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T0: All Report Recipients

) The technical report transmitted herewith represents the results of
one of several research efforts (Work Units) undertaken as part of Task IA,
Aquatic Disposal Field Investigations of the Corps of Engineers' Dredged
Material Research Program. Task 1A is a part of the Environmental Impacts
and Criteria Development Project (EICDP), which has as a general objective
determination of the magnitude and extent of effects of disposal sites on
organisms and the quality of surrounding water, and the rate, diversity,
and extent such sites are recolonized by benthic flora and fauna. The
study reported on herein was an integral part of a series of research
contracts jointly developed to achieve the EICDP general chjective at the

Eatons Neck Disposal Site, one of five sites located seral geographical
regions of the United States. Consequently, this r. esents results
and interpretations of but one of several closely int. ..ated efforts

and should be used only in conjunction with and considecation of the other
related reports for this site.

2, This report, Appendix A: Investigation of the Hydraulic Regime and
the Physical Characteristics of Bottom Sedimentation, is one of six
contractor~-prepared reports that are appended to the Waterways Experiment
Station Technical Report D-77-6 entitled: Aquatic Disposal Field Inves-
tigations, Eatons Neck Disposal Site, Long Island Sound. The titles of
all contractor-prepared appendices of this series are listed on the
inside front cover of this report. The technical report provides addi-
tional results, interpretations, and conclusions not found in the indi-
vidual contractor reports and provides a comprehensive summary and
synthesis overview of the entire project.

3 The purpose of this study, conducted as Work Unit 1AO6A, was to
identify the baseline hydraulic regime, the meteorology, and the physical
nature of bottom sedimentation in the Eatons Neck Disposal Site and the
surrounding area. The report includes a discussion of the distribution

of sediments and the distribution of currents that affect sediment ero-
sion, transportation, and deposition within and in the vicinity of the site.
The sediment distribution was determined through grab sampling, subbottom
profiling, bottom photography, and coring of the area. Tidal and nontidal
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SUBJECT: Transmittal of Technical Report D-77-6 (Appendix A)

circulation patterns were delineated with current meters, wave gages, and
tide gages. Temperature-salinity profiles, suspended sediment sampling,
and investigations of the interaction at the sediment-water interface

were also made to obtain data needed to determine the movement of sediment
within the site.

4, A conclusion of this report, based on the data presented, was that
the Eatons Neck Disposal Site was an acceptable site for use as a dredged
material repository where physical environmental effects were negligible,
resulting in minimal loss of material from the site.

5. The baseline evaluations at all of the EICDP field sites were developed
to determine the base or ambient physical, chemical, and biological condi-
tions at the respective sites from which to determine impacts due to the
subsequent disposal operations. Where the dump sites had historical usage,
the long-term impacts of dumping at these sites could also be ascertained.
Controlled disposal operations at the Eatons Neck site, however, did not
occur due to local opposition to research activities and even though the
Eatons Neck project was terminated after completion of the baseline, this
information will be useful in evaluating the impacts of past disposal at
this site. The results of this study are important in determining place-
ment of dredged material for open-water disposal. Referenced studies, as
well as the ones summarized in this report, will aid in determining the
optimum disposal conditions and site selection for either the dispersion

of the material from the dump site or for its retention within the confines

of the site, whichever is preferred for maximum environmental protection
at a given site.

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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EXECUTIVE SUMMARY

The hydraulic and sedimentological regimes at the Eatons Neck
disposal site were studied from 1 July 1974 to 30 September 1975.

Acoustic-reflection profiles and mechanical analysis of core and
grab samples of the bottom were used to define the sediment-type dis-
tribution of the area. The disposal site was found to be predominantly
silty sand with a sand and gravel shoal to the northeast. This was
confirmed by penetrometer tests and bottom and profile photographs.
Bottom and profile photographs also show an abundance of fecal pellets
and marine life. The southern part of the disposal area was found to
contain large amounts of material of anthropogenic origin.

The currents were studied using both averaging and instantaneous
recording current meters. Since the study was made to determine the
possible movement of dredged material placed on the bottom, most meters
were placed 2 m above the bottom. Within the disposal area, a vertical
array of four current meters was established. These meters operated
simultaneously to examine the vertical current structure.

The tidal currents are rotary, counterclockwise. This is a
consequence of the Coriolis force acting on the resonant co-oscillating
tide of the embayment. The semi-major axis of the tidal ellipse is
oriented in approximately the east-west direction. The semi-minor
axis is about 2/10 of the semi-major axis. The maximum tidal velocity
is about 40 cm/sec at 2 m above the bottom. The current flow is
generally faster at the surface than near the bottom. The tidal cur-

rents are significantly influenced by shallow-water harmonics in the
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study area.

The flow of the tidal stream is not steady, but is subject to
appreciable fluctuations. The intensity of the velocity fluctuations
becomes greater during periods of high wind stress. A correspondingly
greater resuspension of bottom sediment was observed to occur during
these periods. However, transmissometer measurements show that the
resuspension of bottom sediment was limited to a thin, about 1 mm,
layer at the sediment-water interface.

Two meters above the bottom, the current flow was generally to
the west or southwest, parallel to the shore. This flow was identified
as estuarine circulation. Salinity measurements confirm that density
differences drive this circulation: outward flow of less saline top
water and inward (westward) flow of more saline bottom water. The
speed of the mean current was found to be less than 6 cm/sec. None
of the current meter records from the study area show shoreward drift.
Results from the vertical array show that the wind has a strong
influence on the direction of the current in only the upper few meters
of water.

A wave recorder was placed on the bottom on a gravel shoal in
the northeast corner of the study area for 38 days during the stormiest
part of the year. From the analysis of the resultant wave record it
was concluded that only very strong winds from the east generate waves
of sufficiently long wavelength to cause wave-induced movement of water
over the bottom in the study area. Disturbance of the bottom by waves

was shown to be small in comparison to that caused by the tidal stream.
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In conclusion, there is no physical evidence of significant
dispersion of dredged material from the Eatons Neck disposal site;

no previously disposed material was detected outside the designated

disposal area. Transmissometer measurements indicate that the exchange

of sediments with the surrounding sea floor occurs only for silt and

clay-sized particles found in a thin layer at the sediment-water

interface. The mean currents were found to be predominantly westward

and not toward either the Connecticut or Long Island shore. The domi-
nant energy source for sediment transport was found to be the tide;

wind driven waves were found toc have little appreciable effect on the

bottom. The Eatons Neck disposal site was found to be well chosen to

be a dredged material repository where sediment dispersion will be

minimal.
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PREFACE

A study of the sedimentary and hydraulic processes in Long Island
Sound near Greens Ledge, Connecticut, and Eatons Neck, New York, was made
as part of the aquatic disposal study in the Office, Chief of Engineers,
Dredged Material Research Program (DMRP) of the U. S. Army Engineer
Waterways Experiment Station (WES) in Vicksburg, Mississippi. This
study was performed under Contract No. DACW51-75-C-0008 to Yale Univer-
sity, Work Unit 1A0O6A. The Contracting Office was COL Thomas C. Hunter,
CE, U. S. Army Engineer District, New York.

This report was written by Henry Bokuniewicz, Michael Dowling,
Jeffrey Gebert, Robert Gordon, Peter Kaminsky, Carol Pilbeam, and
Catherine Tuttle, all of the Department of Geology and Geophysics, Yale
University. Many of the measurements reported were made by Matthew
Reed and Robert Kerley, profile photographs were taken by Robert Wells,
and the typing of this report was done by Wanda Stark, all of the
Department of Geology and Geophysics, Yale University. Barry Holliday,
of the Environmental Resources Division, EEL, WES, and William Sacco,
of the Audio-Visual Department, Yale University, made underwater photo-
graphs of the study site. Barbara Ford, of Branford, Connecticut,
read current meter records. William F. Muszak, of the U. S. Army Corps
of Engineers, New York District, supplied survey and tidal data.

The study was conducted under the direction of the following

EEL personnel: The contract was managed by Mr. J. R. Reese,




Environmental Monitoring and Assessment Branch, under the supervision
of Mr. R. C. Solomon, Branch Chief, and Dr. C. J. Kirby, Chief, Environ-
mental Resources Division. The study was under the general supervision
of Dr. R. M. Engler, Environnental Impacts and Criteria Development
Project Manager, and Dr. John Harrison, Chief, EEL.

The Directors of WES during the conduct of the study and prepara-
tion of the report were COL G. H. Hilt, CE, and COL J. L. Cannon, CE.

Technical Director was Mr. F. R. Brown.

L ammEmeaas e




CONTENTS
Page
B G N UMM A Y e s elele o= lelaihalis ool oAl e a o ot sl e s alis e 5 a s e e e oo s e 3 1
e 2 ] S e e e S e AR ST i i S T R NN g 4
2 A R 0 0 (o T B e U N DS 8
e o e 8 (2] o e it T R P C SR 13
A0 L T e T e e i i e R B e et P 13
Sediments and Bottom Structure...........coieiiiiiiiiinnennn. 13
A U1 R B g I e ttore. 1o aiiile als v wimchris o et 1 AT0re 22
SEdIMENT ReOSUSDENSTON s < vivicin sie sia woioho s v s sibbs sisisionsia asss s oiasas 29
Disturbance of the Bottom by Waves.........covuiriniiennnnn.. 30
S Iy ODS eVt 0N S . os v e e e olaie ain ols st eialo mie 5 6 s ms an e s e iols nios 32
PARTE ELE: CRESUITSEAND S DESCUSSTON: s o i e ae vevisioie oie s ioieiain o v a wis ool ' 33
B eratuUnel ROVIOWS o it e e here s s s choieis s bienars v sl sl 81asas e sieisva o o 33
Sediments and Bottom Structure..........ccoiiiiiiiiiiiiiinennn 34
HYDPAUTEC REGIMR L0 odvioac cainmdin s ain waim s e s sinie s nm s oiaax  w o s s 42
Sediment ReSUSPENSHOR. oo vcnis s oioie sisisioinio s siorsise s e'senmssssssssss 63
Disturbance of the Bottom by Waves........coeiviiieninennnnn.. 69
PRSI CONCEUSTONS o e o s e o i b e oo sl w0 e wiiaiin & 5 72
REFERENCES e o adiei s ohan s es s vl 6wl mlsl 414 o8 4 aiaao a5 a0 n s s ot ol e o s 5 w4 e 74
TABLES 190 oiveli e disias it e o oses e w5 siiiom 3 s s5 a8 v otsssssbessiess 78
s P e S e 70 o O L O O e P A I 92
APPENDIX A: NAVIGATION*
APPENDIX B: REFLECTION-PROFILE PHOTOS
APPENDIX C: CORE AND GRAM SAMPLE DATA
APPENDIX D: PROFILE CAMERA PHOTOS
APPENDIX E: BOTTOM PHOTOS ,
* ; : . .
”p’;"'"gs" ET“'r'ﬁ‘““a‘ﬁ%‘"?‘“““‘““““‘“d'"““"‘*'""“"“"'
6
- e —eag—— - ————— S— gy — -_.--v--.,m- S —




CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain
inches 2.54 centimetres
feet 0.3048 metres
miles (U. S. statute) 1.609344 kilometres
fathoms 1.8288 metres
pounds (force) per 68.9476 millibars

square inch
pounds (mass) per 16.0185 kilograms per
cubic foot cubic metre
knots (international) 0.514444 metres per second
7
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INVESTIGATION OF THE HYDRAULIC REGIME AND THE PHYSICAL

CHARACTERISTICS OF BOTTOM SEDIMENTATION IN THE EATONS NECK DISPOSAL SITE

PART I: INTRODUCTION

1. This report deals with the physical factors relevant to the
use of a site near Eatons Neck in Long Island Sound as a repository
for dredged material. It presents results obtained during the period
1 July 1974 to 30 September 1975. The Eatons Neck disposal site,
centered near 41°00'N, 73°26'W, has been used for the disposal of a
wide range of waste materials over a period of a great many years.
Examination of the site and its surrounding area was relied upon to
define the consequences of past disposal operations and to indicate
the consequences of future use.

2. At the start of this study, the area of specific interest
was defined to be the designated Eatons Neck disposal site plus an
extension running approximately one-half mile* to the east. Later,
this area was redefined to include the Eatons Neck disposal site plus
an extension one mile to the north. In March 1975 two sites, Eatons
Neck North (EN-N) and South (EN-S) Experimental Sites, were designated
as possible locations for future disposal operations and, in anticipa-
tion of these, were studied in detail. Figures la and 1b show the

location of the study area, the bounds of the Eatons Neck disposal site

* A table of factors for converting from U. S. customary units of
measurement to Metric (SI) units of measurements can be found on
page 7,
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73°30'

eGreens Ledge

Long Neck Pt.
o Budd Reef
A

-

T e ‘e—— Extended study area
\

-

- ', ®Cable 8 Anchor Reef

Designated disposal site

41°00'p~ =
"c" @“South exper.
site
Lloyd Neck
Figure 1b. Location map of Eatons Neck study area showing

instrument stations and local landmarks
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as indicated on navigational charts, and the extent of the area covered
in the studies reported herein.
3. The overall objectives of this study included the following:

a. To define the character and distribution of the natural
sediments occurring at the Eatons Neck disposal site and
its surrounding area and to relate these to the previ-
ously identified processes of sedimentation in Long Island
Sound.

|o

To locate the area of the bottom that can be identified
as now covered with material of anthropogenic origin and,
if possible, estimate its volume.

gl

To examine the sediment-water interface at the disposal
site and compare its constitution and structure with that
of the surrounding sea floor.

[=-9

To determine the hydraulic characteristics of the water
flow through the study area, including the effects of
storms.

To relate these flow characteristics to the active
processes of sediment transport and to evaluate the
stability of material placed on the bottom at the dis-
posal site.

|®

4. Both the plan of the research and the methods of observation
used in this research were developed on the basis of recent experience
with studies of the environmental consequences of the open-water
disposal of dredged material. Such studies have been performed by
Saila and his colleaques for a site in Rhode Island Sound (results
mainly in unpublished reports to the U. S. Army Engineer Division, New
England), by Nittrouer and Sternberg1 in Washington, and Mauer et a1.2
in Delaware Bay. Most directly relevant to the present project are
the studies of the New Haven disposal site now being completed by
groups at the University of Connecticut and at Yale University. These

are documented in an extensive series of unpublished reports to the

11




lew England Division.
‘n the first part of this study, acoustic-reflection profiling

~ical analyses of bottom samples were used both to define the
physical character of the sediments in the study area and to define
those areas where material of anthropogenic origin had been placed in
the past. Areas of the disposal site were then selected for detailed
examination by underwater photography. The movement of water through
the study area was measured with both horizontal and vertical arrays
of current meters. An attempt was made to maintain a nearly continuous
record of the current at one station throughout the study period. All
current meter records were analyzed to show the tidal, net drift, and
fluctuating components of the flow. Response of the study area to
storms was studied with a wave recorder as well as with the current
meters. The interaction between the sediments on the bottom and the

water flow was shown by turbidity observations.

12




PART II: METHODS USED

Navigation Procedures

6. Although disposal of dredged material has occurred over a
considerable area of the study site, individual features of interest
on the bottom are often quite small. Furthermore, changes in the
character of naturally occurring sediments are found over very small
distances. Consequently, a high standard of navigational accuracy was
required for all field work in this study. There were many shoreside
landmarks available at the site making it possible to fix navigational
positions to an accuracy of a few feet with horizontal angles measured
with a sextant or surveying quintant from the boat. All observations

were made according to the procedures defined in the Admiralty Manual

of Hyd-ographic Surveying3. To attain the full accuracy of the obser-

vations, positions must be calculated from the measured angles. To
save this labor, precomputed plotting sheets were prepared according
to the method described in Appendix A. Where a lesser deqree of accu-
racy was required, as in the placement of current meters, positions
were plotted directly on published charts with the aid of a station

pointer.

Sediments and Bottom Structure

Identification of sediment type

7. First phase. The examination of sediments of the Eatons Neck
disposal site was conducted in order to identify the principal sediment

13




types and to define their distribution in the study area. In the ini-
tial phase of the sediment study, 16 north-south acoustic-reflection
profiles (Figure 2) totalling 80 nautical miles, were run between the
longitude of 73°20'W and 72°32'W. Table 1 aives the start and end
points for each profile. A Raytheon RTT 1000 profiling system was
used. This unit generates two types of acoustic pulse, one of 200 kHz
frequency to provide high resolution of the bottom topoaraphy and one
of 7 kHz, which penetrates the sediments to detect sub-bottom struc-
tures.

8. The sediments of the disposal site and surrounding area were
broadly classified on the basis of reflection profiles as (a) sand
and/or gravel, (b) silt with varying sand content, or (c) disposed
material using the interpretations given in Bokuniewicz, Gebert, and
Gordona. This classification is possible because reflection of the
acoustic signals from the bottom varies with the percentage of sand
in the sediment; sediment with 80% or higher sand content is acousti-
cally opaque.

9. Photos of the 16 acoustic-reflection profiles are presented
in Appendix B. Subsequent to the decision to move the experimental
site center to 41°00'30“N, 73°29'00"w. three additional profiles were
made in that area to improve the density of bathymetric and sub-bottom
data. These profiles are shown as 17-19 on Figure 2. (Profiles 1,
15, and 16 are off the chart, Figure 2.)

10. Second phase. The second phase of the study involved the

collection of 108 sediment samples within this same area (Fiqure 3) by

14
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Figure 2.

Tracks through the Eatons Neck study area alona which
acoustic-reflection profiles were made (Arrows indicate
the direction in which the tracks were run and the track
numbers refer to Table 1 and Appendix B)
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Figure 3.

Location of sediment samples used to define the sediment
distribution

16

T —————— Y= e




e

either van-Veen grab or gravity corer. Additional acoustic-reflection
profiles were made at each sample site to aid in the correlation of
sediment type with the acoustic record. Thirty-eight of the samples
were visually identified as 100% sand and/or gravel. Combined sieve
and hydrometer tests were performed on the remaining 70 samples to
obtain grain-size distribution curves. In addition, four specific
gravity and eight Atterberg limits tests were performed. (The sediment
analyses were performed by Haley & Aldrich, Consulting Soil Engineers,
Cambridge, Massachusetts.) The sediment analysis data are presented

in Appendix C.

Bottom photographs

11. Bottom photographs were taken and penetration tests were
performed to confirm the sediment distribution information from the
acoustic-reflection profiles and grab sampling and to provide for
detailed examination of selected areas of the bottom.

12. Profile camera photographs. Profile photographs of the

bottom were taken from the RV A. E. Verrill on 24 and 25 March 1975.
Photographs were taken on Kodak "Plus-X" film at f-11 using electronic
flash illumination with the profile camera designed by Rhoads and
Candes. The effective exposure time is about 1/1000 sec. A 10-sec
delay time is used so that the picture is taken 10 sec after camera
assembly has completed its penetration of the bottom. One picture is
taken of each lowering of the camera from the shipn. The magnification

on the prints is 1 to 1. The photograph station positions for 24 March

are shown in Figure 4, identified by photograph number. Photo D1 was

17
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Figure 4. Locations of profile photographs (Appendix D) at EN-C taken
on 24 March 1975
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taken with the lighted Eatons Neck Disposal Ground buoy "C" (EN-C)

close aboard. The circles are generous estimates of the position

error. 0On 25 March only radar positions could be obtained because

of fog. A diagram showing the approximate camera locations on this

day is included (Figure 5). The profile photos are shown in Appendix D.
13. Note that in photographs D2 and D3, one of the two flash

units faiied to fire, resulting in nonuniform illumination. There is

a slight optical distortion around the edges of the pictures, due to

imperfections in the optical system.

14. Diver photographs. Diver photographs of the bottom were

taken at two stations on 27 September 1975. Table 2 gives *he depths
and locations of the stations. Station 1 was located on top of a
mound of disposed material (located by acoustic-reflection profiles)
that rises to about 15 ft above the surrounding bottom. Station 2 was
on Cable and Anchor Reef, in the northeast corner of the original
disposal site. The photos were made to document the nature of the
bottom sediments and associated fauna on this reef, which is presumed
to be a partly eroded glacial laa deposit. The diver photographs are
shown in Appendix E.

Mechanical properties of the bottom

15. In situ penetration tests were performed to determine the
mechanical properties of the bottom in the study area (Fiqure 6). A
description of the instrument used for this test and the interpreta-
tion of the test results in general are given by Gordon6 and Bokuniewicz,

Gordon, and Rhoads7. Briefly, the test consists of driving a cylindri-
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Figure 5. Locations of profile photographs (Appendix D) at EN-N
taken on 25 March 1975
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cal piston (13.6 cm in diameter) into the bottom to a depth of 30 cm
and measuring the pressure on the face of the piston as a function of
depth. In Lona Island Sound, the measured pressure is nearly a linear
function of depth, and the slope of the pressure-depth curve is defined

to be the sediment hardness H in mb/cm6.

Hydraulic Regime

Instrument type and deployment

16. Two types of recording current meters were used in the study.
One type (Braincon, type 381) records average current speed and direc-
tion over successive 20-min intervals, and the other type (General
Oceanics, model 2010) records instantaneous current speed and direction
at fixed intervals (from 0.5 to 30 min). The meters were suspended
between a bottom weight and an underwater float immediately above the
meter. The current meter stations, meter height, meter type, water
depth, and times during which they were occupied are listed in Table 3.
A map of the station locations is given in Figure 7.

Analysis of the current data

17. The instantaneous current v(t) at any station can be
written as the sum of a sinusoidally varying term (or group of terms)
U(t) , a steady or constant term Uo(t) , and a term u'(t) represent-
ing the residual. The time scale used to delimit the terms is chosen
both for operational convenience and accordina to the physical inter-
pretation of the terms. U(t) 1is equated with the tidal stream flow

and can be represented by a sum of sines and cosines with appropriate,
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known tidal frequencies and with amplitudes and phases determined from
the current observations at a particular station. (Although the
periodic flow normal to the Sound axis is not strictly tidal flow,

the same form and frequencies are applicable.) Together Uo(t) and
u'(t) constitute the nontidal flow at a station. Uo(t) is opera-
tionally defined as the net displacement or the average velocity over
one or more complete tidal cycles (cycle being defined by the period
of the major tidal constituent present); and hence u'(t) , the
fluctuating velocity, is simply the deviation of U(t) + Uo(t) from
v(t) .

18. Although the physical interpretation of U(t) 1is straight-
forward, the complete separation of this component from the observed
data is usually impracticable due to nonlinearities introduced by
shallow water waves and to tidal constituents that cannot be charac-
terized from the available length of record. Thus, in practice, the
tidal and nontidal components may not be completely separable. The
usual physical interpretation of the nontidal terms is to equate Uo(t)
with estuarine circulation and u'(t) with tidal stream turbulence.
However, there are problems in choosing an averaging time for Uo(t)
that will satisfactorily separate these two components in accordance
with their physical definitions. These problems will become clearer
in the following discussion.

Tidal stream flow

19. The tidal stream flow is separated using a computer program

8

for linear regression analysis  on the E-W and N-S components of the
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total current. Records to be analyzed that have a variable samplina
interval are interpolated, using a computer proaram, to give an equi-
spaced data set. At each time ti = iAt , the regression proaram

predicts a velocity
5 M
¥y * A +€=__1 (AJ. sinow; ty+ B cos oy ts) (1)

where the wy values are specified initially as appropriate tidal
frequencies. The A's and B's are calculated so as to minimize the
expression

[ S AN 2
Z ('y'i il ‘y‘i) (2)
i=1
where ¥; is the observed velocity at t .

20. The choice of tidal frequencies to be used in the analysis
depends on the span of continuous observations available. Only those
constituents whose phases separate by a sufficient amount during the
record span can be distinguished. This problem is discussed in detail

in Chapter 13 of Admiralty Manual of Tides by Doodson and warburqg.

Observation spans of 15, 29, and 365 days are recommended. A record
length of 29 days is sufficient to separate the phases of the most

significant constituents by approximately 360°. For such records, as
many as 18 different constituents were determined. The same constit-
uents could be separated from 15 days of data but with less accuracy.
For records of only 24 hr or so, it is only possible to separate the
species of tide (i.e., diurnal versus semi-diurnal). Constituents

that cannot be separated can often be approximated, if necessary,
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according to the equilibrium tidal relations.

21. The accurate prediction of shallow water constituents is
difficult. The amplitudes of the shallow water waves vary nonlinearly
with the amplitudes of the primary tides and this variation is not
accounted for in the linear regression analysis. Consequently, as
pointed out in Reference 9 (p. 69), it is generally inadequate to take
only one term of a shallow water species as representative.

22. The result of the regression analysis is to give, for each
frequency, the quantities A and B that specify a tidal constituent
of frequency n as A cos nt + B sin nt or, alternatively, as R cos
(nt - k) , where R = (A2 + 82)1/2 and k = arctan B/A . Both the
amplitude R and the phase lag k are slowly varying due to the
changing orbit of the moon with a period of about 19 yr. The R and
k calculated for each constituent are corrected for this variation by
multiplying R by f (nodal factor) and adding u (nodal angle) to
k . Monthly values of f for the middle of the month are listed for

a number of constituents in the Admiralty Tide Tableslo. In addition

to the nodal correction, k must also be converted to a standard
reference frame. The measured phase lag k is relative to the time
origin used in each regression analysis which is, in this case, the
midpoint ts of the length of data analyzed. The argument of the
cosine can be rewritten as (nt - k - nts) , where t is time measured
from 0000 EST on the same day as ts . Then, following Reference 9
(p. 16),

nt - (k+nt)=V+u-x (3)
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or nt - k - ntS = (nt + Vo) +uU-K (4)
where V is the phase of the equilibrium tide at the current meter
station (and i is its value at 0000 EST); wu 1is the nodal correc-
tion, and « 1is the lag of the observed tide behind the equilibrium
tide at the station. It is now customary to convert ¥, and « to
the equivalent values at Greenwich, called E ([o = the value of
at 0000 GMT) and g , and the above expression becomes

-k - ntS = Eo +u-gq (5)
or g = (E° +u) + k + nt, (6)

The conversion from V to E 1is as follows:

x = station | _ x = station
V(¢ > o000 est) = "t *+V (¢ = o000 EST (7)
x = station & x = station
then V (£ - 1900 EST or 0000 aMT) = =57 * V (¢ = gooo est)  (8)
= x = Greenwich, _ . x = station
anc Eo =V (¢ = 000 gur ) = =51 + 3L+ V (¢ - go00 £sT) (9)

1, semidiurnal = 2) and L =

where j = the species number (Diurnal
longitude of station in degrees west of Greenwich. Similarly! g is
related to « by

g=«x+jL - 5n (10)
H , defined as R/f , and g are called the harmonic constants for
the station. Daily values of Eo + u are tabulated in Reference 10
for a number of primary constituents. Values of f and Eo +u not
tabulated for the primary constituents can be calculated from equations
in Reference 9 (p. 50-52). Values of f and (Eo + u) for the

shallow water waves are calculated from the corresponding values for
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the primary tides according to the rules fixy fx fy and (Eo +

u)ixy = 1'(Eo + u)x + (E0 + u)y as described in Reference 9 (p. 68).
2 7
For example, f, = (f, )", f =i (f. ) ef and (E_ + u),, =
Mq M2 2MN6 M2 N2 (0] M4
2(Ey + “)MZ AR u)ZMN6 = 2(E, + ”)M2 + (Eg * “)n2 '

23. Given g and H for a station, then, the tidal stream (or
tide height if g and H were obtained from a tide record) can be
predicted at that station as a sum over all the important tidal con-

stituents:

S
y(t) = f%% fi Hy cos (n;t + (E0 + u)i - qi) , (11)

where t 1is EST. The value of t can be restarted at 0000 EST on
each day (corresponding to the tabulated daily values of Eo +u ) for
which the prediction is wanted; however, the correction necessary is
small if (E0 + u) is specified only on the first day and time is
allowed to increase continuously for up to a month.

24. Estuarine circulation. There are several ways to separate

the long-term flow from the total current. One way is to average, over
a suitable interval, the velocity deviations found by subtracting the
tidal stream velocity predicted by regression analysis from the ob-
served velocity. A second way is to pass the total current time series
through an appropriate low-pass digital filter. A third method, pro-
gressive vector summation or the successive addition over 12.42 hr of
the displacement vectors calculated for each sampling interval, re-
quires much less calculation and is sufficiently accurate for most

purposes. The resultant flow vector is defined to be the net displace-
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ment per tidal cycle at the current meter station. Proaressive vector
summation is done routinely for all the stations. Diagrams of net
displacement/tidal cycle over many tidal cycles are shown in Plates 1-
16.

25. Tidal stream turbulence. The fluctuating velocity component

is found by subtracting the tidal stream flow predicted by the regres-
sion program, plus an averaqe flow over some appropriate interval,

from the total current.

Sediment Resuspension

26. The distribution of suspended sediment through the water
column is measured with a white light transmissometer having a 10-cm
path length. This instrument also contains a pressure sensor, which
serves to indicate its depth. Transmittance vs depth is traced on an
X-Y recorder as the transmissometer is lowered through the water column.
The relationship between transmittance and the concentration of sedi-
ment depends on the grain size of the particlesll. The transmissometer
is, therefore, calibrated by resuspending weighed quantities of sedi-
ment collected from the study area. Eleven calibration tests were
performed spanning concentrations of suspended sediment rangina from
0 to 450 mg/%. The relationship between the suspended sediment con-
centrations ( ¢ in milligrams/liter) and the percent transmittance of
light, %t , is

¢ = 6.2 x 10° (2.0 - log,, (2t)) (12)

Only in one case did the calculated concentration differ from the
29
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measured concentration by as much as 20%.

27. To document the variation in turbidity over a tidal cycle,
vertical turbidity profiles were recorded with the transmissometer at
EN-N every 30 min beginning at 1800 hr on 24 March 1975 until 1600 hr
on 25 March 1975, a total of 22 hr. Minor calibration adjustments
were made throughout the experiment by submerging the instrument in
clean, fresh water. Wind velocity was also measured every 30 min
during the experiment with a shipboard anemometer. A General Oceanics
current meter was established 2 m above the bottom at EN-N sampling the
flow every 0.94 min for the duration of the experiment (i.e. from 24
March 1975, 1412 hr until 25 March 1975, 1230 hr). The tidal velocities
were removed from the current meter record with a least-square reqres-
sion of sinusoid with four tidal periods (see paragraph 19), and the

fluctuating current velocity examined directly.

Disturbance of the Bottom by Waves

28. While the tidal stream dominates water movement at EN-N,
there is the possibility that storm-generated waves might contribute
to the erosion or transport of dredged material placed on the bottom.
To test this possibility, a wave recorder was deployed in the study
area during February and March, 1975 which are normally the stormiest
months in this area. The experiment was designed not to record all
aspects of the sea state but to detect only those waves that would
influence the bottom. Hence, the wave recorder was placed at a depth

such that short-wavelength waves were not recorded, and a search was
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made for waves of sufficient wavelength to produce an appreciable
particle velocity on the bottom at the experimental site.

29. A Bass model WG100 wave recorder was placed on the top of
Cable and Anchor Reef (L = 41°00'36" X = 73°25'12") in a mean water
depth of 45 ft. (Station WG in Figure 7). The instrument was set to
record water pressure continuously for 3 min of each hour. Thus a
tide height as well as a wave record is obtained. The record obtained
runs from 19 February 1975 to 27 March 1975. A representative photo-
graph of the wave record, for the time period, is shown in Plate 17.
The pressure sensitivity of the instrument is 0.05 ft of water. A1l
nontidal pressure fluctuations greater than this were read from the
chart record and analyzed. The period of the pressure fluctuations
was determined by measuring the spacing of oscillation recorded on
the chart with a measuring microscope; pressure amplitude was read
from the chart graduations.

30. The analysis of the recorded pressure fluctuations involves
two steps: first, determination of the surface sea state responsible
for the fluctuations; and second, determination of the resultant parti-
cle velocities on the bottom. All calculations are based on the equa-
tions of small amplitude wave theory; departures from these relations
for the waves studied are expected to be small. The first step is the
determination of the wavelength X from the measured period of the

waves P by graphical solution of the relation

2
| (13)
tanh 217')-‘-
:
:
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where d , the water depth, is 45 ft. These solutions are recorded in
Table 4. The height of the wave on the surface H responsible for a

pressure fluctuation &p at depth d is then found from
= 2%p d
H 2og cosh ZWA (14)

The attenuation of &p with depth is rapid unless the wavelenath is

Tong.

Salinity Observations

31. Salinity data are useful for two reasons: to help identify
water masses and to define the density gradient through the water
column. The latter is important in analysis of the transport of dredaed
material to the bottom since an increase of density with depth means
increased buoyancy forces on the descending material. Salinity was
measured with a Hydroproducts model 645 salinometer modified so that
its output signal can be recorded. The sensor unit of the salinometer
is attached to a pressure indicator so that a continuous trace of
salinity vs. depth can be made with an X-Y recorder. Salinity profiles
were made along a series of short transects extending outwards from the
Connecticut shore to detect the width of the zone in which high salinity
bottom water mixes with less saline surface water. The technique is

the same as that described by Gordon and Pi]beamlz.
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PART III: RESULTS AND DISCUSSION

Literature Review

32. There are few published papers dealing with the oceanoqraphy
and geology of Long Island Sound. Those papers containing background
information helpful in the interpretation of the observations at the
Eatons Heck study area are mentioned herein.

33. The movement of water through Long Island Sound has been
the subject of a number of published papers beqinning with the mono-

1

graph on tides and currents by LeLacheur and Sammons An analysis

of the tides in the Sound based on a damped resonance model was pre-
sented by Redfield14 and further developed by Ippen and Har]emanls.

A comprehensive discussion of circulation and mixing processes is

given in a series of papers by Riley}ﬁ’ 17, 18 more recent results
for the central Sound are given by Gordon and Pilbeamlz. Summaries

of recently obtained hydrographic data are available in the Technical
Report Series of the Marine Sciences Research Center of the State
University of New York at Stony Brook.

34. Interest in the submarine geology of Long Island Sound dates
back to the early work of J. D. Dana}g' 20, 21 More recently, seismic
surveys have shown the bottom of the Sound to be typically bedrock
covered by thick blanket deposits of glacial drift and relatively

Bl B3y L%

thin layers of lacustrine and marine sediments. Acoustic-

reflection profiling has been used to define submerged, glacially-formed

structureszs, to measure the volume and distribution of marine sedimenta.
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and to determine the rate of transport of sand26 in Long Island Sound.
The general character of the marine sediments is known from the

published data of McCrone et a1.27 and Buzas28.

Sediments and Bottom Structure

Identification of sediment type

35. The Eatons Neck disposal site is located approximately mid-
way between the irregular, east northeast trending shorelines of
Connecticut on the north and Long Island on the south. From the center
of the disposal site, the shortest distance to the northern shore is
3.1 nautical miles to Long Neck Point; whereas to the southern shore
it is 2.9 nautical miles to Eatons Neck Point (see Figure 1b).

36. A simplified geological cross section through this reaion
of Long Island Sound can be represented by the following sequence: a
pre-glacial bedrock basin, covered by as much as 100 ft of glacial
drift, and that covered by as much as 100 ft of Recent sediment. In
places, shoals of either bedrock (for example, Budd Reef) or partially
eroded glacial drift (for example, Cable and Anchor Reef) crop out of
the surrounding Recent sediment cover.

37. The Connecticut shoreline consists of exposed bedrock and
bedrock covered with a thin veneer of glacial drift, primarily till
and sand and gravel; the Long Island shoreline consists of beach sand
and glacial till over outwash sand and gravel.

38. Most of the bottom at the disposal site is at depths of

100 ft or greater. The north-central, northwest, and central portions
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slope gradually to the south. A trough, in places as deep as 200 f*,
trends east-west along the southern edge of the disposal site. At
the northeast corner of the disposal site is Cable and Anchor Reef,
which shoals to 25 ft. There are also several shcals in the vicinity
of the disposal site that exhibit relief greater than 50 ft above the
surrounding bottom.

39. From the grain-size analyses performed on the sediment
samples, it appears that a useful parameter for representing sediment
type is the percent (by weight) of sediment coarser than 0.074 mm, the
division between sand and silt in the Unified Soil Classification
Systeng. Many of the grain-size analysis curves show a distinct
change in slope at approximately that division (Appendix C). The
percent by weight of sand in the sediment samples was plotted and
contoured at 10% intervals (Figure 8).

40. In addition, a map of the area depicting the principal sedi-
ment types based on the Unified Soil Classification Systemz9 was drawn
(Figure 9). This map shows that the bottom in the central part of the
Sound is predominantly silt with varying amounts of sand. Silty sand,
sand, and gravel are found near the shorelines, particularly around
the sandy headlands of Long Island and at the shoals in the central
part of the Sound.

41. The portion of the bottom on which extensive waste disposal
has taken place is delineated as the gray area of Figure 8. The
identification of this material as "disposed" is based on the presence

of numerous artifacts (brick, cinder block, etc.) in sediment samples
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Figure 8. Contour map of percent sand content (10% contour intervals)
in the surficial sediment in the Eatons Neck study area.
The shaded area indicates portion of the bottom where
extensive disposal has taken place
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and on diver identification of sunken pilings, cables, etc. Acoustic-
reflection profiles 4 through 10 (Appendix B), which pass through the
designated disposal area, also indicate the presence of disposed
material. (On profiles 4-10, the bounds of the disposal area are
indicated by double vertical lines.) For example, on profiles 6, 7,
9, and 10, individual piles of material as high as 18 ft are present,
and most profiles over the disposal area exhibit a characteristic
rough microtopography and irregularities of the bottom on the order

of 2 ft (which are correlated by sediment samples to be disposed
material intermixed with naturally occurring silt). Essentially all
of this material is within the designated bounds of the disposal
ground; at some other sites in Long Island Sound evidence of "short
dumping”, i.e., disposal outside of the designated disposal site bounds,
is found. This may be because the Eatons Neck disposal area is close
enough to shore that visual positioning is relatively easy.

42. The results of the bottom sampling and reflection profiling
study show that the naturally occurring sediment over most of the
disposal site is silt with as much as 50% sand by weight. The excep-
tions to this are the shoal at Cable and Anchor Reef and the deep hole
on the southeast corner of the disposal site, where muddy sand and
gravel predominate.

Bottom photographs

43. Additional information, particularly about the fine-scale
structure of the sediment-water interface, is obtained from the under-

water photographs (Appendix E). On the side of Cable and Anchor Reef
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(Photo E1), pebbles and coarse sand characteristic of a glacial lag
deposit are seen. Much of this material is bound together by algae,
as shown in Photo E2. The photographs taken by divers on the top of
a large mound of disposed material show that fine sediment from the
surrounding sea floor has been deposited here, forming a surface
suitable for recolonization by benthic animals. This cover of fine
sediment is evident in Photo E3, in which an abundance of casts of
deposit-feeding, benthic animals is evident on the sediment surface.
Photo E4 shows this fine sediment at greater magnification; polychaete
tubes are seen emerging from the sediment and bryozoans may be seen
growing on the shell debris. The Eatons Neck disposal site has not
been used for the last few years; the transport and deposition of
suspended sediment from surrounding areas establishes a benthic
habitat suitable for recolonization in a relatively short time.

44, EN-N and EN-S are located off the designated disposal area;
the interface photographs taken there show the texture of the fine silt
bottom of this area of the Sound and information on the biological,
chemical, and physical processes that occur at the sediment-water
interface (Appendix D). Because of the accurate positioning attained
in the interface photography at EN-S, the pictures may be used to
estimate the scale of lateral heterogeneity in the sediment. There is
little discernible difference in the grain size or depths of the
oxidized zone of the bottom in D4-D7 (Appendix D). This shows that
the scale of heterogeneity is greater than 50 m. Over distances of

100 m or more, significant differences in sediment texture and in the
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depth of the oxidized zone can be seen.

45. Oxidized sediment is distinquished by its light color in
the interface photographs7. At both of the experimental sites the
depth of oxidized sediment is about 3 cm, as may be seen in Photos
D4-D7. At the lighted buoy "C" it is significantly deeper, probably
because of higher bottom permeability due to the increased sand content
at this location (Photo D1). In those areas where the oxidized layer
is particularly thin, evidence of a relic, deeper zone may be seen
(Photos D2, D3, and D8). This is probably indicative of a reduced
intensity of bioturbation* at the time the photographs were taken.

46. A large amount of suspended sediment is evident in the water
in both the profile camera photographs and in diver photographs EZ2,

E5, E6, and E7. The particle densities are much greater in the profile
photos taken on 25 March (Photos D2, D3, and D8) than 24 March (Photos
D1, D4-D7, and D9). This is attributed to the eastern storm which
occurred during the evening of the 24th (see Appendix D).

47. Close examination of the photographs will show that the
sediment-water interface is composed of granules, presumably fecal
pellets, on the order of 0.25 mm in diameter. The interpretation of
these structures is discussed in Bokuniewicz, Gordon, and Rhoads7.
These form a layer 2 to 3 mm thick, except in the feeding burrows.

It is this material that is regularly resuspended in the tidal stream30.

48. Evidence of sediment resuspension can be seen in several of

* Bioturbation - disturbance by organisms.
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the photographs but is best shown in Photo D9. Here pellets are being
swept out of one of the feeding burrows. This photograph shows wisps
of particles too fine to be resolved by the camera. These particles
are evident at a number of places along the bottom; and they are thought
to be the silt component of the sediment and are mostly confined to a
boundary layer a few millimeters thick. In two places the transfer of
this fine material from the boundary layer to the stream above can be
seen to be in progress.

49, The most abundant animal seen in the profile camera photos

is the polychaete Owenia fusiformis, characterized by a small flexible

tube (see Photo D7, Appendix D). Owenia is considered to be a pioneer
species and is expected to occur in a heavily stressed environment31.
Hydroids, common on the Sound bottom in winter, occurred in both the
profile camera photographs and the diver photographs (e.g., Photos D6,
Appendix D and E7, Appendix E). Other benthic fauna that can be seen
in the diver photographs include cup corals (E8, E9, and E10 where the
polyps are extended) sponges (E2, E6, E7) demersal fish (E11), and
starfish (E12). Evidence of small burrowing animals can be seen in
most of the profile camera photographs; a particularly large burrow is
seen in Photo D7. These burrows, being filled with loose material,
may act as paths for the rapid diffusive exchange of chemical species
between sediment and water. Their preservation would be important in

any laboratory experiment on chemical exchange between sediment and

water.
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Mechanical properties of the bottom

50. Penetrometer tests were used to measure bottom hardness.
This quantity is useful in evaluating deflection of the bottom under

a superimposed surficial load32.

A penetration test into a hard, sand
bottom would yield a sediment hardness value H of about 500 mb/cm;
whereas a soft, silt bottom has a hardness around 15 mb/cm. Throughout
most of the study area, the penetration data suggests that the bottom
is silt but that the mechanical characteristics are heterogeneous and
locally very soft (H = 6.4 mb/cm, for example). Fiqure 6 depicts the
sediment hardness H (in mb/cm) as determined by in situ penetration
tests. Where a change in H occurred, the surficial value is written
above the deeper value and the depth in the sediment at which the transi-
tion occurs is recorded in parenthesis. In the northeast corner of the
study area, between Cable and Anchor Reef and Budd Reef, a soft layer

a few centimeters thick overlies a much harder, probably sandy, sub-
strate. An estimate of the initial deflection of the sediment surface,

d under a load L applied over area A would be given by d = %H'

Hydraulic Regime

Currents

51. An objective of this study was to determine those charac-
teristics of the flow in the Eatons Neck region that are necessary for
predicting the transport of sediment in suspension and as bed load.
In general, all stations exhibit similar hydraulic characteristics
(Figure 7, Table 3):

a. The tidal currents are predominantly along the axis of
the Sound with maximum speeds (observed 2 m above the
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bottom) of less than 30 cm/sec (e.q. Plates 26, 27).

b. Isotropic fluctuating velocities about 3 cm/sec in
magnitude are present (e.qg. Plates 25, 27, and 30).

c. There is a net drift velocity to the west southwest,
(e.g. Plate 23) or the south (e.q. Plate 30).

Tidal currents

52. Major tidal flow is along the east-west axis of the Sound
with a small component normal to the axis. A current ellipse calculated
for station EN-3 (Figure 10) progresses in a counterclockwise direction,
suggesting that the periodic component normal to the axis is the result
of Coriolis force on a resonant co-oscillating tide. The variation of
velocity with depth over several tidal cycles is shown in Figure 11.

The magnitude of the maximum tidal velocity increases by a factor of
three at the surface. The data in this figure are from the vertical
meter array established at EN-A from 10 January 1975 to 22 January 1975
(see Table 3).

53. Values of the tidal constants g and H calculated for
Eatons Neck Stations A and C are listed in Table 5. The semidiurnal
constituent M2 is dominant, with a period of 12.42 hr, and could be
used by itself to approximate the tidal stream. The importance of the
shallow-water constituents (subscript 3 and greater), however, is
evident from the table and can also be seen in the periodograms in
Figure 12 and 13, which were calculated from data from station A and
C. It is this shallow-water component of the tidal stream that dis-
torts (from simple sinusoidal form) the shape of the current versus

time curves shown in the computer printouts. The presence of the
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Figure 10. Progressive vector diagram of the recorded current veloc-
ity 2 m above the bottom at EN-3 over 27 hr showing a
counterclockwise tidal rotation
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Figure 12. Energy density for current velocities at EN-A from a
current meter record taken 2 m above the bottom, 31
October to 12 December 1974. The peaks due to the
primary tidal components in the area are labeled
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shallow-water constituents in the tides tends to decrease the mean
squared flow velocity. In the histogram representation, this causes

an unusual number of Tow velocities to be observed. The effect is most
pronounced at EN-C and EN-A where the typical velocities are only ~10
cm/sec.

Nontidal flow

54. Estuarine circulation. Superimposed on the oscillating

tidal stream flow is a smaller, aenerally unidirectional flow identi-
fied as the estuarine circulation of Long Island Sound. The flow is
out of the Sound in the less saline surface layer and inwards in the
more saline bottom layer. Density gradients due to salinity differences
drive the circulation. The resultant flow vectors at all current meter
stations indicate a net westward movement of bottom water ranging from
1.5 to 5.5 cm/sec (Figure 14). In central Long Island Sound, net shore-
ward flow of bottom water is found only close to the shore, where
bottom water moves into the shoreside mixing zoneslz. The boundary of
the mixing zone along the Connecticut shore is shown in Fiqure 15. It
generally follows the 10-fathom depth contour. Because of the rapid
increase of water depth south from the Connecticut shore, the mixina
zone is relatively narrow in this part of the Sound, and shoreward flow
would not be expected to occur anywhere near the disposal area. This
is confirmed by the current meter results; shoreward flow is not found
at any of the stations.

55. The variation of the resultant flow vectors with depth is

shown in Figure 16. The data are from the vertical array at EN-A from
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10 January 1975 to 22 January 1975. The flow becomes progressively
more southerly as the surface is approached. The resultant flow vec-
tors from the top meter, about 8 ft below the surface, are plotted
alongside the appropriate wind vectors in Figure 17, and the close
correspondence between the two diagrams indicates that the surface
circulation is largely wind-driven at this depth.

56. Progressive vector diagrams calculated from data obtained
at EN-A over a 5-month period are plotted in Plate 31 and show the
near-bottom drift to be fairly uniform for long periods of time. In
Figures 18 and 19, low-pass filtered velocity data from EN-A (31
October 1974 - 12 December 1974) are graphed. The filter was chosen
to eliminate all components with periods less than 24 hr and is a more
accurate method of removing tidal components than progressive vector
summation. The resultant vectors and low-passed velocities show varia-
tions with periods on the order of days. These variations are probably
large-scale current fluctuations. No relation of these variations to
variations in wind or freshwater runoff was found. However, the fre-
quency of occurrence of large variations is observed to increase in
stormy weather. For example, the diagram in Plate 31 shows a large,
confused loop in the resultant vector diagram from March, 1975. This
loop coincides with two storms, one on March 8-9th with winds up to
25 knots, and the other on March 14-15th with winds up to 33 knots.
Changes in the resultant flow vectors that reflect changes in the
driving forces of the estuarine circulation probably cccur on the order

of weeks to months. It is likely that the circulation is buffered
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Figure 17. The 25-hr net current flow recorded in the surface water

at station EN-A between 10 January and 22 January 1975
compared to the 25-hr average wind velocity recorded at
Stratford Point, Connecticut, for this same time interval
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Figure 18. E-W current velocities 2 m above the bottom recorded at EN-A

between 30 October and 12 December 1974 from which all

periods less than 24 hr have been removed by a low-pass

filter
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Figure 19. N-S current velocities 2 m above the bottom recorded at EN-A
between 30 October and 12 December 1974 from which all
periods less than 24 hr have been removed by a low-pass
filter
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against rapid changes in freshwater input and only responds to seasonal
changes. For example, a sudden increase in freshwater runoff will
increase flow in the surface layer and tends to increase mixing between
the bottom and surface layers. However, this effect is offset by
decreased salinity in the surface layer that increases the vertical
stability, and makes mixing more difficult.

57. Turbulence. The tidal stream flow is an unstable shear
flow and hence turbulent. The largest characteristic length for this
turbulence is expected to be on the order of the tidal excursion (2 to
4 km) with a continuum of decreasing sizes constrained finally by the
conversion of kinetic energy into heat. Fiqure 20 shows the fluctuating
velocities at EN-A (31 October 1974) over 29 days. (The constant term
was defined as the average velocity over the 29 days.) Histoagrams of
the same data as well as histograms of 15 days of similar data from
EN-C (31 October 1974) are qgiven in Figures 21 to 24. The distribution
is unimodal and symmetric around zero with a standard deviation of about
3 cm/sec. The histograms have been normalized for comparison with a
normal distribution curve with mean of 0 and a standard deviation of 1.
The probability of the occurrence of fluctuations in any particular
interval is obtained by multiplying the height of the interval by the
area of the interval (= 1/standard deviation). The fluctuations studied
are independent of position in the tidal cycle.

58. The magnitude of the velocity fluctuations was found to be
sensitive to the wind speed in the Eatons Neck region,

A similar relationship has been documented in the central Sound where
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Figure 20. E-W and N-S fluctuating current speeds (see paragraph 22)

recorded 2 m above the bottom at EN-A between 31 "ctober
and 12 December 1974

57




04}

03P

occurrence

0.2 -

Probability of

0.l r*-

Figure 21.

e e e — o T ———— e — ' ——————

EN-A

31 Oct 74

E-W velocity component
2089 observations

o=35%

The distribution of E-W fluctuating current velocities
recorded at EN-A between 31 October and 12 December 1974
compared to a Gaussian distribution (thin 1ine) with the
same mean and standard deviation (o, in cm/sec)
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Figure 22. The distribution of N-S fluctuating current velocities
recorded at EN-A between 31 October and 22 December 1974
compared to a Gaussian distribution (thin line) with the
same mean and standard deviation (o, in cm/sec)
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Figure 23. The distribution of E-W fluctuating current velocities
recorded at EN-C between 10 October and 25 November 1974
compared to a Gaussian distribution (thin line) with the
same mean and standard deviation (o, in cm/sec)
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The distribution of N-S fluctuating current velocities
recorded at EN-C between 10 October and 25 November 1974
compared to a Gaussian distribution (thin line) with the
same mean and standard deviation (o, in cm/sec)
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the fluctuating speeds increase with increasina wind velocities33. In

the central Sound in 20 m of water, the standard deviation of the fluc-
tuating water velocities was found to increase by as much as a factor
of two during stormy conditions.

Summary and discussion

59. Tidal flow at the Eatons Neck site is aenerally in accord
with that expected on the basis of the model of Redf1e1d14. However,
the shallow-water constituents are much more strongly developed here
than in the central and eastern Sound. They are recponsible for the
substantial departure of the current curves from simple sinusoidal
form. The net flow of bottom water through the study area is westward.
This is in accord with the general picture of estuarine circulation
in the Sound, but the rate of the net drift is substantially greater
than that indicated in original work of Riley17 on this problem. ‘lone
of the current meters detected a shoreward flow of water into longshore

12. The regional

mixing zones, such as exist in the central Sound
description of the average net drift is indicative of the long-term
motion of suspended material near the bottom. There should not be,
therefore, any shoreward advective transport of disposed material from
the Eatons Neck study area.

60. The shallow-water tidal constituents decrease the time
during which the tidal stream flows faster than the critical erosion
velocity of the sediment. No significant seasonal variation in the
westward drift of the bottom water was detected. As in the central

12

Sound™~, the bottom water drift is not directly influenced by wind
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stress. At site EN-A Cable and Anchor Reef apparently shields the
bottom from the net bottom drift. This would, therefore, be a
particularly favorable location for the retention of material placed
on the bottom.

6l1. The water depth at EN-N and EN-S is sufficiently areat that
disturbance of the bottom by the orbital particle motion due to waves
on the surface is not expected during ordinary winter storms, such as
occurred in March 1975. The most important source of disturbance of
the bottom during storms is the enhanced level of the fluctuating
component of the tidal stream speed in central Long Island Sound33.

A similar relationship is found at the Eatons Neck site, and the effect
of this disturbance on the suspension of bottom material is discussed
in a later section.

62. Both sedimentary and hydraulic conditions at the Eatons Neck
study site are generally similar to those at the New Haven disposal
site. Thus, many of the observations on the consequences of the dis-
posal of dredged material at New Haven are expected to be applicable

at Eatons lleck.

Sediment Resuspension

63. The variations in the suspended sediment load were measured
over a 22-hr period at the EN-N site beginning at 1800 hr on 24 March
1975. The water depth was 20.5 m and the bottom sediment was sandy silt
at this station. The concentration contour interval in Fiqure 25 is

-5

1 » 10 ° g of sediment per gram of water; "H" and "L" denote times
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of high and Tow water respectively. The wind velocity vectors are also
shown below the contour plot.

64. A northeast wind blew for the first 5 hr of the experiment;
however, the wave gauge in operation at Cable and Anchor Reef did not
record any significant wave activity at the bottom. Calculated maximum
orbital velocities would be less than 1 cm/sec at EN-N during the
turbidity observations. While the bottom water flow was undisturbed
by wind-generated waves, the wind stress at the surface increased the
magnitude of the fluctuating water velocity near the bottom (see para-
graph 57). This phenomenon has been documented in central Lona Island
Sound by Bokuniewicz, Gordon, and Pi]beam33.

65. The current speed at the EN-N during the turbidity experi-
ment exhibited large variations until 2100 hr on 24 March 1975 (Fiqure
26a). Fiagure 26b is a graph of the magnitude of the fluctuating water-
velocity component for the current meter record during this period and
the wind speed squared recorded at the station. The period of high
winds between 1900 and 2100 hr corresponds with about a twofold increase
in the magnitude of the water-velocity fluctuations.

66. While the wind speeds and, consequently, the fluctuations
in the water speeds, were high, there was little vertical suspended
sediment concentration gradient in the water column (Fiqure 25). Even
though the wind did not generate waves large enough to produce signifi-
cant orbital velocities at the bottom, vertical mixing was enhanced by
an increase in the magnitude of water-velocity fluctuations.

67. The total amount of suspended sediment in the water column
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Figure 26. a. Current speed recorded 2 m above the bottom at EN-N
during the transmissometer measurements, 24 March 1974
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is shown in Figure 27. The greatest increase in the suspended sediment
concentration occurs between 2000 and 2100 hr on 24 March 1975. During
this period the mean tidal current speed was low (8 cm/sec, Fiqure 26),
so little water was advected past the observation point. Thus, it is
reasonable to assume that the change in turbidity is due to the addition
of bottom sediment to the water column and not caused by the sampling
of water masses of different turbidities being advected past the sta-
tion. Although the mean flow velocity during this period was low,
large fluctuations in the velocity about this mean occurred and occa-
sionally raised the velocity to as much as 21 cm/sec. These events
would sporadically resuspend bottom sediment. The observed increased
concentration requires an addition of 0.04 g/cm2 of sediment to the
water column. This change in the suspended load would require the
resuspension of about 0.5 mm of the bottom sediment and is equivalent

9 g/cmz-sec into the water column between

to a net flux of 1.1 x 10~
2000 and 2100 hr. (The maximum observed turbidity level during the
experiment could be accounted for by the resuspension of about 0.8 mm
of bottom sediment.)

68. The high rate of resuspension observed between 2000 and 2100
hr is apparently due to the increase in water-velocity fluctuations at
this time (Figure 26). The suspended load remains high throughout the
ebb tide (2100 to 0300 hr, Fiqure 27). The observed suspended load
was insensitive to the tidal currents since there is no measurable

increase in the suspended sediment load during the subsequent flood

tide (0430 to 0900 hr, Figqure 27).
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Figure 27. Total suspended sediment load in the water column measured
with a transmissometer at EN-N, 24 March 1974
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Disturbance of the Bottom by Waves

69. Since the Eatons Neck disposal site is in relatively deep,
protected water, frequent disturbance of the bottom by wind-aenerated
waves on the water surface is not expected. The extent to which
disturbance may occur is indicated by the record obtained from the
wave recorder on Cable and Anchor Reef.

70. In Table 6 the smallest surface wave height that could be

detected H is listed as a function of wave period for this station.

min
The tabulation shows that only waves with P > 3 sec could be expected
to be detected.

71. The maximum horizontal particle velocity on the bottom at

the site of the wave recorder U is found from the relation

mH

T R (15)
™ P sinh 2n——§
where | is the height, P the period, and X the length of a wave

on the surface and d 1is the water depth. Because the wave recorder
was placed in relatively shallow water of the reef, particle velocities
there would be higher than those expected to occur at the disposal site.
Wave characteristics are not expected to change significantly between
the disposal area and the measuring station on Cable and Anchor Reef.
Hence, Un at the disposal site can be calculated simply in terms of
the increased depth and the wave period. Velocity ratios for 60- and
90-ft depths relative to the velocity at 45 ft are displayed in Table 7.
72. Shown in Plate 32 is Un determined at the wave qauge site

for the period when the recorder was in operation. Shown for comparison
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are the square of the wind speed and the wind direction recorded at
Eatons Neck Coast Guard Station. The fiqure shows that significant
wave action on the bottom occurs only during easterly winds, as on 14
March 1975 and 19 May 1975; quite strong winds from other directions
have very little effect, as on 26 March 1975. This is expected since
it is only from the east that there is a long fetch at the Eatons MNeck
site, as is shown in Table 8 where the ratio of the fetch in each
direction relative to the minimum fetch at this site is recorded.
Values of U (Plate 32) were calculated from the average wave height
in each 3-min recording period. Greater peak velocities may be expected
to occur according to the same statistical distribution as do peak wave
heights. For example, if Uﬁ is the mean peak speed, Uﬁ (1/10) the
average of the highest ten percent, and Uﬁ (1/3) the "significant"
value, then

Uﬁ/ﬁh (1/3) = 0.625 Uﬁ (1/10)/36 (1/3) = 1.27 (16)
(Reference 34). The occasional occurrence of very high bottom veloci-
ties may be important in the excitation of sediment transport or in
applying "stress" to benthic animals.

73. The development of waves during the storm of 14-15 March

1975 may be followed in the data presented in Table 9. Table 9 shows
the average period P , height H , and wavelength X , as determined
by each hourly record made by the recorder. The wind speeds and direc-
tions reported at Eatons Neck are also shown for comparison. During
the period of easterly winds, waves are first detected with P = 4.4

sec, the Timit of sensitivity for this location. There is a progres-
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sive increase in P and XA as the strength of the wind increases.
However, the ratio of H/X remains relatively small; only three obser-
vations exceed the 2.85% fiqure that marks the dividing point between
swell and wind-driven waves. Thus, although waves of considerable

height develop, the wave steepness remains quite small. The greatest

u_ (17 cm/sec) occurred at 1912 hr; at the disposal site the corre-

m
sponding Uﬁ would be 11 cm/sec. Waves with the Tow H/X observed

are not fully developed and would, therefore, be expected to become
larger if the easterly wind were to continue for a longer time. As
soon as the wind diminishes or changes into the northwest, the sea
state drops rapidly. Reliable estimates of the extent and frequency
of bottom disturbance by waves could probably be made from weather
records using the long-term wave climate data at the site. It is
clear, however, that the principal effect of wind on the bottom at
the disposal site is to increase the level of tidal stream turbulence

and that effects due to wind-generated waves are less important.
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PART IV: CONCLUSIONS

74. Summarized herein are the principal results that have an
influence on the use of the Eatons Neck site as a repository for
dredged material.

75. There is no physical evidence of siagnificant dispersion
of disposed material from the designated site; abundant evidence of
the presence of disposed material is found within the site boundaries.
In many places large mounds of deposited material are identified that
must have been on the site for many years. Their continued presence
is evidence that no large-scale dispersal is occurring. [lo physical
evidence of the presence of dredged material is found outside of the
site boundaries.

76. The physical evidence indicates that exchange of sediments
with the surrounding sea floor occurs only for silt and clay-sized
particles found in a layer approximately a centimeter thick at the

sediment-water interface. This layer of sediment is being continually

reworked by benthic animals and is subject to resuspension by the tidal
stream. It is expected, therefore, that after disposal, the thin @
surficial layer of dredged material is intermixed with surficial sedi- |
ments of the surrounding areas. Freshly deposited dredged material

will soon be covered by this intermixed sediment, which then becomes

a new habitat for benthic animals. Material below the intermixed

layer is disturbed only to the depth penetrated by burrowing benthic

animals. All material below this depth remains undisturbed.

77. There is no advective transport of water from the disposal
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area toward either the Connecticut or the Long Island shore. The net
drift of bottom water throughout the study area is observed to be west-
ward; it is expected that most of it eventually flows out of the Sound
through the East River into New York Harbor. The tidal displacement
ellipse for water over the disposal site never reaches the shoreside
mixing zone. Thus, the probability that any material entering the
water column from the disposal site will ever reach either shore is
very small.

78. The dominant source of enerqgy to drive sediment transport
processes in the study area is the tide. Although high wind stress
increases the level of tidal stream turbulence, storms do not have an
appreciable effect on the bottom at the disposal site. The sedimentary
regime is in steady state and is not subject to large-scale perturba-
tions.

79. On the basis of the evidence presented in this report, it
is concluded that the Eatons Neck disposal site is well chosen to be
a dredged material repository where sediment dispersion will be

minimal.
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Table 1

Eatons MNeck Disposal fGround - Acoustic-Reflection Profiles

Start End
Track # Latitude Longitude Latitude Longitude
1 40°55' 55" 73°31'43" 41%n'12" 73%31' 28"
2 41°01'30" 73%20' 30" 40°57'41" 73%20'16"
3 40°57'23" 73%28' 01" 41°01'37" 73%28+21"
4 40°57'14" 73%27'13" 41°02'18" 73%26'51"
5 41°01'49" 73%26145" 40°58' 10" 73%26'38"
6 41°01'38" 73%26' 36" 40°52' 07" 73%26' 19"
7 41°02'19" 73%25' 55" 40%57' 21" 73°26'03"
3 41°02' 25" 73%25'30" 40°55'51" 73%25' 24"
9 41°02" 35" 73%25' 08" 40°57' 20" 73%2¢ ' na"
10 40°57' 21" 73%25'35" 41°02' 02" 73%25122"
11 41%2' 27" 73%24" 46" 40°57'06" 73%25' 28"
12 40°58'11" 73%24' 08" 41%02' 23" 73%241 28"
13 40°58'16" 73%23'48" 41°03'15" 73%23' 10"
14 41°03'41" 73%21'56" 40°58'11" 73%22'03"
15 41°04'35" 73°20'<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>