougher bottom in the shear stress
calculation. In addition, they incorporated the effects of the
interactions between the waves and currents (Grant & Madsen,
1981). Using Grant and Madsen's work as a basis, Vincent et al,
(1982) developed a sediment transport rate formula and an
estimate of the suspended 1load. They evaluated these against
observations of sediment transport during storm conditions with
good results,

All of the studies above were oriented toward
cohesionless sediments. The primary investigation for cohesive
sediments were done by Partheniades (1965), who measured flow
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rates for deposition and erosion of cohesive soils. He noticed
the threshold flow rate for deposition was significantly lower
" than the threshold rate of erosion. He then developed
formulations of erosion and deposition in terms of concentration
similar to the state—-of-the«art for c¢ohesionless sediments at

that time, but included a factor for the inter-particle cohesion
(Partheniades, 1972).

Although there are detrimental effects resulting £from
ignoring the cohesion of silt and c¢lay particles in dredge
material, the formulation by Vincent et al, (1982} based on Grant
and Madsen's (1979, 1981) was chosen to be' most applicable for
calculations of sediment transport in this case. A simple
disposal site classification scheme which uses the results of
their work to quantitatively predict the sediment transport
resulting from storms is described in the next section.

5.3 Sediment Transport Model Description

The sediment transport model calculates the bedload
transport according to the physical characteristics of the site
and typical storm values for waves and currents in the area. The
frequency of storms is combined with the sediment transport
resulting from storms to obtain a probabilistic estimate of the
sediment transport due to storms as a function of time. Since
not all storms will cause transport, the frequency of transport
becomes non-linear. The occurrence of transport is primarily
dependent on the bottom wave orbital wvelocities and the low
frequency or ‘steady' currents. These observations are based on
and included in the theories of Grant and Madsen (1982; 1979) for
bottom shear stress and Vincent et al. (1982) for bedlocad
transport, which reflect the present state-of-the-art of sediment
transport estimation. Using these theories, an order of

magnitude estimate is presently attainable for a sediment
transport prediction.

Figure 5-2 vpresents a flow chart of the sediment
transport model applied to the classification scheme. Site
specific wave and current data for a given storm intensity, along
with the Jjoint frequency of occurrence and . the physical
characteristics of the disposal site are used to calculate the
bottom shear stress. The resulting bottom shear stress and the
physical properties of the bottom sediment are used to calculate
the sediment transport. Once sediment transport occurs, the
bottom shear stress must be recalculated to include the effects
of sediment entrainment on that parameter. Finally, the sediment
transport rate for a storm of the specified intensity is
calculated using the modified version of the bottom shear stress.
The resulting sediment transport for the storm is combined with
the frequency of occurrence for such a storm to generate a
frequency of transport. These steps are repeated using data from
different levels of storm intensity and corresponding frequency
of occurrence to obtain the final product, the total from the
site as a function of time in vears.
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5.3.1 Input Data

Two types of input data are required: storm data and
the physical characteristics of the bottom, including the
proposed disposal mound. These inputs are summarized in Table
5-1. The waves and currents generated by typical storm
intensities along with the frequency of occurrence and duration
of the storm are needed to satisfy the storm data requirement.
For the physical characteristics of the bottom, water depth and
the bathymetry of the area are required and the sediment density
and grain size of the cap and/or dredged material are needed..
Since these data must be supplied by the user, a more detailed
explanation along with a list of sources is given below and in
Table 5-2.

Descriptions of storms of various intensities and
durations must be specified according to their frequency of
cccurrence such as a 1, 5, 10, or 20 year storm. (A 5 year storm
represents the worst storm probabilistically expected within a'5
year period.) Climatological summaries prepared by NOAA and the
Army Corps of Engineers provide general meteorclogical
information for public use. A description of a storm pertinent
to this scheme consists of the waves and wind-driven, tidal and
non-tidal currents.

To describe the waves sufficiently, the wave height,
period and direction must be specified either from observations
or through hindcast from wind data. There are several sources
for wave data observations, as seen in Table 5-2, including NOAA,
the Army Corps of Engineers, local sources, and ship's records.
NOAA has compiled a "Summary of Synoptic Meterological
Observations” {SSMO) for the WNorth American coasts, which
provides monthly and yearly frequencies of wind speed and
direction, wave heights and wave periods. A sample wave data
tabulation is shown in Figure 5-3. This type of report is
readily available for certain areas through the National
Technical Information Service (NTIS). Both NOAA and the Army
Corps of Engineers (COE)} are presently initiating studies of the
wave climate by deploying wave buoys at specific sites along the
east, west, Gulf, and Alaskan coasts. A national data center has
been proposed to archive these data and make them available to
the public.

For the past twenty years, wave data has been collected
by the COE for certain portions of the Atlantic coast for
verification of their wave hindcast models. A sample of these
data collected at Buzzards Bay, Massachusetts is shown in Figure
5-4. Similarly, wave observations from ships provide a data base
representing over one hundred years. An example of wave data
obtained from ship's 1logs is shown in Figure 5-5,. These
observations have been collected on tape (the TDF-ll series) and
are available for general use from the National Climatic Center
in Asheville, North Carolina. The observations mentioned above
are primarily in deep water at sites which may not be near enough
to a proposed site to be representative of its conditions. It is
preferable to have direct observations at or near the proposed
site, but these are not always available.
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Required Input Data for the Disposal Site Classification Scheme

Data Type

Storm Data

Physical Characteristics:
of Bottom

of Dredged Material

of Site Topography

TABLE 5-1 Requi;eq Input Data for the Disposal Site
Classification Scheme :

Specific Parameters

Statistic of Occurance and Duration

Wave Height, Period, and Direction

Wind-Driven Current Velocities or
Wind Speed and Direction

Tidal Currents

Bedforms {i.e. ripples, holes, etc.)

Sediment Density Distribution
Grain Size Distribution

Water Depth
Bathymetry of Area
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Input Data Sources

Statistics of Occurance and Duration (for the storm)
- Observations by NOAA or the Army Corps of Engineers

Wave Height, Period and Direction (with frequency of occurance)
- Observations by NOARA or the Army Corps of Engineers
- Ship's Observations
~ Local Measurements
- Hindcast from Storm Winds

Wind-Driven Currents
. - Local Observations
~ Hydrodynamic Estimate of Wind-Driven Flow

Wind Speed and Direction (with duration and frequency ¢f occurance)
- Climatological Summaries
- National Weather Service Coastal Stations

Tidal Currents
- Local Observations
- NOS Tidal Current Tables

~— Bedforms
- Photography
= Sidescan

Sediment Density Distribution
- In Situ Sampling

Grain Size Distribution
- In Situ Sampling

Water Depth and Bathymetry of Area
- Charts
-Bathymetric Survey

TABLE 5-2 Sources for the Required Input Data
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by the Army Corps of Engineers(CERC)
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2.6268 0.0334 0.2136 9.09134 0.8385
8.9 é.0 9.8 0.8 2.0
SE SSE e li) SSW SW
6.a @.0135 9.9162 3.3283 8.92233
g.3182 9.8334 B.alg2 8.8135 .7368
0.9 8.9 @.9268 0.0363 3.0102
9.8368 8.0 0.6334 2.4 9.0334
8.2 2.0 0.0968 @.8368 8.2368
9.8 2.2 e.a .2 - 6.8
SE . SSE SOu SSW SW
8.3136 3.913% 2.9437 8.9449 8.0745

8.8358 J.0358 8.8271 8.8169 8.04472
9.3334 8.8368 2.8368 g.7234 8.0368

8.0334 2.2132 e.@ 2.8334 8.0934
d.9268 2.0 0.9 3.6368 8.0169
@.22134% 2.2 9.8334 8.9 - 9.9

SE SSE S0U - S3W SW
6.9271 8.82373 3.92933 8.2315 9.1389
0.81@2 4.8368 8.0237 8.8223 8.8576
3.4234 2.9 - P.0358 3.3368 9.23142
3.9 2.3 2.a4182 4.4 8.0368
6.82368 3.9 8.28192 2.22368 8.0136
2.9 9.0 2.0 N 9.0868

SE SSE 504 35W SW
2.1353 J3.1223 2.2541 @.2315 2.4232
0.9169 3.8271 8.3271 3.82137 6.3373
8.04368 d.2102 2.9 0.3169 9.0132
8.03s88 4.0 3.9334 3.8334 2.2
2.0334 8.8224 8.8135 2.3233 8.8169
0.9 8.2334 0.2934 8.0368 8.9

SE SSE S20 SSW SW
1.8368 8.8193 2.2382 2.6495 2.9285

6.98712 9.08339 2.8933 3.8949 2.1152
8.8169 3.alg2 8.8407 8.6136 B.0169
0.9334 8.08136 2.02137 #.al1a2 8.8135
3.0612 9.3335 J.1662 3.1728 8.2639
2.0368 2.8268 2.2497 9.8135 @.08339

Sample Wave Data- taken frgm ship'g records
for the area bgunded by 70~ and 80~ W longitude

and 40° and 50° N latitude
| ‘iJ’?;'
F
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Occasicnally, 1local studies have been made by academic
or other organizations. Using the Central Long Island Sound Site
as an example, two nearby areas - Stratford Shecals and Six Mile
Reef =~ are presently being studied by the Marine Sciences
Institute of the University of Connecticut. These areas lie on
either side of the Central Long Island Sound Site, approximately
8-10 miles distant in approximately half the water depth. After
extrapolation for the water depth difference, they are applicable
to that site and are being studied for that reason. If
observations are not available, the "wave height, period, and
direction can be predicted using a hindcast scheme such as
Bretschneider's (Fig. 5-6). The Army Corps of Engineers has also
compiled hindcast estimates <for significant wave information
through its Wave Information Studies of U.S. Coastlines done by
the Waterways Experiment Station (WES). An example of hindcast
estimations are presented in Figure 5-~7. Any of these sources
may be used as needed to provide the required data and it will be
the user's responsibility to assess the data base relative to the
proposed disposal site.

The scurces for the wind-driven current information are
less numerous and are generally available only from local
measurements or hydrodynamic estimates based on wind
observations. Long—-term local current measurements are
preferred, but a literature search must be conducted in order to
determine the extent of data available. If the specific storm
dates and associated wind data are known, the wind-driven current
can be determined from the current record. If the data are not
available, an estimate can be made using a hydrodynamic model of
the wind-driven circulation based on wind observations. A simple
method for calculating the flow due to wind stress is presented
in Figure 5-=8, This calculation requires wind velocity
observations, which are readily available from climatological
summaries, as was shown in Figure 5-3, or through the National
Weather Service Coastal Station network.

In addition, tidal current velocities over at least
several cycles of the tide can be used for the tidal currents.
These data can be obtained either from local observations or the
National Ocean Survey tidal charts (Fig. 5-9). The waves, tidal
currents and wind-driven current specify the environmental
conditions that determine transport; therefore, representative
values of these parameters during storms are required to
characterize a storm for sediment transport prediction.

Direct observations of the total current f£from current
meters occasionally exist, but these observations are not
commonly made near the bottom (within one meter). The best type
of data are obtained from sources studying sediment transport
such as Vincent (1982), and should be used whenever available.

The physical characteristics of the bottom and of the
capped dredged material mound are also required. Since the cap
material would be the sediment entrained, the grain size and
density of the cap should be used. In~-situ sampling should be
used to acquire these values if possible. The bottom roughness
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The wind-driven current velocity, V, at the near-bottom is
directly related to the surface wind shear stress, the
duration of the wind, and the depth of the water

V=at/ (hp)

where:
t = duration of the wind
h = water depth
p = water density.

The wind stress can be calculated from an estimate of the drag
of the wind on the water surface, according to the equation

Y = C410 Pa Y10 IUlOl

where:
C10 = drag coefficient
P, = air density
ujg = wind velocity 10 m above the surface.

The drag coefficient has been empirically determined as a
function of the wind speed,

Csto = 0.00063 + 0.00000066 U, 5L

({ Carl Amos, 1983: personal communication )

FIGURE 5-8 . Sample Wind-Driven Current Determination

S
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E

=,

e

15
Sa

Time meridian 75% W.

F«Flood, Dir, 295° True

JANUARY

Maximum
Current
Time Vei.

Day
h.m, ~knots
034} 4,1E 16
0337 4,1F Su
1606 4.7E
221t 4.0F
0435 4,1E 17
1029 3.9F L]
1702 4,58
2304 1,9F
0532 4,0E 18
1128 3,6F Tu
1759 4.2E
ego? 3.5F 19
0631 3.9E W
1228 1.3F
185§ 3.9€
6101 1.4F 20
07N 3.7¢ Th
1313 3.0F
1956 3.5
020§ l.2f 21
0832 3.6E F
1443 2.7F
2057 3,38
0306 3.0F 22
0933 3.58 Se
1562 2,5¢%
2155 3.1€
0410 2. 9% 23
l1o0z8 3.5€ Su
1653 2.5F
2252 3.0¢€
0509  2.8F 24
1124 3.6E M
175} 2.6F
2345 2.9¢
0558 2.8F 25
1231 3.5E Tu
1838 2.6F
0032 2.9E 26
0643 2,7F ']
1258 3.6E
1921 2.7F
0lla 2,98 27
n72¢ Faid Th
1141 1. 6E
2000 2.7F
020} 2.9€ 28
0757 2.7F F
1422 3,88
2033 2.6F
0242 2.8E 29
082s 2.6F Sa
1459 3.5E
2101 2,6F
032) 2.8E 30
9904 2.6F Su
1513 3.4€
2134 2.6F

31

M

FIGURE 5-9

S5Tack
Water

Time
h.m,

G040

2203

odns
1048
1627
2254

c45g
11438
1726
2350

0555
1250
1829

0eso
0654
1350
19312

0150
0754
1447
2032

oso
0as:
1542
2129

B4

0947,

1634
2224

0443
1041
1724
2317

0537
1134
1814

0009
0511
1227
1908

G100
0126
1119
1959

THE RACE, LONG ISLAND SOUND, 1983
E-Evb, Dir. 100* Trye

Haximum
Current
Time Vel,
h.m. knots
0400 2.8E
0942  2,5F
1616 3.2E
2249  2.6F
0438 2,7E
1022 2.5F
1651 3.1E
2248  2,6F
0514 2.7E
1108 2.4F
1727 2.9¢
2331 2.6F
0552 2.78
1149 2,3F
1802 2.7E
o015 2.5F
0637 2.7E
1240  2,2f
1849  2,6E
0102  2.5F
0129 2.7E
1331 2.2F
1942  2.5E
0155  2.6F
0828 2,9E
1825  2.2F
2049 2.5E
0250 2.7F
0929  3,1E
1528 2.4F
2152 2.7€
0349 2.9F
1031 3.5E
162  2.71F
2254 2,9
Q447  3,.2F
1129  3.8E
1728 1.0F
2361 3.3E
0544 3.5F
1223 4,.2E
1824 3.4F
Do4s 3. 7E
0640 3.8F
13156 4,.6F
1918 J.8F
0141 4.0E
0736 41F
1409  4,8E
2012 &, 0F
0232 4,3€
0829 4,2F
1459  4,9E
2102 4, 2F
032% 4. 4E
0921 4,2f¢
1551 4.8E
21%3  4,.2F
0417 4,4E
1014 §.0F
1642 4.6E
2245 4.0f

0000 '3 midnight.

Day

o

E~

=W

10
Th

12
Sa

13
Su

1%
Tw

1200 &s naanm,

Stack
Water

Time
hom.

0152
og22
1412
2047

0244
0921
1507

2141 .

03138

FEBRUARY
Maximum
Current
Time Vval,

Day

h.a. Xnots
0511 4.3E 16
1108 3.7F o
1735 4,2€
2336 178
0608 4.0E 17
1205 3.3F Th
1829 3.8E
0031 3.4F 18
0702 3.8E F
1303 2.9F
1926 3.4
0129 1.0F 19
0759 3.5E Sa
1407 2.5F
2025 3.0E
0230 2.7F 20
0859 3.3E Su
1517 2.3F
2122 2.7¢
0335 2.5F 21
0958 3.2¢ N
1629 2.2F
2223 2, 6E
0437 2. 4F 22
1652 3.2E Tu
1726 2,3F
2217 2.6E
0535 . 2,4F 3
1148 . 3,2€ ¥
1815 2.4F
o008 2,7E 24
0623 2.5F Th
1233 1,3E
1980 2.5F
apss 2.8E 23
0700 2.5F F
1317 3.4E
1937 2.6F
0137 2.9€ 26
0737 2,6F Sa
1158 3.5E
2008 2.7F
0217 J.0E 27
o08os 2,7F Su
1835 L1y
2035 2,8F
0256 3.0E 28
0842 2.7F L]
1513 3.4E
2105 2.8F
0331 3. 1€
0919 2.8F
1549 3.2E
214l 2. 9F
0407 3,18
0956 2.8F
1622 3.2€
2216 2.9F

Stack
Water

Time
hom,

o121
0749
1334
2002

Max imum
Currant
Time Vel.
h.m. knots
0443 3.1E
1037 2.7F
1651 3,1E
2257 2,8F
0516 3.1E
1120 2.6F
1723 2.98
2340 2.8F
0857 3.1E
1208 2.5F
1808 2,8E
0029 2.7F
0648 3.0E
1301 «4F
1903 2.6E
0122 2.7F
0751 3,08
1358 2.3F
2015 2,68
0221 2.1F
0901 3.2
1501 +4F
2126 2.7E
0323 2.8F
1007 3. 4E
1605  2.6F
2235 3.0E
0426 3.1F
1108 3.8E
1709 3.0F
2334 J.4E
0529 3. 4F
1267 4.2E
1809 3. 4F
0932 3.8E
0629 3.8F
1259  4,SE
1908 3.8F
0126 4.28
0725 4,0F
1352 4.7E
1955 4,1F
0217 4, 5E
0al? 4,2F
1441 4,BE
2045 4,2F
0347 4,6E
0906 4.2F
1530 4 7E
2133 4,2F

gample Tidal Current Data- a page from the NOS
tidal charts which can be used to determine

the tidal current velocity
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of the site must also be described, i.e. bedforms and ripples,
and bathymetry, and can be determined using sidescan or

.~ photegraphic¢ techniques. Bathymetric charts or standard nautical
charts can be used to describe depths in the study area. Water
depth should be adjusted according to the height of the proposed
mound, which may be estimated from historical data based on the
volume of material to be deposited at the site.

After compiling the most representative values
available for these several parameters described above, the
computations of the sediment transport model can begin, starting
with the bottom shear stress calculation.

5.3.2 Bottom Shear Stress Calculation

The bottom shear stress, {(T), as a function of time is
primarily a function of the fluid density, P , the near bottom
wave orbital velocity, U,, a combined current and wave friction’
factor, f£,,, and the 'relative angle of the current velocity
with the waves, ©_, as described by:

T(t) = 0.50f_, UW2 |sin(te + @ ] sin{Wt + G )

The shear stress calculation is complicated because of the
interaction between the shear stress and the near-bottom velocity
via the bottom friction factor. To calculate the bottom shear
stress, the velocities must be known, however, tc know the

- velocities within the bottom boundary layer, the shear stress
must be known. This type of problem is best solved using an
iterative approach, such as the following proposed by Grant and
Madsen (1979). Their approach divides the bottom shear stress
calculation into five steps, as seen in Figure 5-10, with only
the fourth step being iterative. The bottom shear stress derived
from this calculation is then input to the sediment transport
calculation.

5.3.3 Sediment Transport Calculation for a Specific Storm

The sediment transport is a function of the bottom
shear stress via the Shield's parameter. The basic determination
of the instantaneous sediment transport rate, q(t), is dependant
only on the near-bottom velocity, U.,, and the excess Shield's
parameter, , according to:

a(t) = 0.09 (W) - W) u_

{(Vincent et al., 1982).

The excess Shield's parameter is the exceedence of the maximum
Shield's parameter over the critical Shield's parameter, where
the critical Shield's parameter signifies the onset of sediment
~ motion. (The critical Shield's parameter is empirically derived.)
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BOTTOM SHEAR STRESS CALCULATION.

Define Characteristic Parameters

Estimate a Value for the Bottom Roughness
Estimate the Near Bottom Wave and Current
Velocities and the-Separation Angle

l

Iteratively Solve for Four Interdependent Parameters

1) the ratio of the near bottom current and wave velocities
2) the separation angle for the current and wave velocities

3) the ratio of the bottom roughness to the excursion
amplitude of a fluid particle

4) the ratio of the near bottom specification height to the
bottom roughness ‘

Calculate the Bottom Shear Stress

FIGURE 5-10
S/—
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The bottom shear stress and the friction factor affect the
transport rate via the Shield's parameter, as characterized by

T(t) = 0.50f_, (U, cost + U)

{ Vincent et al., 1982).

This transport rate 1is first integrated over a wave cycle and
then over the duration of the storm to yield the sediment
transport per unit area for a storm.

The formulation for the sediment transport calculation
is much more straightforward than that of the bottom shear
stress. The approach outlined by Vincent et al. (1982) and based
on Grant and Madsen (1979} was used.

The "basic steps of the formulation are outlined in
Figure 5-11. PFirst, the maximum Shield's parameter is determined
using the velocity values obtained in the bottom shear stress
calculaticn. The critical Shield's parameter is then obtained
empirically. If the maximum Shield's parameter does not exceed
the c¢ritical wvalue, transport will not occur for this set of
input conditions and the calculations for a storm of that
intensity are complete. If the maximum exceeds the critical
Shield's parameter, <transport will occur. Since sediment
transport affects the bottom roughness parameter (Grant and
Madsen, 1.982), the bottom roughness must be recalculated along
with the bottom shear stress and the Shield's parameters at the
onset of sediment transport. Once this has been done, the
instantaneous sediment transport rate per unit area can be
calculated. This rate must be integrated over a wave cycle to
obtain the average instantaneous sediment transport rate per unit
area per wave cycle, This rate is again integrated over the
duration of the storm to obtain the sediment transport per unit
area per storm,

5.3.4 Sediment Transport Model Results

The sediment transport per unit area as a function of
time is the final output of the sediment transport portion of the
classification scheme. The sediment transport can be converted
to a depth loss and, by normalizing this value by the proposed
mound height, the final output is a percent loss per unit area as
a function of time. This can be presented in the form shown in
Figure 5-12. (This figure was drawn by speculation for a
hypothetical site.) The percent loss for a site should have this
general appearance, with the slope of the line depending on the
degree of storm impact. If the site is affected by 5 year
storms, there would be an increase in the curve every five years.
Super imposed on this steady increase are larger increases
corresponding to 10, 20, and 50 year storms (or the equivalent).
From Figure 5-12, a 'lifetime' for this site could be estimated,
in this case; 80 years. However, it must be remembered that this
is a probabalistic curve and if a major 20 or 40 year storm
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CALCULATIONS OF SEDIMENT TRANSPORT
FOR A SPECIFIC STORM

S

Determine the Maximum Shield's Parameter
(using parameters determined in shear stress calculation)

'

Determine the Critical Shield's Parameter

lfo Transport

Will Occur
For This Storm
According To The
Input Parameters

If -
the Shield's Parameter
Exceeds the Critical Shield'

. Parameter

~ Re~calculate the bottom shear stress including the
sediment transport in the bottom roughness parameter,
and repeat the maximum and critical Shield's

parameter calculations to this point

Calculate the Instantanecus Sediment Transport Rate

'

Integrate the Instantaneous Sediment Transport
: Rate over One Wave Cycle

'

Integrate the Instantaneous Sediment Transport Rate
per Wave Cycle over the Duration of the Storm

FIGURE 5-11
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occurred at the start of the period, conditions at the site might
be drastically altered and require attention. .

5.3.5 Sediment Transport Model Assumptions

There are three potential sources of errors due to
assumptions in sediment transport models: 1) reliability of the
input data, 2) uncertainties in the sediment transport
formulation, and 3) neglect of portions of the physics. 1In each
cof these areas, uncertainties exist or assumptions were made
which are potential error sources. Overall, the primary error
source, however, is the uncertanty in the sediment transport
formulae, which were derived from empirical relations. These
empirical relations are based on limited data mainly gathered in
laboratory flume experiments for non-cohesive sediments such as
coarse sand. These formulae alone limit the degree of accuracy
to an order of magnitude. This does not imply, however, that
reliable predictions cannot be made. The capability does exist
for accurate preditions of this type, since many of the effects
of the errors are small, and average out making the overall
estimation sufficiently accurate for the decisions required here.

The primary potential for error of the sediment
transport model itself is the reliability of the theories and
formulae. First those of Grant and Madsen (1982, 1979) for
determination of shear stress under waves and currents and the
effect of sediment transport on the effective bottom roughness
and secondly the calculation of sediment .transport by Vincent
(1982} . Both of these theories have been empirically verified,
but not for all types cf conditions. Grant and Madsen's work,
particularly, has been verified primarily using coarse sands in
laboratory flume studies. Although this applies directly to most
of the capping material, its application to the silty or muddy
sediment that. 1is characteristic of dredged material |is
gquestionable. Vincent's relations were verified against storm
data with good agreement, which was one of the primary criteria
for their selection.

Other sources of error due to the theoretical
formulation are the interdependent nature of the parameters in
the formulation of the shear stress, which has already been

- discussed, and the dynamic nature of the parameters. The

sediment density, grain size, and bottom roughness are assumed to
be constant with time while in reality they are dynamic with the
onset of sediment transport. This dynamic nature could bhe
considered part of the physics of the problem which is being
neglected.

Other potential error sources which may impact the
problem are:

1) lack of knowledge of cohesive forces within the
sediment,

2) lack of knowledge of suspended locad transport,
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3) disregard for non-linear breaking wave effects,
4) no change in the water depth due to the storm,

5) no change in the bathymetry of the area for a long
period of time,

5.4 Final Form of the Classification Scheme

Upon completion of this program, the classification
scheme will consist of:

1) a set of computer models capable of predicting
behavior of different sediment types under
different conditions and calculating parameters of
mound stability

2) a set of interpretation tables to evalute the
output of the ‘models

3) a user's manual for operating the models and
interpreting the results.

When it is necessary to evaluate a potential capping
project, the models will be run depending upon the specific needs
of the user. It will be his responsibility to obtain the
necessary data for operation of the program.

5.5 Model Verification and Sensitivity Analysis

Once the models have been developed, they need to be
verified against a test case and a sensitivity analysis should be
made. Since a significant amount - of observations and
measurements -have been made in Central Long Island Sound and with
Black Rock material, they will be used for the first verification
test case. Upon successful completion of this test case, two
other cases with their respective materials will be run. A site
in deeper and more open water should be selected to verifly the
models for those conditions.

After verification, a sensitivity analysis will be made
for the models. This type of analysis determines the sensitivity
of a model to typical magnitude changes of its parameters. A
sensitivity analysis may show that typical values for changes in
the consolidation ratio show an order of magnitude less change
than typical wvalues £for the sediment density. Using this
information, a user's reaction would be two-fold. First, he
would place more emphasis on obtaining accurate estimates of the
density when operating the model. Secondly, he would probably be
able to disregard most changes in the consolidation ratio and

concentrate his effort on the effect of changes in density on his
data.
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5.6 Summary

The development of a classification scheme to assist in
decisions relative to capping operations is progressing well.
Sediment transport models applied to the stability of cap
material at a specific site have been developed to the point
where implementation of the computer scftware can begin. Further
work is needed to define the parameters associated with
geotechnical properties and their effect on dredged material
distribution and behavior, however, the basic inputs and formulas
for development of mound stability criteria have been defined and
can be implemented.
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APPENDIX 1

SUMMARY OF DISPOSAL OPERATIONS
AT THE
CENTRAL LONG ISLAND SOUND
DISPOSAL SITE

SPRING, 1983

(Operations designated as unknown were not
clearly recorded in disposal logs.)
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01-3i-g4 FabE 1
DISFOSAL AREA MONITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL. RECORD
CENTRAL LONMG ISLAND SOUND (CLLIS) DISFOSAL AREA
N
e - RISFOSED AT Q0 LIMECROWN - == =
DISFOSAL MATERIAL '

DATE SITE SOURCE YARDS™E METERS™Z
R4-25-33 UMENQWMN NHEaV UPFER 3701 280
04~-25-33 LINENOWN NHAY LUFFER I703 2831
Q4-25-87 UNENOWN NHAY UFFER 700 2829
04-28-87 LINE-NOWN NHAV UPFER Z701 28730
14-28-33 LIMNENCHWN NHAY UFFER 3702 2871
Q4-=-29-897 UNENOWN NHAV UFFER O FZT700 2829
04-29-g7 UNENOWN NHA&Y UFFER 701 2830

————— TOT-ALS FOR NHAY UFFER = = = = = = = = @ m @ - - - = = = = - =
. 25903 19809
----- TOTAIL S8 FOR UNMENOWN = = — = = = — = = — = = — = = = ;- e - = - -
’ o708 19809
N
/
T



DISFOSAL AREA MONITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL RECORD
CENTRAL LONG ISLAND SOUND (CLIS) DISFOSAL AREA

- - DISFOQRZED AT : 1 CS #1 ] --—— -
~ DISFOSAL MATER IAL
DATE SITE SOUREE YAaRDE™T METERS 2
04-06~-3732 CS #1 BLERE REACH 1 NORTH 1420 1084
O4-05~87% CS #1 BLERE REACH 1 NORTH 1500 1147
04d—-046H-85 CS #1: BLERE REACH 1 MNORTH 1501 1148
O4-06-873 £8 #1 BLERE REACH 1 NORTH J000 2294
O4--07-873 0SS #1 BLERE REACH 1 NORTH 1450 1109
0407 =87 CS #i BLERE REACH 1 NORTH J000 2294
04 —-0a3-3 % CS #1 BLERE RE&CH 1 NORTH 1420 1086
G4-08=87 CS #1 BLERE REACH 1 NORTH 1500 1147
4 -—-038-371 CS #1 BLERE REQGCH 1 NORTH 000 2294
Q4-09-872 CS #1 BLEREK REACH 1 NORTH 1200 F1E
04-09-33> CS #1 BLERE RE&CH 1 NORTH Z000 2094
————— TOTAL S FOR BLERK REACH 1 NORTH ~ = = = = = = = = = = = = = = -
21991 148314
Q4 =10-87 C5 #1 BLEREKE REACH = SOUTH 1350 1032
————— TOTALS FOR BLEKRE REACH X SOUTH - — = = = = = = = = = = = = - —
1350 1032
S~ 04-06-37 S #1 MHA&Y UFFER L =700 =282
Od-18-83 CS #1i NHAYV UPFER 2499 2575
34--13~-33 CS #1 NHAY UFFER 3501 28677
04-13-873 s #1 NHAV UFFER ZI700 2829
Q4--19-37% C5 #1% MNHA&AY UPFER S700 2829
05-17-832 CS #1 NHAY UFFER JF700 =829
05—-18-37 Cs #1 NHAYV UFPER: 2498 2827
5-18-83 CS #1 NHAY LFFER Z6HFP 28328
0S—-18-87 C5 #1 NHA&Y UFFER IT700 2829
0S-13-87 CS #1 NHAY UFFER 3701 2830
05—-183-83 CS #i1 NHAY UFFER 2702 28741
05-19-33 Cs #1 NHA&V UFFER 25658 2827
03—19-83 CS #1 NHAY UFFER S3H99 2823
0S9—-19-87% S #1 NHAY UFFER FT701 230
0S5—-17-87 Cs #t MNHAY URFER ’ 2702 2az1
05-20-33 C5 #1 NHAY UFPFER I4L99 2828
Qo-Z0-3a3 s #1 MHAV URFFER ETO0 2829
OS—-20~-33 CS #1 NHAY UFFER 701 2830
O5=-21-3% CS #1 NHAV UFFER I700 829
Q5-22-83 LS #1 MHAY UFPFER 699 Tase
0S-=22-37 DS #1 MH&Y UFFER 2700 2829
OS-22--87 TS #1 NHAY UFFER I701 2830
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DISFOSAL AREA MOMITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL RECORD
CENTRAL. LONG ISLAND SOUMD (CLIS) DISFOSAL. ARERA

- - DISFDSED AT 2 ¢ 1 Ccs #1 . - - - -
N _
DISFOSAL MATERT AL
DATE SITE SOURCE YARDS™ZE METERS ™3
OS5-23-87 CS #1 MNHAY LFFER F700 2azg
a5-23-83 CS #1 NHAY UFPFER Z701 28720
----- TOT AL S FOR NHAV UPFPER - e e e e e e~ -
. 889401 L7570
04-11-83 CS #1 UNENOWN BLERK 1450 1109
04-11-87 TS #1 UNENOWN BLERE 1550 1135
04-11-833 CS #1 UNENOWN BLERE JI000 2274
04-12-87 cg #1 UNFENOWN BLERK 1500 1147
04-12-37 28 #1 - UNENDWN BLERE ) TOO0 2294
04—-173-83 €S #1 LINENOWN BLERE 1500 1147
O4-~-13-85 CS #1 URKNOWN BLERE K 2000 1529
O04-13-873 CS #1 UNENOWN BLERE S000 2294
04--14-87% S #1 UNENOWN BLERE 000 2294
04-15-83 CS #1 UNENMNOWN BLERE 1500 1147
04-15-8Z% Cs #1 UMENOWN BLERE 1501 1148
***** TOTAL S FOR UNENOWN BLERE — = = = = = = = = @ = = @ w = - -~ - —
. 2T001 17386
~ s T - TOTAL S FORCS #1 — = = = = T T T T T T T T s TS s e m
134747 10302E
‘\V
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DISFUSAL AREA MOMITORING SYSTEM (DAMOS!
DREDGE MATERIAL. DISFOSAL RECORD
CENTRAL LONG ISLAND SOUND (CLIS) DISFOSAL AREA

- — DISFOSED AT = : 2 Cs #2 _ i - = -
~ DISFOSAL MATERIAL
DATE SITE SOURCE YARDS ™3 METERE™Z
OS—15-87 cs #2 LINENOWN BO0O0 1529
————— TOTALSFOR UNENOWN — = — = = = = = = = = = — = = & = = = = ~ =
2000 1529
04-18-87 CS #2 BLERE, REACH 1 NORTH 1300 1147
04-19=-87 CS #2 BLERE REACH 1 NORTH 1400 1070
14—-19-8= CS #2 BLERE REACH 1 NORTH 1800 1376
04-19-87 CS #=2 BLERK REACH 1 MNORTH F0D00 2294
Gq4-20-87% cs #2 BLERE. REACH 1 NORTH 1400 1070
04=-20-87 £S #2 BLERE, REACH 1 NORTH 2790 21353
04--21-873 CS #2 ELERE REACH 1 MORTH 1300 94
Qd4-—-21-3% Cs #2 EBLERE REACH 1 NORTH 1330 1017
04-21-33 e H#2 BLERE REACH 1 NORTH 280G 141
04-22-37 £S5 #2 BLERKE REACH 1 NORTH 2850 1950
G4—-27-373 C5 #2 BLERE REACH 1 NORTH 2700 2064
420 -8% s #2 BLERE REACH 1 NORTH 2800 2141
- - —-= = TOTALS FOR BLERK REACH 1 NORTH — — - = = = = =~ = = = = = = — —
25370 1923397
o :
Q4=-204-82% Cs #2 BLERE REACH 1 SCUTH 1800 1376
04-25-83 CsS #2 BLERE REACH 1 SOUTH 1330 1017
04-05-3% Cs #2 BLERE REACH 1 SOUTH 1800 1374
O4=-05-37 Cs #2 BLERE REACH 1 SOUTH 2800 2141
Q4--25=-37 Cs #2 BLERK REACH 1 SOHITH 1800 1376
O4=-25-g73 €S #2 BLERE REACH 1 SOUTH 2750 2102
————— TOTALS FOR BLERK REACH 1 B0UTH — — = = — = = = = = = = = — — -
12280 !IBe
W5-15-387 CS #2 EBLKERE REACH = SOUTH 2125 1425
NE—~-17-87 Cs #2 BLERE REACH 3 SCUTH 13850 1415
OS=-17-82 cs #2 BLERE REACH T SOUTH- 2825 21460
05=-13-9= CsS #2 BLERE REACH I S0UTH 1450 1262
————— TOTALS FOR BLERK REACH T SOUTH = = = = = — = = = = = = = — — -
8450 &4561

QS-20-33 5 #2 MHAY DUTER 2500 1912
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DISFOSAL AREA MONITORIMNG SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL RECORD
CENMTRAL LONG ISLAND S0UNMD (CLIS) DISFOSAL AREA

- - DISFOSED AT @ = 2 s H#2 -- -
~ DISFOSAL MATERIAL
DATE SITE SOURCE YEaRDS™S METERS ™A
0S5-=-20-83 Cs #2 NHAY OUTER SJI000 2294
05-30-82 S #2 NHAaVY OQUTER S250 2485
0NeS-31-83 CS #2 NHaY QUTER 3449 2637
0e5-31-87 Ccs #2 - NHaV DOUTER 3450 26358
0S-31-873 CS #2 ) NH&Y DUTER 2451 2639
NS-31-87 £s #2 MNHAY OUTER ' 2650 2771
D&E-01-83 CS #2 NHA&Y DUTER ITIS0 2561
0&-01-83 £S #2 NHAY QUTER 3450 2638
DH-01-8Z CS #2 NHAV OUTER 2790 2857
OL--02-83 CS #2 NHAY DUTER 2850 2179
QH=-02-83E CS &2 NHAY OQUTER 3450 25358
06—-02-83 s #2 NHAV OUTER 850 2744
0b6—-0Z-87 £S #2 NHAY OUTER 3850 2944 -
D&=0Z-33 CS #2 NHAV QUTER ‘ 3851 2944
Na—0Z-87 CS #2 NHAYV OUTER u . =832 2945
————— TOT ALS FOR MNHAY ODUTER — = = = = = = = = = = = = = = —« = = = =
SO0l 42055
***** TOTALGSFIOIRCS #2 — = = = = = = = = = @ = = = = = = = = = e - -
103103 788731
-
N
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DISFOSAL AREA MONITUORINMG SYSTEM (DaAMOS)
DREDGE MATERIAL DISFOSAL. RECORD

212

CENTRAL LONE ISLAND SOLND (CLIS) DISFOSAL. AREA
- - DISPGSED aT 3 oz = MEORDS - - - -
S
DISFOSAL MATERIAL
DATE SITE SOURCE YARDS™3E METERS™Z
G4—=01-83 MERDS BLERE REACH 1 NORTH 1500 1147
04-01-~-83 MORDS BLERK REAOCH 1 NORTH 2900 2217
04=02-33 MGRDS BLERE REACH 1 NORTH 1490 1139
O4=-02-87 MORDS BLEREKE REACH 1 NORTH 1820 11482
04—-04-87 MORDS BLERE REACH 1 NORTH 1500 1147
Gqd—-05-273 MERDS BLERE REACH 1 NORTH 2710 2072
040587 MGRDS EBLERK REACH 1 NORTH 2800 2141
04—-06=-87 MORDS BLERK. REACH 1 NORTH 1420 108&
O4-06=-83 MORDS Bt.ERE REACH 1 NORTH 1500 1147
————— TOT ALS FOR BLERE REACH 1 NORTH - = = = = = = = = = = = = = — -
17340 133288
MERDS BLERE REACH 2 S0OUTH 1300 94
MiEORDS BLKERE REACH 3 SOUTH 1300 P4
MORDS EBLEREK REACH ZF SOUTH 2800 2141
OE-25-82 MORDS BLERK REACH Z SOUTH 2000 2294
OI3--24-33 MORDS BLLERE REACH 3 SOUTH 2800 2141
OI-25-63 MGIRDS BLERK REACH = S0UTH J000 2294
O3—-26-02 MGRDS RLERE REQCH = BOUTH 1100 841
N OZ-26-87 MORDS BLERE REACH T SOUTH 1300 @4
IR MERDS BL¥RE REACH = SOUTH 2700 2064
OI=-27-83% MORDS BLERE REACH I SGUTH 1500 1147
Oh-2E-83 MERDS BLERE REACH Z SOUTH 1300 994
OE=-28-83 MERRDS BLERK REACH I SOUTH etalalnd 2294
OE—-29-82 - MERRDS BLERE REACH = SOUTH 2800 2141
OZ-ZT0-83 MORDS BLERKE REACH I SOUTH 1500 1147
DI=Z0-33 MERDS BLERE REACH 3 S50UTH 2800 2141
————— TOTAL S FUR BLERK REACH 3 SOUTH = — = = = = = = = = = = = — =
2RZO0 24620
O3-Z0-283 MRRDS NHAV UFPER 700 2829
OI=-320-83 MARDS NHAY UFPER Z701 2830
04-01-83 MORDS NHAY UFFER TTO0 2829
04-01-83 MCRDS NHAV URFER I701 28F0
04—-02~-82 MERDS NHAY UFFER 2700 2829
Q04-02--87 MCRDS NHAY UFFER 3701 2830
04-02-373 MERDS NEAY UFFER 702 2831
Qa4-Co-85 MORDS MHAYV UFFER IT7OE 2831
04 --020=335 MORDS MNHAY UPFER I704 2832
Q4 =02 -87 MERDS NHAY UFPFER 3705 2/T3
N



DISFOSAL AREA MOMITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL RECORD
CENTRAL LONG ISLAND SOUND (CLIB) DISFOSAL AREA

- - DISFOSED &T : ¢+ 3 MORDS - - - -
~ DISFOSAL MATERIAL _
DAaTE SITE S0URCE YAaRDS T METERS™3
_________ - - - - ——— - - -
O4-02-37% MORDS NHAV UFFER I704 2834
04-037-83 MEaRDS NHAY UFFER _ E700 2829
O4--OT-GT MORDS NHAV UFFER =701 2830
O4-03-83 MQRDS NHAYV UFFER 702 268731
04=04-87 MQRDS - NHAY UFFER 3698 2827
O4-04-83 MORDS NHAV UPFER Z699 282
04 =04--33 MRRDS NHAV UPPER 3700 2829
04-04-33 MERDS MHAY UFFER 3701 2830
04—~04-83 MGRDS NHAY UFFER 702 2821
D4-05-87 MORDS NHAV UFFPER I700 2829
04 -05~83 MERDS NHAV UPFEFR 3701 2870
04-05-83 - MEZRDS NHAY UFFER 3707 2831
04=05~37 MERDS NHAY UFPER . 3Z703 2831
04=056-87 MESDS NHAV UFFER _ . T699 2828
04-0&s-83 - MGRDS NHAY UFFER - 3700 2829
04-06—873 MGRDS NHAV UFFER 3701 2830
04=-07-83 MARDS NHAY UPPEFR 2500 2676
04-07 -85 MERDS NHAY UFFER 3699 2828
04-07-83 MORDS NHA&V UFFER I700 2829
04=-07-873 MBRDS MHAV UFFER 3701 2830
04-08-87 MERDS NHAY UFFER 3699 2825
O4-08-83 MRRDS NHAV UFFER ITO0 il g
e 04-08-87 MERDS NHAY UPFER 3701 2830
O4=-08-87 MERDS NHAY UFPFER 3707 2831
G4 -03-87T MORDS NHA&Y UFFER 3703 2831
04-09~-83% MERDS NHAY UFFER T699 2878
04-09-83 MERDS NHAY UFFER 700 2829
04-09-83 MORDS NHAY UFFER I701 2830
04=-05=-33 MGRDS NHAY UBFER T702 2831
O4-10-87 MORDS NHAY UPFER T699 2828
04-10-87 MERDS NHAY URFER T700 P0G
04-11-82 . MERDS NHAY UFFER 700 TB29
04-11-387 MCRDS NHMAY UFFER 3701 2830
O4-12-87 MERDS NHAV LFPFER : I700 : 2829
04=17-37 MORDS NMAY UFPER 3500 2674
O4-17~873 MRRDS NHE&Y UFFER I700 2829
04-~13-87 MORDS NHAV UFFER 3701 2830
O4-13-87 MERDS NHAY UFPER I702 2831
04—-14-8% MORDS NHAY UFPER 3500 2674
04=—1 453 MORDS NHAV UPFER IS0 2677
141597 MORDS NHAY UFPER T700 2827
04-17-83 MERDS NHAV UFPER SO0 b7 b
G4-202-87 MORDS NHAY UFFER 24693 2827
04-22~37 MORDS MNHAY UFFER - I700 2829
N
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DISFOSAL AREA MOMITORING SYSTEM (DAMOS)
DREDGE MATERI&L DISFOSAL RECORD
CENTRAL LLOMG ISLAND SOUND (CLIS) DIBFOGSAL AREA

- - DISFOSED AT @ = = MERDS _ - - - =
DISFOSAL MATERIAL
DATE SITE SO0URCE YaRDs~32 METERS™Z

ki —— — A ke o 1 i il T T S Y. Ty i L S i ———— A s s vy — —— st L . o " — g b ke et e

04-22-33 MORDS NHAY UFFER 702 2831
O4-22--873 MIRDS NHAY UEFER Z703 2831
04-23-873 MORDS MHAV UPPER TL99 2828
O4=-2T-37 MORDS NHAY UFRFER 3700 2829
04-25-87 MORDS NHAY UPPER i 3701 2870
04-23-37 MERDS NHAY UPFER I700 2829
34-24-37 MERDS MHAY UFFER 2701 280
04=25~37 MORDS NHAV UFFER ' Z658 2827
04 =15-83 MORDS NHAY UPPER et L =823
04=25-87 MORDS NHAY UPFER I700 2829
04—-246-87 MORDS NHAV UFPER I704 . 2832
04-24-87 MERDS NH&Y UFFER ) 3705 2833
0427 ~133 MORDS NHAY UPRER T700 2829
O4=27-37 MURDS MHAY UFFER I701 2830
O4—30~-37 MORDS NHAV UPPER 38699 2828
O4-=-Z0-33 MORDS NHAY UFPFER 700 2829
04=30-37 MORDS NHAY UFPER 701 2830
0S-01-83 MORDS NHAV UFFPER I700 2829
OS—01-33 MORDS NHAY UFFER 3701 2870
OG=02=-87 MORDS NHAY URFER 699 2828
OS5-02=g7 MORDS NHAY UFFPER I700 ware
o S-02-8% MERDS NHAV UFFER 3701 <830
e 05=0Z-3T MORDS NHAY UFFER I702 2831
O5=0I-33 MERDS NH&V UPPER IT6H99 2828
O5—-0E-37 MORDS NHAY UPFER 700 2829
OG- 05=37T MORDS NHAY UFPPER 701 2830
OS-0I-3T MURDE NHAY UFFER I702 2831
OS5-04-473 MERDS NHAV UFPER I700 2829
DS5—0&a—3 MOKRDS NHAV UFFRER A700 829
OS=Da—-87 MERDS MHAY UFFER 701 283230

OIS —04s-37 MERDS MHAY UPFER IT02 2831
OS~-07-33 MCRDS MHAY UFFPER Z700 2829

VS—-0 7 =305 MEORDS MHAV URFER 3701 2830
OS—=07 -3 MCRDS NHAY UFFER Z703 2831
OS—07-37% MORDS MHAY UFFER I703 2831
O5—-02-97% MEORDS MH&Y UFFER 2699 28324
OE5—-0g-a3 MORDS MHAYV UFFER ' I700 2829
OS5-03--87 MRRDS NHAY UFFER F701 2830
O5~-07-87% MERDS NHAY UPFER 34699 2828
OS—0F-g3 MERDS NHY UFPER 2701 2830
OS-09=—-37 MORDS MHAV UPFEF: I702 28xl
05-09-87 MRS MNEISY UFFER 705 2831
05—-10-37 MIORDS MHaAY UFFER TH9Y ) 2828
ag5—-10-83 MORDS NH&EY URFER I700 2829
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DISFOSAL AREA MONITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAIL. RECORD
CEMNTRAL LONG ISLAND SOUND (CLIS) DISFOSAL AREA

- = DISFOSED AT ¢ ¢+ 3 MERDS : - - — =
N’
' DISFOSAL MATERIAL
DATE SITE SOURCE YERDS ™3 METERS™3
0S=-10-33 MORDS NHAY UPFER 3701 2870
05-11-83 MERDS NHAY UFRER 5698 2827
05-11-383 MORDS NHA&Y UFPER 3699 2828
05-11-83 MORDS NHAV UFFER 2700 2829
05-11-83 MORDS NHAY UFFER 3701 2E8I0
05-12~83% MERDS NHAV UFFER T700 2829
05—-12-33 MORDS NHAY UFPPER 3701 Z8T0
0S5-13-83 MERDS NHAV UFFER 3698 2827
05—-13-83 MORDS NHaV UFFER T699 828
05—-13-83 MERDS NH&V UFFER I700 2829
05—13-83 MRRDS NHAY UFFER 3701 2830
05-13-83 MIRDS NHAV UFFER ' 3702 287t
0S5—14-83 MERDS NHA&Y UFFER 699 2823
05—-14-83 MORDS NHAV UFFER B IT7O0 2809
05— 487 MEIRDS NHAY UFPFER 701 2830
OS5=-15-83 MERDS NHA&Y UFPPER 3699 2808
051533 MORDS NHAV UFFER I700 2829
OY5—15-873 MERDS NHAV UFFER I701 2830
O5—16=~87 MERDS NHAV UPPER 3698 2827
0%-16-87 MORDS NHAY URPFER 3699 2828
05-146-87 MORDS NH&V UPFER : 700 2829
W 05-16-893 MORDS NHAV UPPER I701 2870
05-17-83 MGRDS NHAY UFFER TLH9Y 2828
0S5-17-87% MERDS NHAV UFFER FI700 2829
OS5~17-83 MORDS NHAY UFFER 3701 2830
————— TOTALS FOR NHAY URFFER = = = = = = = = = = = = = = = == = = — -
454170 47252
OIE~10-83 MERDS UMENOWN  BLERK 2700 2044
OZ-11-83 - MORDS UNENDWN BLERE 1150 B79
03-11-83 MERDS UNENOWN BLEREK ‘ 2700 2064
OE—-14-87 MERDS UMENCOWN BLEERE 1850 1415
O3—15-87 MERDS UNENOWN BLERE 1000 765
03-15-83 MEIRDS UNENDOWN  BLERE 2H00 2141
O3—~19-83 MORDS UNENOWN BLERK ' 1133 BbHé
OE-20-87 MORDS UNENOWN BUERE 1100 841
OE-20-873 MGRDS LINENDWN BLERE 2800 2141
03-31-83 MERDS UNENOWN BLERE ZO00 2294
04-17~-87 MERDS UMENMOWN BLERE 1350 1052
O4-17-8% MORDS UNENOWN  BLERE 1500 1147
(4-17-383 MORDS UNENOWN BLERE ‘ 2940 2248
0%=19-87 MORDS UNENGWN BLERE 1200 913
\\-._/"



DISFOSAL AREA MONITORING SYSTEM (DAMOS)
DREDGE MATERIAL. DISFOSAL RECORD
CENTRAL LONG ISLAND SOUND (CLIS) DISFOSAL AREA

S - : DISFOSED AT : ¢ 3 MORDS , - - = =
S~ DISFOSAL METER AL
DATE SITE SOLIRCE YERDS™E METERS ™3
OS—19-37 MLRDS UNENOWN BLERE 1925 1472
----- TOTAHL S FOR UNENOWN BLERE — — — = = = = = = = = — = = = = — — -
29148 22286
O3-21-83 MORDS UNENOWN NHAV TH00 2753
QI~%1-83 MERDS UNENDOWN NHAY - 3700 2829
03-21-83 MORDS UNENOWN NHAY 701 FEZO
OZ-31-87 MORDS UNENDWN NHAVY I702 - 2831
————— TOT AL S FOR UNENOQWN NHAY = = = = = = = = = o = = = = = = = — -
14707 11242
————— TOTALSFORMIRDS - - = — = = = = = = = = = — = = = — = = = — -
547561 118653
N
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DISFOSAL AREA MONITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL RECORD
CEMTRAL LONG ISLAND S0UNMD (CLIS) DISPOSAL AREA

- - DISKFDSED AT : : 4 FUR | - -
N~ : DISFOSAL MATERIAL
DATE SITE SOURCE YARDS T METERG™3
041683 FUE BLERK REACH 1 NORTH 1350 1032
04—0b BT EVE BLERK REACH 1 NORTH 1340 1040
04—06-87 FUR BLERK REACH 1 NOKRTH 2790 2137
----- TOTALS FOR BLKRE REACH 1 NORTH = — = = = = = = = = = = = = — —
5500 4205
04-27-37 FUR BLERK KEACH 1 SOUTH 1 450 1109
04~27-33 FYP BLKRK REACH 1 SOUTH 2800 2141
————— TOT AL S FOR BLERE REACH 1 SOUTH = = = = = = = = = = — = = — =~ -
- 4250 1249
04-18-37 FYR BLERE REACH 2 NORTH 1338 1061
04-28-33 FYF BLKRK REACH 2 NORTH 1800 1376
04-23-37 FVP ELKRE REACH 2 NORTH 2200 1637
04-28-83 FYE BLERK REACH 2 NORTH FITHO 1797
OS=07-87 FVE BLERK REACH 2 NORTH 1300 594
0S-07-83 Fyp . BLERK REACH Z NORTH 1500 1457
 05-07-83 FUE © VBLKRK REACH 2 NORTH 2940 2243
" 05-08-87 FYF BLKRK RESCH 2 NORTH 1200 918
OS—-08-83 FVR ELKRK REACH 2 NORTH 1900 1453
0S-08-87 FUE BLERK REACH 2 NORTH 1901 1454
----- - TOTALS FOR BLERE REACH 2 NORTH = = = = = = = = = = = « — ~ — —
18979 14435
Od-26-33 FUP BLERK REACH 2 SOUTH 945 723
0A-29-57 FYR BLERE REACH 2 SOUTH 1350 1032
04—29-aT FVF BLERK REACH 2 SOUTH 1 450 1109
04-29-3% N BLERK REACH 2 SOLITH 1750 1328
04~29-83 Fyp BLKRE REACH 2 SOUTH 2EEB0 1977
O04=T0-83 FyE BLERK REACH 2 SOUTH 2700 2064
OS=D6—a7 FyE BLERE REACH 2 SOUTH . 1550 1198
NS-06-87 FUE BLERK REACH 2 SOUTH 1750 1378
0G-O9=81 FYR ELERK REACH 2 SOUTH B0 617
05-09-87 Fye BLERK REACH 2 SOUTH 2790 2137
0S—10-83 FyE BLERK REACH 2 SOUTH 628 480
OS—10~33 FyE ELKRK REACH 2 SOUTH 1 350 103%
05-11-37 Fy BLERK REACH 2 SO0UTH 750 57z



DISFOSAL AREA MONITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL RECORD
CENTRAL LONG ISLAND SOUMD (CLIS) DISFOSAL AREA

- - - CISFOSED AT ¢ = 4 FVE _ - - - -
~ DISFOSAL M&TERIAL
DATE SITE SOURCE YARDS ™3 METERS ™3
----- TOTALS FOR BLERK REACH 2 SOUTH = — — = + = = ;= = = o e e o
2OT9T 15592
0S5-01-a3 FVP BLERE REACH I NORTH 12330 1017
05-01-87 Ve BLERE REACH I NORTH 1350 1032
0S—-01-83 Fy# BLERE REACH I NORTH 2TLHO 2110
0S-05-83 = FVF BLERE REACH 3 NORTH 1600 : 223
05-05-383 FVF Bt KRE REACH = NORTH 2600 1938
05=-12~-87 F\E BLERE REACH 3 NORTH 1450 1109
05—12~33 FyF BLERE REACH 5 NORTH 1750 13733
—————— TOT &L S FOR BLERE REAGCH T NORTH — = = = = = & =« o @ — o - - — -
12840 817
QS—0Z=-83 FVF UNENOWN BLERE 2R&HD 1881
0%-04-83 FVF UMENDOWN BLERE 850 &50
0OS5=04-37 FVF UNKENOWN BLERE 1750 1778
O5—14-87 FyE UNENOWN BLERE . 15625 1242
0S-14-87 FVF . UNENOWN BLERK 1750 1738
e - - = T OT AL S FOR UNEMOWN BLKRE, — ~ = = = = = = = — = = = = = = = = -
8435 L4449
————— TOTALSFOR FUP = = = = = = = = = = = = = = = = ¢ et mt e = = - .
TOR97 53748
U



DISFUSAL AREA MOMITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL. RECORD
CENTRAL LONG ISLAND SOUND (CLIS) DISFOSAL AREA

- - DIGSFOSED AT ¢ s 5 SF . - - - =

. DISFOSAL MATERIAL
DATE SITE SOURCE YARDS S METERS™ZT

05-29--83 aF UNENOWN 540 415

-— e e wnd e e wm omm wm e ams s mme  mm b me e e s s o ww e mm  Em mw e e e e omy M mm e e de aa mmr e

O3~Z0-87 SR NHAV LFFER 3700 2819
O4=046-87 S NHAV UFFER I700 2829
04~14-27 GF NHAY UFFER 3700 2829
O4—~1 452 SF NHAV UPFER I701 28I0
04-15-33 aF NHEY UFFER 3501 2677
04-~15-873 Sk NHAY UFFER I700 L2829
0f=-15-a= . gF MNHAV UFFER 3701 28EO0
04-~146-87 SF NHAY LPFER ; IHO0 2676
04--17-27% SF NHAV UFFER } 3699 28248
O4-17-8% 8F NHAY URFER I7O0 2829
04-~17-33Z SF NHAY UFFER 3701 2830
04-~16-87 SF NHAY UFFER 3500 24676
D4~20~37 SF NHAY UFPFER 700 2829
O4=20-83 SF NHAY UFFER 701 28T0
(4--21-37 SF NHAY UFFER 3699 2828
;o 04-21-83 aF NHAY UFFER R700 2829
04-21-37 5F NHAY UFFER F701 2830
O4-321-87% SF NHAY UFFER L3702 2831
(34-21-83% SE NHaYV UPFER 3703 2971
O4-2T-E2 SE NHAY UFFER : 2699 2828
DA-~ZT-8T SF NHAY UFFER 3701 Z8E0
042483 SF NHAY UFFER J700 28329
O4~27-872 SE NHAY UFFPER 3900 2982
O4-23-873 SF NHAV UFPER I700 2829
Da-297-873 SP NHAY UFPER ITO0 2829
05-01 =83 .SF NHAY UFFER 2700 829
OS--0z-23% - sk NHAY UFRPER 370G 28%9
OG—0OT-83= SF NHA&Y UFFER I700 289
0S~04-81 SF NHAV UFPER I700 2829

OS-04-37 sF NHAY UFPFER 701 SEIO
OS—07-83 SF NHAY UFFER ‘ F700 2819

05~10-83 5F NHAY UFPFER A700 =839
05—-11-33 SE MHAV UFFER I700 2889
0S-~12-873 5F NHAY UFFER JITO0 28929
05=-12-87 SF MNHEY LIFFER 701 28Z0
0S-~10-83 SF MHAY UFFER I70% 2EEL
05~1Z2-3% SF MHAV UFFER JI700 2839
0%~16-83 =1 ) NHAY UFFER ET0O0 2029

N

219



DISFOSAL ARES MOMITORING SYSTEM (DAMOS)
DREDGE MATERIAL DISFOSAL RECORD
CEMNTRAL LONG ISLAND SOUND (CLIB) DISFOSAL AREA

- - DISFOSED 4T @ @0 5 5F . - - - =
N
_ DISFOSAL MATERIAL
DETE SITE SUOURCE YARDS™I METERS"3
0F=—17=37 aF NHAY UFFER I700 2829
0S-23-87 S NHAV UFFER 700 2829
OS—-265-87% SP NHAV UFFER 2&99 RE2E
O5=-246-87 SF NHAY UFFER I701 Z8T0
0NS5-27-83 sF NHAV UFFER 34699 2828
05-27-83 SF NHaY UPPER I701 2830
05-28-87 gF NHAY UFFER 699 2878
NE5-28-87 sF NHAV UFFER ITOO0 282
0S5-28-87 SF NHAY UFFER 3701 2870
OS=29-87 sP NHAV UFFER LTS 2828
O5—-2F 137 SF O NMAV UPPER . I700 o= priae
OS5=29-33 SF NHAY UFFER 3701 2830
————— TOT&LS FOR MHAY UPPER — = — = = = = = = = = = = = = = = = = —
184413 141153
06—02=-97 SF BRIDGEFORT POO © 688
O6~04—B7T SF - BRIDGEFORT 1000 765
- - =~ - TOTALS FOR BRIDGBEFORT = = = = = = = =~ = = = = = = = = = « — -
N e e ot
DS-20-87 SF UNENOWN BLERK 2720 2080
O5-22-67 S UNKNOWN BLERE 1350 1032
O5-22-83 P UNINOWN  BLERE EITO 1812
OS5-25-87 SF UNKNOWN BLERE 1050 g0x
O5-25-37 aF LUNENOWN BLERK 1125 8&0
O5-25-33 SF UNENDWN BLRE 1250 955
O5-25-27 SF URKNOWN BLERE 1400 LOTO
OS=-26~67 gF UNENOWN &L ERE 00 688
OE--245—37T SF UNENOWN BLERE 1500 1147
O5=2Q-87 SF UNENOWN Bk RE 1100 841
0S-28-3% . GF UMENOWN  BLERE A0 1032
————— TOT & L S FOR UNENOWN BLERK = — = = — =« = = = = = — = = — = - .
16115 12321

- erm e ame e e wm e s e e R me M G e e sk e e e em e md M dm mE e e e s s o e e e s —

O5-24-873 SR UNERNOWMN  NHAY ZH9Y =8s8
05-24-83 =1 LINBESNOWIN NHAY 3701 2830
Q5= R5-AT =1 UNEMOWM NH&Y 699 2828
05-25-83 aF UNENCWN NHAY I701 2830
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DISFDSAL AREA MONITORING SYSTEM (DAMDS)
DREDGE MATERIAL DISFOSAL RECORD
CENTRAL LOME ISLAND SOUND (CLIS) DISFOSAL. AREA

- - - DISFOSED AT 5 5 S SF , - - - -
N, —
DISFOSAL MATERIAL
DATE SITE SOURCE YARDS™3 METERS™3
06~04~B7 SF UNENOWN  NHAY 3200 2447
06—06—~83 SF UNENOWN  NHAY 3700 2829
05~06~8T SF UNINOWN  NHAY 3701 2EHEO
————— TOTALS FOR UNKNOWN NHAY — — = = — = = = = = = = = ~ — — — — —
25401 19421
————— TOTALSFORSE — = = = = = = = = = = = — — — — - - - - - - - —
228569 174761
—————————————— GRAND TOTALS-=—- === ===~ —
1110181 848829
N
N

[\
(8
[
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N

APPENDIX II

SUMMARY OF MONITORING OPERATIONS
AT THE
CENTRAL LONG ISLAND SOUND
DISPOSAL SITE
DURING 1982 - 1983
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r———iBC:HEﬁJC:EEl\FH’LJt:I\TWtﬁPﬂEB,Ifﬂt:.

DATE

12/7/82

12/8/82

12/10/82
12/11/82
12/13/82
1/26/83
2/1/83
2/28/83
3/1/83
3/4/83

3/15/83

4/6/83

4/7/83

4/8/83

4/18/83

SCHEDULE OF EVENTS

STATION SURVEY OPERATIONS

FVP Baseline Diver Operations
- Baseline Sediment Grabs
Baseline Underwater TV

FVP Baseline Sediment Grabs
Baseline Underwater TV
FVP Baseline Bathymetric Survey
MQR Pre~Disposal Condition Survey
MQR Sediment Samples
MQR REMOTS Survey
Black Rock Harbor Sampling Program
FVP Deploy ‘Mussel Cages
FVP Deploy Diver Transect Lines
FVP Sediment Sampling
Diver Observations
.MQR Deploy Disposal Buoy
FVP Deploy Disposal Buoy

REMOTS Survey

CS#1l Baseline Sediment Samples
Baseline REMOTS Survey
Deploy BDMD
Deploy MQR Buoy at CS#1l

CsS#2 Baseline REMOTS Survey

CS#1 Baseline Bathymetric and Side
Scan Surveys

CS#2 Baseline Bathymetric and Side
Scan Surveys

CS#l Deploy Diver Transect Lines

cs#2 Deploy BDMD

CS#2 Deploy CS#l1l Buoy at CS#2

Deploy Diver Transect Lines

S/~
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I——SCIENGE APPLICATIONS, INC.

Ry

DATE

4/22/83
4/23/83

4/26/83

4/27/83
4/28/83
5/5/83
5/6/83
5/10/83

5/11/83
5/18/83

5/19/83
5/23/83
5/24/83

5/25/83

5/26/83

SCHEDULE OF EVENTS (CONT.)

STATION

FVP
FVP
FVP
Cs#l
Cs#2

Fvp
CS#l
Cs#2

FVP

MQR
CS#1l
FVP
cs#2
MQR
NHAV

Cs#2
Cs#l

Cs#2
FVP

FvPp
FVP

FVP

Cs#2
FVP

FVP

SURVEY OPERATIONS

Mussel Operations
Water and Sediment Samples
Side Scan Survey

Diver Observations
Diver Observations
Density Probe Measurements

Bathymetric and Side Scan Survey
Bathymetric and Side Scan Survey
Bathymetric and Side Scan Survey

Bathymetric and Side Scan Survey
Sediment Sampling
Diver Observations

Bathymetric Survey

Diver Observations at BDMD
Diver Observations
Sediment Samples

Sediment Samples

Density Probe Measurements

Bathymetric and Side Scan Survey
Diving Operations at BDMD

Diver Observations
Diver Observations

Bathymetric and Side Scan Survey
Water and Sediment Samples

REMOTS Survey
Diver Observations

Density Probe Measurements
Diver Observations

Remove Disposal Buoy

REMOTS Survey

224
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N

DATE

5/31/83
6/1/83
6/2/83

6/3/83

6/7/83

6/8/83

6/9/83

6/10/83

6/13/83

6/14/83

6/16/83

6/17/83

SCHEDULE OF EVENTS (CONT.)

STATION

Black Rock
Black Rock

FVP

FVP

FVP
CS#1
Cs#2
MOR
Cs#2

Cs#2
CS#l

FVP
FVP
CS#l
Cs#2

CsS#2
CS#l

FVP
CS#l

CsS#2

FVP
CS#1l

CcsS#2

SURVEY OPERATIONS

Fluff Layer Study
Post-Dredging Sediment Sample

Sediment Sampling
Mussel Sampling

Side Scan Survey
Sediment Sampling
Diver Observations

Mussel Sampling
Diver Observations

Bathymetric Survey
Bathymetric Survey

Bathymetric Survey
Sediment Samples
Sediment Samples

Side Scan Survey
Side Scan Survey
Sediment Sampling
Side Scan Survey

REMOTS Survey
REMOTS Survey
REMOTS Survey

Additional REMOTS Stations
Additional REMOTS Stations

Sediment Sampling

Density Probe Measurements
Diver Observations at BDMD
Diver Observations at BDMD

Density Probe Measurements
Density Probe Measurements
Diving Operations

-Density Probe Measurements

Diving Operations

225
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S

DATE

6/21/83

7/13/83

.7/14/83

7/15/83
7/18/83
7/20/83

7/21/83
7/26/83
7/27/83

7/28/83

8/2/83
8/3/83
8/22/83
8/23/83

8/26/83
8/29/83
8/30/83

SCHEDULE OF EVENTS (CONT.)

STATION

FVP
CsS#2
CS#1

FVP

FVP
CS#1

FVP
FVP
FVP
CS41
FVP
FVP

FVP
Cs#1l

FVPp
CS#1l
CS#2
CLIS
CLIS
FVP

CS#2
CS#1

FVP
FVP

CS#l

‘CS#2

FVP

SURVEY OPERATIONS

Bathymetric Survey
Density Probe Measurements
Density Probe Measurements
Sediment Sampling

Sediment Sampling
Diver Observations

Diver Observations

REMOTS Survey

Density Probe Measurements
Density Probe Measurements
Bathymetric Survey
Sediment Sampling

Sediment Sampling

8ide Scan Survey
Diving Operations

Gravity Core Sampling
Gravity Core Sampling
Gravity Core Sampling
Comprehensive Bathymetric Survey
Comprehensive Bathymetric Survey

Sediment Sampling

Bathymetric Survey
Bathymetric Survey

Bathymetric Survey
REMOTS Survey
REMOTS Survey

REMOTS Survey
Diving Operations
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N

DATE

8/31/83
9/8/83
10/18/83

SCHEDULE OF EVENTS (CONT.)

STATIONS

FVP
CLIS

Cs#l
Cs#2

SURVEY OPERATIONS

Diving Observations
Side Scan Survey

Density Probe Measurements
Density Probe Measurements
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