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INTRODUCTION

Dredging Background

The U. S. Navy, to accommodate a new class of nuclear submarines at
its Groton, CT, base, is dredging extensive portions of the Thames River,
CT. The dredging is largely new work which deepens existing channels and
berthing areas from predredging depths of 32-33 ft (9.8 - 10.1 m) to 36 ft
(11.0 m) plus one foot (0.3 m) overdredge. The dredging is being conducted
in two increments or phases. Phase I extended from 19 August 1974 through
18 July 1975, and included the portion of the river channel between Long
Island Sound and the Gold Star Memorial Bridge (Figure 1). According to
U. S. Army Corps of Engineers (COE) estimates, approximately 1,510,112 yd3
(1,156,746 m3) of spoils were removed during Phase I.

Future planned Navy dredging includes the section of the river channel
from the Gold Star Bridge to the submarine base (ca. 1,292,000 yd3 or
989,672 m3). Another 195,000 yd3 (149,370 m3) of spoils would be created
in extending the river channel about 533 ft (163 m) north of its present
terminus. Berthing areas at the submarine base must be dreajed to -39 feet
(11.9 m) with one foot overdredge, generating an additional 514,000 yd3
(393,724 m3) of materials. Dredging of a floating drydock area to -59 feet
(18.0 m) is also planned; this would involve 154,000 yd3 (117,748 m3)

(Dept. of the Navy, 1976). The total volume of spoils to be removed in Phase
II is estimated to be 1,845,000 yd3 (1,410,687 m3). At this writing, Phase II
dredging was scheduled to begin in June 1977. An additional 200,000 yd3

(152,920 m3) of dredging is projected through 1985 (Dept. of the Navy, 1976).
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Figure 1.

Lower Thames River, showing approximate area dredged during
first increment (\\\\\), and Eastern Long Island Sound, with
designated New London Dumping Ground indicated. @ = Original
disposal point for first spoil increment.
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Sediments of the dredging areas have been described as uniformly
clayey organic silts with moderate plasticity and cohesiveness (Dept. of
the Navy, 1973). The sediments removed in the first increment exceeded
interim EPA guidelines only for volatile solids, chemical oxygen demand
and Kjeldahl nitrogen. Values for these indices decreased both
in a downriver direction and with depth in the sediments. That most spoils
deposited to date have been fairly cohesive and uncontaminated must be
considered in evaluating this report's findings on contaminant levels
and impacts on biota. Sediments still to be removed are considered less
consolidated (at least surficially) as well as more contaminated.

Large capacity (10-14 yd3 or 7.7-10.7 m3) bucket dredges, and bottom-
release scows (Figure 2) have been utilized in an effort to minimize
turbidity in the dredging and disposal areas. Spoils from the first
increment of dredging were dumped at the New London Dumping Ground, a
1 nautical mile (n mi) square designated disposal area bounded by 41°15.7'
and 41°16.7' N, and 72°04.0' and 72°05.3' W, and centered approximately
2.7 n mi S of the Thames' mouth (Figure 1). Predisposal water depths
within the dumping ground ranged from 47-81 ft (14.3-24.7 m) except for
a mound reaching to 36 ft (11.0 m), probably a relict of past spoil dis-
posal, in the north-central portion of the dumping ground. As a rule,
depths increased from N to S, reflecting the general trend of deeper
waters as one moves from the mouth of the Thames toward the Race. Point
dumping of the spoils has been attempted, utilizing a buoy installed for

this purpose at 41°16.13' N, 72°05.02' W, in the southwest quadrant of







the dumping square. Spoils were released at this buoy from 19 August
to 20 December 1974. At that time, due to formation of a peak of
spoils, water depths at the disposal buoy had decreased from their
original 70 ft (21.4 m) to less that 50 ft (15.3 m) depths. The dis-
posal point was therefore shifted ca. 600 ft (183 m) to the SE, to
41°16.1 N, 72°04.99' W. On 22 July 1975, the buoy itself was moved
ca. 150 ft (45.8 m) to the S (41°16.90 N, 72°05.00 W).

The New London Dumping Ground has historically served as a disposal
area, receiving approximately 6,000,000 yd3 (4,656,000 m3) of spoils
over the past 20 years (Dept. of the Navy, 1976). The largest recent
addition was the 92,500 yd3 (70,855 m3) dredged by the Navy from a Groton
plier construction site in 1972. Environmental effects of that operation
were monitored (Naval Oceanographic Office, 1973) in an attempt to pre-
dict impacts of the larger project now underway. Several smaller dredging-
disposal projects, including 14,500 yd3 (11,107 m3) by the Mystic Marine
Historical Association and 7,400 yd3 (5,668 m3) by Amerada Hess, were
carried out concurrently with the Navy's first dredging increment.

Study Background

Under the terms of the dumping permit, the dredging and disposal were
to be accompanied by an extensive survey to monitor their environmental
effects. The National Oceanic and Atmospheric Administration (NOAA) was
designated the lead agency in these investigations, which were funded by
the Navy. Coordination of all studies was undertaken by the Northeast

Fisheries Center (MACFC), National Marine Fisheries Service, NOAA.
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This group was also responsible for two specific investigations:
microbiology (Section E of this report) and benthic macrofauna (Section
F) of river and dumpsite.

The disposal permit also stipulated that a representative segment
of the scientific and academic institutions of the Long Island Sound
region should participate in the monitoring studies. On this basis, the
New York Ocean Science Laboratory (NYOSL), Montauk, N. Y., was awarded
subcontracts to investigate disposal impacts on physical and chemical
oceanography, and finfish populations, of the dumpsite and surrounding
areas (Sections C, D and G, respectively). The University of Connecti-
cut (UCONN), Groton, Conn., was designated to determine effects of dredg-
ing on river flow characteristics and coacentrations of suspended mater-
ials (Section A), as well as heavy metals in river water, sediments and
shellfish, and shellfish gross pathology (Section B). UCONN has also
conducted SCUBA surveys of the spoil pile and its lobster populations
(Section H).

All the above investigations began with "baseline" surveys in June-
July 1974, shortly before the onset of dredging. Sampling for most pro-
jects was on a guarterly or more frequent basis, extending at least
through February 1976. Seven quarterly reports on activities and find-
ings of the various projects were submitted to the Navy.

In August 1974, a set of criteria specifying the limits of acceptable
impacts at the disposal area was released by COE after consultation with
the Interagency Scientific Advisory Subcommittee on Ocean Dredging and
Spoiling, or ISASODS. (ISASODS consists of one northeastern area repre-

sentative from each of the following agencies: COE, U.S. Fish and Wildlife
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Service, U. S. Geological Survey, U. S. Environmental Protection Agency
and National Marine Fisheries Service. The representatives advise their
respective regional directors on matters related to dredging and spoiling
in northeastern waters. As of January 1977, the States of New York and
Connecticut have also been made members of ISASODS.) The majority of
these monitoring criteria considered a circle of one mile radius,
centered at the disposal buoy, as the area within which some impacts
were unavoidable and acceptable. If the criteria were exceeded, or other
significant impacts detected, the monitoring study was to notify COE
through ISASODS, and operations were to be halted until alternative,
acceptable means of dredging and disposal, or an alternate disposal site,
were agreed on. Where feasible, the monitoring surveys have adapted their
objectives, sampling strategies and schedules to address the monitoring
criteria.

Other studies related to the disposal project include several
bathymetric surveys of the disposal area by COE and by the Naval Under-
water Systems Center (NUSC), and current measurements by NUSC. These
studies will be discussed only as they pertain to portions of the present

report.

SUMMARY OF FINDINGS
A. Impact of Dredging Operations on Suspended Material Transport in
the Lower Thames River Estuary: The suspended material field in the
Thames River Estuary is characteristic of a sediment-poor system and

displays low average concentration levels (<5 mg/l) and erratic
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variability with no obvious spatial or temporal trends. In this system
the Phase 1 dredging operation: 1) Produced perturbations in suspended
material concentrations and composition that were confined to an area
within 300 to 500 yards of the operating dredge and barge. 2) Produced
an 1lncrease in total suspended load within the estuary that was small in
comparison to that produced by typical aperiodic storm events. 3) Caused
no major alterations in mass transport within the estuary.

B. Thames River Hydrography, Phytoplankton, and Trace Metal Concentrations
in Water, Sediment and Shellfish: 1) Field surveys and elutriate
experiments suggested that effects of dredging on primary production

were spatially and temporally 1limited. 2) Highest concentrations of
nickel, lead, cadmium and mercury in water samples were observed before
or during dredging, while copper was highest after dredging. Nickel,
lead and copper were generally higher upriver; mercury was more concen-
trated in the lower river. Mercury decreased in dredge-induced turbidity
plumes. 3) Sediment levels of these five metals, plus zinc and organic
carbon, increased in an upriver direction. Postdredging concentrations
of zinc and copper were significantly reduced in lower river sediments

in comparison with earlier values. 4) Dredging-related changes in trace

metal body burdens in the oyster, Crassostrea virginica, hard clam,

Mercenaria mercenaria, and morrhua clam, Pitar morrhuana were difficult

to separate from normal seasonal variations. The significant decreases in
five metals in C. virginica probably reflected a general reduction of these
metals in the environment. In M. mercenaria, however, as many metals had

increased concentrations as had decreases. No gross pathology was detected

in the shellfish.
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(R Physical Oceanography of Disposal Area: 1) Turbidity was higher

in bottom waters than near the surface. This was not restricted to the
vicinity of the spoil pile; however, slightly higher turbidity downstream
of the pile indicated that some scouring of spoils was taking place.

2) The average speed of the turbidity or density cloud resulting from

barge discharges was approximately 16 m/min. 3) Drogue experiments and
current meter records showed net flows to the SE at the surface, E at
mid-depth and NE near bottom. Maximum transport was in the east/west
direction with highest values occurring during the ebb. 4) A reversal

from SE to NE flow appeared approximately midway in the ebb tidal cycle.

b. Chemical Oceanography of Disposal Area: 1) Water quality parameters
studied (Eh, pH, turbidity, dissolved oxygen, suspended and volatile
solids) showed no patterns relative to distance or direction from dumpsite,
though seasonal changes in these parameters were evident. 2) Concentrations
of Kjeldahl nitrogen, total phosphorus and seven metals (cadmium, copper,
iron, nickel, lead, zinc and mercury) in seston were also not obviously
related to proximity to spoiling. 3) Water quality rapidly (within two
hours) returned to ambient following a dumping event. 4) Sediments from
stations within or bordering on the 1 n mi2 designated dumping ground were
generally higher in iron, copper, chemical oxygen demand, total phosphorus
and Kjeldahl nitrogen than were sediments outside the area. No evidence

of spreading of the material outside of the dumpsite was found. 5) Benthic
animals collected inside‘and outside the dumping ground had similar concen-

trations of heavy metals, phosphorus and nitrogen.

|~



Bl Effect of Dredging and Spoils Deposition on Fecal Coliform Counts

in Sediments and Bottom Waters of the Thames River and New London Disposal
Site: 1) Predredging fecal coliform densities were high (mean 14,000/

100 ml) in surficial river sediments. 2) Spoil disposal did not increase
densitites in sediments and bottom waters of the disposal area. 3) No
significant differences were found between fecal coliform counts in sedi-
ments within one-half n mi of the disposal point and counts at stations
further removed from spoiling. 4) Counts in bottom waters of the spoiling
area were higher on ebb tides than on flood tides. This indicates that

the Thames River outflow plays a major role in determining fecal coliform
densities in disposal area waters and sediments.

2 Sediments and Benthic Macrofauna: 1) Surface sediments at the disposal
point and several surrounding stations (<€ 1/2 n mi from this point) clearly
had large increases in percentages of silts and clays, indicative of the
presence of spoils, during and after spoiling. Spoils were not detected

at greater distances, perhaps due in part to sampling variability and sedi-
ment patchiness. 2) Species diversity, numbers of individuals and species
of benthic macrofauna were greatly reduced within the spoil pile. No spoil
impacts, distinguishable from apparently natural fluctuations, were detected
outside of the pile. 3) Changes in species composition were somewiiat more
widespread. Populations of several predisposal dominant amphipods and
bivalves decreased throughout the 2 n mi radius study area, and polychaetes
at < 1 n mi from spoiling. No changes were evident in numbers of the overall

dominant species, the amphipod, Ampelisca vadorum. 4) Sémples taken 2-14 months

after termination of disposal showed progressive recolonization of the

J— - ——————n - SRS
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spoil pile. In the absence of additional spoiling, a fairly complete
recovery of the disposal area fauna would be expected.

G. Demersal Finfish of Disposal Area: 1) Numbers of fish caught

dropped sharply after disposal began, and postdisposal catches did not
return to the baseline level. It was thought, however, that the vari-
ation might be a seasonal rather than a spoiling effect. 2) Winter
flounder was the species collected in greatest numbers throughout the
study. 3) Gut content analysis showed windowpane flounder and tautog

to be very selective in their food habits. The other abundant species
were opportunistic feeders and had a varied diet,mostly benthic invertebrates.
H. SCUBA Survey and Underwater Photography of Disposal Site: 1) Troughs
and mounds of newly dumped material provided relief to the normally flat
bottom topography and were initially attractive todemersal fish and
crustacea. 2) A forty-foot mound of previously-disposed spoils contained
high concentrations of lobsters, crabs and Winter flounder. 3) No obvious
turbidity was noted at the spoil-water interface during 1.5 knot currents.
Small (0.5-1.0 cm diameter) clay balls were observed rolling over the
spoil pile; this may constitute a form of sediment transport. 4) Dives

in May-June 1976 revealed that scouring of sediment and disintegration of
clay mounds had occurred. The general topography of the mound had
flattened considerably. There was evidence of sorting, leaving a cap of
shell fragments and 2-3 m diameter patches of coarse gravel material.

Spoils may have spread to 0.5 n mi SE of the disposal buoy.
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A. AN INVESTIGATION OF THE IMPACT OF DREDGING OPERATIONS ON
SUSPENDED MATERIAL TRANSPORT IN THE LOWER THAMES RIVER ESTUARY

W.F. Bohlen, J.M. Tramontano
The University of Connecticut
Marine Sciences Institute
Groton, Connecticut

Introduction

| g s

In many areas of the northeastern United States harbor and
channel dredging operations represent the major transport mode
affecting the movement of sediment from the river or estuary
to the adjacent continental shelf. Very often the bulk of
these sediments have been contaminated by the variety of muni-
cipal and industrial discharges entering the coastal waters and
contain high concentrations of both organic and inorganic
pollutants (Boyd, et al., 1972). As a result, dredging and the
attendant disposal operations generally tend to increase the
areal distribution of these materials and their availability
to the lower members of the food chain.

In recent years considerable effort has been directed to the
determination of the impact of dredging induced sediment dispersion
on coastal ecosystems. For the most part these studies have
been primarily concerned with impacts associated with the
disposal operations. Relatively little work has been done on
the influence of the dredging operation itself (see the review
by Morton, 1976, for examplé). To date most investigations
have simply considered the esthetics of dredging placing particu-

lar emphasis on the reduction or control of turbidity. Limited

C—— e ————



information is available describing the character of the sediments
suspended during dredging, the spatial distributions of materials,
concurrent contaminant release and the resultant short and long
term impacts on the adjacent ecosystem.
In the early summer of 1974 initiation of channel dredging
in the lower Thames River near New London, Connecticut provided
an opportunity to examine in detail several of the most prom-
inent impacts produced by a dredging operation. A series of
field surveys were designed to examine the quantitative influence
of dredging on suspended material transport, trace metal dis-
tributions and biological community characteristics. This section
presents the field data and initial analyses describing the
impact of dredging on the suspended material field within the
lower estuary. Both direct and indirect influences are |
to be considered; the former by analyses of the material field |
in the immediate vicinity of the operating dredge and barge,
and the latter through quantitative estimates of mass transport

variations induced by the increased cross section of the estuary.




The Thames River (Fig. 1) represents one of the three major
streams contributing freshwater to Long Island Sound. This
narrow, incised estuary extends sixteen miles in a northerly
direction from its mouth in the eastern Sound to the confluence
of the Yantic and Shetucket Rivers near Norwich, Connecticut

and drains an area of approximately 400 mi2. (Thomas, et al.,

1968). During the past five years annual average streamflow

of this system varied between 2500 and 2700 cfs. Comparisons
of these levels with concurrent streamflows from the Housatonic
and Connecticut Rivers indicate that the Thames River ranks
third in relative importance.

Regular tidal variations can be observed over the entire
length of the Thames River. Mean tidal range varies progressively
from 2.6 Ft. at New London to 3.0 Ft. at Norwich (NOAA, 1976).
Near surface tidal currents are variable and generally'average
less than 0.8 knot (NOAA, 1971).

The tidal and streamflow characteristics of the Thames River
generally permit the intrusion of saline waters to extend
upriver to Norwich (Soderberg and Bruno, 1971). The resultant
density distributions favor a persistent vertical stratification

that significantly affects both the velocity field and concurrent

material transport within the river,
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Methods and Procedures

a. Sampling Procedures

To determine the average background characteristics of the
suspended material field a network of thirteen stations was
established in the lower river (Fig. 1). Stations were sampled
monthly during the period July, 1974 through May, 1976. Survey
periods were confined to the ebb tidal cycle with sampling
initiated approximately two hours after slack water. At each
station,4.0 liter drawn water samples were obtained at three
locations on the vertical: surface, mid-depth and near bottom,
using a standard Van  Dorn sampler. Concurrent profiles of the
vertical temperature gradient were obtained using an in situ
probe (Hydrolab Corporation). During the first year, measurements
of optical transmissivity were also obtained at several points
in the water column using a Martek Model XMJ Transmissometer
with a 0.25m pathlength. These measurements were discontinued
after analyses indicated limited quantitative value.

To examine the direct impact of dredging operations on the
suspended material field, a series of detailed high resolution
surveys were conducted in the immediate vicinity of the opera-
ting dredge and attendant spoils scow. Each survey first
employed transmissometer measurements to determine the spatial
distributions of the plume of turbid water produced by the
dredging and scow loading operation. Quantitative material

distributions within the plume were then established by drawn
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water sampling using the same methods employed in the monthly
surveys. The number of stations sampled varied in each survey
as a function of plume characteristics. The location of each
station was referenced to the dredge and barge using a hand-
held bearing compass and horizontal sextant angles.

To complement the measurements of suspended material concen-
trations and assist in the determinations of mass flux, the
magnitude and variability of the velocity field in the lower
river over a tidal cycle was examined on two occasions:

December 12, 1974 and May 28, 1975. During the December, 1974
survey velocity measurements were obtained at a single location
near the mouth of the river in the vicinity of navigational

buoy R-6 (Station A). In May, 1975 this station was reoccupied
concurrently with a second station located approximately 0.lnm
(0.2km) south of the Gold Star Bridge (Stationm B). Each set of
measurements was obtained from small boats moored along the
center line of the main navigational channel. At each location,
current speed and direction measurements were obtained at several
locations on the vertical using a Bendix Q-15 ducted propeller
current meter equipped with a deck read-out. Profiles were
surveyed every fifteen minutes for thirteen hours.

During May, 1975, survey channel stations were supplemented
by secondary survey grids designed to determine the degree of
lateral variability characteristic of the velocity field.

Stations were established to the north, south, east and wvest,




approximately 0.25nm away from each of the channel stations.
An additional small boat was assigned to each grid to sequentially
sample the vertical velocity profile at each station throughout
the tidal cycle. These supplementary measurements at Station A
were obtained using a Bendix Q-9 Savonius rotor current meter
while those at Station B employed a CM2 propeller current meter.
Both units were equipped with deck read-out modules.

b. Analytical Methods

Each drawn water sample was stored in prewashed glass jars
and returned to the laboratory where the following analyses
were conducted:

L. Sample Salinity
The salinity of each drawn water sample was determined
using an induction salinometer (Beckman Model RS7-B) . Measured
conductivity was converted to salinity by comparison to Copenhagen
“Standard Sea Water.
2 Suspended Material Concentrations
Approximately one liter of each sample was vacuum
filtered within forty eight hours of acquisition using dried
and preweighed Nucleopore filters (47mm dia.-0.45u pore size).
Filters were mounted in standard Millipore vacuum filtration
setups. Following a thorough wash to remove salts, each filter
was dried and reweighed to determine the by-weight concentration

of the total suspended particulate matter present in the sample.




3. Grain Size Distributions
The particle size distributions characteristic of

the suspended materials present in selected samples were deter-
mined using a Coulter Counter Model TA. A single aperture
tube of 100um diameter was used for all measurements.

4., Organic Carbon Content

Samples for the determination of particulate and dissolved

organic carbon content were prepared by vacuum filtering fifty
te 150 mls (varying as a function of the suspended material
concentrations) of each sample using a Reeve Angel glass fiber
filter (#934AH; 2.4 cm-0.45p). Each filter had been precom-
busted at 400°C for a period of two hours to remove volatile
organics. Following the completion of filtration, filters were
placed in small aluminum pans and frozen. Three 5 ml aliquots
of the filtrate were pipetted into 10 ml glass ampoules which
had been pre-combusted at 450°C for four hours. The ampoules
were individually covered with a small piece of aluminum foil
and frozen.

Particulate and dissolved organic carbon were determined
by the conversion of organic matter to CO2 through wet com-
bustion with potassium persulfate, similar to the method developed
by Menzel and Vaccaro (1964). The following additions were made
to the ampoules containing filtered sample water. 1) ©G.2¢g
potassium persulfate (K28208) and 67 HCP04 were introduced into

the ampoules. 2) Oxygen gas which had been purified by passing




T

through a catalyst tube containing heated (400°C) cupric oxide
was bubbled through for 5 mins to remove inorganic carbon
components. Ampoules were sealed with a microburner. After
sealing,the samples were oxidized in a standard laboratory
autoclave set at 130°C for a period of four hours. The tops
of the ampoules were then broken under sealed conditions in
a nitrogen atmosphere and the C02(g) produced by the persulfate
oxidation was carried by a stream of nitrogen gas to an IR
analyzer and recorder. The peak heights produced by the CO2
were corrected for reagent blanks and compared to a standard
curve which had been determined by the wet oxidation of known
amounts of dextrose (C6H1206).

To determine particulate organic carbon,the frozen filters
were rolled up and placed in precombusted ampoules to which
5 mls of distilled water were then added. From this point the

samples were treated in the same manner as the filtrate.

Results and Conclusions

Water Temperature

Water temperatures in the lower Thames River during
the 1974-1976 study period displayed a seasonal cycle (Figs. 2 & 3)
characteristic of northeastern United States coastal waters. :
Maxima at all stations occurred during July or August with

minima observed during January, February, or March. Only

slight variations were observed in this cycle. Water tempera-
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tures during the winter months of 1974-75 were slightly higher
than those of 1975-76 favoring the persistence of near isothermal
conditions for more than two months. As a result, the character
of the spring increase observed during each survey year varied
significantly. In 1974-75,initial warming in the surface waters
was observed in March with increases at mid-depth and near

bottom being delayed until April. 1In 1975-76 the spring increase
occurred uniformly during late January and early February.

Water temperatures within the study area generally displayed
minor spatial variability. In all cases,cross-stream (east-
west) thermal differences were negligible. Analysis of the
long-stream (north-south) variability shows a slight, but
measurable, increase in annual temperature range as a function
of distance from the mouth of the river. In the vicinity of
Southwest Ledge, Station 2 (Fig. 1), the temperature range
over each surveyv year averaged approximately 20°C. Proceeding
to the north, the annual range progressively increases, finally
exceeding 25°C at Station 12, adjacent to the Submarine Base.

Temperature distributions over the vertical display a
regular seasonal cycle consistent with the yearly trends in air
temperature. During spring warming and through the summer
months, surface temperatures exceed those at mid-depth and
near bottom. With the onset of cooling in September, this
gradient reverses and surface temperatures fall below those

observed at depth. This condition persists through the winter

N
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months.

The fact that both positive and negative vertical temperature
pradients are regularly present indicates that water temper-
atures represent a relatively minor influence on the density
field within the lower river. In common with most estuaries,
density appears to be primarily a function of salinity while
the temperature structure and, in particular, the presence or ab-
sence of a thermocline,is at best a useful indicator of the
intensity of vertical mixing. For example, during most of
the year near isothermal conditions are indicative of free
vertical exchange and limited density stratification. Con-
versely,significant thermal gradients most often indicate a
reduction in vertical mixing and an increase in the degree of
stratification in the salinity field. Application of these
criteria in the examination of the Thames River thermal structure
(Figs. 2&3) indicates a general decrease in vertical mixing with
distance upstream from the mouth. The stations adjacent to
Long Island Sound display nearly isothermal vertical profiles
throughout the year while stations near the northern limit of
the study area are characterized by persistent vertical gradients.
In addition, the temperature distributions indicate that the
degree of vertical stratification in the density field will
increase progressively upstream. Given the character of the
density field noted above, increased stratification can only

be the result of developing vertical gradients in the salinity
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field, a relationship to be examined in more detail in the
next section.

Salinity

Salinity distributions at all stations display an
irregular seasonal variability (Figs. 4&5). With few exceptions,
mid-depth and near bottom values were essentially constant
with salinities remaining nearly equal to those observed in
adjacent Long Island Sound. Surface salinities were measura-
bly lower than those observed at depth and displayed an erratic
but evident seasonal variability roughly correlated with stream-
flow. Maximum salinities were observed in July or August with
minima typically found in late winter or early spring.

The marked difference between surface and at-depth salinity
produces a salinity field characterized by a persistent vertical
gradient and a moderate degree of spatial and temporal var-
iability. The nearly isohaline character of the deep waters
causes the intensity of the vertical gradients to vary tempor-
ally as a function of surface salinity which,in turn,is ap-
proximately dependent on streamflow. Spatially, gradients
vary as a function of distance from the mouth of the river
with intensity progressively increasing along a northerly
transect, a feature previously inferred from the water temper-
ature profiles. East-west variability is for the most part
negligible.

Analysis of the magnitude of the vertical salinity gradients

and comparisons with concurrent water temperature gradients
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indicate that salinity clearly dominates the density field

within the lower Thames River. Salinity gradients range from
a low of 2°/00 to a maximum of 26°/oo. Concurrent water temp-
erature gradients seldom exceed 5°C and more typically average

29¢ Since a 1°/oo change in salinity produces a variation in

density equivalent to a 4°C change in water temperature it is
apparent that salinity dominates and produces a density field
with a high degree of vertical stratification. This density
stratification is particularly pronounced in the near surface
waters. Measurements obtained under a variety of streamflow
conditions (Figs. 6&7) show maximum temperature and salinity
gradients occuring approximately 2 to 3m below the surface.
The near isohaline conditions above and below the transition
zone indicates that the density field within the lower Thames
can be adequately described as a two layer system with limited
vertical mixing. Moreover the persistence of mixing limita-
tions despite the presence of moderately energetic meteorolog-
jcal events suggests that this area may be effectively sheltered
from storm events. FEach of these characteristics are of

particular importance within considerations of suspended material

transport in and through the estuary.

Suspended Material Characteristics
a. Concentrations
Suspended material concentrations observed in the lower

Thames River during the years 1974 through 1976 (Figs. 8&9)
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displayed no evident seasonal variability. Although contrasting
sharply with previous observations in other estuaries (Postma, 1967;
Meade, 1968:; and Schubel, 1969) this behavior is consistent with
recent observations obtained in eastern Long Island Sound
(Bohlen, 1975) and seems thoroughly representative of a sed-
iment-poor system in which transport and ultimately the concen-
tration of suspended materials is dominated by a variety of
factors including stream flow, tidal state, and wind stress.

The relative importance of each of these factors varies both
spatially and temporally. Since these cycles vary independ-
ently and seldom display simple phase relationships, the
resultant suspended material field is often characterized by
erratic variability and an absence of obvious periodicity.

Such behavior is particularly common in systems characterized

by low (<5mg/l) suspended material concentrations.

Examination of the survey data reveals a relatively minor
degree of spatial variability in the suspended material field.
During 1974-75 (Fig. 8) upstream concentrations tended to be
slightly higher than those observed near the mouth of the river
and in adjacent Long island Sound. Maximum concentrations were
highest in the vicinity of Stations 5 and 7. In this same
period concentrations over the vertical generally increased
progressively with depth. Surface concentrations were regularly
less than those observed at mid-depth or near bottom.

The spatial characteristics of the suspended material field

during 1975-76 were substantially different than those of
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1974-175. Average concentration levels were essentially constant
throughout the study area and displayed no tendency to increase
in the upstream direction. Over the vertical, concentration
gradients varied irregularly with surface and near bottom
concentrations alternately dominant. The sense of the gradients
was generally correlated with streamflow. During periods of

low discharge, concentrations at depth exceeded those observed
at the surface. Under these conditions the concentration field
appears to be primarily dependent on shear stress distributions
at the sediment-water interface. Increasing discharge modifies
this dependence and eventually causes a reversal in the sense

of the concentration gradient. Streamflow begins to dominate
and surface concentrations typically exceed those observed at
depth. The relatively infrequent occurrence of gradients dominated
by surface values indicates that streamflow generally represents
a second order influence on the suspended material field within
the lower Thames River. A comparison of volume discharge to

concurrent intertidal volume further supports this construct.




b, Organic Composition

To examine the relative concentrations of organic
material in suspension within the study area (Fig. 1) the
particulate organic carbon content of each drawn water sample
was detcrmiﬁed. These data are of particular importance in
the analysis of the biological impact of the dredging operations
and were also intended to supplement concurrent work on filter
feeding organisms (See section B). As indicated above,
the analyses employed wet oxidation techniques. These methods
have in the past been criticized for failing to provide accurate
determinations of total organic carbon. Work by Sharp (1973), Stani-
kova (1970), Skopintsev, et al., (1966) and Skopintsev (1968),
analyzing low oceanic concentrations (<2mg/l) by direct com-
bustion methods have produced carbon conceutrations differing
from those obtained using wet oxidation techniques (e.g. Menzel
and Vaccaro, 1964) by more than a factor of two. The cause of
these differences appears to be the structure of the organic
carbon compounds associated with each sample. Earlier
investigations of the efficiency of the wet oxidation techniques
indicated that although the procedure provided very nearly
1007 recovery of compounds such as sugars, amino acids and
fatty acids, its efficiency decreased significantly if high
concentrations of refractory long chain or polycyclic hydro-
carbons were present (Menzel and Vaccaro, 1964; Fredericks and

Hood, 1965; Strickland and Passons,1968; Williams, 1969).
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These results suggest that the observed differences between the
wet oxidation and direct combustion techniques are caused by
significant concentrations of refractory compounds rather than
the general inefficiency of the wet oxidation procedures. These
refractory compounds are relatively stable and generally considered
resistant to biological breakdown. As such they represent a
minor source of nutrients and for the purposes of biological
assessments can generally be neglected. Under these conditions
particulate carbon concentrations are accurately assayed using
wet oxidation techniques.

Particulate organic carbon concentrations observed in the
lower Thames River during 1974 through 1976 are shown in Figures
10 and 11. The distributions display a weak seasonal variability
with maxima observed in October and March. The increased
concentrations during these periods must be considered to be
the result of autumnal and late winter plankton blooms respect-
ively, although each peak is significantly delayved with respect
to the normal bloom period (Riley, 1959). Minima typically
occur during December-January. The marked increase observed
during February, 1976 was the result of a major storm event
and will be discussed in more detail below.

The spatial variability of the carbon distributions is
extremely limited. Horizontally, concentrations are nearly
constant and no measurable station-to-station trend can be

discerned. Over the vertical, concentrations tend to decrease
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with depth and surface values often exceed those near bottom
by a factor of two. Vertical gradients display no reasonable
correlation with streamflow and rather appear to be more sensitive
to biological factors including nutrient flux and ambient
light than hydrographic conditions.

Particulate organic carbon typically constitutes 20 to
30% of the total suspended load in the lower river (Figs. 10-11).
These levels, implying that up to 40 to 607 of the suspended
materials are organic in origin,are consistent with previous
observations in Long Island Sound (Meade, 1972; Bohlen, 1975).
The percentage of organic materials in suspension displays
a seasonal variability similar to that observed in the particulate
carbon distributions. This simple variability is the result
of the generally low concentration levels and limited seasonal
variability characteristic of the suspended material field.
These background characteristics simplify resolution of dredging
or storm induced alterations in the composition of the suspended
load. In both cases particulate organic carbon concentrations
will increase significantly, of{ten by a factor of three or more.
Total suspended material concentrations , however, typically
increase by a factor of ten. As a result the relative percentage
of organics decreases significantly during these anomalous
events., The storm observed in February, 1976 illustrates this
variability (Fig. 11). The significance of these phenomena

will be discussed in more detail below. For the present, it is
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simply useful to note that the behavioral characteristics of
the suspended material field in the Thames River permits ready

discrimination between average and aperiodic transport events.

Transport Characteristics

The density field characteristic of the lower Thames River
favors a persistent two laver flow regime in which southerly
or downstream average mass transport prevails in the upper,
near surface layer while northerly or upstream transport persists
at depth. Observations indicate that the thickness of the
surface layer varies between 2 to 3 meters in the area south of
Stations 9 and 10 (Fig. 1). North of this section to the
Submarine Base, laver thickness increases slightly and becomes
more variable and sensitive to streamflow and tidal state.
Within this surface layer measured velocities display a regular
variability dominated by the semi-diurnal tides and freshwater
discharge. During the surveys conducted as part of this study,
this combination produced maximum velocities of approximately
50 cm/sec. Below the surface layer a relatively low energy
circulation system prevails with velocities seldom exceeding
25 to 30 cm/sec. These velocities display a regular, tidally
dominated, variability and appear to be relatively insensitive
to streamflow.

The persistence of pronounced stratification within the

lower Thames is a relatively unique feature in an estuary
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characterized by streamflow values (Fig. 12) small in comparison
to the intertidal volume. Typically, such systems display
gradual variations in density over the vertical with the degree
of statification varying seasonally as a function of streamflow.
The characteristics observed in the Thames indicate that the
study area is subject to a relatively low degree of vertical
mixing. As a result the freshwater outflows are effectively
ejected as a well defined, coherent layer over the higher density
coastal waters. These conditions are apparently the result of
the orientation and morphology of the river basin. The narrow
channel, high banks and north-south alignment of the river
effectively reduce and in many cases eliminate the influence
of wind induced mixing. Review of the wind field characteristic
of the study area (Figs. 13 and 14) indicates that maximum
energies are typically confined to the east-west components
and suggests that of the above factors, channel orientation may
represent the principal determinant limiting wind effects.

The absence of significant wind induced turbulence com-
bined with the regional geological characteristics results
in a relatively simple sediment transport system in the lower
Thames. In shallow estuaries limited turbulent mixing affects
not only the density field but also the character and magnitude
of boundary shear stress acting on the sediment-water interface.
In the absence of this factor interfacial shear and ultimately the
competence of the flow field to erode and/or transport sediments

is often measurably reduced. Concurrently, transport variability
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is reduced and material flux becomes more nearly a simple function
of the tidally dominated velocity field. In such a system the
qualitative characteristics and selected quantitative features

of the sediment transport system can be deduced by considering

the magnitude of the peak velocity, details of the residual

flow and the mechanical/geological properties of the sediment

bed.

Evaluation of the above features within the Thames River
provides clear indications that this system is best characterized
as a low energy regime in which recent hydraulic and geological
factors favor net accumulation of sediments. Near bottom
velocities are consistently low and seldom exceed values nec-
essiry to erode the fine grained cohesive sediments found through-
out the lower river. As previously mentioned upstream drift
prevails at depth. Analyses of the current meter records indicates
average flows of approximately 10 cm/sec. With negligible
local resuspension,this drift,acting in combination with the
factors controlling sediment transport in adjacent Fishers
Island Sound,represents the principal determinant governing the
volume of materials suspended and the fraction deposited in the
estuary. Although this latter feature is difficult to evaluate
without more detailed sedimentary analyses, preliminary estimates
based on short term flow observations and assigned suspended
material concentrations indicate that deposition rates in the
lower Thames are low in comparison to those observed in other

areas within and adjacent to Long Island Sound. Calculations
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based on the velocity observations of May, 1975 and estimated
average suspended material concentrations in the near bottom
and surface layers yield an approximate deposition rate of

0.45 mm/year over the entire surface of the estuary. This rate
is similar to that recently estimated for the central Long
Island Sound system (0.33 mm/year; Bokuniewicz, et al., 1975)
but differs by an order of magnitude from the most commonly
referenced rate (4.5 mm/year; Thomson et al., 1975) again
derived for the central Sound. Given the character of the
deposition process and the many assumptions implicit in the
calculations, immediate determination of the cause and signifi-
cance of these differences cannot be provided. The low rates
seem consistent with the sediment-poor character of the river
basin and the dominance of offshore source areas. In addition,
it should be realized that the computed values represent an
average rate over the entire surface area of the estuary. Rates
can be expected to display significant spatial variability,
particularly in artificially deepened areas. Evaluations of
historical data obtained at several sites similar in character
to the Thames River indicate that deposition rates in dredged
areas may typically approach 10 cm/year. Rates again , however,
are highly variable and depend primarily on the extent and

character of the dredging project.
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Dredging Impacts
a. Near field
The most apparent (immediate) impact of the dredging
operation on the suspended material field within the lower
Thames was the direct introduction into the water column of

high concentrations of fine grained materials due to leakage

from the dredge bucket and overflow from the attendant barge (see Figure 1

of introduction ), The results of the surveys, intended to
determine the quantitative character and spatial extent of the
perturbations produced by the operation,are shown in Figures

15, 16 and L7. The locations of each survey are noted on

Figure 1. These observations indicate that in the worst case,
the operating dredge and barge produced near field concentrations
of total suspended solids in excess of 100 mg/f (Fig. 15).

Given the character of the suspended material field in the lower
river (Figs. 8 & 9), this represents a significant increase and
exceeds average background concentrations by more than a factor
of thirty. Calculations indicate that the mass of material
contained in the turbid plume represents an increase in total
suspended sediments in the estuary of approximately 10 to 20%.
Despite this significant load,the surveys indicate that the
influence of the operations is essentially limited to the
immediate vicinity of the dredge and barge. In all cases
concentrations reached maximum values within 100 yards of the

barge. Proceeding downstream,values then rapidly decayed with
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concentrations returning to background within 300 to 500 yards
of the dredge and barge. Initial reviews suggest that this
pattern is primarily governed by the local flow field and is
essentially insensitive to the characteristics of the sediment
being dredged. The latter factor influences primarily material
concentrations. Its effects on spatial distributions are ob-
scured by the limited variability in sediment characteristics
in the lower river.

In addition to the marked increase in local concentrations,
the composition of the suspended load was measurably perturbed
in the vicinity of the dredge and barge. Particulate organic
carbon concentrations typically increased by a factor of two
while the relative percentage of P.0.C. with respect to the
total concentration of suspended solids decreased sharply
(Fig. 10). Againy,these variations are confined within the
plume of turbid water and were not observed at stations which were
distant relative to the dredge and barge.

b, Large scale effects

A major dredging project can be expected to modify
the large scale characteristics of the suspended material
field in an estuary by causing alterations in the composition
of the sediment-water interface and through variations in the
hydraulic regime and resultant transport induced by the in-

creased cross-sectional area of the total river channel. The

\ - el AR N AT T—— B PN o ~ ~—e — —
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first phase dredging in the lower Thames directly modified a
portion of river bottom approximately 500 ft. wide an& 389
miles long. Over most of this reach,project width represents
less than 0.2 of the total river width. This fact,when considered
in combination with the relatively cohesive character of the
sediments and the low energy velocity field in the area,suggests
that substrate induced alterations in material transport are
most probably negligible. As previously discussed, channel
deepening, rather than providing fresh, crodible bottom,
generally exposes an area over which increased deposition rates
will prevail. As a result, the sediment-water interface within
the project area represents a minor determinant of the composi-
tion or concentration of the suspended material field.

Such a condition appears to prevail within the lower
Thames. Direct evaluations of both suspended material composition
and concentrations (Figs. 8-11) fail to provide any evidence
of substantive alterations in the material field following
completion of the dredging project. The characteristics ob-
served during 1975-76 are essentially identical to those
observed in 1974-75, and continue to display variability
governed primarily by the conditions prevailing in adjacent
Fishers Island Sound. Under these embayment conditions,local
substrate variations within the lower Thames reasonably represent
a negligible influence on the suspended material field.

A significant increase in depth and cross-sectional area
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of an estuary can serve to measurably alter material transport
by increasing the longitudinal extent of the intrusion of high
salinity bottom water and by modifications in vertical mixing
produced by variations in turbulent shear. In the absence of
major alterations in streamflow or tidal characteristics, the
magnitude of the transport variability can be qualitatively
evaluated by considering the extent to which dredging has
modified the average cross-sectional configuration of the
estuary. Such evaluations applied to the lower Thames suggest
that the phase one dredging project will result in negligible
alterations in the volume or characteristics of suspended
material transport.

As discussed above the phase one project deepened a rela-
tively small portion of the total river width. Over this area,
project specifications called for approximately a five foot
increase in depth. At most sections this value represents a
local increase in depth of nearly 157 but yields less than a
5% increase in the total cross-sectional area of the estuary.
Review of previous efforts to predict dredging effects and the
concurrént limits of saltwater intrusion (Harleman and Ippen,
1969) suggests that such minor variations will not produce a
measurable alteration in salinity structure and associated
transport. Examination of the salinity data obtained during
1974-1976 (Figs. 4 & 5) supports these conclusions and fails

to provide any evidence of significant variations in vertical




structure or longitudinal distribution that can be simply
related to dredging. The dredging induced alterations, if any,
are slight and well below the resolution of the observational
and analytical techniques employed in the survey. One can

only conclude that large scale variations in material transport

are of similar magnitude.

Discussion

Initial reviews of the survey data obtained during the
period 1974 to 1976 indicate that the phase one or first in-
crement dredging of the lower Thames River produced only small
scale variations in the suspended material field. Measurable
impacts were confined to the immediate vicinity of the operating
dredge and barge and appeared to be the combined result of
leakage from the dredging bucket and fluid overflow from the
barge. In all cases the mass of materials introduced by the
operation was estimated to be less than 207 of the total mass
of sediments suspended in the estuary. This potential con-
tribution, however, was effectively eliminated by the evidently
high settling rates characteristic of the project related
materials which favored simple near field perturbations.

When compared to suspended material variations associated
with naturally occurring aperiodic storm events,the above dredging -
related impacts appear negligible. During the storm of 1-2

February, 1976, for example, concentration levels throughout
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the lower river increased by more than a factor of five (Fig. 9).
The resultant increase in mass of sediments suspended in the
estuary was accompanied by a significant alteration in composi-
tion. Inorganic materials dominated the suspended load despite

a factor of three increase in the amount of particulate organic
carbon in suspension (Fig. 11).

In addition to the variations in concentration and composi-
tion, major storm events serve to perturb the mass transport
characteristics within the lower river. In this area,the sheltered,
low energy conditions limit local resuspension of sediments.’

A major increase,therefore, is most probably the result of
increased material suspension within adjacent Fishers Island

Sound and subsequent shoreward transport into the Thames River.

The progressive decrease in material concentrations with increasing
distance from the Sound shown in Figure 9 is clearly representative
of such a system. As a result of this phenomenon, significant
volumes of new material are introduced into the estuary and
regional deposition rates are increased. Given the magnitude

of deposition inferred using average material concentrations,

it is not unreasonable to conclude that a major fraction of the
annual accumulation of sediments may be deposited following

storm events.

Reviews of local meteorological data obtained over a ten
year period indicate that storms similar in intensity to the

February, 1976 event may occur as often as three times each year.
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year period indicate that storms similar in intensity to the

February, 1976 event may occur as often as three times each year.




A-45

This rate is significantly higher than the normal frequency of
required channel dredging. The Thames River was last dredged

in 1965 and, typical of most northeastern U.S. estuaries, should
require maintenance at a rate of approximately once every five
to ten years. Although this rate is greater than the frequency
of occurrence of major tropical storms (hurricanes), it is

well below that of the more common coastal storm. When considered
in combination with the relative magnitude of the response
produced by dredging vis-a-vis storms, this fact suggests that
the variability of the suspended material field in the lower
Thames is primarily governed by aperiodic storm events. In
comparison, dredging-related perturbations,at least on the

short term, are negligible.
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Summary

The suspended material field in the Thames River Estuary
is characteristic of a sediment poor system and displays low
average concentration levels (<5 mg/%) and erratic variability
with no obvious spatial or temporal trends. In this system,
the Phase 1 dredging operation:

1.9 Produced perturbations in suspended material concentrations
and composition that were confined to an area within 300 to 500
vards of the operating dredge and barge.

2 Produced an increase in total suspended load within the
estuary that was small in comparison to that produced by typical
aperiodic storm events.

3, Caused no major alterations in mass transport within

the estuary.
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THAMES RIVER HYDROGRAPHY, PHYTOPLANKTON, AND TRACE METAL CONCENTRATIONS
IN WATER, SEDIMENT AND SHELLFISH
S. Y. Eeng
Marine Sciences Institute

University of Connecticut

INTRODUCTION

This section summarizes trace metal analyses of three
species of shellfish: Crassostrea virginica, Mercenaria mercenaria
and Pitar morrhuana; surficial sediment; and water samples collected
from Thames River, Connecticut during the first phase of the U.S. Navy's
dredging project (July 1974-June 1976). Additional data on temp-
erature, salinity, oxygen, chlorophyll a and ¢, gross pathological
examination of the shellfish, as well as observations on mercury
and chlorophyll a concentrations in the immediate vicinity of the
dredge-barge are also presented. The study was originally designed
to obtain predredging base line data in sufficient detail to permit
discovery or evaluation of effects of dredging, if any, on the
environment. Predredqging data were obtained only for the month of
July 1974, which rendered interpretations of certain data sets
difficult.

HYDROGRAPHY

The temperature and salinity regime of Thames River typify a

partially mixed estuary (Pritchard, 1955) which is characterized by

more saline water at the bottom and less saline water at the surface.

Sampling was scheduled at 1-, 2- or 3-month intervals which
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were dictated largely by weather conditions, particularly during the
winter. Eight cruises were made to the River. During each cruise,
temperature, salinity and oxygen measurements were taken routinely
at the surface, mid-depth and one foot off bottom using a Hydrolab
Temperature-Salinity-Oxygen probe at stations located on the six
lateral transects (Fig. 1). In addition 64 water samples were also
obtained, which were kept in coolers. Upon returning to the lab-
oratory, these samples were processed immediately for chlorophyll
a, b and ¢ determinations according to the method of Strickland
and Parsons (1968).

Temperature. Average water temperature from July 1974 to
May 1976 varied from 20 to 240 C in the River (Table 1). The highest
temperature was recorded in July while the lowest was observed in
February. Furthermore, temperature stratification in the water
column was most prominent during the month of July. In the colder
months of the year, surface and bottom temperature approached uniform
distribution with the bottom temperatures being slightly lower than
those of the surface.

Salinity. Annual variations of salinity in the river are
given in Table 1. Seasonal fluctuations were greater in surface
waters than bottom waters. In July and October the maximum salinity
of the surface water was 17 and 20 ppt respectively, while that of
the bottom water was 25 and 30 ppt. Minimum salinities of 6 to
12 ppt were observed in February, April and May. These variations

are probably associated with either spring runoff or heavy precipita-

tion.
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, sediment and shcllfish sampling station
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Oxygen. Oxygen concentrations of the surface and bottom water
exhibited least variation in October, November, February, April and
May. In July, oxygen content of bottom water was significantly
lower than that of surface water; the stratification was greatest
in Transect VI where oxygen content of less than 1 ppm was not uncommon

in bottom water.
PHYTOPLANKTON

Chlorophyll a and c. The seasonal variations of chlorophyll a
and ¢ are presented in Table 1. There was no consistent difference
between the chlorophyll measurements of the surface and bottom water
for October, November, February, April and May; in general,chloro-
phyll a and ¢ varies within narrow limits (1 to 5 mg/M3). ChlorophylT
a (18-37 mg/M3) and ¢ (10-15 mg/M3) were most abundant in July in sur-
face water samples. Figure 2 shows that chlorophyll in the surface
water sample decreased dramatically toward lower transects (I, II and
IIT). It was noted that the concentration of chlorophyll a of July

1974 (predredging) was twice that of July 1975 (post dredging).

Determination of the effect of sediment elutriate on photosynthesis.
In an attempt to determine whether elutriate from resuspension of
dredge spoil could affect phytoplankton production, a sediment elutriate
was made by pooling 10 gm of sediment from each of the three grab
samples collected from transects I-V which are located from the
mouth of the river to the U.S. Navy Submarine Base (Fig. 1). The
sediments (150 gm) were mixed with two liters of sea water collected

from the end of the Marine Research Laboratory pier. The sediment
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tion of chloropt ] a and ¢ in Thames River water
and July 1975 during high water. "s" denotes sur-
and "b" indicates bottom water.
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suspension was shaken for 48 hrs. on a mechanical shaker and allowed
to settle for six days. The elutriate was decanted, prefiltered and
finally Millipore filtered (0.45:m).

Inhibition of photosynthesis was determined by introducing
aliquots of the elutriate into five light and five dark bottles.
Zooplankters were screened from the sea water. In the first series,
one ml of elutriate was pipetted into each BOD bottle. Ten ml of
elutriate were placed into each bottle in the second series. The
two series were incubated ca. 30 cm below the surface off the Marine
Research Laboratory dock with their appropriate controls which
consisted of two pairs of light and dark bottles without elutriate.
Five such runs were carried out in July and August 1974 to allow for
different light conditions. The light intensity was determined at
three different times during each run with a photometer at the surface
and the percentage difference at 30 cm with that of the surface
was determined with a submersible photometer.

After in situ incubation of the 1ight and dark bottles,
dissolved oxygen was determined by the Winkler method. Gross
photosynthesis expressed as mg of carbon fixed per cubic meter
per hour was determined by the method outlined in Strickland and
Parsons (1968). The results from the five separate runs were
analyzed statistically for differences by the use of a completely
randomized block design. The results of the five runs are summarized
in Table 2. The assumption that all samples within each run were

homogeneous is valid, since during each run all sample bottles contained
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TABLE 2 . Gross photosynthesis expressed as mg carbon fixed per cubic meter per hr in
the control and experimental (scdiment elutriate added) BOD bottles contain-
ing natural populations of phytoplankton.

pDate Light Intensity % Light of Incubation ml elutriate C mg/H3/hr
at 30 cm (lux) Surface Time (hr) added
7/26 27 ;500 55 4 0 149.99
1 138.65
10 187.80
7/30 24,035 52 5 0 113.94
1 110.92
10 109.91
8/5 20,625 58 5 0 31.26
1 41.34
10 25.21
8/12 44,352 84 6 0 42.85
1 26.89
10 25.21
8/16 35,200 80 6.5 0 32.58
1 26.37
10 44.21
ANOVA
Sources of Error d. 1. Sum of Squares Mean Squares F
Treatments £ 232.78 116.93 0.545 ns
Blocks 4 41047.65 10261.91
Error 8 1708.92 213.61
Total 14 42989.35

F (0.05) = 4.46
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water from the same source, incubated under the same 1ight condition
and analyzed at the same time. The results on the analysis of variance
show that F=0.545, with 2,8 degrees of freedom, is not significant

and that the null hypothesis is sustained (Table 2). It is concluded
that the addition of sediment elutriate to a natural population of
phytoplankton during July and August does not significantly influence

photosynthesis.
TRACE METALS IN WATER SAMPLES

Water samples for trace metal analyses were obtained from each
transect by separately pooling surface and bottom water. Thus, two water
samples (one pooled surface and one pooled bottom water) were obtained
from each transect during each phase of the tide. There were 8
cruises made and a total of 204 water samples was obtained for 7n,

Cu, Cd, Ni, Pb and Hg analysis. These trace metals were determined
by the APDC-MIBK extraction method of Brewer et al. (1969) with
modifications developed in my laboratory.

The modifications include the following: The pH of 400 ml
of previously acidified and Millipore filtered seawater (0.45 um)
was adjusted to 4.5 with a 5% Trizma base (Sigma). The Millipore
filter used was soaked in 1% APDC solution overnight to eliminate
the metal contaminates in the filter. This precaution is essential
to eliminate erroneous results particularly in the cases of Pb and
7Zn which are present as universal contaminates. The nickel and lead
contents of the extractions were determined by the use of a IL Model

455 Flameless Atomizer, and copper, zinc and cadmium by the standard
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flame atomic absorption spectrophotometry using a IL Model 151 Atomic
Absorption Spectrophotometer.

The linear reqgression equations for the absorbance vs. the
concentrations of the unspiked and spiked samples of the first and
second extraction are obtained by the Teast square method. The
concentration of the metal in the sample can then be determined by
solving the two simultaneous equations. A program was written to do
the repetitive calculations on a Monroe Model 1655 programmable
calculator.

The mercury concentrations of the water samples were determined
by a cold trap preconcentration method developed by Fitzgerald
et al. (1974). The water samples were acidified in the field and
stored in acid cleaned Teflon bottles.

Table 3 summarizes the mean concentrations of nickel, lead, zinc,
cadmium, copper and mercury in surface and bottom water samples
collected from Thames River from July 1974 to May 1976. Zinc concen-
trations were the highest (11 to 28 ppb) among the six trace metals
examined. Nickel concentrations were the second (3 to 10 ppb). Copper
and lead concentrations ranked the third and fourth respectively and
varied between 1 to 5 ppb, while most of the mean cadmium concentrations
remained less than 1 ppb. The concentration of mercury was one order
of magnitude lower than that of cadmium; the mean concentrations
varied from 4 to 50 parts per trillion. Zinc and cadmium concentrations
in Thames River are three times and nickel 5-10 times higher than the
reported concentrations for Connecticut River (Fitzgerald et al. 1974b);

copper and mercury concentrations are comparable for the two rivers
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(Fitzgerald et al. 1974b; Fitzgerald and Lyons, 1973). No lead data
are available for Connecticut River.

Three-way analysis of variance (Time X Transect X Tide; Time ¥
Transect X Layer) reveals significant variations in Zn, Ni, Pb, Cu,
Hg and Cd with respect to time and transects (Table 4 and 5). It
is also significant to note that in Ni, Pb, Cd and Hg the highest
concentrations were obtained either before or during dredging (Table 3).
Copper concentrations were significantly higher in the post dredging
period (July 1975 to May 1976) than in the pre-and during dredging period.
Concentrations of Ni, Cu and Pb were significantly influenced by
the tide. Copper was the only trace metal to show significant
variations in surface and bottom water during low tide. Variations
of Ni, Pb, Cu and Hg concentrations with respect to the transect are
shown in Table 6. In general, Ni, Pb and Cu concentrations were
higher in the upper river water samples (Transect IV, V and VI) than
in the lower river samples suggesting the possibility that sources
of these trace metals might be located in the upper river. Mercury
levels in the'surface water, on the other hand, were significantly
higher in the lower river (Transect 1, Il and IV) than in the
upper river transects indicating a possible Tower river origin of
this trace metal. In view of the evidence provided by our field
studies on the distribution and concentration of Hg in the immediate
vicinity of the dredge-barge (see the section below), we could conclude
that the contribution of Hg in the lower river attributable to the

dredging operation, if any, was probably very small.
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TABLE 5 . Summary of significant results on 3-wiy analysis of variance (Time X
Transect X Layer) for water samples collected from Thames River,
Connecticut, July 1974 to May 1976. (High water, N=108; Low Water
N=96).

Trace Element Source d.f F Tide

Pb Time 8,40 4 20%**
Transect 5,40 oy s High Water
Layer 1,40 0.43

n Time 8,40 (5}, e
Transect 5,40 2.03 High Water
Layer 1,40 0.002

Cu Time 8,40 2.50%
Transect 5,40 2.80*% High Water
Layer 1,40 0.003

Hg Time 8,40 4.9****
Transect 5,40 0. High Water
Layer 1,40 2.29

Pb Time Tipiels 2025
Transect 5,35 2.84* Low Water
Layer 1539 0.84

Cu Time 7585 15, 287%%%
Transect 5,35 3.1 xs Low Water
Layer 1,35 4.88*

Hg Time Vi, 19 1GE**
Transect S Bl 17 {07k Low Water
Layer 11,85 2.69

x5 P sli05y  =r P <001 k%% P <0,001; Layer denotes surface and bottom water.




TABLE 6. Mean trace element concentrations in Thames River waier
samples, which show significant variations among various
transects.

Surface Water Bottom VWater

Transect N1 Pb Cu Hg Pb Cu

* * *k Kk *%k * kK *
I Mean 6.83 1.44 4.65 13.98 1.49 0.60
S 4.95 1.62 5.62 9.68 T Pl 0.59
11 Mean 4.26 1.69 2.44 24.99 175 0.67
S.0D. 3.00 0.90 2.22 59.39 2.95 0.68
111 Mean 5.14 1.80 1.91 9.68 1.38 0.87
S 0. 2.53 1.48 1.65 7.1 1.74 0.83
IV Mean  3.91 Tesl 352 L1326 1.87 .85
23l 0.90 2.24 1128 1.43 0.90
v Mean  6.41 3.53 3.68 7.68 1.92 1.80
S. . 4.04 5.89 2.6] 3.97 1.16 2495
VI Mean 8.75 3.10 A N0 e 27 4.4 0.52
S 5Ts 2 3, 72 3.45 9.74 6.82 B2 5

*; P <0.05; **, P <0.01;

¥ty P o<0.D0Y.
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Multiple regression analysis of temperature, salinity, oxygen,
chlorophyll a, b and ¢ and the six trace metals in water samples
revealed a number of significant correlation coefficients (Table 7).
Mercury concentrations are significantly correlated with both tempera-
ture and chlorophyll. These relationships can be expressed in the
following two regression equations:

Y =1.198 X + 1.080,
where Y = mercury concentration and X = temperature (F=10.252;
d.f. 1,195; P <.01), and
Y = 0.993 X + 10.936,

where Y = mercury concentration, X = chlorophyll ¢ (F=6.108, d.f. 1,195;
P <0.05). The seasonality of mercury concentration suggested by the
first regression equation is further corroborated by data presented
in Table 3; highest mercury concentrations were found in July and
Towest levels in colder months of the year. The second regression
equation strongly suggests that the high mercury concentration is
associated with phytoplankton which is also temperature dependent
(Table 1 and 7).

Copper concentrations are negatively correlated with salinities;
this relationship is represented by the following regression equation:

Y = -0.048 X + 4.154,

where Y = Cu concentrations and X = salinity (F=4.978; d.f. 1,195;
P <0.05). Similar observation was reported by Fitzgerald et al.

(1974b) in the Connecticut River water.
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DISTRIBUTIONS OF CHLOROPHYLL A AND MERCURY CONCENTRATIONS

IN THE IMMEDIATE VICINITY OF THE DREDGE-BARGE

Two high resolution surveys in the immediate vicinity of the
dredge-barge during dredging operations were conducted in the
river, on April 9 and May 14, 1975. These studies were conducted
concurrently with Dr. Bohlen's suspended load investigations when the
dredge-barge was located at the mouth of the Thames and the State
Pier respectively. During the two cruises, a total of 40 stations
was occupied and 126 water samples were collected for chlorophyll a
and mercury determinations.

Chlorophyll a and mercury concentrations of samples obtained on
April 9 are shown in Figures 3 and 4; the dredge-barge was located at
the southernmost boundary of the channel. It is significant to note
that the Tevels of chlorophyll a and mercury are significantly lower
in the plume (south of the dredge-barge) than in the background (north
of the dredge-barge).

The investigation carried out on May 14 was conducted approximately
500 yd. south of the drawbridge in the vicinity of the State Pier
which was the northernmost boundary of the Phase [ project. The data
are presented graphically in Figures 5 and 6. Concentrations of
chlorophyll a were slightly higher in the immediate vicinity of the
dredge-barge at all three depths and quickly dissipated into the back-
ground levels within 250 yd from the site of dredging.

Although pockets of high mercury levels were observed, the general
pattern of lower mercury concentrations in the immediate vicinity of

the barge was detected again in this study. It was most prominent
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in the surface and bottom samples.

Fields of lower chlorophyll a figures were observed at all three
depths south of the barge on April 9, when the background concentration
of chlorophyll a was approximately 2.2 mg/M3; this observation suggested
a possible transient interruption of photosynthesis in the water
column presumably due to shading caused by a temporary increase in
suspended load. During the cruise of May 14, however, the effect of
dredging on photosynthesis appeared to be negligible, when the
concentration of chlorophyll a in the surface samples on this date
reached 14 to 16 mg/M3. Apparently the productivity in the river was
such that the small effect of increased suspended load on photosynthesis
was submerged in the high background level of chlorophyll a. There
were indications that chlorophyll a concentrations were slightly
higher in the immediate vicinity of the barge.

The apparent decrease of mercury concentrations in the vicinity
of the barge was perhaps associated with the adsorption of the trace
metal on the resuspended sediment which quickly settled out of the
water column, although experimental evidence is still lacking. Similar
reduction of mercury values during dredging has been documented by
Jeane and Pine (1975). A second possible explanation for the lower
mercury concentrations observed is the release of fulvic acids from
the resuspension of sediment; fulvic acids are known to be present
in the sediment and furthermore, they bind trace metals readily
(Newman and Feng, unpublished data). Since the technique employed for
mercury determination detects only reactive forms or readily avail-
able mercury in the water sample, the organically bound mercury may

have escaped detection.
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TRACE METALS AND ORGANIC CARBON IN SURFICIAL

SEDIMENT SAMPLES

Three grab samples from each transect in the ship's channel were
taken on July 18, 1974 and February 20, 1976; 36 samples were obtained.
The 1974 samples provide a predredging background for the geochemical
condition of the channel sediment, while the 1976 samples portray
the post-dredging trace metal profile.

For the analysis of Ni, Cd, Cu, Zn and Pb in sediment samples
‘the following procedures were carried out at the laboratory. Twenty
grams of wet samples were removed from the top 10 mm of the sediment
samples, dried to a constant weight in an oven at 600 C. One half
grams of a pulverized dry sediment were extracted with 10 ml concentra-
ted nitric acid (15 N) in a 25 ml screw capped volumetric flask for
6 hours. The extract was filtered through a precleaned glass fiber
filter (Gilman) and diluted to 25 ml with distilled-deionized water.
The solutions were then analyzed by the established procedures of
atomic absorption spectrophotometry. For mercury analysis, 0.5 gm of
wet sediment were digested with 30 ml of sulfuric acid (36 N) and
processed as recommended for samples of shellfish tissues according
to the procedure outlined in the Perkin-Elmer Instruction Manual
for Mercury Analysis System (303-3119). The results were expressed in
terms of micrograms per gm dry weight of sediment.

Determinations of percent organic carbon in the sediment samples
were carried out by the method of Gaudette et al. (1974). The mean

percent organic carbon content as well as the mean concentration of
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Ni, Cd, Cu, Zn, Pb and Hg derived from triplicate samples in the
sediment from the six transects on two sampling dates are presented in
Table 8 and 9. The concentrations of the six trace metals and organic
carbon in the channel sediment tend to increase toward upriver. As
would be expected, areas of high concentrations are generally associated
with industrial activities along the river, e.g., Transect II, III
and V correspond to Pfizer, Electric Boat and the U.S. Submarine Base
respectively. With the exception of nickel, the highest concentration
of the trace metals and organic carbon was found in the sediment of
Transect VI; these results are highly significant as suggested by
the two-way analysis of variance. The channel from which the Transect
VI sediment samples were taken, is characterized by low oxygen content
near the bottom,particularly during the summer. It is assumed that
the concentration of trace metals at this transect is probably
enhanced by the sewage from the City of Norwich upriver. When one
compares the predredging data with that of the postdredging period, there
is a discernible reduction of copper (P <0.05) in the lower river
transects in postdredging samples. The organic carbon content,
on the other hand, shows a slight increase in the post-dredging data
which is statistically significant (Table 8, P <0.01). The data suggest
the possible existence of a seasonal cycle in the organic carbon of
sediments; it is postulated that the slightly higher organic carbon
content in the coldest month (February) of the year is due to the
reduced rate of organic carbon breakdown by microbial activities.

When the trace metals and percent organic carbon data are

subjected to multiple regression analysis, it is revealed that the




TABLE 8. Mean percent organic carbon in surficial sediment samples obtained
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from the ship's channel in Thames River, Connecticut, on July 2, 1974

and February 20, 1976.

Transect

I
I11
IV

VI

Source

Dates
Transects
Dates X Transects

Error

Mean % Organic C + 1S.D.

7/2/14

1.61 + 0.07
2.58 = 0.38
2.45 + 0.32
2.96 £ 0.19

1+
o

3.83 £ 0.53

I+
=

be23 .48

ANOVA

d.f. Sum of Squ
1 1.4161
5 138.9120

5 1.5051
24 4.3153

P <0.01; ¥R, P <0.00]

2/20/76
1.65 + 0.24
2.61 +0.19
3.09 = 0.36
2.89 = 0.21
4.66 + 0.65
8.14 + 0.81

2res

Mean Square

1.4161
27.17824
0.3010
0.1798

Mean is derived from triplicate samples.

18715
152, §1q**>
1.674

0.424

<0.01

<0.001
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Cd, Cu, Hg and ki concentrations in surficial ¢
obtained from the ship's channel in Thames River,

Connecticut, on July 2, 1974 and February 20, 1976. The result
is expressed as mean ppm + 1. S.D.

Pb in

Iransect 74 2/20/76 7/2/74 2/20/76
I 30.44+ 2.59 23.65+ 1.94 101.72+ 7.05 95.96 + 56.64
11 44.79+ 4.21 32.41% 4.84 207.49+ 31.76 226.13 + 66.82
I1] 87.04:53.86 45.67+ 8.35 221.32+ 76.33 247.92 + 55.14
IV 46.46+14.12  34.39+23.91 161.91+ 55.00 218.21 +171.23
V 60.46+35.45  71.47+ 3.73  255.04+108.49 359.89 + 15.85
VI 167.60+21.62 150.42¥19.46  428.74+ 75.62 810.89 +196.70

>

S

>
-
-
(=9
i |

Dates 3.984 9. 589%* 1,24
Transects 28.229%** 22.087**x 5,24
Cd Cu

I 0.66+0.16 0.7140.11 13.71+ 0.78 11.25+ 1.87
11 1.41+0.84 1.45+0.19 21.18+ 2.00 14.17+ 3.57
111 1.57+0.10 1.77+0.16 25.34+ 9.76 20.87+ 1.04
Y 1.26+0.29 1.48+40.24 20.31+ 6.94 16.66+12.02
v 2.29+0.52 2.17+0.05 34.78+20.52 36.13+ 3.03
VI 4.84+0.60 4.45+0.5] 113.97+20.02 84.65+11.42

ANQVA F F (15

Dates 0.0001 4.903% 1,24
Transects 74 . 363**% 60.668*** 5,24
Hg N1

Transect

I 135+.03]1 L111+.041 17.09+ 1.48 17.
I1 JZo%, 013 .089+.004 43.65+ 6.82 ~
111 .142+.052 .184+.108 57.11+19.80

IV .198+.058 .200+.130 Si-12+ 9,14

) .237%.118 .181+.030 42.16+13.

V1 725+.064 = heak L 1130 45.70+ ¢

tes 0.190
Transects Gi ’,”’
* p 0.05; **, | 0.01; a
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metal concentration, with the exception of nickel, is correlated
with the percent organic carbon content in the sediment (Table 10
and 11). The Tlinear regression equations which describe these relation-

ships, are summarized as follows:

1. Zn, Y = 102 X -68, r = 0.89,

2. Pb, Y =19.94 X -16.96, r = 0.96,
3. Cu, Y=11.81 X -14.58, r = 0.96,
4. Cd, Y = 0.54 X -0.07, r = 0.98,and
5. Hg, Y = 0.09 X -0.098, r = 0.84,

0y

where Y = [trace metal] and X = % organic carbon. This finding is
significant in that by simply determining the percent organic carbon
of the channel surficial sediment, it is possible to predict the five

trace metals contained in the sample.
TRACE METAL CONCENTRATIONS IN THE THREE SPECIES OF SHELLFISH

The propensity of bivalve molluscs to accumulate waterborne
contaminants, e.g., viruses, bacteria, toxic algae, trace metals,
hydrocarbon, pesticides and related compounds from the environment,
is well known. In a two-year study of the distribution and
concentration of five trace metals (zinc, copper, cadmium, mercury
and manganese) in oysters along the north shore of Long Island Sound,
Feng and Ruddy (1975) report that the distribution and concentration
pattern of zinc, copper and cadmium in the oyster coincide with the
industrial and population centers of the coastal region of Connecticut.
Recent work by Alexander and Young (1976) suggests that Mytilus

californianus is a particularly sensitive indicator for copper,

chromium and silver of urban point sources in southern California waters.




TABLE 10 .

w Ni 3718
Pb
| In
Cd
Cu
Hg
%C
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TABLE

Pb

Ni  .6054
Pb

in

cd
1, Cu

Hg
%C

B

Interelement and percent organic carbon correlations (r) in surficial
sediment samples obtained from the ship's channel in Thames River,

Connecticut, July 2, 1974.

1S

In Cd Cu Hg
(64551 .3876 .3867 .2019
7996 .8539  .8608 .8635

.8810 .9188 .8187
.9494 .9154
.9433

Connecticut, February 20, 1976.

In Cd
.6458 .6344
.9462 .9427

.8845

Cu

.5846
.9959
.9488
.9431

Hg

.3450
.8631
.8438
.8707
.8643

e e T U P

%C

.3528

SSr——— =

.8265
.8904
.9433
.9618
.9410

%C

.6132
.9629
.8928
.9757
.9654
.8449

Mean

39.47
74.43
229.37
2.01
38.22
0.26
3.44

A1l correlation coefficients (r) except one (Ni-Hg), are highly significant
(P <0.01; K=18).

S.D.

15.93
52.66
118.86
1.45
37.04
0.22
1.90

Correlation coefficients (r) within the boundary are highly significant (P <0.01; N=18).

Interelement and percent organic carbon correlations (r) in surficial
sediment samples obtained from the ship's channel in Thames River,

11.16
45.94
255.36
1.43
26.85
0.24
2.2¢8
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In the present investigation,attempts were made to monitor six
trace metals in three indigenous species of bivalve molluscs,
Crassostrea virginica, Mercenaria mercenaria and Pitar morrhuana,
as a means of assessing the possible effect on these bivalves of
trace metals released from the dredging operation.

A preliminary survey of the distribution of shellfish in the
river showed that Pitar morrhuana and Mercenaria mercenaria occupied
more or less the same range and were most abundant in the area 1.1 to
4.8 nautical miles north of the New London Ledge Light; 8 stations from
A to H were designated for sampling M. mercenaria and P. morrhuana
(Fig. 1). Major oyster (Crassostrea virginica) seed beds were located
6.8, 7.4, 8.2 and 9.0 nautical miles from the mouth of the river and
designated as stations 0-2, 0-3, 0-6 and 0-7 respectively.

Sample collection. Mercenaria mercenaria and P. morrhuana were
obtained by a hydraulic dredge, while C. virginica were collected by
a standard oyster dredge employed by the local shellfishermen.
were sampled from July 1974 to May 1976.

Methods. Shellfish were cleaned of sediment and fouling
organisms by brushing under running tap water and carefully denuded.
In general the meats from 8 oysters or hard clams and 14 Pitar were
pooled and homogenized without adding any dilutent in a Tekmar homo-
genizer. The homogenized samples were lyophilized overnight using a
Virtis freeze dryer. Zinc, copper, cadmium, lead and nickel in 0.4 gm

of freeze-dried shellfish tissues were analyzed using the method of
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Feng and Ruddy (1975). Only 0.2 gm of tissues were needed for mercury
analysis which was accomplished by the method of Hatch and Ott (1968)
using the principle of cold vapor atomic absorption spectrophotometry
on a Coleman MAS-50 Mercury Analyzer.

Gross pathological survey of the shellfish was accomplished by
dissecting 8 to 10 individuals of each species of shellfish from each
station. The following anatomical regions were carefully inspected
for gross pathological conditions: inner and outer aspects of gills,
palps, mantle and pericardial cavity.

The average trace metal concentrations in the tissues of C.
virginica, M. mercenaria and P. morrhuana obtained from various

stations on a seasonal basis from July 1974 to May 1976 are summarized

in Tatle 12, 13 and 14.

Temporal and spatial distribution of trace metals in shellfish.

Of the six trace metals detected, zinc was found to have the highest

concentrations in the three species of bivalve molluscs (Table 12 and 13).

In the oyster tissue the concentration of zinc was two orders of
magnitude higher than that of M. mercenaria and P. morrhuana. The

total mean concentration of copper in C. virginica was one order of
magnitude higher than that of M. mercenaria and P. morrhuana,

(Table 12). Copper concentrations in C. virginica exhibited a

seasonal high in July, as did the zinc concentrations. In M. mercenaria
and P. morrhuana, although the variations in copper concentration

obtained on different dates were considered significant (P <0.001), no
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consistent pattern was detected. There were clearly discernible
differences in the copper concentrations of the upper and Tower river
hard clam populations; the lower river population represented by
Stations A, B, C, D and E in general contained less copper than the
upper river population (Stations F, G and H) (Table 14). This
observation is consistent with relatively high concentrations of
copper encountered in the upper river water and sediment samples
(Table 6 and 9).

Mean nickel concentrations varied from 5 ppm in C. virginica
to 8 ppm in M. mercenaria and P. morrhuana (Table 12). In all
three species the highest level of nickel was found in the December
1975 samples. It was also noted that the concentrations of nickel
in M. mercenaria gradually increased toward the lower river (Table 14).
Such a pattern was contrary to the concentration gradient seen in the
water and sediment (Table 6 and 9).

Interspecific differences of cadmium concentrations are clearly
evident; C. virginica contains the highest level of cadmium
(5.02+1.94 ppm), P. morrhuana with 3.58+1.19 ppm ranks the second and
M. mercenaria shows the lowest concentration (1.43+0.58 ppm) (Table 13).
In C. virginica and M. mercenaria, again, the highest level of cadmium
was detected in the samples obtained on July 1975 when the dredging
was completed. The variations of mean cadmium concentrations from
2.90 to 4.30 ppm obtained from various sampling dates in P. morrhuana
were considered not significant. However, significant spatial variations
in cadmium levels were noted in M. mercenaria and P. morrhuana; the °

lower river populations showed consistently higher mean levels of

e—— == |
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cadmium than the upper river populations (Table 14).

Lead concentrations were at the detection limit of our analytical
procedure in 50% of M. mercenaria and 62% of C. virginica samples.
Pitar appeared to have a special affinity to lead and attained a mean
lead concentration of 31.03+12.25 ppm (N=66) which was 10 to 15 times
higher than the concentrations found in M. mercenaria and C. virginica.
It was significant to note that in all three species of bivalves the
highest level of lead was detected simultaneously in the samples
obtained in May 1975 (Table 13), two months before dredging was
terminated. During this time the lead content in the surface water
was also the highest (Table 3). In the upper river stations the
Tead concentrations in M. mercenaria and P. morrhuana were again
significantly higher (Table 14), while no such concentration gradient
that could be correlated with locations was found in C. virginica.

In all three species of shellfish, there were significant
temporal variations in mercury concentrations (Table 13). Generally
in the pre-and during dredging period the concentrations of mercury
were either higher than, or equal to those of the post-dredging
months. Mercury concentrations were significantly higher in
C. virginica and M. mercenaria samples obtained from upper river
stations than those from lower river stations (Table 14).

Since predredging data on the concentration of trace metals in the
shel1fish were limited only to July 1974, it appeared that the
best possible way to assess the effect of dredging was to compare the

predredging with the post dredging data (July 1974 vs July 1975), and
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the during dredging against the post dredging data (November 1974 vs.
December 1975; March 1975 vs. March 1976 and May 1975 vs. May 1976).
The results of the four paired comparisons using the F test are pre-
sented in Table 15, 16 and 17. In C. virginica, only Ni showed
significant increase in concentration in tissues collected after
dredging, while the concentrations of the other five trace metals
(Zn, Cd, Cu, Hg and Pb) decreased significantly (Table 15). It
was further noted that the number of trace metals showing decreases
increased as the dredging operation proceeded. This apparent cor-
relation might suggest that less trace metals were reaching the
oyster seed beds which are located 7-9 nautical miles north of the
dredging site.

Of the 14 significant changes in the trace metal concentrations
detected in M. mercenaria, 50% of the changes show decreases (Table 16).
Specifically cadmium and nickel concentrations were significantly
higher in the shellfish during dredging, while the concentrations of
copper and mercury decreased noticeably. Zinc and lead concentrations
decreased substantially in certain post dredging dates (5/75 vs 5/76,
11/74 vs. 12/75) but increased significantly at other time intervals
(7/74 vs. 7/75).

The results of the paired comparisons of trace metals in P.
morrhuana are summarized in Table 17. Cadmium and nickel concentrations
behaved in the same manner as they did in M. mercenaria. It can be
noted that significant reductions of copper and zinc concentrations
occurred after dredging in comparison with before dredging as well
as during dredging.

When the significant changes of trace metals in the three

|
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TABLE 15.  Comparison of mean trace metal concentrations in Crassostrea virginica
collected on July 1974 and 1975, November 1974 and Oecember 1975,
March 1975 and 1976, as well as May 1975 and 1976 from Thames River,
Connecticut.
Trace Element 7/174 7/75 F d.f. Remarks
""""""""""""" L R e L
Hg 0.39+ 0.02 0.28+ 0.06 24.172* 1,3 D
11/74 12/75
N=4 N=4
n 14213.25+741.94 11448.26+3010.03 119.417*** 1,3 D
Ni 5.37t 1.08 8.01x 0.91 136.883%**% 1.3 )
cd 3.11¢ 0.52 2.78+ 0.44 27 539*%* 1,3 D
3/75 3/76
N=4 N=4
In 14481.75+2978.15 11503.36+4052.08 54.005*** 1,3 D
Cu 921.00+ 204.40 472.23+ 122.53 45.338***x 1,3 D
Cd 5.48+ 0.78 4.18+ 0.57 10.696* 1,3 D
Hg 0.36+ 0.02 0.24+ 0.02 78.045*** 1,3 D
5/15 5/76
N=4 N=5
Zn 16224.94+3240.11 8774.59+2485.05 12.202* 1,8 D
Cu 803.42+ 180.63 267.33 171.02 69.538**% 1.3 D
Cd 5.89 0.62 4.02¢ 0.50 73.704*** 1,3 D
Pb 4,16+ 2.04 1,25t 1.08 14.974* 13 D
*# P <0.05; **, P <0.01; ***, P <0.001. D = Decrease; I = Increase.




TABLE 16.

Trace Element

in
Cd
Cu
Hg

Cu

Pb
Cd

Hg

Ni
Cd

n
Cu
Pb

*, P <0053
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Comparison of mean trace metal concentrations in Mercenaria mercenaria
collected on July 1974 and 1975, November 1974 and December 1975,
March 1975 and 1976, as well as May 1975 and 1976 from Thames River,
Connecticut.

7/74 7/15 F d.f. Revarks
N=17 N-14
186.88162.62  285.92+176.83  15.600%* 1,19 I
1.08+ 0.24 2.03t 0.29  97.981%* 1,19 1
30.09+ 4.74  22.95% 5.97  30.317*%* 1,19 D
0.33+ 0.14 0.21+ 0.09  10.566*** 1,19 D
11/74 12/75
N=10 N=12
22.93+ 4.90  16.85¢ 4.69  17.170%** 1,10 D
8.94+ 2.48  13.11t 4.39  5.944% 1,10 I
1.70+ 0.00 5.62¢ 1.42 197.132%** 1,10 I
0.71% 0.35 1.11+ 0.60  6.378* 1,10 1
0.30+ 0.12 0.26+ 0.11  7.137* 1,10 D
3/75 3/76
N=11 N=13
5.45+ 1.87 8.68: 2.35  11.431* 1,12 I
1.17+ 0.31 2.02+ 0.28  54.452%*+ 1,12 1
5/75 5/76
N=12 N=13
236.06+46.99  125.14+ 27.20  57.530%** 1,13 D
25.25¢ 3.21  19.47+ 6.30  12.112%* 1,13 D
8.01+ 3.19 3.24+ 1.92  18.232% 1,13 D

** P <0.01; ***, P <0.001; D = Decrease; I = Increase.
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Comparison of trace metal concentrations in Pitar morrhuana

collected on July 1974 and 1975, November 1974 and December
1975, March 1975 and 1976 as well as May 1975 and 1976.

Trace Element

Pb
Cd
Cu
Hg

Cu

Ni

Pb

7/74

N=6
18.38+ 4.
3.42+ 1.
20.92+ 1.

0.21+ 0.

11/74

74

39

58
28
96
05

51

.98

77

7/75

N=10
36.15+13.88
4.12+ 0.83
15.97+ 3.30
0.16+ 0.02

12175

23.01+ 5.91

5/76

N=9
23.90+ 4.87
226.21480.18

0.22+ 0.03

<0.001; D =

zli.

2.

26.
20

S

38.

694%**

.900*
<40 9%
.344*

£34**

743%%*

612+

297ii*

< 750).**

]53#**

g s

1557

Remarks

Decrease; I = Increase
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species of shellfish are viewed as a whole, 24 of the 36 cases
encountered, or 66%, registered a decrease in the trace metal concentra-
tions.

Gross pathological examinations of the shellfish. A total of

256 C. virginica, 824 M. mercenaria and 660 P. morrhuana were examined
for gross pathological conditions from July 1974 to May 1976. No
discernible abnormalities were noticed in the inner and outer aspects
of gills and palps, as well as the pericardial cavity of the three
species of bivalves. In December 1975, six clams were found to contain
sediments in their mantle cavity; this was probably due to decreasing
water temperatures which reduced the efficiency of the cleansing
mechanism of M. mercenaria.

Interspecific variations in the affinity to trace metals shown
by the shellfish. There are two lines of evidences in this study,
which indicate special affinities of the shellfish for specific trace
metals; such evidences are demonstrated by the orders of magnitude of
the six trace metals found in the three species of shellfish (Table 18)
and the presence of specific interelement correlations as revealed by
multiple regression analysis (Table 19, 20 and 21). The predilection
for specific trace metals by the shellfish is shown in the following
manner: C. virginica appears to be most efficient in taking up zinc,
while the relative concentrations of copper, nickel and mercury are
the highest in M. mercenaria. P. morrhuana exhibits special affinities
for lead and cadmium, since the percent concentrations of these two
trace metals in this species are the highest as compared with the

other two species.
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TABLE

Trace Element*

In
Cu
Ni
Cd
Pb

Hg

expressed as mean ppm + 1.S.D.

n
Cu
Ni
Cd
Pb

Hg

1&.

Interspecific variations of mean trace element concentrations observed

in Crassostrea virginica, (N=33), Mercenaria mercenaria (N=103) and
Pitar morrhuana (N=66) from Thames River, Connecticut, July 1974 to

May 1976.

13449.51
754.24
5.52
5.02
2.08
0.29

+

Ve

I+

I+

I+

i+

4801.90
367.71
1.55
1.94
1.21
0.07

Crassostrea virginica

~ Species
Mercenaria mercenaria

215.33
23.45
8.55
1.43
3.29
0.25

3

I+

I+

e

I+

I+

94.43 385.49 + 143.52
6.63 16.20 « 4.86
3.13 8.06 + 2.41
0.58 3.58 + 1.19
2.60 31.03 + 12.25
0.11 0.19 + 0.05

Percent contributions of the six trace metals found in the shellfish

94.604

5.305
0.039
0.035
0.015

0.002
100.000

85.347
9.294
3.389
0.567
1.304
0.099

100.000

0.043
100.000
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SLE 19.  Interclement correlations (r) in Crassostrea virginica irom Thames River,
Connecticut, 1974-1976. (N=33). i
Pb In Cd Cu Hg Mean 5D
Ni .3644* .2175 -.0959 - 3667* -.0019 5.52 1.55
Pb .0718 -.0375 -.0584 -.0880 2.09 1.20
In .7290*** .8532%**  45]7** 13449.51 4801.90
cd J6084%%x GG e 5.02 1.94
Cu SON0*F* 754 .24 367.71
Hg --- 0.29 0.07
TABLE 20. Interelement correlations (r) in Mercenaria mercenaria from Thames River,
Connecticut 1974-1976. (N=114).
Pb In Cd Cu Hg Mean S.D.
Ni  .1410 -.0433 .0169 -.3090** -.1873* 8.59 3.04
Pb .1432 .1652 .0743 -.0575 3.40 2.79
In LeI9* .2242% .0065 214.61 93.92
cd -.0922 A 1.43 0.61
Cu L4749%%* 23.13 6.91
--- 0.25 0.11

Hg

TABLE 21.  Interelement correlations (r) in Pitar morrhuana from Thames River,
Connecticut, 1974-1976. (N=68).

Pb n Cd Cu Hg Mean S.0.
Ni -.0672 .0652 -.1137 .1911 -.0949 8.09 2.38
Pb .6086*** -.0267 .1444 -.1194 30.82 12.17
In -.2006 .1614 .0267 357.77 141.97
Cd -.0712 .0173 S.57 1.18
Cu -.0988 16.37 4.98
Hg 0.19 0.05

* P <0.05; **, P <0.01; ***, P <0.001.

3
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In the oysters, significant positive interelement correlations
are common among zinc, cadmium, copper and mercury, as well as between
nickel and copper. Similar correlations among zinc. cadmium and
copper, as well as between copper and mercury are also observed in
M. mercenaria; in addition, negative interelement correlations are
noted between cadmium and mercury, and among nickel, copper and
mercury in this species. In P. morrhuana, however, only one significant
interelement correlation is detected, i.e., between lead and zinc;
this observation is consistent with the fact that high lead concen-

trations are detected only in this species of shellfish.

CONCLUSIONS
1. The temperature and salinity regime of Thames River are typical of
a partially mixed estuary. Consequently stratifications of temperature,
salinity, and oxygen and chlorophyll are most prominent in the summer
and least obvious in the winter.
2. Effects of dredging on the phytoplankton production are probably
minimal as demonstrated by the sediment elutriate experiments.
3. Two field studies conducted on April 9 and May 14, 1975 suggest
that the effect of dredging on phytoplankton production was transient
and limited to within 500 yds of the dredge-barge. Furthermore,
the concentrations of mercury in the area traversed by the plume,
were consistently Tower than that of the background.
4. Mean concentrations of the six trace metals in water samples from
Thames River are: zinc, 11-28 ppb; nickel, 3-10 ppb; copper and lead,

1-5 ppb; cadmium, less than 1 ppb; and mercury, 4-50 parts per trillion.
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5. The concentrations of the six trace metals in the water column
vary significantly with dates and transects. The highest concentra-
tions of Ni, Pb, Cd and Hg were observed either before or during dredging.
Copper concentrations on the other hand, were significantly higher in
the post dredging period. Higher Ni, Pb and Cu concentrations are
most frequently associated with the upper river water samples, while
Hg levels in the surface water are significantly higher in the lower
river transects.
6. The concentrations of Ni, Cu and Pb are significantly influenced
by the tide. During the low tide, significant differences in copper
concentrations are noted in the surface and bottom water samples.
7. Mercury concentrations are correlated with ambient water tempera-
ture, while copper concentrations are negatively correlated with
salinities.
8. The concentrations of the six trace metals and percent organic
carbon in the channel surficial sediments tend to increase in an
upriver direction; areas of high concentrations are generally associated
with foci of industrial activities along the river. In comparing the
predredging with post-dredging data, there is a noticeable post-
dredging reduction of zinc (P <0.005) and copper (P <0.05) concen-
trations in the lower river sediment.
9. With the exception of nickel, the concentration of the remaining
trace metals is significantly correlated with percent organic carbon
contents of the sediment, suggesting that the percent organic carbon
is a good predictor for Zn, Pb, Cu, Cd and Hg concentrations in the

sediment.
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10. Although nearly all the analysis of variance results suggest
that the concentrations of the six trace metals in the three species
of shellfish sampled at different times are statistically significant,
it is nevertheless, difficult to separate the normal seasonal variation
in trace metal body burden from the change attributable to dredging.
However, in C. virginica, with the exceptiog of Ni, the overwhelmingly
significant decrease in Zn, Cd, Cu, Pb and Hg concentrations probably
reflects the general reduction of the trace metals in the environment,
particularly in the lower river. It is more difficult to interpret
the M. mercenaria resufts (Table 16) in which the number of trace
metals showing increases in their concentrations equals that of
decreases. The fact that copper and mercury consistently exhibit
Tower concentrations in post dredging samples, may be indicative of

a cleaner environment.
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C. Physical Oceanography of Disposal Area
Rudolph Hollman, Ph.D.
New York Ocean Science Laboratory
Montauk, New York

INTRODUCTION

Two important physical characteristics of marine dredge spoil disposal
sites are the movement of water ir ‘he disposal area (the general circu-
lation) ,and the optical properties of the water mass(es) occupying the
area. In general, disposed dredge spoil will not significantly affect

the general circulation of the disposal area provided, of course, that

the ratio of the volume of the disposal area to the volume of spoil
material remains large. However, the general circulation may have very
significant effects upon the fate of the disposed spoil material both at
the time of disposal through direct transport of the material ard through

a long time effect due to erosion of the deposited spoil. Optical properties
of the water will be affected by the disposal process through what are
generally large increases in turbidity at the time of disposal, and to

a less significant extent, through resuspension or erosion of the deposited

material in time.

A two year study was undertaken under a contract with the Sandy Hook Labora-
tory, Northeast Fisheries Center, ©f the National Marine Fisheries
Service under the National Oceanic § Atmospheric Administration, U.S.
Department of Commerce, to study the general circulation of the New London
Dump Site by Eulerian and Lagrangian techniques to determine the transport

of the disposed material. Light transmissivity was also measured at the
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Dump Site and the surrounding area. This report is a summary of that study.

Bohlen (1975) has shown that the concentration of suspended materials in
the eastern end of Long Island Sound is a complex function of currents,
river discharges, meteorological effects, biological activity, and
morphology. The concentration of suspended material is complicated even
further by the disposal of dredge spoil material. In general, the experi-
ments performed in the study of the New London Dump Site Area were designed
with the aim of acquiring knowledge of the general circulation of the area
and background as well as the anomalous turbidity in the water as a result
of active disposal. Here, we are using turbidity as a resultant effect

of suspended materials.

A map showing the dump site, sampling stations, and surrounding area is

shown in Figure 1. Actual sampling has been on a seasonal basis.

Preliminary studies of the area have been carried out by the Physical
Oceanography Division of the U.S. Naval Oceanographic Office (NAVOCEANO,
1973), and a concurrent study by Morton et al. (1975) for which only a

preliminary summary was available for review.

METHODS AND INSTRUMENTATION

Station locations are shown in Figure 1 and tabulated in Table 1. Actual
programs for station sampling varied and have been described in previous

reports or will be discussed in the results to follow.
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Figure 1: Map of the dump site and station locations. "C" is the

Center Buoy.
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Table 1. Station locations in the area of the New London Dump Site.

Station Latitude Longitude
T

Center Buoy | 41°16'08" 72°05'00"

Wl | " 72°05'40"

W2 ; g ; 72°06'20" |

W3 : o ; 2 073 ]

k1 | - i 72°04120" |
| E2 , fi ‘ 72°03* 37"
| E3 " 72°02'17°
| S1 41°15'38" 72°05' 00"

N1 41°16'38" e ‘
| N2 41°17'08" " |

N3 41°18'08" i

NW1 41°17'14" 72°06'08"
N1 41°16'50" 72°04°04"

Vertical temperature profiles were obtained using bathythermographs and
in some cases Beckman Instrument RS-5 Temperature-Conductivity Probes. In
either case, surface temperatures were measured with standard mercury

thermometers for reference.

Salinities were obtained from drawn water samples and analyzed by the New
York Ocean Science Laboratory Chemical Oceanography group, or, in some
cases, obtained through in 8Ztu conductivity measurements using the

Beckman Instrument RS-5 Temperature-Conductivity Probe.

The current meters used in this study were General Oceanics Model 2010
film recording meters. A 3 meter subsurface array was generally implanted
close to the Center Buoy of the dump site (Figure 1), and on occasion,
single bottom meters surrounding a spoil mound or at other stations. The

film from the meters was processed in the laboratory's photo-lab and

’
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read frame by frame using a standard micro-film reader, recording date,
time, direction, and speed from each frame. These data were then processed
in a computer program whose output includes the average speed over 15
minute intervals along with the average north-south (v) and east-west (u)
components of the current. At the end of each half-tidal cycle in the data,
the program output then includes the average u and v components over the
half-tidal cycle, the resultant speed (R), direction (6), the effective

distance traveled (D), and Reynolds stresses.

The 15-minute average serves as a very effective low-pass filter thus re-

ducing the effects of surface waves in the current data.

Beam transmittance measurements were obtained with a HYDRO-Products Trans-
missometer equipped with a depth sensor. Normally, the transmissometer is
nulled or standardized in air at a setting of 92% that allows for re-
flection, approximately 4% (HYDRO-Products, personal communication),

that takes place at the two glass/air interfaces of the transmissometer
system. When the transmissometer is then operated in water, the reflective
losses at the glass/water interfaces are much less than they were at the
glass/air interfaces by approximately an order of magnitude, hence, it is
possible for the transmissometer to show higher values of transmissivity

in clear water than the null position of 92% in air. For an estimated error

in transmissivity of 1%, the relative error in the beam attenuation coefficient

is 10% at 90% transmissivity.
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DEFINITIONS
The following definitions are for the terms and coefficients used in

this report. Other terms used in previous reports are not necessarily

covered herein, except as they appear in this report.

a. Currents:
u: The East/West velocity component in cm/sec.

v: The North/South velocity component in cm/sec.

NOTE : The above velocity components are readily computed from measured

current speed, R, and direction relative to geographic north, O, by

]

u R cos a
v = R sin o
where

a = 90° - 8 for 0° < 6 < 90°

450° < 8 for 90° < O < 360°.

or o

b. Beam Attenuation Coefficient £: The sum of the absorption coefficient

and total scattering coefficient and calculated from

B = -(1/L) 1n (T%/100)

where T is the beam transmittance in percent and measured with the trans-

missometer and L is the path length in meters so that the units of £ are

per meter.
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RESULTS

1. Temperature and salinity

Results from individual cruises have been presented in previously sub-
mitted reports so that this report represents a general summary of past
results, including the observations from the last cruise (8 and 9 June
1976) that were not covered in a previous report. Individual cruise
temperature and salinity data for surface and bottom have been averaged
by month for the various stations and are shown in Tables 2a and b,

respectively.

In general, the stations are out of the direct influence of the Thames
River; the possible exception is Station N3 at the mouth of the harbor
(Fig. 1) where occasional excursions of less saline and often warmer

waters from the river have been observed. Ensemble averages were there-
fore calculated and appear in the last column in Table 2a and b. For
comparison, the ensemble data are plotted against similar data from

the National Ocean Survey Tide Gage Station (NOS Publ. No. 31-1, 1972)

on Plum Island (approximately 10 miles south and west of New London Harbor)
in Figure 2. As can be seen in this figure, the results from the New London
Dump Site Area fall within the ranges specified by the vertical bars re-

presenting the averaged maximum and minimum values for Plum Island.

The annual range in salinity is small, generally less that 3°/,, except
at Station N3 at the mouth of the harbor where the range was close to 10 L0
Temperatures for the area range between 0 and 20 degrees Celsius during

the year.
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Salinity
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Figure 2: Monthly average temperatures and salinities relative to 15°C as
calculated from National Ocean Survey Tide Gage Station Data for
Plum Island, N.Y. (NOS Publ. No. 31-1, 1972), with the mean
monthly maximum and minimum values and the ensemble average
temperatures and salinities from the New London Dump Site Area.
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Vertical variations in both salinity and temperature are also small;
temperature gradients were approximately 2°C and salinity gradients
were approximately 1°/,, except at N3 where gradients of 5°C and

10°/,, were observed.

In summary, the results obtained in the New London Dump Site Area are
within expected temperature and salinity limits when compared to historical
data from National Ocean Survey and when compared to a 3 year data base

for Eastern Long Island and Block Island Sounds (Hollman, 1976).

2. Transmissivity

Individual cruise results for the attenuation coefficient, B, were
ensemble averaged (spatially composited) and used to calculate monthly
averages representative of the entire dump site area. The data include
all pre-dump and post-dump results but do not include results obtained
during and immediately after a dump. In effect, the data are "background"
and are tabulated in Table 3, and plotted by month in Figure 3. As
shown in the figure, maximum £ values and hence minimum background
transmissivity, occurs in summer and minimum B, hence maximum transmissi-
vity during winter months. As is also evident from the table and figure,
B increases with depth, that is, in the average, transmissivity is lower
in the bottom layer than in the surface layer. The annual range of B is
1.45m-1 at the surface, 1.53m-1 at mid-depth, and 0.94m-1 at the

bottom.
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Table 3. Average monthly beam attenuation coefficients calculated
from ensemble averages, New London Dump Site area.

B(m-T)
Month Surface Mid-depth Bottom
Feb. 0.78 1.03 1.30
Mar. 0.41 0.41 1.28
Jun. 1.14 { 1.14 } 1.19
T |
' Jul. 1.46 1 1.84 2.06
{ 7 —- i
Aug. 1.17 ‘ 1.45 1.80
| Sep. 1.86 ' 1.94 1.95
i {
| Oct. % 1.20 ' 1.18 1.22
| B ?
i Dec. ! 1.01 ] 1.04 1.12
1
| Avg. VN e B 1.49
Surface: 1m
Mid-depth: 9.7m
Bottom 18.7m

The transmissometer was also towed through the area while continuously
recording to obtain estimates of spatial variability (see Quarterly

Report for July through September, 1975). These tows were made along

the East/West and North/South transects (Fig.l). Average results are
tabulated in Table 4. There was no indication in the East/West distribution
of B values that there was a concentration of spoil material by Center

Buoy station. The distributions were either very irregular within the
limits indicated in Table 4, or, in one case, showed a very slight tendency

to decrease in the upstream direction away from the Center Buoy station.




2.4 Surface (Im)

1.2 a
L — M a' ~‘O
I %8 \

0.4 2

9 J FM A M J Jd A S O N D

o8 Time (Months) —3

2.4 Mid-Depth (9.7m)

J FM A M J J A S O N D
28 Time (Months) —3

2.4 Bottom (18.7m)

B (m~')—m=
— N
ol =

J F M A M A S O N D
Tnme (Months ) ———

Figure 3: Mean monthly beam attenuation calculated from ensemble averages
for surface, mid-depth, and bottom layers, New London Dump Site Area.




For the North/South tows, the tendency was for B to decrease (clearer
water) toward the south and Station Center Buoy. Again, the average
values for £ in Table 4 are in keeping with the annual trend with

highest values occurring in August and decreasing toward winter. No
significant difference can be found between the East/West and North/South
tows. The highest coefficient of variation (standard deviation divided

by the mean) is 13% during August on the East/West transect. The average

range for these spatial variations was O.43m'1, with a maximum value

of 0.89m™1 at the East/West transect in August and a minimum of 0.13m~1

on the North/South transect in April.
Table 4. Average beam attenuation coefficient, R, with standard deviation

and range calculated from continuous measurements made while
towing the transmissometer along East/West and North/South

transects.

Mean East/West North/South
Time Depth B(m-5) SENREX Range** B(m-1) SuD Range
Aug 1975 7.8m 1.43 0.19 089 1.43 0.12 0.42
Apr 1976 5.5m 0.98 0.11 0.41 0.85 0.04 0.15
Jun 1976| 6.4m | 1.26 | 0.08 0.52 1.21 | o.05 | 0.25 |

*S.D.: Standard Deviation; **Range: Maximum value observed minus minimum value.

A number of experiments were performed during dumping operations before
their cessation July 1975. One such experiment was to anchor a vessel
downstream of the dump site and monitor the turbidity cloud with the

transmissometer as the cloud passed the anchored vessel. The results from




these experiments are tabulated in Table 5. The elapsed times required

for the site to return to background were approximately 48 minutes for

the downstream cases, and 29 minutes for the upstream case. In all ex-
periments, there were at least 2 distinct clouds that passed the stations
(see Figure 4); in the upstream example, there were 3. These clouds of
material are approximately 10 minutes apart; the second cloud appears to

be longer in duration than the initial one. Gordon (1974) showed similar
features for disposal experiments in western Long Island Sound. In all
cases, the range in [ was from infinite values to approximately 1 as
background. In Figure 4, the ordinate for the July 9th experiment is not
transmissivity, T%, but T(%) which was the observed transmissivity normalized
to background values. The transmissometer developed a weak power supply
(but stable over the time period), so that the absolute transmissivity
values were unreliable. However, the normalized or relative values are use-
ful for studying the distribution of the turbidity cloud in time.

Table 5. Elapsed time required for the dump site area to return to back-
ground transmissivity values following a barge release.

Height off Distance from Elapsed Mean
Date Bottom Barge Time Current
20 May 1975 1m 100m downstream 49 min 22 cm/sec, Ebb
21 May 1975 2.2m 50m downstream 29 min 24 cm/sec, Ebb
9 Jul 1975 1m 80m downstream 48 min i 41 cm/sec, Ebb

Vertical transmissometer profiles were made while tracking drogues planted
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in the wake of a discharging barge. The results of an extreme case are
tabulated in Table 6. Other experiments did not pick up a detectable cloud,
or plume, relative to background in either the surface or bottom layer
within 5 to 10 minutes of the barge release; in these cases the tide was
ebbing near maximum strength. In the extreme case shown in Table 6, the
current was almost slack, the mean velocity was 9.3 cm/sec over the 65
minute time span calculated from the current meter data. The total distance
that the drogue traveled was only 550 meters based on fixes obtained by
visual bearings. In the previous case (Table 5) under mean flow conditions,
the time required for the area to return to background was approximately
48 minutes; in this case, staying with the plume under near slack flow,

the time required to return to background was 65 minutes. In the experi-
ments carried out near maximum flow conditions, the plume as identified

by transmissivity values virtually disappeared within 10 to 15 minutes

of the release.

Table 6. Elapsed time required for a plume to return to background as

measured by tracking a bottom drogue planted in the wake of
a discharging barge at the New London Dump Site.

Mean
Date Drogue Depth Distance | Elapsed Time Current
11 Sep 1975 Bottom 20m 550m 65 min 9.3 cm/sec, Ebb

Continuous transmissometer measurements were made over a period of 1-1/2
hours, 1lm off the bottom, approximately 230m downstream of a spoil mound

on July 17, 1975. During the sampling period, bottom turbidity values in-

|
|
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creased from 78% at the start to 82% near the mid-point of the period (close
to the time of maximum ebb at The Race) and decreased again to 80% at the

end of the observation period. The average of all values was 80.1% (B=2.22m"1)
with a standard deviation of 1% (0.12m-! for B). Upstream (228m) transmissometer
measurements were obtained within 29 minutes of the last downstream bottom
reading. The results of the last vertical profile downstream and the up-
stream station are tabulated in Table 7. For comparison, the maximum ob-
served variation in $ over 29 minute periods was at most 5%, in fact, the
coefficient of variation (ratio of standard deviation to the mean) was 5.4%
for the entire 1-1/2 hour recording period. The maximum observed bottom flow
as measured on top of the spoil mound was approximately 1 knot, and occurred
shortly before the transmissometer recording began; maximum observed flow
during the period of the experiment was 41 cm/sec at the beginning; the

mean speed was 33 cm/sec.

Table 7. Transmissivity (T%) and attenuation coefficient (f) taken

approximately 228m upstream and downstream of a spoil mound,
New London Dump Site, 17 July 1975. The transmissometer
path length was 0.1m.

Downstream Upstream |
Depth T¢> | B(m-1) Depth T(%) B(m-1)

| !

Im | 83 i 1.86 2m 84 1.74 f

6m 83 i 1.86 aul 6m 83 | 1.86 |
__lm | 82 v 1.98 % 11m 83 | 1.86
16m ’ 81 é.11 L 16m 82 1.98
20m 80 2,23 | 18m 82 : 1.98
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This experiment of July 17th was followed by another scouring study on 23
October where two stations, one 280m downstream of a spoil mound and the
other 240m upstream, were sampled alternately over the period of maximum
flood in the morning and again during the ebb cycle in the afternoon. The
results are tabulated in Tables 8a and b, respectively. As can be seen in

the table, bottom transmissivity values increased downstream (West station
during flood) by 5%; relative increases in [ ranged from 8% to 15%. During
the ebb, bottom transmissivity again increased by 5% in the downstream direc-

tion (East station during ebb) with a relative increase in B of 12%.

Average downstream transmissivities (West station) during the flood tide

were 28% and 26% (using a 1 meter path length) over two separate 5 minute
continuous sampling periods. The mean range was 6%. These average percentages
yield values for £ of 1.27m~1 and 1.35m-1 respectively. At the downstream
station (eastern) the two 5 minute averages were 30 and 31% with a mean

range of 4%, corresponding values for B were 1.20m-1 and 1.17m"1 respectively.
Similarly, during the ebb cycle later in the day, the downstream average

was 32% (B = 1.14m-1) with a maximum range of 4% (East station during ebb)

and the upstream average was 35% (B = 1.05m"1) with a range of only 1%.

In all 5 minute sampling periods, the transmissometer was approximately 1
meter off the bottom. The average flow during the flood sampling period

(0930 to 1011) was approximately 17 cm/sec and approximately 40 cm/sec

during the ebb in the afternoon.
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3. Currents

a. bulerian Current Measurements

Most observations of the currents in the New London Dump Site have been
made from 3 meter sub-surface arrays moored close to the Center Buoy (Fig.
1). These results have been presented graphically as East/West (u) and
North/South (v) components of the flow averaged over 15 minutes in past

quarterly reports.

December 11, 1974.

In order to standardize the results, interpolations in time of the East/West
and North/South velocity components were made for the respective values at
the time of high water at New London and at -6 hours to +6 hours around

this time. The time of high water was obtained from the "Tide Tables, High

& Low Water Predictions, East Coast of North and South America' published
by the U.S. Department of Commerce, National Ocean Survey/NOAA for the years
1974 through 1976. These hourly velocity components relative to the time

of high water (EST) at New London were then time averaged and in effect
filtered seasonal differences, diurnal inequalities, and wind effects. The
result is an estimate of the average half-lunar day currents at the dump
site. These averages are tabulated in Table 9, and shown in Figure 5 for

surface (4m), mid-depth (10m), and bottom flow (17m).
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Table 9. Averuge hourly East/West (ﬁ] and North/South (v)velocities
relative to the time of High Water at New London.

Surface Mid-depth Bottom ]
(4m) (10m) (17m)
Time u v u v u v
-5 hours 3390 2.0l 129 | - -
| 1 %470.4 | 4.8 4.2
! {
4 Sl =357 STl 202 1169 7016
[ -3 = 17.8] 2.1 V-34.9 { 15.0 l-38.2 | 12.7
| -2 " | -21.54 12.6 |-32.5 | 26.6 |-28.4 | 13.4
= !
! -1 hour -9.7F 7.5 1 -3:9 1 15.2 § -9.0 8.9

|

High Water 0.

()

SN ST S S—

o
T

il

+1 hour | 7.8}-20.9 § 19.2 }-16.5 | 13.6 | -3.1

o
1
—
k=
~

o)
1
t

| +2 hours | 18.6]-21.3  34.7 |-24.8 | 31.

p
4

|-15.2 | s4.8 [-18.6 | 38.1 | -10.0

+3 " 48.1 -

g v | 64.1] 1.6 159.5 | 1.1 |36.2 | 6.7
| +5 - 56.6| -5.1 | 55.4 | 2.7 |31.0 | 2.6
| +6 57.8] -9.8 | 43.7 | -1.2 | 24.3 | 3.5
| Average 17.74 -5.6 } 17.4 | -0.3 708 2.1

As can be noted in Figure 5, the v-component of the velocity changes
direction (sign) from south to north (positive) at hour 4 during the ebb
cycle. This feature is detectable in nearly all of the current meter
observations, in some cases more dramatically so than in others. This
means that 4 hours after the time of high water at New London, the ebb

flow changes direction from the southeast quadrant to the northeast
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Figure 5: Average hourly velocity components centered around the time of
Highwater, H, at New London for the surface (4m), mid-depth (10m),
and bottom (17m). The East/West component is u and the North/South
component is V.

c-23



quadrant. In the bottom layer, this change in direction occurs at hour 5.

From these averages, the time of slack water and ebb flow begins, is

close to the time of high water, H; slack, flood begins is approximately 4

hours earlier than high water (-4 hours) at the surface and mid-depth,
and 5 hours earlier at the bottom. The duration of the flood is also
greater by approximately 1 hour in the bottom layer. Maximum flood
velocities occur approximately 3 hours earlier than high water at the
bottom, and 2 hours earlier at the surface and mid-depth. Maximum ebb
occurs 4 hours after high water at both the surface and mid-depth and

3 hours after at the bottom.

The average velocity components in Table 9 have also been plotted

as hourly vectors from a common origin as shown in Figure 6. Resultant
vectors for each depth appear directly beneath their corresponding 12
hourly vectors. North is parallel to the border toward the top of the
page. Note the short duration of the flood cycle; for the surface, the
flood flow involves only hours -3 to -1, and -4 to -1 at mid-depth and
bottom. The magnitude of the flool is also greater at mid-depth and
bottom than at the surface. The resultant flow, that is, the net flow,
is SE for the surface, E at mid-depth, and NE at the bottom; a cyclonic

rotation with depth.

Maximum speeds based on 15 min averages have been tabulated in Table 10.
It can be seen that the highest speeds occur during the ebb in the

surface layer as would be expected; the values range from a maximum
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Figure 6: Polar diagram of average hourly velocities relative to the time of
High water, H, at New London. Geographic or true North is parallel
to the border and toward the top of the figure. The resultant vector
flow for each layer is directly beneath the respective polar diagram.
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Table 10. Maximum observed velocities over 15 minute averages in

Average of 3 bottom mounted meters in dump site

cm/sec-1,
1 Surface Mid-depth Bottom

Date Flood Ebb Flood Ebb Flood Ebb

5 Aug 74| 51.4 77.6 59.0 74.0 47.5 47.5
11 Sep 74§ 25.1 73.5* | 41.3 | 46.1* |  30.0 | 28.3* |
11 Dec 74i -} 86.4* ; - 80.2* | = 51.2*<j
28 peb 75] - l we.e | - | s9.3 | =" b Eaa
6Mar 75| - | 70.8 - 49.0 . 33.6
20 May 75;7 49.1 E 92.0 0 0 ; 41.8 50.3
21 May 75| 56.4 | - T 40.5 56.6

9 Jul 75 - : " | £ » . 45.1
17 Jul 751 - 2 " - - 51.5*
22 0a1 781 - 1 783 - 66.5 : 48.9
25 Aug 75 37.1 7.5 44.3 71.9 33.1 44.0
26 Aug 75 25.0 | 70.7 40.2 66.7 38.0 | 41.9
16 Sep 75 19.3* | 65.9* 36.4% 75.1* 37.1* 48.8*

8 Oct 75 - ; 81.5 - 64.9 - 59.4
23 Oct 75 . { . . - = 45,8**

4 Dec 75 52.3 | 65.4 52.6 69.4 49.4 56.2

5 Dec 75 51.3 60.8 51.9 61.7 45.3 54.9

9 Feb 76 - 41.5 - - 36.4 -

10 Feb 76  31.2 22,3 - . 34.3 37.4
11 Feb 76 43.1 | 58.4 - - 43.9 34.0
12 Feb 76  44.0 82.8 - - 40.2 33.5
:. Incomplete tidal cycle - not representing maximum tidal flow

s e o -~ —




of 100 cm/sec to a minimum of 41.5 cm/sec. It should be borne in mind
that tidal currents in The Race can vary as much as 48% in one month
due to spring and neap tides, and as much as 57% over the period of

a year. Therefore, the relative range of 58.5% is not out of line
considering also the added influence of winds. The range for the

flood in the surface layer ranges from a maximum of 52.3 cm/sec to

a minimum of 19.3 cm/sec, although the latter was not part of a com-
plete flood cycle. Lowest speeds were encountered in the bottom layer,
also as would be expected. In this layer, the difference between flood
and ebb speeds are much less as compared to the differences observed
in the surface and there are a few instances where the maximum flood
speed was greater than the corresponding maximum ebb speed. The
average flood speed in the bottom layer was 40.9 cm/sec, and the
average ebb speed was 47.0 cm/sec. For comparison, the average dif-
ference between corresponding maximum flood and ebb speeds was 34.3
cm/sec in the surface layer, but only 3.5 cm/sec in the bottom layer,

almost an order of magnitude smaller.

b. Lagrangian Current Measurements

Four Lagrangian current measurements were attempted using current
crosses with a cross sectional area of 1.672m? (18 ft2) as drogues planted
in the surface and bottom layer. The purpose was to find the path of a
hypothetical volume of water and its terminus at the end of the tidal cycle.

Results of these 4 experiments are shown in Table 11. The first column shows
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the approximate stage of the tide relative to the dump site area during
which the drogues were launched; the second column gives the date of the
experiments (largely confined to the warmer months because the drogues

were tracked by small outboard motor boats), the time of launching relative
to EST (75th Meridian Time) in the 3rd column, and the time relative to

the nearest time of high water at New London in the 4th column, followed by
the duration of each tracking experiment, the average speed calculated

from the ratio of the total distance traveled to the duration, and the
terminus or end point of the experiment. Hand-held bearing compasses were
used to obtain visual bearings of nearby objects as the means of navigation

control.

Plots of the drogue tracks are shown in Figures 7 through 10. The longest
distances traveled and the highest average speeds were by the drogues launched
during the beginning of the flood (5 August 1974) and the beginning of the
ebb (22 July 1975). During the flood, the drogues accelerated rapidly,
particularly near Bartlett Reef. Similarly, during the ebb, the drogues
accelerated rapidly when near The Race. In either case, maximum speeds were
encountered when out of the dump site area. Drogues launched during the
period of maximum flow remained in the general dump site area experiencing
low speeds and consequently shorter distances traveled. It is interesting
to note (Fig. 9 and 10) that the surface drogues launched at maximum flood
and ebb ended within 2 kilometers of the same position. The difference in

total travel time between the 2 drogues was only 1/2 hour; the winds during
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the Sept. 16th experiment were from the southeast at 5 to 10 mph, whereas

on Oct. 8th they were west-northwest at 10 to 15 mph.

Two drogue experiments (11 Sept. 1974 and 6 Mar. 1975) were also performed

in the wake of a discharging barge. Drogue depths were 2m (surface) and
15m (bottom). Results from the water quality measurements are covered
elsewhere. The average speed of the surface drogue during the Sept. 1llth
experiment was 14.0 cm/sec; for the bottom drogue, the average speed was
only 9.6 cm/sec. Both drogues remained in the dump site area; the total
distance traveled by the bottom drogue was 550m and 420m by the surface
drogue. In the second experiment on Mar. 6th, the average speeds were
57.3 cm/sec and 13.3 cm/sec for surface and bottom drogues respectively.
Even with these higher speeds, the drogues remained in the dump site

area over the sampling period.

The results from surface and bottom drifter releases at the Center Buoy
are shown in Figures 11 and 12. The total number of surface drifters
launched was 93 and as seen in the insert table in Figure 11, the total
number of returns was 18, or 19%. Only 1 drifter was found to the west
of the dump site in Long Island Sound (area NW). For the bottom drifters,
a total of 89 were launched and 50 returned as of June 30, 1976, or 56%
recovery. As seen in Figure 12, the major part of the returns were from
the Connecticut shore to the west of the dump site area (35 drifters) as

compared to 15 from the shores of Long Island. That is, of the returns,

<




*92BI AI9A0221 96T B IO ‘¢E SBM POYdUNB] SI9IJTIP 9dBJANS TeIOL "9/6T ‘Yips aunp jo
SB AI9A09I JO SOTISTIBLIS 9Y] SIDATJOI 3[Qe3 IIISU] °SUINISX pIed IJTIP 9deJans jo dew uorledo] :1[ oIn3rj

SU0IJD207 AJ3ADD3Y v

ERRES ruc:o.gMﬂW

NY3IOO0| ODILNVILV

——

—
000 81 WIOL
(A 2 MS
SS I | MmN | —~
8.2 S 3N
L9 € | 3N
497 € |23S
eee v |[13s
L ,
RTINS O9NO7
5 &
13 2 2
Q>

yooug A voys

m $J3jjuQ 990jing

N.0O.l b

pi04iing

%00iqhog
PIO

UIADKN ™ap

M. 00024

-

o ——" . —— e s .




*96 JO 21rx AIs9A0d9X B X0 ‘Gg Sem payoune] SI93JTIp wWo10q [BIO] "9/61 ‘Y3ips aung jJo
ST AJIAOGISX JO SOTISTILIS Yl SIDITJOI 9[Qe3 JISSUJ *SUINISI pIed IIJTIp wo33zoq Jo dew uoTIBI07] $Z1 o&ﬂwﬂm

———————

¥ PLogHAL /
L L L L L s
UIADH MIAN
pupjs | JNJ1{23UU0H
w‘ﬂ“ J f
Of old M 00 o2 M ,_.,,~.6rvﬁ M 00 |ot d

SUOI{DJ0T) KU3A0D3Y v

9)!S yodounoD ﬁ

g00 | O |G NVY3OO0 SNy " &
02 | SS { ! ol
o8 ¥ &S A
08 | ¥ |€5
Gor [ s [2S
G | 7 |18 Y
ovi < €N N
002 | ol 4Nz [ S/ EVRIPLI]
0 9¢ 8l IN A J34ud)
5 +
Jo&o/o J&;Vzuv»/&,_ Xx08
© 04009 [ )|
(O ‘4 )
b Q

|
|
PDAUIAAIY N
si3jjuq  woyiog ,

P

WN41440
= L L B N T Y 0
, \‘\ = ,00 ol ¥
S
4d WNDIUOW N yi
ANNOS
e NYTS 425078 CNNOS ANVISI 9NOT | o=

41003bpuig

772N »Y7 7777777

4
Sy
s

_—— ; D —




70% were from the north side of Long Island Sound (Connecticut shore)
and 30% from the south side of the Sound (Long Island shore). No bottom

returns were from outside of Long Island Sound.

4. Transport Calculations

Water quality parameters, particularly temperature, salinity, and suspended
solids, were obtained in a quasi-synoptic¢ fashion at the 4 corner stations,
N1, E1, S1, and W1, and at the Center Buoy, CB (see Figure 1), with the
purpose of estimating the transport of these properties through the dump
site. The experiment was performed during an ebb tidal cycle on December

4, 1975, and repeated during the flood cycle on December 5. The sampling
routine during the ebb tidal cycle was S1, CB and N1; then, El,; CB, and W1l.
This sequence was then repeated. On the following day during a flood tidal
cycle, the sampling sequence was N1, CB, and S1; then, W1, CB, and El. This

sequence was also repeated.

The data thus obtained were then interpolated in time to correspond to
concomittant current meter data at hourly (lunar) increments. Interpola-
tions in the vertical direction were made from these temporal values

that corresponded to depth for which the volume (water) transport was
calculated; the product of the concentration of the water quality parameter
and the volume transport yields the mass transport as defined here. The
volume transport was calculated from the product of the area on a transect

between isotachs per unit width. That is, isotachs were plotted for each
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transect by lunar hour, and the area between isotachs determined by
3

numerical integration; the mean velocity of the 2 isotachs was used

in the product.

The results of these computations are tabulated in Table 12a. Negative
values on the East/West transect define a transport to the west while
negative values on the North/South transect refer to transport to the
south. A zero means the value was below * 0.5. Highest transport values
occur during the ebb tidal cycle where highest velocities and largest dura-
ticns are obtained. Transport is to the south at the beginning of the ebb
cycle, is north during lunar hour 4 (1335) and changes to the south

again during the last stage of the ebb cycle at 1457 (hour 5).

A similar experiment was performed on 10 February 1976. The results from
this cruise are tabulated in Table 12b. This experiment was terminated
before the last station was made due to the onset of extreme weather con-
ditions. Values are slightly lower in comparison to the December data and
reflect in part the lower salinities and temperatures for that time of

the year (winter).

DISCUSSION

The long-term effect of disposing of dredge spoil material was not expected
to significantly alter existing temperature distributions either spatially
or temporally, but may affect short-term salinity distributions in the
immediate area of the dumping due to the definition of "salinity.'" Never-
theless, one would not look to salinity, or temperature as indicators of

possible changes in a disposal area.
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Temperature measurements made through the year show no unusual deviation
from historical data acquired at Plum Island a few miles south. In fact,

the annual average temperature for the surface waters at the dump site

found by averaging the values in the last column of Table 2a was 12.0°C,

in agreement with the annual average reported by Garvine (1974) for

eastern Long Island Sound. The corresponding average annual surface salinity
was 29%/¢o as compared to the value of 28°/,, reported by Garvine. The
difference can be attributed to the proximity of the New London Dump Site

to The Race and the higher salinity waters of Block Island Sound.

Of a more practical concern, however, is the resulting stability of the
water column which is a function of temperature and salinity. A very
simple estimate of the vertical stability, E, for shallow waters can be calcu-
lated from the vertical gradient of ot (Sverdrup, Johnson, and Fleming, 1942,
Pg. 417), 1.e.,

E(10°8) = (Ao /AZ) x 103
where Aot is the difference between the surface and bottom values of Ot
and AZ is the depth in meters and taken as 17m for an average. Positive
values of E signify a stable water column with less dense water overlying
denser water whereas negative values indicate an unstable density strati-
fication. Table 13 shows the results of applying the approximation above
to the data in Tables 2a and b. As seen in the table, all values are
positive, indicating stability, albeit weak, in comparison to very stable

values in the New York Bight (Hollman & Meguire, 1973) where an average
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value for September was 200 for example. In the bight area, however, the
stability is probably more temperature dependent than in Long Island Sound.
Table 13. Estimated stability criteria, b, for the water column

calculated from the data in Tables 2a and 2b and using
an average depth of 17m.

LMonth E x F09 I

' Feb 78 f

Mar | 46 :

| |

May 79 g

Jul 31 i
Aug 43
Sep 4 26
Dec L 65

Observed transmissivity in coastal waters is significantly influenced

by terrigenous material resulting from land drainage and biological
processes such as plankton blooms. Therefore, a high degree of natural
variability is to be expected in the transmissivity of coastal or estuarine
waters as compared to oceanic waters. Since transmissivity is path length
dependent, results and discussions will center around the calculated beam

attenuation coefficient, B, with the units per meter (see Definitions).

The monthly average beam attenuation coefficients presented in Table 3
are a fairly good representation of '"background'" values for the New

London Dump Site area, noting however, that large deviations can occur

o ~——— s e —— e ——— ————————emtat -
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due to natural causes such as unusual plankton blooms or heavy runoff

from the land, all of which depend upon external influences. Values are
high in late summer in agreement with an annual distribution for extinction
coefficients reported by Duxbury (1971, Table 8.2). Another secondary

maximum would be expected in late spring.

In general, the beam attenuation coefficient, B, increases with depth as

can be noted in Table 3. This increase with depth can be attributed to
turbulence effected by the bottom tidal currents and leading to a resuspension
of the bottom material. This causes a decrease in bottom transmittance and

thereby increases the value of £ (Jerlov, 1963 and also Gordon, 1974).

Relative spatial variability is of the order of 20% (maximum observed was
26%) as determined from the horizontal transmissometer tows (Table 4);
here the estimate was calculated from the ratio of twice the standard

deviation divided by the mean, or twice the coefficient of variation.

Relative temporal variations were of the order of 10% or less, calcu-
lated in a similar fashion from the data of July 17, 1975. Gordon (1974)
also reported that the change in turbidity of the water column is small

over a tidal cycle.

Gordon (1974) made a study of the dispersion of dredge spoil material
in central Long Island Sound. His observations show that there is an
outward spreading density cloud produced by the impact of the discharged

material with the bottom and the figures shown by Gordon are similar to




Figure 4 of this report. The variations with time indicate that there
may be more than one outward spreading density cloud produced although
not of equal turbidity. Gordon found that the initial horizontal spreading

of this density cloud or bottom surge, was about 12m/min.

A virtual velocity vector ﬁ}, can be defined for this density cloud such
that

A A
where ﬁk is the velocity of this cloud derived from the observed time
required for the cloud to reach the transmissometer, and, ﬁh is the
mean bottom current velocity over the time period calculated from
current meter data. The distance and direction of the discharging barge
relative to the fixed transmissometer were known. In effect, ﬁk 1s the
resultant velocity between the mean bottom current, ﬁb, and the virtual
velocity, ﬁ;, of the cloud itself. Values for the speed component of ﬁé
are tabulated in Table 14. Directions of the virtual density cloud
vectors have been omitted since for a radially outward moving cloud,
the direction depends upon the relative position of the discharging

barge and the transmissometer.

The average of all 8 speeds listed in Table 14 is 16.4m/min and includes
of necessity, the downward flow as well as the outward flow. Variations
in speeds, particularly for the 2 downstream cases may in part be due

to the type of material being discharged, i.e., whether rocks, sand,




or fine clays, and to differences in the bottom currents at the time.
For example, the mean bottom speed for the May 20th experiment was
approximately lom/min and 22m/min during the July 9th experiment, an
increase in speed of approximately 38% while the corresponding increase

in speed of the virtual density cloud velocity was 31%.

Table 14. The speed of the virtual velocities, ﬁ;, of the various
density clouds shown in Figure 4 calculated from the
difference between the observed velocity of the cloud
and the average bottom currents over the time period.

The average of all 8 listed speeds is 16.4m/min.

‘ ! Approx. | Speed

| Date Cloud No. Time | (m/min) I
| 1 ]
| 20 May 1975 | 1 1140 13.0 |
L Downstream 9
| Monitoring | 2 1151 | 158
f T |
. | ,
| 21 May 1975| 1 1210 18.4
! Upstream |
' Monitoring | 2 1212 17.5
{ {
' 5 1220 155
9 July 1975 1 1253 ‘ 16.4
Downstream |
Monitoring Z 1256 | 17.6
3 1300 18.8

Linear correlations were calculated between the beam attenuation co-
efficient, £, and concomitant values for total suspended particles as
determined by the New York Ocean Science Laboratory chemical oceanography

group. For all the pairs of data that were close in time (and at the same




station), the correlation was 18.5%. This excludes surface values because
of possible contamination from the atmosphere (dust) and the possibilty
of natural light leaking into the transmissometer, particularly when
employing the 0.1m path length. This correlation was found to be signi-
ficant at the 97.5% fractile. Correlations run on the data by individual
cruises ranged in value from -22% up to 84%. Transmissivity is related

to total suspended particles in the water column; thus the comparatively
high significance associated with the low correlation; this problem
probably relates to particle size for as pointed out by Clarke & James
(1939) even careful filtering of coastal waters will not remove the
colloidal material. It is probably this small diameter colloidal material
that is absorbing much of the light energy particularly as short wave
lengths (Jerlov, 1968). Harlett & Kuhn (1973), in their study did not
attempt to calibrate their transmissometer in terms of suspended particle
concentration since "differences in particle size distribution make this
impossible.' Therefore, further attempts to draw quantitative conclusions
about suspended particle concentrations based on transmissometer observa-

tions would be only suspect and were not attempted.

A Fourier analysis was made of the hourly average Lulerian velocity com-
ponents tabulated in Table 9. The results are tabulated in Table 15 where
the tidal cycle period runs from -5 through +6 hours, a total of 12 lunar
hours. The column labeled Cj is the amplitude in cm/sec of the first

harmonic with a 12 hour period; the column labeled €] is the phase angle

- IS ——
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in hours relative to the start of the cycle at -5 hours; and %V is the
percent of the total variance of the data accounted for by the harmonic
in question.

Table 15. Results of a Fourier analysis of composite data for current

meters at the Center Buoy starting at -5 hrs through +6 hrs
or the time of high tide at New London.

Depth IV T G €1 AT
u 38.0 10.302 95

Surface
' 9.2 2.892 42
43, 9. 9
Mid-depth LD G0 >
\' 1529 2.905 62
u 33 .8 9.547 96

Bottom
v EGeS 2.968 89

As is apparent from the table, the dominant velocity component as
represented by the amplitude, Cj, is the u-component (East/West). The
v-component is only 24% of the magnitude of the u-component at the sur-
face, 36% at mid-depth, and 31% at the bottom. This small increase in
the relative magnitude of the v-component with depth indicates that the
sub-surface tidal currents are oriented more North/South than is the
surface current. This can also be noted in the net-flows shown in
Figure 6, where the mid-depth and bottom flows are progressively

more to the north (cyclonic rotation).

The first harmonic account for 95% or more of the total record variance
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for the u-component at all 3 levels, or, in other words, the u-component
is periodic with a period of 12 hours. For the v-component, however, the

second harmonic with a 6 hour period dominates in the surface accounting

for 52% of the variance as compared to 42% for the first harmonic (Table 15).

Therefore, there are two dominant maxima in the v-component, i.e., a

northerly flow must occur twice in the tidal cycle, hence, must occur during

the ebb as well as during the flood. This is also readily observed in the

current meter plots (Appendix) where a shift in v from south to north

occurs approximately mid-way through the ebb cycle. In the hourly averages

this occurs during hour 4 for the surface and mid-depth and during hour
.

5 for the bo*fom and can be seen as a small increase of 0.076 hours in

the phase angle (€) with depth.

An increase of 0.755 hours (45 minutes) with depth also occurs in the
phase angle for the u-component. Thus, the maximum value for u (peak
current) occurs 5.302 hours following the time of high water at New
London at the surface, 4.806 hours at mid-depth, and 4.547 hours at the
bottom. That is, events such as maximum flow and slack, occur earlier

at the bottom than at the surface.

The average currents can readily be modelled for each of the 12 hours
from the following equations where t=1 corresponds to -5 hours, t= 2
10 -4 hrs,..., t = 6 corresponds to H, etc,,

17.7 + 38.0 cos /6 (t - 10.302)

Surface u(t)
(4m)
v(t) = -5.6 + 9.2 cos /6 (t - 2.892)+10.2 cos m/3

)

(t-4.304)
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Mid-depth u(t) = 17.4 + 43.5 cos /6 (t-9.806)
(10m)

-0.3 + 15.9 cos /6 (t-2.905)+12.0 cos w/6 (t-4.477)

1l

"l i ol

]

Bottom u(t)
(17m)

7.8 *® 33.8 cos w/6 (& -0.547)

v(t) 2

(!
3=

10.5 cos /6 (t-2.968)=3.2 cos m/3 (t-4.896).

Ihese rectangular components can be readily converted to polar coordinates
through the definitions, viz"

R(t) - [u(t)? + v(t)2)1/2

and
0 = arc tangent v(t)/u(t)

where R is the speed (cm/sec) of the current in the direction, 0. Thus, the
average currents barring any unusual weather phenomenon, can be readily pre-
dicted from the above equations knowing the time of high water. This time
corresponds to setting t = 6 in the above equations; any other time is easily
found by simply adding or subtracting the appropriate hours. For example,

if high water occurs at 1302 hrs, and the flow 5 hours prior is desired,

then setting t = 1 and solving the above equations will yield the needed
values relative to 0802 hrs on that day. Solutions to the above equations

are tabulated in Table 16,

That the second harmonic, or 6 hour period, is the dominant factor for the
v-component at the surface can be seen from the fact that the second ampli-

tude is greater by nearly 10% (9.2 compared to 10.2).
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Theoretical velocities based on Fourier analysis of all
current meter observations from the New London Dump Site
relative to the time of high water at New London.

Surface Mid-Depth | Bottom
t Nl:;_, t(t) v(t) u(t) v(t) u(t) v(t)
1 | -5 }23.7 10.3 | 13.0 | -2.2 0.2 5.6
" 1 b

f»} -4 4.1 -5.0 | -8.0 | 3.6 1555 8.0
3 -3 Vﬁ;ll.B 5.7 -22.3 15.8 -24.6 i
4 -2 -19.8 ) -25.9 23.5 -25.0 12.9
5 -1 -17.8 6.2 -17.8 17l -16.7 10.3
6 H -6.2 -8.2 -0.4 -1.4 -1.8 Bl
7 1 11.7 -20.4 21.9 -19.5 1T -5.2
8 2 L3 -21.5 42.9 -24.7 SL.0 -10.2
9 3 47.2 -12.8 5752 199 40.1 -9.7
10 4 55.3 -3.6 60.8 -3.2 40.6 -5.0
11 5 Y302 -2.2 52.8 2.6 32.2 0.2
12 6 41.7 =12 35.3 2 17:3 S5
Average L -3.9 E/ <5 -0.3 Vi, 2.1

*NL: Time relative to the time of high water at New London

The Lagrangian measurements agree with the average velocity components. The
flood conditions as shown in Figure 7 are close to hour -4 although the
average speed for the surface was greater by 2.4 cm/sec than the bottom
(Table 10). The reversal in the flow from a southeast condition at the 4

surface to a northeast condition at hour 4 is indicated in the path that




the surface drogue followed on 16 Sept. in Figure 9. A possible explanation
for this 6 hour period in the northerly component is compound tides and
overtides that result when the tidal wave enters shallow water, i.e., Long
Island Sound. Swanson (1971} found significant energy in the northerly
components at periods of approximately 6 hours in current meter data from

central Long Island Sound.

In line with this observed reversal in the north/south flow during the
ebb is the observation that not only were the dominant returns of the
bottom drifters from areas to the north and west of the dump site, but
that most of these were launched during an ebb cycle. The drifter results,
in general,agree with the previous results reported by Paskausky et al.

(1972) and Hollman and Sandberg (1972).

The results of the transport calculations show a similar effect. Although
transport values on the east/west transect are larger in absolute magni-
tude during the ebb when the direction is to the east than during the
flood when the direction is westward (Takle 1Z), as would be expected, the
opposite appears to be the case for the norti,/south transect. Transport
values on the north/south transect are larger in magnitude during the
flood than during the ebb. The dominant direction for the north/south
transport component is northward, or positive, during the flood, and of
lesser magnitude southward (negative), during the ebb. Therefore, a net

transport northward exists. In fact, the average northward transport of

e — ———




suspended solids (Tgg) during the flood is almost a factor of 7 greater
than the average southerly transport during the ebb. Similarly, the
average northerly transport of salt (Tg) during the flood is greater by
a factor of 17 compared to the average ebb transport to the south. The
change in direction of the v-component of the velocity is also evident
in the north/south transport as would be expected. In Table 12a, at
1355 hrs on Dec. 4, 1975, the transport is positive, i.e., northward
during this part of the ebb,and reverts to the normal southerly direction
the next hour. To summarize, the net transport was eastward along the
east/west transect, and northward along the north/south transect. It
must be emphasized that these average values are the hourly vectors,

and therefore should not be expected to hold at any specific instant.
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SUMMARY
Temperature and salinity data from the New London Dump Site area do
not show any changes over the year of disposal operations that could be
attributed to either the disposal operation or the dredge spoil material.
Beam attenuation coefficients calculated from i¢n situ observations of
transmissivity are in general higher near the bottom than at the surface
indicating that some scouring is taking place. This is observed throughout
the area and is not restricted to the dump site itself and is due to
the effect of turbulence generated by tidal currents; however, slight
increases in the attenuation coefficient can be noted on the downstream
side of spoil mounds. The average speed of the turbidity or density

cloud, resulting from barge discharges was approximately l6m/min.

A reversal from a southeasterly flow to a more northeasterly flow approxi-
mately mid-way in the ebb tidal cycle is apparent from observed current
meter results obtained at the Center Buoy. Average hourly velocities
relative to the time of predicted high water at New London were calculatcd
from current meter observations and used as a foundation for a predictive
model. The net flow, based on an integration of observed data, was SE at
the surface, E at mid-depth, and NE near the bottom. Drogue experiments
tend to confirm the current meter observations. Maximum transport was

in the East/West direction with highest values occurring during the ebb;
for the North/South transport, higher values obtained during the flood

cycle.

.. NE— - — —_— —
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0. Chemical Oceanography of Disposal Area
Stewirt Karp, Ph.D., Henry DuBois, Linda Curtis
New York Ocean Science Laboratory

Montauk, New York

INTRODUCTION

The chemical oceanography study of the New London Dump Site area was

designed to detect and monitor the effects, if any, of the dumping
of dredge spoils on chemical parameters in the disposal area and its

environs. The study may be divided into three aspects.

One part of the study involved the water quality of the area. The para-
meters studied were Eh, pH, turbidity, salinity, dissolved oxygen, and

suspended and volatile solids. Experiments were designed to monitor the
parameters seasonally, and to observe their changes following actual

spoilings.

Another aspect of the study was the analysis of the sediments at, and in
the vicinity of the dump area. The parameters investigated were: chemical
oxygen demand (COD), Kjeldahl nitrogen (K-N), total phosphorus, and the
metals: cadmium, copper, iron, lead, nickel, zinc, and mercury. The pur-
pose of this study was to detect any spreading of the spoil mound or of

its components.

The third part of the project was designed to study the effect of dumping on

benthic organisms and the seston in the area. The parameters investigated

here were the same as those for the sediment study with the exception of

COoD.




METHODS

Water Quality Studies

Water samples for mid-depth and bottom analysis were collected using
Niskin samplers. Depth of the samples was determined by using a meter wheel
cable pulley with corrections made for wire angle. Surface samples were

collected by means of a polyethylene bucket.

pH, Eh, and turbidity of the samples were determined in the field. The
method used for pH is that described in the EPA manual (EPA, 1974). Eh
was determined with a platinum electrode in accordance with the ASTM
procedures for oxidation-reduction potentials of water (ASTM, 1974).
Turbidity was measured by means of a Hach Turbidimeter (Model 2100A),
following the manufacturer's instructions. Suspended solids were de-
termined using approximately two liters of water, filtered on board
the sampling vessel immediately upon collection. Detailed descriptions
of the method may be found in Standard Methods (APHA, 1971). Dissolved
oxygen was determined by the Winkler method as described in the EPA
Manual (EPA, 1974). A Beckman Model #915 Total Organic Carbon Analyzer
was used according to the manufacturer's directions to obtain organic

content of the samples. These samples were stored frozen, until analyzed.

Seston Samples

Seston samples were collected by towing a 363y mesh net with a 3/4
meter opening at three depths. The collected samples were then freeze-

dried, homogenized, and stored for analysis.




For a description of digestion methods, see '"Marine Pollution Monitoring"
(1972). Determination of heavy metals was done by flame atomic absorbtion
spectroscopy. Mercury was analyzed by the flameless method described in
Marine Pollution Monitoring, following an acid-permanganate digestion.

A Perkin-Elmer Model #503 Atomic Absorbtion Spectrophotometer was used
for all metal determinations except for some early mercury determinations
which were analyzed on a Beckman Model #440 AA. Phosphorus was determined
on an aliquot of the heavy metal digestion following the procedure given
in Strickland (1968). Nitrogen was analyzed using an Orion Specific Ion
Ammonia Probe following a Kjeldahl digestion, as described in the EPA

manual (1974).

Sediment Samples

Sediment samples were collected by the Sandy Hook Marine Laboratory
as described in a previous section. The samples were stored and transported
to Montauk frozen. Upon receiving the samples, they were thawed, homogenized,
and a portion of the wet sample refrozen and held for COD analysis. The
remainder of the sample was air dried at 60°C, sieved through a 2mm non-
metallic screen and held for determination of acid soluble metals, total

phosphorus and Kjeldahl nitrogen.

COD determinations were performed as described in 'Standard Methods"
(APHA, 1971). Sediments for heavy metal analysis were acid extracted with

4M HNOz-0,7M HC1 as described by Oliver (1973), and determined by flame
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atomic absorbtion spectroscopy as described above. The determination

of Hg was performed by flameless AA after an acid-permanganate extraction.
Phosphorus was determined as described by Strickland (1968) after total
digestion (Marine Pollution Monitoring, 1972). Samples were digested

for the nitrogen determination by the Kjeldahl method (EPA, 1974).

Benthic Organisms

Samples of benthic organisms were collected by the Sandy Hook Marine

Laboratory as described previously. These were stored frozen.

The specimens were freeze dried individually and, depending on their size,
they were either combined, analyzed individually, or divided for multiple
analyses after homogenization. The samples were digested and analyzed

as described above for the seston samples.

Sampling Stations

Sampling stations for the water quality and seston studies are shown
in Figure 1. Their coordinates are given in Table 1. The stations

for sediment and benthic sampling are shown in Figure 2.

RESULTS

Areal Survey of Water Quality

Periodic surveys of the water at the dump site and its vicinity (see
Figure I for sampling stations) were carried out for these parameters:

dissolved oxygen, suspended and volatile solids, pH, Eh, turbidity, and
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Station locations in the area of the New London Dump Site

o =

Station

Center Buoy

Wl

Latitude

41°16'08"

19157381
41016' 38"
i o (RS D i
41918'08"
41017'14"

41 16 50"

1

Longitude

T:U[)S'(l('“

7290540

72906 ' 30"

72°04' 20"
72°03' 37"
‘l" 1‘\)(}21 1 -

72905'00"

72006'08"

*:()“4 104"
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organic carbon. These areal surveys were designed to detect any dif-
ferences in the parameters as a function of distance from the dump site.
They were performed as synoptically as possible under a variety of tidal

and seasonal conditions.

In general the parameters showed no trends with respect to location rela-
tive to the center station. There are variations between sampling cruises

-

as shown in Tables 2 through

-

and Figures 3 through 8. These varia-
tions are apparently seasonal as demonstrated by a comparison with 1974

and 1975 data.
[ 4

Mean dissolved oxygen values (Fig. 3 ) ranged from about 80% to 100%
saturation. NAVOCEANO (1973) reported dissolved oxygen values ranging
from 89.8 to 97.4% for 6 month averages in waters in the New London area

in 1972. Seasonal changes were not noted, however.

No spatial variations appear consistently in the value of suspended
solids in the dump area and adjacent waters; however, variations occurred
over the entire area on a seasonal basis. Values appear to be somewhat
higher during the winter months. Suspended solids are often higher in

the bottom waters than in the upper waters (Table 4 and Figure 4 ).
This observation, as well as the general magnitude of the results, are

consistent with data reported by Bohlen (1975).

Turbidity values (Table © and Figure 5 ) are also generally, but not
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always, higher as the water depth increases. The seasonal changes of
turbidity, however, do not always follow the chahges in suspended solids.
This must reflect the fact that the particle size and nature of suspended
matter have large effects upon the optical quality of the water while

suspended solids depend only on mass retained by the filter.

Volatile solids also show a seasonal variation expressed as percent total
solids, which are the reverse of that shown by suspended solids. This
may be due to the elevated phytoplankton levels which are present in

the summer months.

The above results indicate that there is no noticeable effect on the water

quality due to the dump area.

[here were exceptions to the generalization that the values of the para-
meters showed no significant variation over the sampling area. On Sept.
11, 1974 dissolved oxygen values west of the Central Buoy ranged between
84 and 89% of saturation while at and to the east of this buoy the con-
centrations were between 71 and 83% of saturation. Similar variations
were not observed at other times, and other parameters did not vary in

an analogous fashion at that date.

Drogue Studies of Resuspension

Experiments were performed to study the effect upon the value of the
parameters in the water column as the water passes over the dump area.

Drogues, at two levels, were placed in the water when or before it
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passed over the dump area. Samples were drawn at the drogues at a number
of time intervals up to a few hours. Again, it was observed that the
values of the parameters in the water were unaffected by the passage of
the water over the dump area. Hence, no resuspension of spoil was

shown by these experiments. These studies were performed on various
dates so that all flow conditions were sampled, with emphasis on

maximum current velocities.

Post-Dump Studies

In Sept. 1974 and March 1975, drogues were placed in the water at
two depths immediately after a dump occurred at the spoil dumping lo-
cation. Samples of the water at the drogues were then taken as a
function of time. This study permits the determination of the time

needed for the parameters in the spoil plume to return to background.

The water column parameters most affected by a dump were dissolved oxy-

gen, suspended solids and turbidity. In the first of these experiments the
dissolved oxygen content in the bottom water dropped to about 48% of satura-
tion and returned to the ambient 84% within 40 minutes. The surface and
middle waters were hardly affected. In the March experiment,the bottom
waters took less than 10 min to return from 65% saturation to the ambient

96% saturation, and again, surface waters were unchanged.

In the Sept. study, suspended solids in surface waters returned to ambience
within 10 mins of spoil while bottom waters following the surface drogue

took about two hours to reach ambience. The March experiment showed
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that the effects of the dump were completely unobservable after about 30
min. At the time of the dump suspended solid values rose from 10 to 100

times the ambient values.

Turbidity samples, taken at the same time as the suspended solid samples,
showed like effects due to the dumping. In the Sept. (1974) study, during
the anchored portion of the study, turbidity increased approximately 150
times and returned to the pre-dump condition within 40 minutes.In a drogue
experiment performed the same day, bottom waters in the vicinity of the
surface drogue, required 1-1/2 hours to return to ambience following a
spoiling. On March 6, 1975, during a study where both surface and bottom
drogues were followed, no elevated turbidity values were detected after
the initial sampling in any of the water samples. This, in conjunction
with suspended solid data reviewed earlier, indicated that the spoil

material deposition rate is rapid.

The pH and Eh values were apparently unaffected by the dumping as determined

by these drogue studies.

On May 21, 1975, stations downstream of the dump site on an ebb tide
(eastern stations) and one each north  south and west of the site, were
monitored following a spoil dumping event. Perturbations of the ambient
values of some parameters were observed only at the closest downstream
station (E1) at approximately the time predicted from current meter

readings (1 hr). pH values decreased about 0.3 units at the surface and
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suspended solids were higher than ambient. In bottom waters, suspended
solids rose about seven times ambient. These values returned to ambient
within about a half hour. Dissolved oxygen values showed no significant
change from ambient as expected from the drogue studies described above
in which dissolved oxygen values were found to return to ambient well

within one hour.

Sediments

The sediments at the dump site and its environs are of great interest
with regard to the question of whether the spoils, or any of the components
of the spoils, remain at the dump site or tend to spread out beyond the
one square mile designated as the dump site. The parameters investigated
in the sediments were the metals, cadmium, copper, iron, nickel, lead,
zinc and mercury, Kjeldahl nitrogen, total phosphorus, and chemical oxygen

demand.

T he analytical methods used have been described above. For the last two

sample periods, the sample size has been increased from 1 gram to 10 grams.

This change affords an approximately 10 fold decrease in detection limi-s.

Table 8 lists the minimum detectable values obtained on these samples. The
minimum detectable values listed are estimated by taking .002 absorbance
units as the lowest reliable value to be obtained from flame spectrophoto-
metric analysis. The actual minimum concentration detected depends upon the

sensitivity of the particular metal being analyzed. Table 8 also compares
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Table 8
iy ) Minimum Detectable Values
_Element Cd Cu Fe Ni Pb Zn H&l
Minimum detectable : !
for 1 gram sample 2ppm 4ppm 6ppm 8ppm  20ppm .9ppm .Olppm
1
' |
Minimum detectable ; .
for 10 gram sample 0.2ppd 0.4ppm :O.6ppm| lppm ] 2ppm |.09ppm .003ppm2
A T ! T
Minimum detectable ; :
reported by Dr. Feng| 0.3pp 0.3ppm - - | 1.7ppm|.24ppm| .1-.2ppb

1Cold vapor technique

“Based on a 2 gram sample




D-23

this value with those reported by Feng (1976).

Original data for September, October, 1975 and January, February, 1976

have not previously been reported and are therefore presented in appendix 1.

Data for copper, iron, zinc, nitrogen, phosphorus, and chemical oxygen
demand are summarized in the contour diagrams, Figures 9 to 14 . Data

for nickel, mercury, cadmium and lead were not contoured due to the

paucity of data above minimum detectable or the small random variations
versus location. The mean concentration of these parameters within the
dumpsite area were compared with those outside the dumpsite. The results

of this comparison are given in Table 9 . For these calculations, Stations
E4, A5 and F8 were included as inner stations along with A7, A8, CS5, Ce6,

C7, C8, E5, E7, E8, F4, F5, and F7 which are within the dump area (Fig. 2 ).
The differences between the results of the inner and outer stations were
tested for signicance by the t-test at 95% confidence limits (Youden, 1951).

The results of these tests are shown in Table 9.

Table 9 shows that except for Kjeldahl nitrogen, total phosphorus, and
chemical oxygen demand, the parameters had the same values inside and
outside the dump area during the first sampling period, which was the pre-
dump period. The copper and iron content inside the dump area are signifi-
cantly higher than outside for all other sampling times. The zinc content
shows no significant variation inside and outside the dump area while
lead, nickel, and cadmium are higher inside the dump area on only a few

occasions. Mercury concentrations inside the dump area are not significantly
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Table 9
Means of Inner Versus Outer Stations
for Heavy Metals in Sediments

Cu, ppm
Different
Outer | Standard Inner Standard at 95% Con-
Date Mean Deviation n Mean Deviation n fidence Level
June, July
1974 12.5 9.5 13 5.7 12,3 14 No
Sept, Oct
1974 6.9 4.1 22 22,8 15.1 15 Yes
Jan, Feb
1975 9.2 5.6 21 a1 12.6 15 Yes
April
1975 8.4 59 . 21 19.9 10.1 15 Yes
June
1975 e 6.1 19 25,9 1Sl 15 Yes
Sept, Oct
1975 N #.7 ¥ 3 18.3 6.4 | 15 Yes
Fe, ppm x 103
June, July|
1974 13 i 4.2 18 7.8 2.6 15 No
Sept, Oct |
1974 ' 6.5 o 22 10.4 4.9 15 Yés
Jan, Feb |
1975 3 9.4 | 4.8 24 155 6.3 15 Yes
April Tﬁ i |
1975 | T . 3.8 22 11 14.7 4.9 | 15 Yes
June j 1 | i
1975 | 8.9 1 3.4 19 12.8 3.4 13 Yes
Sept, Oct | ! v
1975 [ B8 | 3.6 21 ] 13.2 4.9 |15 Yes
Zn, ppm

June, July] !
1974 [ 44.4 30.7 18 60.6 43.1 15 No
Sept, Oct | i :
1974 : 33.5 .| 15.0 22 67.8 45.7 15 Yes
Jan, Feb | !
1975 49.3 | 26.4 22 |! 64.4 26.8 | 15 No
April ! : !
1975 50.5 | 38. 22 !159.4 14.2 | 15 No
June ] T' i
1975 51:5 | 24.0 19 : 67.1 20.3 1 13 No
Sept, Oct | A r
1975 . 40,0 | 14.7 21 1 60.3 24.1 : 15 Yes

i b s T —




Table 9 (cont.)
Hg, ppm
Different
Outer | Standard Inner Standard at 95% Con-
Date Mean Deviation n Mean Deviation n fidence Level
June, July )
1974 .056 .094 13 118 .069 14 No
Sept, Oct
1974 .573 .884 21 .803 419 15 No
Jan, Feb
1975 .099 .079 22 2965 .766 14 Yes
April
1975 O57 2035 23 .044 .037 15 No
June
1975 .045 L0023 17 027 .021 15 Yes
Sept, Oct
1975 048 067 | 20 012 019 | 15 No |
Kjeldahl Nitrogen, jg/g x 102
June, July
1974 5.9 3.4 18 EZ.2 5.9 15 Yes
Sept, Oct
1974 6.0 5.0 21 {§1135.9 4.3 15 Yes
Jan, Feb H
1975 10.3 1.7 22 20.4 G s ] Yes
April ' i
1975 5.4 2.7 27 111.7 3.3 15 | Yes ;
June 71 }
1975 6.8 4.3 19 9.9 2.0 13 Yes 3
Sept, Oct 1) * T i
1975 D 2.6 28 10.1 Sl 15 ‘ Yes i
Total Phosphorus, Hg/g X 102
June, July 4} | |
1974 3.8 | 1.8 20 ] 4.4 L6 15 Yes
Sept, Oct ! .
1974 4.8 1.4 22 5.6 i 0.9 15 Yes A
Jan, Feb Y i=b i |
1975 4.0 1.8 22 D l ek 15 ' Yes
April = i
| 1975 4.6 1.6 22 115.7 i 0.4 15 | Yes
! June ¥ §E '
. 1975 4.8 ) I 19 Dt X, 0 15 No
. Sept, Oct ATf i
1975 4 4.8 3.5 ] 21 187 - 9.9 - 1i§ i Yes |
T T R e N el e e —————— 4
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Table 9 (cont.)

Chemical Oxygen Demand,

mg/Kg x 103

Different
Outer |Standard Inner Standard at 95% Con-
Date Mean Deviation n Mean Deviation n fidence Level
June, Jualy
1974 1.2 2] 18 25.2 7.4 15 Yes
Sept, Oct
1974 11.4 8.9 22 25.5 101 1S Yes
Jan, Feb
1975 15.4 8.5 22 37.3 19,1 15 ,XE§
April
1975 16.9 40,5 22 46.5 19.4 15 Yes
June
1975 157 8.8 19 32.9 8.8 13 Yes
Sept, Oct '
1975 16.6 8.3 Pl 35.9 16.9 14 Yes
Pb, ppm
June, July
1974 32.0 TE. O 9 29.0 EQ. 0 13 No
Oct
1974 23.0 10.0 3 26.0 7.0 i No
Jan
1975 25.0 6.0 4 Z27.0 15.0 7 No
May
1975 30.0 0 2 <20.0 0 i i No
June {
1975 29.0 1 35.0 8.0 < i No
Sept T
1975 9.6 6.7 12 || 20.2 17.6 11 |  Yes
Jan |
1976 17.8 7.0 8 13,7 3.6 3 E | No
Cd, ppm

June, July
1974 <2.0 0 <2.0 0 0
Oct
1974 9.0 0 1 4.0 0 1
Jan
1975 S, 1 Sl 1
May
1975 <2.0 0 <2.0 0
June
1975 11.0 1 4.5 v
Sept
1975 .46 .82 8 .42 22 9
Jan
1976 «30 4 1 .08 1
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Table 9 (cont.)
eV N oph
. & Different
Outer | Standard Inner Standard at 95% Con-
Date ! Mean_4 Deviation n Mean Deviation n fidence Level
e A =
lune, July
17«*71_7”4“_L Y e 355 7 10.0 4.7 8 No
I
1974 Sl 2.1 16 9.0 Sk 15 Yes
- _JT
ran
197 ‘7____1_2.1 9.6 14 16.0 4.4 13 No
Ma
1975 e 13.9 ] 9 16.5 2.9 14 Yes
Tune
{37 -~ 11.0 1 ] 3 14.8 4.4 4 No
Sept
1975 e ek 1.3 16 13052 5.6 15 Yes
fan
1976 4 6.3 F 56 7 8.4 155 3 No

e ——— - ——  ———— .z
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higher than those outside except for January and February, 1975. After

an initial increase in September, 1974, the mercury content in the dump
area decreased. Therefore, the changes in mercury content of the dump area
do not appear to be attributable to spoil dumping. Chemical oxygen demand,
Kieldahl nitrogen, and total phosphorus were always significantly higher
in the dump site. The fact that the pre-dump period is no different than
the ones after the dumping commenced must be due to the prior use of

this site.

The contours in Figures 9-14 show that there is no general trend such as

spreading of the dredged material out of the dump area.

No variations with respect to time are apparent except for the initial
increase in copper and iron concentrations. This suggests that the increase

in concentration of these metals is due to the dumping of dredge spoil.

It is interesting to note that an earlier study of the sediments in this

area (ﬁAVOChANO, 1973) report a copper concentration of about 10 ppm

for their phases 1 and 2 which is similar to the "outer'" copper concentrations
observed in this study. Their phase 3 copper results were about 31 ppm which
is roughly 50% higher than the "inner'" values found here; This earlier

study reported zinc concentrations ranging from about 60 to 80 ppm which

is the order of magnitude of the zinc content found in the present study.
Cadmiwn results are also similar in both studies. Mercury was reported as

less than 1 ppm in the NAVOCEANO study which is in agreement with the results
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found here. Lead, however, ranged from about 100 to 200 ppm in the
earlier study while the present study reports lead content in the 20-

30 ppm range. It must be pointed out that the NAVOCEANO study used a

total digestion treatment of the samples. Lead in the Thames River sediments

(Feng, 1976) ranged from the order of 20 to 150 ppm.

Benthic Organisms

Effects of spoil dumping on benthic organisms is an important part
of the total environmental impact of the dump site. Benthic organisms
were collected by the Sandy Hook lLaboratory. These organisms were analyzed
for iron, zinc, copper, cadmium, nickel, lead and mercury, Kjeldahl

nitrogen and total phosphorus at NYOSL as described above.

A complete reporting of results of the determinations made on the benthic
animals is given in Table 10 and the quarterly reports. Although many
species were present in the samples, only Pi{tar and Mercenarta were found
to be abundant at all times and at most stations. Unfortunately, the
identifications of the samples collected in the June, October, 1974, and
the January and April, 1975 cruises are in doubt. The question remains
whether Pitar and Mercenaria were confused in these samples. It is inter-
esting, however, to compare the data for metals in Pitar and Mercenaria
in Table 10 in which the results are averaged. In the Sept., 1975 and
May, 1976 samples, which.wero'identifivd by Sandy Hook biologists, the
metal content, except for cadmium, are virtually the same in the two

species. Mercenaria and Pitar taken from the river (Feng, 1976) showed

ol
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a similar relationship in their copper, nickel and mercury content,
while the zinc content was slightly higher in Pitar. Cadmium again

was appreciably higher in Pitar than in Mercenaria. In view of the
similarity of metal content of Pitar and Mercenaria, and the lack of any
trend in the data in Table 10 with respect to time, it may be concluded
that the metal content of Mercenaria did not increase over the period

covered 1n these studies.

Table 11 compares data for animals found inside the one square mile
dump area with data for animals found outside the area. The specific
stations inside the area are listed above in the ''sediment' section.
Again, only Mercenaria and Pitar were found in sufficient quantities
for tabulation. With few exceptions, the differences between the data

for the "inner'" animals and the 'outer'" animals are insignificant. The

few differences observed were small.

There is a similarity between the results reported here and the metal
content of Mercenaria and Pitar found in the Thames River (%eng, 1976) .
Mercenaria in the river had zinc contents ranging from 170 ppm to 5300 ppm,
copper from about 16 ppm to about 29 ppm, cadmium from 0.7 ppm to 2 ppm,
nickel from 6 ppm to 13 ppm, and mercury from 0.2 ppm to 0.4 ppm. Pitar

in the river had a zinc range of about 360 ppm to about 460 ppm, copper

of 10 ppm to 20 ppm, cadmium of 3 ppm to 4 ppm, nickel of 5 ppm to 10 ppm,
and mercury of 0.1 ppm to 0.2 ppm. Cadmium and to a lesser extent nickel,
was appreciably higher in the organisms found in the sound but other

parameters were quite similar.




Table 11
Means of Inner Versus Outer Stations
for Heavy Metals in Benthics

P1 tar morrhuana

Cu
T T
Outer | Standard 2 Inner | Standard Composite
Date Mean Deviation n || Mean Deviation n Mean
Y 1
June, July {
1974 N.S. | - 0 (] N.s. - 0 N.S.
Sept., Oct 1 ] 4
1974 . i 0 pr 0
Jan., Feb. i 4 [
1975 s | - 0
April i 1 |
1975 ] w | . Ao 0 ¥ i . 0
June ; i |
1975 o e g e { 1] 18.86 | 1.66 3
Sept.,Oct. | i g !
1975 12.20 F 452 -1 2l 15.85 .07 2
May Z i { J
1976 17.01 | 7.57 1561} 16.29 | - §.28 8 2
Fe
June, July ' I !
1974 i N.5. ! - ] . N.S. - 0 N.S.
Sept., Oct] | e ! |
1974 | - M - 0 |
Jan., Feb.
1975 | - - | - 0
April i I j ,
1675 .. B S v | T 0
June His 3 i f
1975 1815 | - 1 1705 | 453 3
Sept., Oct. I ¥ |
| 1975 2198 | 123 2 '] 3421 2147 2
i May 1 131
1976 s49 | 345 | 49 || 327 31 I
S
. Zn
" June, July F7 1 ¥l
. 1974 N.S. | - t 0!l N.S. - 0 N.S.
{ Sept., Oct. | 1 ]
| 1974 i - 0 i! - 0 4
{Jan., Feb. | ! 1
{ 1975 ‘ - 0 . - 0
" April i i N
| 1975 J & 0ol ¥ - 0
June
1975 §23 ! - 1 362 60 3
Sept., Oct.’ ‘ : i
| 1975 425 156 2 il 200 114 2
My, 175 1736 T 17¢ T St T | 173 1'% ,




Table 11 (cont.)

Date

Outer
Me an

Standard
Deviation

Standard
Deviation

sl

Composite
Mean

June, July
1974

N.S.

—_—

N.S.

1974

Sept., Oct.

Jan., Feb.
1975

- e —

April
1975

June
1975

.83

23

Sept.,
1975

oct .

bS5

o

- — 4

May
1976

59

e e

ro

.04

IR ke

(=aEa [

June, July
1974

1974

Sept., Oct.

Jan., Feb.

1975

April
1975

T

~

—

June
1975

—
1

10.66

B

Sept.,
1975

Oct.

63. 80

10.04

2

i §

|
s SO

L6 LS

21

.56

4
4

+ -

May
11976

5.67 | 6.

99

59

6.352

~

R

Pb

June, July
{1974

N.S.

{Sept., Oct.

11974

Sl A

Feb.

IJan.,
1975
| April
i 1975

+

! June
1975

14.1

- -

7.93

2.47

"Sept., Oct.

1975

24.50

4.94

16.10

s

May
1976

8.89

55

5.31

e = 27 O -
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Finally, analyses performed on Mercenaria and Pitar collected from

the dumpsite area and analyzed by personnel of the Environmental

Chemistry Task, Northeast Fisheries Center (NEFC), Milford, Conn.,

resulted in values quite similar to the present data. (Greig, per-
sonal communication) (Tables 12 and 13). Their samples were collected
simultaneously with those run by NYOSL. Their data were originally

given as ppm metal/wet weight; the data were then recalculated on a
ppm/dry weight basis for comparison with the data in Table 10.

Given the within species variation observed in heavy metal data,

the averaged values are similar to NYOSL data (Table 14). Zinc 4in
individual Mercenaria analyzed at the Milford Laboratory ranged from
80.5 to 241 ppm; copper from 11.3 to 25.7 ppm; cadmium from < 1.07
to 2.10 ppm; nickel from 6.47 to 16.9 ppm; and mercury from 0.32
to < 0.63 ppm. Composite samples of Pitar (5 to 10 animals per
sample collected at specific dumpsite stations) contained zinc in

a range of 113 to 166 ppm; copper from 16.7 to 23.7 ppm; cadmium
from 1.43 to 2.78 ppm; nickel from 8.27 to 11.3 ppm; and mercury

from 0.32 to < 0.40 ppm.

As reported in the 6th quarterly report on studies of dredging and
spoil disposal at New London, the Environmental Chemistry Task,
Northeast Fisheries Center (NEFC), has analyzed heavy metals in
lobsters collected in pots set on a quarterly basis at stations
at and extending from the disposal buoy to 0.5 n mi E of the buoy.

Results of these analyses are presented in Table 15, and are com-

'A



Heavy metal values in Mercenaria mercenaria
from stations in the dredge spoil disposal area;
Metal values in ppm (wet and dry wt.)
pData provided by R. Greig,
Environmental Chemistry Task, NEFC

! (A10) 19489 (A10) 19492 (G1) 19493 (G1)
Y 7 8.74 12.57 9.06
Wet Dry Wet Dry Wet Dry ' Wet Dry
(rpm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
.35 4.39 0.36 4.12 0.66 5.25 30, 3.42
+ L3 1.63 C.18 2.06 =0.12 < 0.95 0.19 210
Y 4.64 0.37 4.23 0.44 3.50 <0.52 <5.7
.05 2507 0.99 IE.3 2420 175 159 i
Hg < 0.04 <0.63 <0.04 <0.46 <« 0.04 <032 <0.04 <0.44
Ni 1.10 13.8 1.48 16.9 34 0l T 1.08 11.9
Pb 0.73 9.16 <0.75 <«8.58 < 0.75 =<5.97 < 0.75 < 8.28
Zn 19.2 241. 14.7 168. a S 21y 38 88 7.29 BO.5
Lab.# and 194¢ 1 e )
(atation) 9494 (G1) 19495 (Gl1)
% Dry Y125 9,73
Wet Dry Wet pry
(ppm) (ppm) (ppm) (ppm)
Ag 0.48 4.27 0.49 4.93
cd 0w l2 < 1.0% 0.19 195
CE = 0553 <4.7k 37 3.80
Cu 2.65 23.6 2.50 25 o7
Hg 0.04 < 0.36 < 0.04 <0.41
Ni 1.1k 9.86 0.63 6.47
Pb 0.75 = 6.6/ < 0«74 B
Zn 10. 6 148. 5 1 S L%
4
&
1
&
s . 4
- = ———
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Table 13
Heavy metal values in Pitar Morrhuana
from stations in the dredge spoil disposal area;
Metal values in ppm (wet and dry wt.)
Lab.# and : )
(Station] 19485 (F3 19486 (A9) 19487 C9) 19498 (G1)
% Dry 12.46 12.57 L2257 £2.27
Wet Dry Wet Dry Wet Dry Wet Dry
(ppm) (;;rk‘) (ppm) (ppm) (ppm) (H}” (ppm) (ppm)

Ag 0.37 297 037 2.94 0.78 6.2 0.43 3.50

cd 0.2 1.85 0.18 1.43 s 2.78 G.31 2.5

Cr 0.40 32l <0.54 =<4.30 0.41 3.26 0.77 5.28

Cu 2.95 237 2.10 16.7 2.86 - 22.7 213 22.2

Hyg ~0.05 <0.40 < 0.04 <0.32 <0.05 <0.40 <0.04 <0.33
L Ni .03 8.27 1.09 8.67 1.42 11.3 ELRES 9.45
] Pb 1.47 LB 1.43 11.4 o5 2.0 1.24 10.1

Zn i 7 S = (7 14.2 113. 18.7 149. 20.4 166.
1 4
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Table 14

Averaged metal values in Mercenaria and Pitar;

Data given as parts per million (ppm) dry weight
Analysis performed by
Environmental Chemistry Task
Northeast Fisheries Center (NEFC)
and
New York Ocean Science Laboratory (NYOSL)

Mercenaria Pitar

(ppm) (ppm) (ppm) (ppm)

Ag 4.93 - 391 =
cd 1.62 1.06 2.14 i B |

Cxr 4.44 - 4.26 -
Cu 20.2 14.74 21.32 14.53
Hg 0.44 0.31 0.36 0.21
Ni 11.61 10.81 9.42 5.49
_—— Pb . P s | 3.04 1L .32 TnlD
Zn 153.9 171.6 141.25 177.67

B

—— S —
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pared to data for lobsters from the New Haven dumpsite (Table 16).
The data include ppm of heavy metals, both wet and dry weights.
The New London data are based on analysis of six to ten lobsters
per quarter, and for New Haven, six to eight animals. Average
weights of these organisms ranged from 307 to 478 g. Variability
of the metal concentrations was quite high, but the averaged data
reveal no systematic changes in heavy metals in MNew London lobsters
between July 1974 (predisposal) and July 1975 samplings. Concentra-
tions in digestive diverticula were much higher than in tail muscles
} or gills. Diverticula of New Haven lobsters had higher concentra-
i tions of Ag, Cd, Cu, and Zn than did those of New London specimens.
Values for tail muscles were comparable for the two areas. Neither
site had detectable levels of Cr, Ni or Pb in the lobster tissues

examined.

Phosphorus-nitrogen ratios are similar for the animals inside and
outside the dump area. This indicates no drastic differences in

the biochemistry of these animals.

Ceston
Seston samples were analyzed for their cadmium, copper, iron,

nickel, lead, zinc, mercury, Kjeldahl-nitrogen and total phosphorus

‘ i content. Depending upon the amount of seston in the area, samples

covered one or more sampling stations. Towing was always performed
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along a sampling transect. The sampling stations used were those

used for the water quality stations.

No relationship can be discerned between the values of the para-
meters and the sampling locations. This observation is consistent
with what has been found in the areal survey of the water quality
(see above). In addition, the variations of the parameters from one
sampling period to another were random. The seston data, therefore,
indicate that the parameters studied are not affected by the dump-

ing of spoils at this site.

It should be noted that total seston concentration was not determin-
ed in this study, but, as expected, the concentration was observed
to vary from period to period. It is also apparent that seston in

this study includes all matter retained by the sampling net.

SUMMARY

Areal survey of the water quality showed no variation in the para-
meters studied with respect to location at the dump site and its en-
virons, however,seasonal variations were observed. Seston likewise

showed no differences in parameters with regard to location.

It was found that the water quality parameters returned to normal
rapidly following a dumping event. The longest time observed for

this return to normalcy was two hours for the bottom waters.

The sediments inside the dump area were found to be generally high-
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er in iron, copper, chemical oxygen demand, total phosphorus,
and Kjeldahl-nitrogen than the sediments outside the area. How-
ever, no evidence for spreading of the material outside the dump

site was found.

The benthic animals examined were observed to have about the same
values for the parameters studied whether they were collected in-
side or outside the dump area. There was no indication of signifi-

cant changes in heavy metal burdens with time.
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Acid Soluble Metals Sept., Oct. 1975
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Table A2

New London Dump Site

-
Station Cd Cu Fe x 103 Ni Pb Zn Hg
Al 2 2.5 7.1 13 6 25.0 .025
A2 .2 13.0 8.4 6 5 47.2 N.S.
A3 .3 15.1 12.7 14 6 61.3 .003
A4 3 20.0 11.6 7 19 62.9 <.003
A5 i 16.6 11.1 10 <2 58.8 <.003
A7 .3 20.8 18.1 13 8 66.4 <.003
A8 .3 13.8 11.4 13 24 46.5 <.003
A9 6,2 10.1 6.4 8 9 42.1 .012
__Al0 - 4.7 5.9 <1 2 33.8 .040
B1 . 5.5 6.1 4 <2 33.7 .032
B2 v 5.0 5.9 3 5 31.4 .040
B3 .2 7.9 13.5 5 10 57.7 .075
Cl &, 10.7 10.0 10 <2 40.0 .037
C2 2 5.7 15.0 2 €2 ; #7.1 .064
€3 .5 9.7 10.5 10 <2 | 41.5 .046
c4 .2 11.0 8.1 <1 4 | 42.6 .011
Cs 22 11.7 10.3 24 12 | 44.4 .017
Co .6 14.4 29.4 2 3 | 42.9 <.003
c? L .6 24.3 12.3 { 9 30 61.3 <.003
. C8 }o .2 23.1 18.5 14 20 47.9 <.003
| C9 9.8 5.5 L =) 24 | 42.9 .031
' ¥ 1]

LoD2 | <.2 1.1 1.7 <1 <2 | 9.3 .010
}__JEi______%_* 3 1116 | 126 4» 8 <2 54.9 .065
El { <2 | B 2.8 i 6 <2 13.6 .024
2 {2 5.9 5.8 . <1 16 19.6 .025

E3 [ %42 10.7 | 6.3 f 7 <2 48.1 .039 |

L4 Ak 14.8 ! 4.8 8 %2 43.8 .076 |

ES b s g il | 8.9 f 7 <2 57.0 .008

E7 % MR % s 16.2 15 <2 50.3 <.003 |
__ B8 1 .2 | 10.6e 4 10.8 i 9 3 39.4 <.003

, .

F3 i %.2 F s 13.1 18 <2 47.5 <.003

Fa | L2 32.9 18.8 16 62 125.2 <.003 !

FS {2 25.8 | 13.5 15 42 79.3 <.003

F7 A R 12.1 13 12 | 98.9 031 |
| rs SR T 5 IEY 6 | 42.1 013 |
[ F9 L T N YT N 2.2 | 4 9 | 31.9 | .0s4
T S i e T e B St WD G- = e M
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Table A}

New London Dump Site
Acid Soluble Metals Jan., Feb. 1976

R e P

Station cd Cu Fe x 10° Ni Pb Zn Hg
Al .2 3.7 6.3 2.4 9 23.9 .020
A3 <.2 10.8 10.1 3.5 17 a4.5 .056
A9 <.2 9.4 8.2 3.9 27 47.6 .038
A10 .2 5.6 5.5 4.4 8 35.9 .050
C1 <.2 8.7 6.8 7.8 16 36.2 .034
C3 <.2 19.5 My 10.9 27 69.0 .015
Cé | <.2 10.9 22.1 | 6.9 11 ] 271 <.003
27 =2 19.6 16.4 8.4 18 | 60.2 <.003
9 { 3 10.9 N | <.8 15 48.3 .044

i F
F3 | <.2 13.8 12.4 11.0 14 49.1 <.003
2 S R S 8.4 | 9.9 12 3.9 | .018
s—Sss S. - —




E. Effect of Dredging and Spoils Deposiiicn
on Fecal Coliform Counts in Sediments
and Bottom Waters of the Thames River
and New London Disposal Site
John T. Graikoski, Supervisory Microbiologist
John A. Babinchak, Microbiologist
Shearon Dudley, Biologist
Maureen Nitkowski, Microbiologist
National Marine Fisheries Service
Northeast Fisheries Center
Milford Laboratory
Milford, Connecticut 06460
Introduction

Fecal coliforms, indicators of fecal pollution and enteric pathogens, have
been shown to persist and concentrate in bottom sediments in aquatic systems
which have received fecal material (Rittenberg, Mittwer and Ivler, 1958,
Hendricks, 1971, and Van Donsel and Geldreich, 1971). The dredging and trans-
port of these sediments could lead to bacteriological contamination of the
spoils disposal and adjacent areas.

In a hydraulic dredging operation of a navication channel on the upper
Mississippi River (Wisconsin), it was shown that the Fecal coliform (FC) con-
centrations increased significantly in the water column in the immediate vicinity
of the operation (Grimes, 1975). Concentrations of FCs reaching the deposition
site, however, were greatly diluted due to the tremendous volumes of water
necessary to pump the spoils to the spoiling site.

The objective of this study was to monitor the FC densities in the Thames
River sediments and at the spoils deposition and adjacent areas in Long Island

Sound for evidence of fecal contamination due to the deposition of the dredged

material. Also in the initial survey a comparison was made of the total aerobic

CREE 5 5. B
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plate count and fecal coliform count of the top sediments from the stations
sampled.
MATERTALS AND METHODS

Sampling area. Sediment samples were collected from five stations in the
Thames River (Fig. 1) and from 30 stations (17 spoils and 13 control stations)
t the New London dump site inlong Island Sound (Fig. 2). The spoils ground
was considered to be those sites encompassed by a circle with a ene-mile radius
measured from the point of dumping (Station C6). The control stations were lo-
cated outside this circumference. A1l stations were sampled for sediments in
July, 1974, and July, 1975. Two spoils stations (C6, C4), 4 control stations
(C3, E3, A3, C2) and one river station (R4) were sampled quarterly for bottom
water at high and low tides and for top sediments during the 15-month period of
study.

Sampling technique. Bottom sediments were collected with a Smith-McIntyre
dredge. The top centimeter of the sediment surface was removed with a sterile
tongue depressor and placed in a sterile 8 oz. French square bottle. Bottom
water samnples (one meter above the bottom) were collected using sterile bag
samplers (General Oceanics Model #1030). The water samples were then transferred
to sterile 64 oz. French square bottles. All sediment and water samples were
immediately refrigerated and analyzed within 24 h and 12 h, respectively. The
sediment temperatures were measured with a YSI Model 42SC Telethermometer.

Fecal coliform enumeration. FC densitites in water were determined using the
five-tube most-probable number (MPN) procedure recommended for seawater analysis (1).
MPN procedures for the enumeration of FC in sediments have been described in a
previous paper (2). Lauryl sulfate tryptose broth was used in the presumptive

test with confirmation in EC broth incubated at 44.5 C in a circulating water bath.
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locations for sampling fecal coliform bacteria in sediments.
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A1l dilutions used 0.17 peptone broth as the diluent.

Total aerobic plate counts were performed by serially diluting known volumes
of the top sediment in cold sterile peptone water and surface plating onto a mini-
mal nutrient sea water medium with incubation at 209C until maximum counts were
observed, usually up to 2 weeks.

RESULTS AND DISCUSSION

During the initial FC survey, prior to dredging, we determined that it was
extremely important for synopticity to sample all stations within a relatively
short period. As shown in Table 1, there was a great difference in FC densities
between stations in transects A and C (sampled June 26 and 27) and those which
were in close proximity in transect B (sampled July 8). To determine if the 12-day
interval between the sampling dates was a factor for the difference found in FC
concentrations between these proximate stations, all of these stations were re-
sampled on July 30 and the FC analyses repeated. The data obtained from resampling
the stations (Table 1) showed a uniform FC distribution pattern.

Previous work (2, 6) has shown that the stability of FC counts is dependent
upon the in situ sediment temperature. Our studies have shown that the FC counts
are stable for two to four days at 20 C and up to two weeks at 4 C. In this study,
the mean sediment temperature at 80 stations sampled during the initial period was
15.7 + 0.65 C. Therefore, at this temperature, there was a sufficient time interval
between the sampling of the transects to account for the differences found in the
FC concentrations. In any regard, in the initial survey, all stations along a
transect were sampled within one day so that the comparative relationships between
FC concentrations at spoils and control stations along a transect would not be
affected. The subsequent quarterly samplings were made in one day, and the July,

1975, samplings were completed in 3 days.




TABLE 1. Comparison of fecal coliforms in

sediments from selected stations before dredging

operation began

Fecal coliforms/100 ml

Station
June, July 744 July 30, 74
A2 1,720 330
A3 11 5
A4 490 33
A5 240 330
B2 14 490
B3 2 170
B4 11 49
B5 14 70
Cc2 700 490
C3 4,900 240
C4 2,200 70
C5 3,300 49
Ccé6 220 79
c7 330 130
c8 490 23
E7 26 0
E8 109 172
F7 26 17
R4 22,100 17,200

3 Sampling dates: A transect, June 26; B transect
and Station R4, July 8; C transect, June 27;

E7, E8 and F7, July 2.
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Quarterly distributior of FCs in sediments during the 15-month sampling period
(Table 2) demonstrated no significant differences between FC counts in the spoils
and control areas. The FC concentrations in bottom sediments and water actually
decreased throughout the sampling area during this period (Tables 2, 3). During
the first two quarters when FC densities were highest in the
bottom waters, the highest counts were found during low tide when river water inflow
into the disposal area was the greatest. This factor,along with the high FC levels
in river water (Table 3), indicates that the outflow of water from the Thames River
plays a majcr role in determining the FC concentrations present in the sediment at
the disposal site.

The data collected from the comprehensive sampling accomplished before the
dredging operation began and one year later after dredging was completed (Table 4),
showed similar geometric means for FC concentrations at the spoils and control area
and the same decrease in FC counts as previously described. In addition,the FC

densities in the spoils area decreased more during this period than they did in the
control area, The FC counts in the river sediments also decreased. The
decrease in the FCs found in the bottom waters of the river and the disposal site
(Table 3) were probably responsible for the decline of the FCs found in the top
sediments.

Our data indicate that the deposition of material dredged from the Thames River
did not increase the FC densities in the sediments of the New London dump site. Al-
though the FC concentrations in the Thames River sediments prior to dredging were
high, these bacteria are present only in the upper layer of the sediment and are,
therefore, greatly diluted by the underlying sediments during the dredging and
dumping operations.

Table 5 presents the data comparing the total aerobic plate count and the

4




TABLE 2. Quarterly distribution of fecal coliforms in sediments

Station Area Fecal coliforms/100 ml

July 744 Oct. 74 Jan. 75 April 75 July 75 Oct. 75
6 Spoils 220 aall 49 790 310 5 33
ca Spoils 2,200 70 330 221 460 33 79
3 Control 4,900 240 220 130 330 33 33
£3 Control 2,210 e 490 330 330 49 70
A3 Control 1 5 170 33 490 14 49
c2 Control 700 490 3,300 4,900 490 79 79
R4 River 22,100 17,200 79,000 4,900 70,000 240 27,000

2 Selected stations sampled twice.

b --, No data.




TABLE 3. Distribution of fecal coliforms in bottom waters at low and high tides

Fecal coliforms/100 ml

Station Area July 74 Oct. 74 May 75 July 75
Low High Low High Low High Low High

A3 Control 8 2 11 2 - -- - --
E3 Control 79 0 8 - 0 0 -~ --
c2 Control --a -- 8 -- 2 0 8 0
C3 Control 49 5 13 2 2 0 5 0
ca Spoils -- -- 5 2 0 0 0 0
(o) Spoils 2 0 8 2 0 0 0 5
R4 River 630 790 490 172 -- 130 49 130

a .-, No data.
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TABLE 4. Geometric means of fecal coliform counts in

sediments before and after phase I dredging operation

Geometric mean

Sampling Number of stations Fecal coliforms/100 ml
area sampled
July 744 July 75
Spoils 17 170 6
Controls 13 220 40
River 5 14,000 810

3 Includes FC counts of stations sampled twice, six in control

area and nine in spoils area.
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Station

Al
A2
A3
A4
A5
A6
A7
A8
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Distribution of total bacterial counts
sediments from Thames River-New London Dumpsite-~ June 26 - July 8,

Initial Survey

Total Plate Count
X 104

69
110
140
140

70
100

72

85
160

33

26

36

26

15
130
170
160
150

95

17

95
120

93

37

7

91

37
970
260
290
160
250
310
150
130
140
200
890
170
110

37

2,650
2,200
1,080
6,500

930

and fecal coliforms in

Fecal Coliforms
/100 ml

1,300
] ,720
11
490
240
221
790
460

172
172

1,300
4,900
172,000
22,100
24,000

1974

U
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FC count in the top sediments obtained from the stations sampled during the initia]
survey. Analyses of total aerobic plate counts showed no set pattern of distribﬁ—
tion. The bacterial densities were significantly higher in river éediments than
from those obtained from the dumpsite and adjacent area. In general the highest
plate counts of the sediments were observed from the Northern section relative to
the dumpsite, indicating contributions of the river outflow.

Comparison of total counts with the fecal coliform counts in sediments from

each station did not yield a high degree of correlation.

SUMMARY

Fecal coliform concentrations in surface sediments were moni-
tored at the New London dump site in Long Island Sound during the de-
position of the dredge spoils from the Thames River. Although the
geometric mean for fecal coliform at five stations in the river was
14,000/100 ml before dredging commenced, the deposition of this mater-
ial did not increase the incidence of fecal coliforms at 17 experi-
mental stations and 13 control stations located in the spoil disposal
and surrounding areas. Fecal coliform analyses of bottom waters dur-
ing flooding and ebbing indicated that the outflow of water from the
Thames River played a major role in determining the concentration of
fecal coliforms found in the sediments at the disposal and control
sites. Comparisons of the total aerobic count with the fecal coli-
form counts with sediments did not yield a high degree of correla-

tion.
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F. Sediments and Benthic Macrofauna
of River and Disposal Area
Robert N. Reid, Ann B. Frame
National Oceanic and Atmospheric Administration
National Marine Fisheries Service
Northeast Fisheries Center

Sandy Hook Laboratory
Highlands, NJ 07732

INTRODUCTION

Benthic macrofauna, due to their relative immobility and wide range
of life histories, have commonly been held to be a most appropriate group
of organisms for use in biological monitoring of impacts (Wilhm, 1967;
Reish, 1972; Boesch, 1974). Knowledge of impacts on the benthic macro-
fauna,in turn,permits estimation of effects on food webs used by resource
species, and of contaminant flow through those food webs. A number of
studies have examined impacts of dredging and spoiling on the benthos;

A comprehensive review is given by Morton (1976).

The background and objectives of the present study were discussed in
the general Introduction to this report. The sediments and benthic macro-
fauna project concentrated on analysis of macrofauna samples taken
quarterly in disposal and control areas, in an attempt to determine the
spatial and temporal extent of any disposal effects. Macrofauna of the
Thames River were studied to examine dredging impacts, as well as to
determine whether presence of riverine fauna in the disposal area could be

used as an indicator of spoil movement, Sediments from both river and




disposal area were analyzed to trace spoil migration and to better
understand macrofaunal distributions.

Some information on the area's sediments and benthic macrofauna was
available prior to the present survey. Assessments of the Thames River's
sediments and biota had been made to predict impacts of the dredging,
and are presented in the New London Final EIS and its supplement (De-
partment of the Navy, 1973, 1976). An intensive environmental survey
of the river in the vicinity of the U. §. Coast Guard Academy has alsc
been completed (Tolderlund, 1975). In the disposal area, the Northeast
Fisheries Center (NEFC), Sandy Hook Laboratory, has studied sediments
and benthic macrofauna of a station 0.4 nautical miles (n mi), (0.74 km)
south of the disposal buoy, and of another site near the Thames' mouth,
since 1972 as part of a baseline survey of the benthic ecology of Long
Island sound (Reid et al.,subm. for publ.). The Universitvy of Connecticut
(UCONN) , Avery Point, Groton, Conn., has undertaken a series of studies
of the benthic macrofauna of nearby Fishers Island Sound (Franz, 1976).
In a study pertinent to the present work, the Naval Oceanographic Of-
fice (1973) conducted surveys before, during and after a "test" dump of

3 . 3 :
92,500 yd (70,855 m™) of spoils from the Thames at the New London Dump-
ing Ground. We have used findings of these surveys to help establish
"baseline" conditions for assessment of effects of the much larger pro-
ject presently under study.

Concurrently with our monitoring survey, the Naval Underwater Systems
Center (NUSC) had been investigating currents and bathymetries of the
disposal area (Morton, Cook and Massey, 1975). Pertinent results of the

NUSC studies are discussed below.
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METHODS

The disposal area sampling pattern consisted of six transects of
stations radiating out from the disposal buoy (Figure 1l). Station
was located at the buoy, and others were established at distances 0.25,
.5, 1 and 2 n mi from the buoy. Station density was highest to the

north and west of the disposal point; this reflects the fact that the

Yot

iterature available at the study's inception described net bottom cur-
rents in eastern Long Island Sound as flowing generally to the northwest
(Riley, 1952, 1956; Gross and Bumpus, 1972). More recent studies concern-
ed specifically with the New London dumping grounds (Morton, Cock and
Massey, 1975; Hollman, Section C of this report) have described net bot-
tom movements to the south and east. Station AlC was thus added after
the first sampling period to monitor impacts in the vicinity of Fishers
Island. Six stations in the Thames River (R1-R6) spaced at 1-1.5 n mi
intervals from the river mouth to 0.7 n mi above the northern limit of
the submarine base, were also occupied (Figure 2). These stations were
located immediately outside the intended dredging areas, so that impacts
other than the gross removal of faunal assemblages with the spoil could

be examined. A seventh "river" station (R-7) was established 0.4 n mi

east of the seaward end of the river channel. 1In all, a total of 46 sta-

tions were sampled.

Bottom waters, sediments and benthic macrofauna of all stations
were sampled at least six times, at approximately quarterly (3 month)
intervals. The baseline sampling was conducted from 26 June to 12 July

1974. Dates for subsequent samplings were: 23 September to 4 October 1974,
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January to 4 February, 21 April to 1 May, 23 June to 30 July and

23 September to 1 October, 1975. As a rule, SCUBA surve to obhserve

sediments and megafauna, and to measure sedimentation rates, followed
shortly after the remote samplings. Further reference to these samp-

ling periods will be by the month in which a sampling began, i.e., June

Station location was achieved by combined use of radar and fathomet-
er, augmented by horizontal sextent and by land and buoy ranges when pos-
sible. Niskin bottles were used to collect water samples from 1 m above
bottom at each station for analysis of bottom salinity and dissolved oxy-
gen levels. Salinities were determined using a Beckman RS-7C Induction
Salinometer.* The azide modification of the Winkler tcchniéuc (American
Public Health Association, 1965), with PAO titrant (Hach Chemical Co.,
Ames, Iowa), was used for dissolved oxygen determinations.

S

A Smith-McIntyre bottom grab, sampling C.1 m“ of sediment surface,
was used to collect five replicate samples per station during each samp-
ling period. Bottom temperatures were measured by inserting a thermomet-
er into the sediment of the grab samples. A subsample was collected from
each grab with a plastic coring tube (3.7 cm inner diameter, sampling to
a depth of ca. 15 cm) and frozen for sediment analyses.

The sedimentology (grain size distribution, % organics, % carbonates)

was performed under contract by Dr. James Parks and Mr. Alex Rugh, Lehigh

*Use of trade name does not imply endorsement by the National Marine
Fisheries Service.
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University, Bethlehem, Pa. For grain size analysis, a portion of each
core sample was wet-sieved through a 62 y screen, with retained mater-
ials then sieved through a series of 12 screens ranging from 4 mm to
ette analysis was used to determine the coarse silt, fine
silt and clay fractions of the «62 yp portion. Calcium carbonate and
organic contents were determined by weight loss of dried samples after
treatment with dilute hydrochloric acid and 10% hydrogen peroxide, re-
spectively.

The New York Ocean Science Laboratory (NYOSL) Montauk, Long Island,
N. Y., also obtained materials from the grab samples for analysis of sedi-
ment constituents and of heavy metals in macrofauna (Section D). The re-
mainder of the sample was rinsed through a 1 mm mesh sieve, with the re-
sidue preserved in a 1:9 formalin to seawater mixture and later transfer-
red to 70% @thanol with 5% glycerin.

camples were sorted under dissecting microscopes. Organisms were
identified to species when possible. For identification and nomencla-
ture, we consulted primarily Pettibone (1957, 1963) for polychaetes;
Abbott (1954, 1968) for molluscs; Schultz (1969) for isopods; McCain (1968)
and Bousfield (1965, 1973) for amphipods; Williams (1965) for decapods and
Gosner (1971) for other taxa. Confirmation of identifications was by
one of the authors (ABF). Certain groups have been omitted from the mac-
rofaunal analysis due to their infrequent occurrence, predominantly plank-
tonic nature, uncertain identification and/or difficulty in quantification.

We have concentrated on four invertebrate classes, Polychaeta, Gastropoda,




ivalvia and Crustacea. These classes together comprise an estimated
5% of species, and also a great majority of individuals, of macro-
una (<1 mm) organisms we have collected in the New London area. We
also have included pycnogonids, tunicates, echinoderms, sipunculids

and a single anemone, Metridium senile, in our analysis, since these

forms were numerous enough to be of possible ecological importance at
one or more stations.

It has not been possible to process completely all the benthic
naterial generated by this intensive sampling program. We have concen-
trated our efforts on selected samples from among three groups of dispos-
al area stations: 1) Those in the spoil pile or its immediate proxim-
ity; 2) Stations at 1 n mi radii from the disposal buoy; as identified
in the monitoring criteria, this is a critical distance in terms of de-
tecting impacts; and 3) "Control" stations 2 n mi from the disposal buoy
on selected transects. Key stations from these three cateqgories (Al, A3,
A9, Cl1, C3, C6, C9, F3 and F8) have been sampled a seventh and eighth
time, in February and in September 1976. As a minimum, these stations
will be resampled yearly to assess longer-term impacts and recoloniza-
tion.

Species diversities were calculated using the Shannon and Weaver

S
(1963) index: H' = -'éiﬁ In p;, where p; is the proportion of individ-
i

L th 3 . :
uals in the { species. H' has two components: number of species (S,
hereafter termed species richness), and equitability (J' = H'"/H' max =

H'/1n S) (Pielou, 1975). Equitability is a measure of the evenness of
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distribution of individuals among species. Both S and J' were computed

for each 0.1 m° sample processed, as was number of individuals (N).

Tc examine effects of spoiling on species composition, Q0 - mode
cluster analysis (stations compared based on similarity of organisms
found there - Orloci, 1967) was performed on all June 1974 samples, and
results compared to similar analyses of June 1975 data. Czekanowski's

coefficient, C = 2w/at+b (Bray and Curtis, 1957) was used to measure

faunal similarity between stations. Here "a" is the sum of abundances
of all species found at station A, "b" is the sum of species abundances
for station B , and "w" is the sum of the lower of the two abundance val-
ues for each species common to A and B. Abundances were transformed by
natural logarithms and then clustered using unweighted pair grouping
(group average sorting - Sokal and Sneath, 1963).

when replicate grabs were processed, mean values for species abun-
dances were used in the cluster analysis. There are problems inherent in
this approach; for instance, cumulative S in the pooled grabs was always
considerably greater than S of any individual grab. This could invalidate
direct comparison with single-grab stations. To make the data as compar-
able as possible, for each replicated station we eliminated rare species
from the analysis of that cutoff density at which cumulative S remaining
in the analysis most closely approached the mean S for that station (i.e.,
at Al in June 1974, cumulative S for five replicate samples was 42, and
mean S, 23.4. By omitting all species with a mean density of less than
1.2 individuals per 0.1 m2, cumulative $§ for the cluster analysis was re-

duced to 23). The cutoff densities for the replicated stations ranged
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from 0.6 to 1.4 individuals per 0.1 mz, and were in general quite close
to the 1.0 minimum density of unreplicated samples. We did not fcllow
the procedure, sometimes used in cluster analysis, of eliminating spec-
ies occurring at less than a specified percentage of stations. Analy-
ses were run on an IBM 360-65 computer, using a program obtained from
Dr. Donald Boesch of the Virginia Institute of Marine Sciences, Glou-
cester Polint, Va., and modified by Dr. Donald Maurer, College of Marine

Sciences, University of Delaware, Lewes, Del.

RESULTS AND DISCUSSION

Sediments

The typical sediment type at disposal area stations prior to the
present spoiling was silty sand (X = 36.5% silt-clay, or materials
€62.5 p), with moderate organic material (range 0.1-8.9%) and variable
carbonate content (1.3-27.9%). Stations differing most markedly from
this description were Al and Cl, where sediments were almost entirely
medium and fine sands, and F4, with 78.6% silt-clay. The disposal buoy
station, C6, had a representative predisposal composition. Table 1
presents the grain size profile, organic and carbonate contents of

surface sediments at C6 as they varied during the course of our study.

Effect of spoiling is shown by the large differences in grain sizes
between June (predisposal) and September 1974 after dumping had already

begun; all subsequent samples have shown size distributions very similar
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to the September 1974 values. The most obvious change is the in-

2

and clays with spoiling. All September 1974 and

-
i)
=

subsequent samples from Cé contained at least 94% silt-clay, a value
substantially larger than that of the predisposal sediments from any
station.

Other selected stations throughout the disposal area were,
therefore, analyzed for change in percent silt-clay in an attempt to
detect presence and/or spread of spoils. As Table 2 shows, temporal
variability in percent silt-clay was high at many stations. This var-
iability is partly an artifact of imperfect station relocation, but it
also demonstrates the real "patchiness", or small-scale spatial hetero-
geneity, of disposal area sediments. Large differences were found even
between replicate samples taken while at anchor or while returning to
an anchored buoy on a single tide. Despite this variability, it can
be concluded from Table 2 that only station C6, and perhaps A5, C7 and
C8,showed consistent, long-term increases in % silt-clay indicative of
buildup of spoils. Also, if at any time the bottom grab had encounter-
ed a layer of spoils thicker than its ca. 15 cm sampling depth, the
sample's silt-clay content would presumably resemble the > 94% val-
ues at C6. This was not found for any disposal area sample taken out-

side of C6. As expected, silt-clay content of Thames River stations

Rl - R5 (Table 2) is comparable to that found in the spoil pile.

Macrofauna Community Structure

A total of 340 grab samples were analyzed. Values for N, S, H'
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¢ 415.6 38, 3 34 .7 )4 . 52 95,34 )7, 22
) | 33 2 62.5 84 .89 78 .54 5 1
¢ 2218 66.02 18,38 . 9%
) 34 . ¢ 49.5 A7 0 | 48.0°2 Bl 25, 7

F3 5.6 22.0 24.8 3032 17.6 14.4%9
F4 8.6 37.4 S 76.12 4.5 32 1=
F8 27 .6 39. 1 43.7 90.19 44.59 22.62
R1 97.8

R2 92.8

R3 97.5

K4 94.5

R5 93.1

R6 Th wk

R7 32.7

9mean of two samples; bmean of three samples; other values represent single

core samples,




tail t table) for stations with three or mor

sampling (Table 3). Since there were large,

onal changes in macrofauna populations, we lin

lata to the same months in succeeding years.

t ; ere proce ed, 1¢ reporte
y ( 1 te, the ey ONaAor Bal: ]
1 € Ina 1t the t1me f the base € 1Y
individual . i 1 ompar "
r Block Island Sound (Steimle,et al.l1976) and
. ratt and Polgar, 1972) though it wa omewhat
£ ) t ft-bottom areas of Long Isl i
, et al., subm. for publ.) Mean S (41.7) and H'
er tha those ) hode Islar our orx entra
1versitie milar t ( ¢ f
f rginia in Bog¢ h' (1972) re W Y
relativel diversities may not bear impl
ronmenta +al 11t r "health", ( eyvey odman,
ea {8 r EXOT . o H CIl¢ lower wvalue ( Y
[ pulat ! f mussel (at 1), ‘o 1 (¢ [
[ or t n 3 ussed 1n more et | €
For a statistical examination of impacts of oil
ture, we calculated ninety-five percent confider
cen as the product of standard error and the approj

re)
i
1
Y.
1
Y
Y ¢

)
i

)

ok
n «
ey
mit

e val
DYOCE

ey
!
+
on
mmul

natural,

paris

are

Ons

used

(




€ (a6t -8ST
g (00S*® -89¢
G (L9999 -=-Q9G¢°
S (€€S” -86¢°
S (565" -p8e”
14 (ggs* (A4
¥ (159" o
T

T

1

3 [(gL8" -S6L
S [(T98" -6SL
' (696° -T9L
S (pL8° -80L
S [(L99° -¥2Z¥
4 [(9bL" -9T9
¥ (p98° -0¢€¢S
i (618" -8E8
S (666" -£98
T

£ ( PO T-0€L
= (996" -1SP

UanTh

S ESES (BRSI=E6°0) S¢°T (T Er=E"8E) . LTEE (S°L96-6°L9E) L°L99 9L 934
") pER” (S8 T=0€ 1} L6"1 (8*rp-1°82) 0°8¢ (6°02L-0°L¥P) O0°¥8S 6L -dss
) TZ9°® (66°2-T8°T) 81°C (T-6v-1°02) 9°v¢E (0°€€6-6°GGT) b Pbe gL ~unp
) 99%° (T6°"T-T¥"T) 99°T (L eE=-E"TE) T'GE (€°LbS-L°692) 0°90F gL -ady
) 69%° (TOTZ=62 "L} 99°T (L*6E-6"LC) 8°tE (Z°8LY-0°G8C) 9°18¢ GL r~uep
) 6LY® (68°T-LV"T) 89°1 (B lLE=L "BZ) E"LE (p°T9s-1°€2e) 8°Zv¥ vL -dss
) 625° (99 g=Lt 1) "E0-¢ (B LP=C " TE) S6E (0°BEL-S"8LT) €°8SP yL cunp 6Y
19¢” gL T €2 34 GL -ady 8V
8€9° LL°T 91 LOT gL -des LY
90L" 8E°T 62 A 6L -ady S¥
©) peg’] L(0E“E~BE€"C) P8l {orZzp=1"BT) E£0E (€ LyvA=€ EIL). £ 6ok 9L °"93d
i [ = (80°€-6%°¢C) 8L C Ve eP=1"Te) ' € CE (r°687T-9°8L ) O PET GL -das
°) 698° (8L e=9¥"¢C) CL & (T°%9-6°GT) 0°0F (E"P1IE-8°6 =) € 261 SL “ump
2y TeL (sL 2-vp-C) 65°C (9P ile=% 81  0°8Z (B°LLT-9°92 } [E 201 g, -ady
*) 9%s°] (g2 "T-9€°T) 6L T) Lo eE=L 1) ¢ 8¢ L Sib=0"Ei~]" LN SL ~uep
*) 989°] (LS5°2=96 "T) 9C°¢C (L9€-€°8T) &°LC (6°LPT-9°€0T) B8°SLI . -dss
A (LS e=06"T) WL C (6°69-1°G€) S°0% (L°s66-p°"2€C) 0O P19 bL “unp €Y
*) 8T8 (RO "g=%S°€T) 6L T (8°6E-T°6T) G°6C [(z-O0bT-8°8L ) S°60T1] gL ~des
°) T06° (66°C-68°T) c¥°¢C (PEle—< 9 90 B9k {9°TL =8¢ ) <¢°BE GL ~unp
6L8" 9z°¢ €1 0€ GL -ady
8E€8 Ly e 61 SL GL ~uep
‘) L88 (68°¢-P¥°"T) 91°¢ (6" Te=T 2. 0°2l {2 &5 =61 =) @L°%T | L -dss
") 80L° (CLEE=FE L) Eehd (@ EgE=8 €l) WEZ (L°98T-6°9% ) 8°911 pL sunp 44
WH S N aj3eQq uor3lels
‘suoT3eTnores ur pasn sardures ajedrrdaa JO aqunu = U ~dela2A0 30U Op saedd burpssadons 3o
xTCNMJM ;,rmxm;Eo: I03J S3ITWTIT S9OUSPTIUOD YDTYM UT SPIIP 230Usp SonTea pajzayoexq !sasayjuaxed urt
S3ITWIT 9OUIPTIUOD %G -sSaTdwes qeab wolzlzoq axiAJUIdoN-Y3TUWS U T°0 woigz ‘(,0) &3TtT1TIge3TNnbD
ue ‘(,H) A3TsapaTp saroads ‘(g) soroeds jO Jequmnu ‘ (N) STENPIATPUT JO I3QuMU IO0J SanTeA uesy ‘g aIqel

P~




14 (v86° -809°)
1
i
T
T
S (cTI8* =Z89")
S (29" -96%")
S (PL9" =P1S")
% (099" -g9¥%°)
4 (F98° -9LS")
S (PPL" =6CS7)
S (628° -¥89")
14 (SBL" —ET197)
S VE9L " =Z09%)
= (v6L° -889")
S (STL° =699 )
S (696" -L69°)
1% [(seL” ~-SLy”)
i CEOT E=TE0 =)
L
[(zs€® -pOT")
(e1v° -$0T")
T

96L”
LS6"
Zs8°
968 °
8L8"°

O~ T T~
M NS
O~ N O

~

gL
669°
£€89°
s
el

TE8 "

(6T°€~18"1) 06°¢2 (b bE -T°€T) 8°€Z (9°09T -¥°61 ) 0°06 gL ‘unp
98" 1 L 91 gL -ady
A 11 0€ 6L ‘uep
162 o€ 16 yL -dss
20 g 1€ 86 pL -unp o}
(€6°2-b€°2) €9°¢ {E“6E =1"8Z) O %E (preze =z°921) 891 gL -dss
(06°2~29°1T) 90°¢ {8YE€G =8 TEc] B'LE (8°LT1S -T1°6¥T) ¥ EEE G, -unp
(0b°2-98°1) €1°¢ (9°L€ -8°8T) Z7°8C (5°6£2 -6°06 ) T°G9T GL -ady
(82°2-09°1) ¥6°1 (L°LE -9°62) 9°1¢ (9°69C -8°¥LT) T2z GL ‘uer
(TT°€-26°T) 1S°2 (b-6€ -1°92) 8°C¢ (Z°0€Z -£°€8 ) 8°96T L "das
(bL°2-1L0°2) 1¥°C (T 26 =G°LE) B°¥ (6°L09 -5°022) T viv L cunp 0]
(68°2-€9°2) ¥L°C (L°0S -6°92) 8°'8¢ (v 99 -9°1b-) ¥P-zOE gL -dss
(BZ €-T1€°2) 6L°C (€°L9 -L"Th) G°®BS [(T°€€9 -6°82¢) O0°18%] GL ‘unp
(69°2-61°2) v¥°C (9°Tv -8°0€) T°9¢ (L*6SY -6°TST) 8°G0f 6L -ady
(LL°2-%E°T) 9G8°C (00°%¥ -T1°12) 9°2¢ (0°9%€ -8°90T) ¥°92¢ GL ‘“uep
(68°2-L¥°T) 99°C (L°LS -L°pE) T 9% (F-09¢L -9°sbZ) 0°€0S y. -des
(69°€-b£°2) 00°¢ (L7728 =E7E8) 0'8E [(0°g9Z -8°€L ) ¥ 69T] pL ‘unp €D
[(06°2-Lb"T) 6T°2) (6°25 -9°12) ¢€°LE (9°206 -6°T19 ) €£°zZ8% gL °dss
(L9 e=20"0=)Z8"T (s"%#€ -6°92) L°0O¢ (5°676 -6°"H9T-) €£°2Z8¢ GL “unp
£€6°0 4 887 Gt ‘ady
oL"T S GT S°09 GL ‘uep
[(Tz T-2P°0) Z8°0) (z°1s =1°¢¢) L°9% (G"6ETT-8°€SL) L°9%6 L ‘des
(L "T-28°0) ¥6°0 (z°9% -6°¢¢€) ob (0°8%92-8°t62) b TLPT pL ‘unp 10
S6°0 0t L6E 6L *xdy
(TY°"1-98°0) €T1°T (Tog =8 L) "L°9% (€°6T02-L"T99) L°LEX L *dss otv
H S N @3eq uor3e3s
(ponur3uod) £ a1qgel




¢ (0L8* -gOL") L8L® (9v"€-6L"T) €9°2C (9°8b-L°8 ) L°8C [(0°00Z -€°G6TT) L°LST] GL ‘ungp

z 129° 60°¢C S LT S 811 6L -xdy

¢ ( 60°T-S€0°"-)LTS" (€9°€-LT°0-)EL"T (0°vE-L°8T) €°9C (6°0¥8 -5°89T) L°H0S L -des

3 (90L° -€2S°) GT19° (59°€-28°0) bT'2 (6°19-8°9T) €°6¢ [(0°6T9 -L Z€E) L°SLY] L -ung 13

g VA 99°1 0°€¢ 0°L9E 9L *qs3

S (908* -8b9*) rzL® (ET°E=S%°2) BL'T (L°0S-£°2F) G°9% (0°LSH -0°66F) 82 G, -unp

1 08" LS°2 Sz 248 GL -uer

S (LOB" -8LS") £69° (26°2-61°2) 95°¢C (6°15-6°0€) T°1% (6°218 -9°69 ) Z°6¢t¥ L cunp 62

S (zo6" -089°) 16L° (¥O°€-61°2) T9°C (Rt ge=H Tzl 9T (L°8€Z -6°99 ) 8°ZST gL -unp

S (168" -vSb°) €59° (TT-€-TL°T) T¥°2 (9 6b-6°2¢) T°1% (2968 -9°2v ) ¥ 69% pL cunp 80

S ( 20°1-92Z°) 129" (88°T1-81°0) €0°T (E76 =% ) 876 (1"eL -T°g- ) 0O°sg GL -unp

S (z90" -S0¥") €£2° (1$°0-£0°0) LZ°0 (679 =€°0 ) %%¢ (1€ -1°¥8 ) 9°¢¢S gL -ady

1 ovL® ge°¢ 24 411 5 GL “uep

T 6v9° 8G°C €6 099 L -unp 4o
((zLE* -289°) L2S [(22°T-9%°2) ¥8°1 ((z°Tz -¥"89) €°gg] [(9°081 -0°L¥PI) 8°ZH9] 9L -dag

14 (€09° -80%°) LOG® (69°1-26°0) 8Z°T [(y-81-1"L ) 8°21] [(6°8TT -9°%S ) 8°98 1] 9r "gad

S (Lo6" LLT) OPb8* [(6T°2-59°T) T6°T) [(x-TI-c*e ) 8'6 ) [lo®E =0°sT ) O [Z ] gL -dss

3 f e 8¢8° [(06°T-€9°0) (T°T] [(T°sT-8°€~) L6 ] [(B°SS ~-T°s¢-) €°ST | ¢ Cunp

g (6LT" \pLO® (6T1°0-60°0-)S0°0 (I1s*=)-L"T ) 9°0 (L'0T =-L°%-) O0°¢ Gt -ady

S ( 92°1-T121°-)68S" (8£°1-60°0-)S9°0 [(&7E =670 ) 22 T ("% =50 ) B2 G “uep

- (66L° -SGE€°-)00T" [(25°0-S2°0-)pT1°0] L e Y o O TR O RN 5 i e o ) R i tL “dss

€ (z88* -0€£S°) 90L® [(sS°€-£0°2) 6L°C] [(8°2z9-z-1¥) 0°2Zsl [(0°8¢s -9°02¢E) € vevl t¢ -unp 90

u W0 \H S N 23eQ  uUOT3IE3S

(penuT3uUOd) g ITqeL

i oot O




o

<

t
=
—
e

q
§S5°

— < oy
un 0

LTTI6"

(0€9°

wn <

~

(€66S°

~ o~ o~

-6C9°

e ) o ol

~96S°)
-6G%°)

=605 °)

£08°
869°

6CL"
99L"

SLT”
19Z°
vs8”

09% -
56"
AT

1686°
LEB"
09s*
1748 2
Z9¢”
8.L8°

“E=9E2E)

(L8
(Sb E=£E"T)

(5SE=L9=T)
(9L T CETEONE)

(GL2=pec " 2)
(e E=cle)

(06°0-6T°0)
{TL 0=L0"0)

(s8°2¢~0€°2)
(29" 2=-0L L)

{0z ¢=2s L)

(TE"€-98°0)

WH

CE
6E°¢C

Sl

gL ¢
bE "¢

6y ¢
74003

ve°o
¢E"0
THESS

8% "1
vo°¢
LSRN

65 "¢
90" ¢

98°1
6t e
c9° 1
e
80" C
68°¢C

9L ‘934
(€°9G-€°0b) €°8% (8°LEE -V EPT) 9°0FC . Tunp
(8°T¥-b"6T) 9°0¢ (z°€0b -0°8S-) 9°ZLI pL cunp 84
6 11 gL -ady L4
(P 9p-8-2¢) 9°6¢ (1°2258 =L*Z2%) %°TiE gL -unp
(6°¥S-£°0€) 9°C¥ (1°98L -G°€G6T) 8°61G L -unp £d
[(T°2v-p°02) €°1g)] [(T1°1S€ -¥°8€1) 8°vbe] gL “unp
((0°29~0°FP) 0°€S] [(9°0SS -¥"T1SE) 0 TSH] b, -unp 83
(l"ET~E°2 ) ©°B (€°082 -8°pT1-) 8°ZET gL -ady
(8°% ~8°0 ) 8°C (€6 -8°0-) €761 GL “uep
6¢ 0Z1 L -unp L3
G2 sz Gy *uep
0°6¢ 0°LLE . -dss
S 1% 0°L0S L -unp <3
(9°9%-6°81) 8°2¢ (£°28¢ -€£°€1-) G #81 gL -unp
(L°6b-6°LE) B €V (1°8TL -L°HSE) P°9€S L -unp 3
(6°0P-1°81) €£°62 (8°€6€ -6°0S ) €°222 gL -dss
St 8°T gL -unp
81 T & gL ~ady
81 08T 5L “uep
(0°16-€£°0€) L°OF (9°0SL -b°6LT) 0°S9% L -dss
Lz PIT pL cunp €3
S N a3ed uotr3e3s
(panuUTIUOD) £ I19®'L

s




—

(S

wn

—

4

— o~ N

CESL "

-6€0°)
=£60)

AT

TT €

(bp-1-v2°0)
(€Y 0-T€ *0)

¥8°0
L€ 0
6G°0

.
n ™M

EL° T
LS
LE L
88°1
geE-T

(€1°2-88°0) (Z"eT-2"4 }

(OL°T=TT"T)

—~

LS 80% pL -unp IR
0%z (" €€LT-%"22-) ¥©°SS8 GL “unp
GoLT (2°90¥T-6°028) G E€T1T Gl “ady
0z 8501 L -das 9
81 8v1 GL -dss
ZT i 8°6ZT GL -unp
6 6LT GL -xdy
61 €81 pL -das
64 414 GL *unp o
g g G*LS gL -dss
Z°6 (17901 Z°8% G, ‘unp
17 11 GL -xdy
S 9 L -des
9 LS L cunp RS
St 69% GL “ungp
ZT 9¢ G2 “uep
87 0€€ L -dss
S*09 0°bz8 L cunp 6d
N a3eq uot3els
(penut3uod) g aI1qel

S




1b 1 ¢ t indicate those data sets for whi the onf ence 1 -
t etweel mparable periods of succeedin ear lo not verlap.
4 \ e note that the confidence limits are, in general, 1T¢
e relative t the mea b i reflect the substantial macrofaun-
11 riability found betwee ra is variability, ar nderlying
¢ ent 1tchine ] 1SS above, are reater than those we
bserved in other inshore areas, i.e., central and western Long Island
Sound, Raritan Bay, the New Jersey coast (NMFS, unpub. data). Thi:
natural variability tends to obscure any spoiling impacts; effects
must be quite pronounced before the CLs for comparable periods become
non-overlapping. Thus only 18 of the 100 between-year comparisons 1n
Table 3 showed significant differences based on determinations using
15 % <

Eight of the significant differences occurred at the disposal buoy
station, C6. Changes in N, S and H'at C6 between Junes and between
Septembers were all significant; N and S were also significantly dif-
ferent between Januaries. The between-June changes were decreases
from "natural" predisposal populations to the sparse assemblages of
newly-dumped spoils, while comparisons of the other months show signifi-
cant increases in the second year as recolonization proceeded. This
sequence is discussed further in the section on recolonization. Sig-
nificant changes found at other stations are as follows:

Control stations, 2 n mi from disposal buoy - increase in N at
Al, and decrease at El, between Junes; increase in H' and J'

at Cl between Septembers.




'Criteria" stations, 1 n mi from buoy - increase in H' between

Januaries, and J' between Septembers and between Januaries,

at A3; increase in N at C3 between Januaries.

Stations within 1 n mi of buoy - decreases in N and S between

Junes at ES8.

There may have been meaningful faunal changes at other stations
(i.e., C7) which are not listed as significant because samples were
not sufficiently replicated to permit 95% CL treatment. Our overall
conclusion from Table 3, however, is that spoiling appeared to have no
major impacts on community parameters which could be separable from ap-
parently natural fluctuations, at distances >1 n mi from the disposal
buoy. The few control station changes which were found to be signifi-~
cant at 95% CLs showed no clear pattern of increase or decrease. Sig-
nificant changes at the 1 n mi stations were increases in N, H' and J'
whereas spoiling impacts should appear as decreases, at least for H'
and J'. Decreases are found where large quantities of spoil are present
as at C6 - here the fauna has obviously been directly impacted by burial,
and perhaps also by contaminants. At stations close to the disposal
point, where apparent decrease in faunal parameters have taken place in
the absence of detectable buildup of spoils (as at E8), the possibility
of contaminant influer 'es cannot be discounted.

We also examined areal variations in faunal change by dividing the

stations listed in Table 3 into four groups, based on distance from the

disposal point, and calculating mean N, S, H' and J' + 95% CLs for each




Ty

group, as well as overall means for all stations, for June 1974 vs.
June 1975 (Table 4). Groups are: control (2 n mi from disposal buoy) ;
l nmi; 1/2 n mi; and inner (‘il/4 n mi) stations. Substantial chang-
es between Junes are seen for all groups. As a rule, magnitude of
change was in the order: inner > control > 1/2 mi>1 mi. CLs within
any group of stations are wide, again, partly due to the area's faunal
patchiness. In no case do within-group CLs fail to overlap between
Junes. This is true even for the inner group, where some spoiling im-
pacts are definitely present; in this case impacts are masked by in-
clusion in the data of station C5, which underwent little change bet-
ween years. Overall mean N did show significant change hetween June
1974 and June 1975. Such fluctuations in N are not unexpected; Buchanan,
Kingston and Sheader (1974) report natural changes of 100% in faunal
density in a long-term monitoring study off Northumberland, England.
That the changes at New London are apparently random over space, rather
than displaying a gradient of intensity relative to the disposal point,
again indicates that spoiling impacts on N, S, H' and J' are small in
comparison to natural fluctuations.
Since subtle changes in these parameters may not be uncovered by ‘
the 95% CL treatment, they are also presented graphically (Figures 3-5),
for 13 representative stations, for possible detection of spoil-related
trends. Decreases in faunal density after the onset of spoiling (Fig- 4
ure 3) are clearly evident at C6, and may also be present at C8, A3

and El. Decreases in species richness (Figure 4) may have occurred
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It car i een that pred al assemblage 1t most tatior Vet
dominate numerically by tube-dwelling amphipod crustaceans, includ-
ing 7 lisca vadorum (the overall dominant
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rrorata and Photi dentata. Most

polychaetes, Clymenella torquata,

Earlier surveys in the disposal
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and Lumbrineris tenuis, aind bivalves, Mytilus edulis
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1
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(Naval Oceano-
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graphic Office, 1973; Reid, et al., subm. for publ.)

ine 1975, densities of Ampelis

ca vadorum were reduced at sev-

eral stations near the dump site (C8, E4 and A3, in addition to C6 and
’+ where nearly all species showed declines). Populations of A. vador-

um increased at other stations near the spoil pile, however (C5, F8).

It t appears tl overall densities of this dominant amphij Xe
1 X
ittle affected by spoiling. Conversely, numbers of

uis, Photis dentata, Mytilus edulis, Musculus corrugatus and Unciola

irrorata decreased throughout the stugd

0Of the predisposal domin-

ant rolychaetes, Lumbrineris tenuis and Tharyx acutus showed no major
lifferences between Junes, while Clymenella torguata and C. zonalis de-
et —————n. ottt —— e ——————————

reased at most stations within 1 n mi of spoiling but not at or beyond

ther noteworthy decreases between years

for the polvchaete,

ytus alexandri, and caprellid amphipod, Aeginina longicornis (all

ireas) , and polychaete, Harmothoe extenuata, and amphipod Phoxocephalus

holbolli (within 1 n mi of spoiling). Prionospio steenstrupi, a poly-
chaete, was the sole species with substantial increases at most sta-
tions in June 1975. Although this increased abundance is perhaps a
possible indicator of spoiling impacts, an extensive larval set of this
pecies may be another explanation. The same may also apply to Nucula
proxima and N. dr(:'_]i_‘_i;xjx:_l_'_lfl_l“h_a, two bivalves found in the Thames River

it. not common in the disposal area in June 1974. There may have been

rease in these species, indicative of presence of spoils, at sev-




|

eral stations by June 1975; the data, however, are not conclusive.
r'hese changes in species composition may imply greater spoiling
effects than the analysis of N, S, H' and J' had disclosed. The trend
was for taxa which are, on the whole, considered sensitive to stress,
such as amphipods, to decrease throughout the 2 mi radius study area,
while the generally stress-tolerant polychaetes usually had decreases
confined to within one mile of spoiling, showed no changes, or in-
creases. These patterns could be explained by a gradient of spoiling
impacts spreading outward from the disposal point. A number of caveats
to this interpretation must be mentioned, however. The problems of
faunal patchiness and natural yearly fluctuations apply here as they
did in the discussion of community parameters. The June 1975 samples
were taken only 10 months after spoiling began; some spoiling impacts
might only be manifested over a much longer period of time. That
Ampelisca, known to be sensitive to some contaminants (Sanders, Grassle

and Hampson, 1972), was unaffected, and that both Ampelisca and Lepto-

cheirus readily recolonized the spoils (see below) is evidence against
any gross toxicity of spoil constituents. The strongest statement war-
ranted by the available data is that some changes in species composi-
tion, which may be disposal-related, have occurred outside of the im-
mediate spoil pile.

A station-by-station examination of the species changes presented
in Table 5 shows the following approximate order of decreases in common
species: C6 >C7 =>C5, C8 > C4, E4, E8B, with no consistent pattern of

change at stations further removed from spoiling. The order (greatest
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effects at 1/4 n mi were at C7, and at 1/2 n mi, CB) suggests that at
a given distance from the release point, changes are greatest in a
southeast direction. This agrees with the direction of net bottom
currents measured for the disposal area (Morton, Cook and Massey, 1975;
Section C of this report).
A seccond means of comparing species composition for June 1974
vs. June 1975 is through cluster analysis. Q-mode dendrograms for
these two sampling periods are presented in Figure 6. The June 1974
(pre-dredging) dendrogram shows species composition at Station C6,
the future disposal point, to be closely related to that at a number
of other stations. C6 clusters with C7, E4, C8, A3 and E8 at a percent
similarly (PS) level of >70%, and with C4, F3, C3 and C5 at 60%. By
comparing Figure 6 with Table 5, it can be seen that dominance by
amphipods was a major contributor to the similarity of all these sta-
tions except C3 and C5. Stations with high PS's also tended to be phy-
sically closer together; the control stations, at 2 n mi radii from
C6, had among the lowest PS's, generally followed by 1 n mi stations.
Comparison with the June 1975 dendrogram shows, as expected, a
large change in species composition at C6 relative to that at other
disposal area stations. In June 1975, C6 had a PS of 240% to only
one other station, C7, also located in the spoil pile. C6 and C7 were
quite dissimilar to the remaining stationsg joining the larger cluster
at the 24% level. Spoiling impacts at otlier stations might thus appear

as a weakened affinity to the central cluster which had been present
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in June 1974, and perhaps also as some degree of similarity to the
altered assemblages at Cé and C7. Station C5, and possibly A3, do
show a decreased similarity to the central cluster; in fa<ct, there
is a slightly lower overall similarity among stations within this

cluster. No tendency to approach the species composition of C6 and
C7 is evident, however. On the whole, species compositions as re-

flected by order of clustering and degree of similarity do not appear

greatly changed between June 1974 and June 1975.

Recolonization

Recolonization of the spoil pile has been followed throuch Sep-

tember 197¢ 25 months after onset and 14 months after termination of

7 =

S

spoiling. Station C6, in the approximate center of the spoil pile, has

been sampled eight times. Sampling dates, and mean values obtained
for N, 5; B' =& J are given in Table 3 and Figure 7. As Table 3
for N, P ' and J', ar jiven in Tabl nd Fig bl

indicates, June 1974 (predisposal) samples at C6 were representative
of the New London area in terms of N, S, H' and J'. Species composi-
tion was also typical of the area, with dominance by tube-dwelling
amphipods. Figure 7, tracing the temporal changes in N, S and H' at
C6, reveals that all these faunal parameters had dropped precipitously
by September 1974. Samples taken at that time consisted of freshly-
deposited spoils containing few or no macrofaunal organisms. There
was little change in the fauna at C6 through the April 1975 samples,
but an upward trend in N, S and H' was apparent by June 1975, and by

September 1975 all values were significantly higher (95% CLs) than
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for the preceding September, January or April. Recolonization pro-
ceeded through winter 1975-76. By September 1976, mean N was greater

than it had been in the predisposal samples.

The recolonizing organisms were dominated by Ampelisca vadorum

and Leptocheirus pinguis, as predisposal assemblages had been. SCUBA

surveys made in October 1975 revealed that populations of tube-dwell-
ing amphipods were reestablished over much of the spoil pile, as well
as at the disposal buoy). Reappearance of these species is signifi-
cant for a number of reasons. First, as noted above, they are thought
to be sensitive to environmental contamination. Their presence on the
spoils may be taken as evidence that contaminants are at tolerable lev-
els. Second, amphipod tubes have Leen demonstrated to stabilize sedi-
ments (Mills, 1967). They may thus inhibit erosion of the spoil pile
while modifying the benthic environment to promote further recoloniza-
tion.

Thirdly, although ampeliscid amphipods have bheen shown to appear
early in a sequence of species colonizing new environments (Fisher,
1973) , they are also dominant members of what appear to be "Climax" assem-
blages in silty-sand sediments of eastern Long Island Sound (Reid, et al <,
subm. for publ.) as well as in neighboring Block Island Sound (Steimle,
et al., 1976), Rhode Island Sound (Saila, Pratt and Polgar, 1972),
and the northeastern continental shelf in general (Pratt, 1973). That
these species are early colonizers at New London may indicate that

recovery toward predisposal conditions will be relatively rapid. 1In




Rhode Island Sound, ampeliscids had recolonized an edge of the spoil
pile (which may have been relatively free from active spoiling for as
much as three years) while spoiling was still ongoing elsewhere in the
disposal area (Saila, Pratt and Polgar, 1972). A year later, on the
amphipod-dominated fringe of the spoils, "many spoil samples contained
30-40 species and are not separable from natural bottoms on the basis
of species numbers alone" (Pratt, Saila and Sissenwine, 1973). We
expect a similar pattern of recolonization for the New London spoils.
The Naval Oceanographic Office (1973) study revealed a marked recovery
of benthic fauna within six months after termination of a smaller dis-
posal project at New London. Ampeliscid amphipods especially had re-
established themselves, often in greater numbers than were found prior
to disposal.

Finally, both Ampelisca and Leptocheirus are important in the
diets of several of the area's more valuable finfish species, such as
winter flounder and scup (Section G of this report, and Steimle, et al.,
1976). The early reappearance of these forage species implies that
overall productivity of the New London area would not show lasting
effects of the disposal of the first increment of Thames River spoils.
An interesting finding from Section G of this report was the heavy pre-
dation by demersal fish on a species of Gammarus (Amphipoda)which was
not commonly collected 1in benthic sampling. This species may have
been one which is more pelagic than most of the genus (Bousfield,

1973), or perhaps the fish sampled had also been feeding elsewhere.
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SUMMARY

Sediments and benthic macrofauna of the Thames River and New Lon-
don disposal area were sampled on an approximately quarterly basis
between June 1974 and September 1976 to monitor spread of spoils

and impacts on benthic communities.

o
53
ot

Four stations, all <1/2 n mi of the designated disposal poi
consistently had increased silt-clay percentage, indicative of
spoil buildup, after disposal began. Use of sediment data to de-
limit the spoil pile was made difficult by sampling variability

and spatial heterogeneity of the sediments.

Macrofauna community structure analysis showed large changes in
faunal densities over space and time, with slightly smaller fluc-
tuations in numbers of species, species diversity and equitability.
Outside of the immediate spoil pile, changes appeared random rela-
tive to distance from the disposal buoy. It was thus concluded
that spoiling impacts were small in comparison to possible natural
fluctuations and spatial heterogeneity for the study area as a

whole.

Observed changes in species composition may indicate slightly great-
er spoiling impacts than were revealed by analysis of N, S, H' and
J'. Changes in species composition could thus be a more sensitive

measure of spoiling effects.
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G. DEMERSAL FINFISH OF DISPOSAL AREA
Robert J. Valenti, Ph.D. and Stephen J. Peters
New York Ocean Science Laboratory
Montauk, N.Y. 11954

INTRODUCTION

The Fisheries Laboratory of the New York Ocean Science Laboratory, under
contract from (NOAA) National Oceanic and Atmospheric Administration,
sampled the demersal fish population in the area of the New London

Disposal Site during four cruises: before disposal in July, 1974, during
disposal in October, 1974, and again in February, 1975, and after completion
of the disposal in August, 1975. Sampling was conducted at nine stations
chosen from those previously used for sampling of benthic invertebrates
(Figure 1). The selection of these stations was based upon their proximity
to the site, bottom type, water depth and direction of prevalent tidal

currents,

METHODOLOGY
Sampling of demersal fish populations at the New London Dump Site was
conducted on four cruises: 18-19 July, 1974; 9-11 October, 1974; 18-19

February, 1975; and 4-6 August, 1975.

Trawls were made using a 35' lead rope otter trawl (2" s.m. body, 1" s.m.
cod end with 1/4" s.m. liner) at nine stations (Figure 2). The duration

of tows was for a period of fifteen minutes when conditions permitted.
Triplicate tows were made in July, 1974 at Stations A4, C2, C6; in October,
1974 at A2, A9 and C6; and in February, 1975 at Stations A2 and C2. In

August triplicate tows were made only at Station A9. Duplicate trawls were
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made in July, 1974 at Station A4; in October, 1974 at C2; and in

February, 1975 at C6.

Physical parameters recorded before each tow included water column depth,
bottom temperature, and bottom salinity (Table 1). Depth and temperature
were obtained via bathythermograms.* Water samples were taken using a

S5 liter Niskin bottle and salinities measured with an induction salinometer.**

A1l fish captured were identified and enumerated. A representative sample
of each species was kept for laboratory analysis, which included measure-
ments of standard length (mm) and total weight (g) for each fish. Gonads
were excised, weighed and the gametes were examined under a microscope

to determine sex. Stomachs were removed and contents were identified

to the lowest possible taxa and each taxonomical group was weighed
(Figures 3-16). The stomach contents were removed from those fish caught
at the following stations: A9 which is east of the Disposal Site, C6 which
is the Disposal Site and C2 which is west of the disposal area (Figure 1).
Ages were calculated by counting annual rings on scales and/or otoliths
depending upong species (Table 10). Male to female ratios were also re-

corded (Table 2).

RESULTS AND DISCUSSION

The mean total catch was 1,577 fish which were collected over the four

*  Bathythermograph manufactured by Belfort Instrument Co.
** Induction salinometer manufactured by Beckman Instruments Co.




G=5
Table 1

Mean Bottom Depth, Temperatures and Salinity
N.S. = Not sampled

July 1974
; 1 Bottom Bottom
_Station Depth (m) Temperatures (°C) Salinity (°/eo)
A2 24 16.8 30.554
A4 20 1 30.374
| A8 22 17.5 30.274
A9 18 17 -7 30.104
C2 18 17.6 30.050
€6 22 17.0 30.386
E9 23 163 30.898
F4 16 17.9 30.212
F8 20 1712 30.193
October 1974 .
Bottom ; Bottom
Station Depth (m) Temperatures (°C) Salinity (°/eo)
A2 18 16.3 31.634
A4 18 16.6 31 .252
A8 17 16.8 31.308
A9 16 16.6 31.440
G2 11 16.2 31.298
Cé6 19 16.6 31.326
E9 N.S. N.S. N.S.
F4 14 16.4 31.448

F8 21 16.6 31.182




Table 1 (cont.)
s gy S Hths February 1975
Bottom Bottom
Station Depth (m) Temperatures (°C) Salinity (°/eoe°)
A2 17 3.5 31.034
Ad 19 3.4 30.967
A8 18 4.0 30.969
Cc2 N.S N.S. 30.920
L Cé6 18 3.5 30.903
E8-E9 20 3.4 30.859
F4 10 3.9 30.965
F8 19 3.0 30.743
August 1975
I Bottom Bottom
Station Depth (m) Temperatures (°C) Salinity (°/oo)
A2 20 18.8 30.484
A4 22 17..0 29.758
A8 20 18.5 30.222
A9 20 19.0 30.619
l C2 15 20.0 30.733
Cé6 18 20.0 30.618
E9 25 175 31.055
F4 18 18.9 30.769
F8 22 18.1 29.770

-

—e———— ]
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G=7
Table 2

Male:¥emale Ratios for 13 Species
collected at 3 stations

Totals per station

All Stations

Species A9 A C6 L {
> =
Tautoga onitis 0:2 | I:QQ b2
Stenotomus chrysops 10:6 8:2 | 3:1 219
| Raja_erinacea 128 1:4 i 328 5220
Tautogolabr%s adspersus 2:1 345 j Sl 8:7
Paralichthys dentatus 125 1 1:3
Scophthalmus aquosus 12:11 112 4:2 17:15
Pseudopleuronectes americanus 22:20  14:13 19:31 __55:064
| Prionotus carolinus el 4:1 0l 555
_____Momacanthus hispidus 1:0 1:0
w___Menidia menidia 2:2 2:2
Hemitripterus americanus Qi1 0:1
I'rinectes maculatus 1:0 1:0
\ Myoxocephalus octodecemspinosus, 0:2 Q72 4
| L 19:52 35:30] 55:44 117 :128
;
i
i
| 3 e r——— e —— ~——— -
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samplings (Tables 3-7). This value included duplicate and triplicate tows.

The amount of fish caught in July before disposal activities began, com-

prised 59.4% of the total catch. The catch in October, 1974 and February,
1975, during the disposal, represented 16.6% and 6.6%, respectively. The
August, 1975 sampling, which took place after completion of disposal,

accounted for 17.6% of the catch, a slight recovery.

The seasonal and spatial distribution that is discussed represents a mean
value in order to standardize the results obtained from single and replicate

trawls.

The mean numbers of fish caught in July, 1974 and August, 1975, were 835
and 393, respectively, Therefore, a substantial portion
(78%) of the fish caught were taken either before or after completion

of disposal activities. For all fish captured on the New London Disposal
Site Project (Table 7, Figure 17), the largest value of fish (N=257) was
collected at Station C6 in July, 1974. This station was later the center
of disposal activities. Sampling at this station during disposal resulted
in no yield. Overall comparisons of catches at all stations from July,
1974 and August, 1975 resulted in the August catch being less with the
exception of A8. The station yielding the least amount of fish over the

entire sampling was E9.

The mean catch per hour for nine species of fish can be seen in Table 8.
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Mean Total Catch Per Station Per Sampling

Table 7

N.S. = Not sampled

|

| Station July 1974 | October 1974 | February 1975 g August 1975/ | Total
A2 39 39 | 0 | 0 78
A4 | 28 31 0 5 64
A8 L* 85 27 35 194 341
A9 i 82 30 18 40 170
&
2 i 56 25 4 8 93
Co | 257 3 4 77 341
F9 i 5 .1 ks 2 2 7
F4 137 74 21 18 250
F8 148 | 26 10 49 233
Total 835 255 94 393 1577
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The species included are winter flounder, Pseudopleuronectes americanus;
scup, Stenotomus chrysops; cunner, Tautogolabrus adspersus; windowpane

flounder, Scophthalmus aquosus; tautog, Tautoga onitis; little skate, Raja

erinacea; Northern searobin, Prionotus carolinus; summer flounder, Paralichthys

dentatus and longhorn sculpin, Myoxocephalus octodecemspinosus. Fish species
caught less than ten times during the entire sampling are not included in

the catch per hour values but are reported in Table 9.

1. Abundance

Winter flounder

The winter flounder was the most abundant species of fish captured and
it does comprise a commercial fishery in the area as well as a sport
fishery in the inshore areas of Block Island Sound. It comprised as much
as 71.8% of the mean catch in August, 1975, and 69.8% in July, 1974. The
general trend of stations show that the largest amount of flounders were
caught in July; the number was reduced greatly in October and reduced
even more so in the February sampling with the numbers increasing again
in August, 1975. Exceptions to these results exist at two stations. At
Station A4 the largest catch was taken in October and at Station A8 the
largest catch of winter flounder was taken in August (Table 8).

Scup

In general the catch of scup was largest in October and least in February.
Stations A2 and A9 accounted for the largest catch in October (Table 8).

Like the winter flounder, it too, comprises a commercial fishery in the area.




Table 9

List of Species Collected Fewer Than
10 Times During the Sampling Period from

|

|

| :
é
ht;

July 1974-August 1975

Menidia menidia
Urophycis chuss
Paralichthys oblongus
Moracanthus hispidus
Hemitripterus americanus
Myoxocephalus aeneus
Peprilus triacanthus
Alosa pseudoharengus
Alosa aestivalis
Mustelus canis

Anchoa mitehilli
Osmerus mordax
Macrozoarces americanus
Pholis gunnellus

Ammodytes americanus




Cunner

The catch of cunners show this species to be more abundantly taken during
the July, 1974 sampling, with a reduced catch in October and none being
taken in February. An increased yield was observed for cunners in August,
1975. The largest catch of cunners occurred at the same station, F4, in

both July and August (Table 8).

Windowpane flounder

Windowpane flounders which have been collected in large amounts in other
studies on Long Island Sound (Amish & Hauer, 1974; Austin et al., 1973;
Hauer, 1974) were caught infrequently in the area of the New London Disposal
Site. They comprised 17.3% of the mean catch in October and 7.1% in July
and August. Only three windowpanes were collected during the February
sampling. The largest catch per hour for an individual station occurred

in July at A9 (Table 8).

Tautog

The catch of tautog was almost entirely obtained during July, 1974, Only
two were collected in October, 1974 and August, 1975. None were taken
during the February sampling. The largest catch was taken at A2 (Table 8).

This species does comprise a sport fishery in the area.

Little skate
The little skate was obtained in July, February and August samplings; the
majority were collected in August. The largest contribution of little skate

was taken in August at Station A8 (Table 8).
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Table 8

MEAN SPECIES ABUNDANCE
Number of fish collected per hour
N.S. = Not sampled

Tautoga onitis

Station July 1974 October 1974 | February 1975 August 1975

A2 36 i 4 | 0 0
A4 16 | 0 il 0 0
A8 0 ; 0 0 4
A9 4 i 0 0 0

L €2 4 ’ 0 0 0
Co6 4 0 0 0
E9 0 N.S. 0 0
F4 12 0 0 4
F8 0 4 0 0

g Raja erinacga

;Station July 1974 October 1974 February 1975 August 1975
A2 28 0 0 0
A4 4 0 1 0 4
A8 0 0 | 4 52
A9 4 0 8 24
G2 8 0 5 0 4
Cé 8 0 - 12 e 12
E9 0 N.S. | 0 8
F4 12 0 4 0
F8 0 0 0 20




Table 8 (cont.)

Pseudop leuronectes americanus

| | |

L§E§EJ§HL_4_;BQ)LJ$29,~;.SE*Ober 1974 February 1975 August 1975
_ A2 "_’ 16 - 4 | _ p. 0
L A4 0 | N _L_ g 8

A8 276 8 Mo obl: . IRy | 596
LGS, 152 e 8 48 184

€2 136 20 i 0 6

Coé 996 4 ‘ 0 252

E9 0 - | 4 0

F4 308 64 | 64 28

F8 448 12 | 4 148

Stenotomus chrysops

Station _ July 1974 _ October 1974 | February 1975  August 1975

A2 64 100 ‘ 0 0

A4 24 0 Y 0 0
[ 3 A8 12 20 1 0 36
A9 48 100 % 0 16
C2 60 0 J 0 0
C6 0 4 1 0 8
E9 4 - 0 0
F4 4 40 0 12

F8 16 0 0 8
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Table 8 (cont.)
Pt SRR RPN
_Station July 1974 October 1974 = February 1975 August 1975
S - SN ET (EN Pe S SN B 8
M 52 SRR el S ) o 0
| A8 g 36 - O 8 R
A9 8 4 -0 0
c2 12 60 0 36
C6 8 0 0 e i
E9 0 - 0 0
F4 164 ‘ 164 0 0 i)
F8 60 0 0 4

Seophthalmus aquosus

Station July 1974 October 1974 February 1975 August 1975

A2 0 24 0 0
A4 4 0 0 8
A8 52 40 0 44
A9 108 8 8 20
C2 4 0 4 0
Cé6 4 4 0 16
E9 4 - 0 0
F4 20 20 0 8
F8 36 80 0 16




Table 8 (cont.)
gl SRR ey o e Prionotus carolinus i3
Station July 1974 October 1974 | February 1975 August 1975
A2 T 0 e 0 0 0
A4 ] 0 4 0 0
.1 A )| 0 i W e 0 32
A e 0 ey 0 0 4
b . &2 0 0 0 0
£6 4 0 0 4
E9 0 - 0 0
F4 12 4 0 8
18 16 8 0 0
Paralichthys dentatus
‘Station July 1974 October 1974 February 1975 August 1975
A2 0 0 0 0
A4 0 0 0 0
A8 0 0 0 0
A9 0 0 0 4
C2 0 0 0 0
Cé6 4 0 0 0
| __E9 0 - 0 0
4 12 0 0 0
F8 16 0 0 0
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Table 8 (cont.)
e Myoxocephalus octodecemspinosus

|

_Station _ July 1974 _ October 1974 _ February 1975  August 1975 |

A2 0 0 0 0

. o L 0 e 16 0 _ |
P UASS A EHS e SO DR 8 N 0
84 o D n ‘() 0 0.

= p— eep—p—— . - -
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Northern searobin, summer flounder and longhorn sculpin

The three remaining species were all caught very infrequently. The
northern searobin and summer flounder were caught almost exclusively during
the summer samplings (Table 8). The longhorn sculpin was only caught during

the February sampling (Table 8).

2. Stomach Content Analysis

During the sampling period, the analysis of stomach contents was performed
on seven species of demersal fish. These fish include: northern searobin,
Prionotus carolinus; winter flounder, Pseudopleuronectes americanus; little
skate, Raja erinacea; windowpane flounder, Scophthalmus aquosus; scup,
Stenotomus chrysops; tautog, Tautoga onitis, and cunner, Tautogolabrus
adspersus. The fish collected at each sampling site were preserved in a
buffered 10% formalin solution and returned to the laboratory for further
investigation. Of the nine stations sampled, three representative stations
were chosen to be used in this analysis. The three stations are: Station A9,
directly to the east of the disposal site; Station C6,which is found within
the boundaries of the disposal site, and Station C2,located to the west of

the disposal site.

Northern searobin

Prionotus carolinus (see Figure 3) was caught at each station,and the
predominant food item was found to be the amphipod Leptocheirus pinguis.

The 1.3% noted as 'other" in the total for all stations included the amphipods,

e ———————— .




| Figure 3

STOMACH CONTENTS OF
Prionotus carolinus
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0% Empty
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TOTAL: AS
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75.2% 0% Empty 78.0% 0% Empty

AUGUST A9 TOTAL: ALL STATIONS
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Ampelisca vadorwn and Uneiola irrorata,and a small amount of unidentified

digested material.

Winter flounder

Pseudop leuronectes americanus (see Figures 4-6) was found to be the fish
with the most diverse diet. This fish was also caught in the greatest
numbers, usually with the quota of fifteen fish being collected per station
per sampling period. The most common food item was found to be the amphipod,
Gammarus sp., with a variety of polychaetes and amphipods comprising most
of the remainder. The greatest percentage of empty stomachs was found
during the February sampling. This should be expected, since that sampling
took place during the flounders' reproductive season, and it has been re-
ported that winter flounder refrain from eating while gravid. The 10.3%
described as 'other" in the total for all stations included: Unetola
irrorata, Crangon septemspinosus, Lepidonctus squamatus, Caprella sp.,
Musculus nigen, Hypaniola grayi, Glycera americana, Pectinaria goukdid,
Ampharete acutifrons, Chordata, Nemertean, Axiothella sp.,Aulinia lateralis,
Neomysis americana, Corophium sp., Photis sp., Echinodermata, Nematoda,
crab larvae, sponge, various unidentifiable bivalves, and bits of wood and

sand.

Little skate
Raja erinacea (see Figures 7-8) were collected «t all stations during the

sampling period, and were found to have a fairly diverse diet. The dominant
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Figure 4

STOMACH CONTENTS OF
Pseudop/euronectes americanus
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Figure 5
Pseudopleuronectes americanus
19% o
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Figure 6

~ Pseudopleuronectes americanus
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Figure 7

STOMACH CONTENTS OF
Raja erinacea
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Figure 8
Raja erinacea. PELECYPOD 35%
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food item was the decapod,Crangon septemspinosus, with other amphipoda and
polychaeta following close behind. The 1.1% noted as '"other'" in the total

for all stations was composed of Hypaniola grayi ,Neomysis americana, Uneiola
irrorata, fish and shell fragments. The skate was found to have a relatively

low percentage of empty stomachs, when compared with other species sampled.

Windowpane flounder

Seophthalmus aquosus (see Figures 9-11) were obtained from each sampling

site, and upon examination,proved to have a somewhat limited diet. The pre-

dominant food item was the mysid,Neomysis americana, with Crangon septemspinosus

following close behind. At Station C6, however, the dominant item was Loligo
sp. with Neomysis americana second. The 1.9% listed as "other" in the total
for all stations was comprised of crab larvae, Leptocheirus pinguts and

bits of rock.

Scup
Stenotomus chrysops (see Figures 12-13) were collected at all stations, and

during all sampling periods, except for the February sampling when none were

caught. They were found to have a diverse diet, although not to such a

degree as the winter flounder. In comparison to other species sampled, fish

at each station had a different major food item. The 2.7% labeled as

"other' under the total for all stations consisted of Caprella sp., unidenti-

fied amphipoda, Ampharete acutifrons, unidentified polychaeta, Phottis sp.,

Pelecypoda, Crustacea and copepods.

- ~ e ———
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Figure 9
STOMACH CONTENTS OF

Scopthalmus aquosus
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Figure 10

Scopthalmus agquosus
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Figure ||

_Scopthalmus aquosus
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Figure 12

STOMACH CONTENTS OF
Stenotomus chrysops
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Figure

_ Stenotomus
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Tautog

Tautoga ontitis (see Figure 14) were only collected at Stations A9 and C2.

Their diet was comprised almost entirely of Pagurus sp. and Cancer sp.

Cunner

Tautogolabrus adspersus (see Figures 15-16) were collected at all stations

and during each sampling period, except for the February sampling, during
which none were collected. The cunner may be described as an opportunistic
feeder. Upon examination, their diet proved to be relatively diverse, with
the fish at each station having a different major food item. The 1.6%
noted as "other'" under the total for all stations consisted of Crangon
septemspinosus, Caprella sp., Nassarius sp., Musculus niger, Brachyura,

unidentifiable fish and algae.

3. Age and Size Range

The ages and sizes of fish collected at the New London Disposal Site were
determined for four species and are presented in Table 10 and Figure 18.
These species are: northern searobin, Prionotus carolinus; winter flounder,
Pseudopleuronectes americanus; windowpane flounder, Scophthalmus aquosus,
and scup, Stenotomus chrysope. Ages were determined by counting annuli on
otoliths and/or scales. All lengths are recorded as standard length. Due

to the preserving process, the age determination of such fish as tautog,
Tautoga onitie and cunner, Tautogolabrus adspersus often could only be
approximated. The results were inconsistent and thus the data are not re-
ported. The fish used in this determination were selected from three repre-

sentative stations (Stations A9, C2, and C6; see Figure 1).
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Figure 14

STOMACH CONTENTS OF
_Tgutoga ontis
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Figure 15

STOMACH CONTENTS OF
Tautogolabrus adspersus
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Figure 16
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Table 10

AGE & MEAN STANDARD LENGTH RANGE RELATIONSHIP FOR FOUR
SPECIES COLLECTED AT THE NEW LONDON DISPOSAL SITE

P._americanus N 5 x_ () Range_(mm)
0 + 0 0 = e Lt

1 + 48 38.1 128 98 - 172
2 + 44 34.9 179 164 - 210
3+ 25 19.8 225 195 - 264
4 + 6 4.8 269 253 - 283
S * 3 2.4 523 314 - 332
S. aquosus

0 + 0 0 - R e ™, s
1 + 1 JnZ 147 147

2k 16 Sik <6 161 142 - 195
3+ 12 38.7 185 165 - 203
4 + 2 6.5 224 202 - 246
0 + 13 241 83 77 - 90
1 + 31 57.4 118 90 - 152
2 + 6 flipd! 186 164 - 212
3+ 2 S 216 198 - 235
4 + 2 S 220 220 - 221
P. earolinus

0 = 0 0 - =
1 + 0 0 - - - -
2 # 5 62.5 228 222 - 234
3+ 1 12 5 250 250

4 + 2 25.0 265 260 - 270
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SUMMARY

The demersal fish populations at the New London Disposal Site were
sampled four times. The first sample, which took place before disposal
operations began, determined baseline conditions at the site. The
second and third sampling periods were scheduled to coincide with dis-
posal. The fourth sample was taken after the dredged material disposal

was completed.

Of the 1,577 fish collected over the entire four sampling periods, 56%
were obtained before disposal began. The landings of fish dropped
sharply when disposal operations began and never recovered to the
pre-disposal baseline level. This variation, however, may be due to
seasonal abundance rather than the effects of the dredge spoil. The

most abundant species collected throughout the study was winter flounder.

The stomach contents of seven species of demersal foraging fish were
examined. Comparisons were observed between the pre-disposal and post-
disposal diets in Figures 3-16. All of the species collected, with the
exception of windowpane flounder and tautog, had a varied diet and may
be described as opportunistic feeders. The windowpane flounder and

tautog were found to be very selective in their food habits.

Ages and size ranges were determined for four species of fish collected

at the disposal site.
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H. SCUBA survey and underwater photography of the New London disposal site,
May 1974 to June 1976.

Lance L. Stewart

Robert DeGoursey

Underwater observations by University of Connecticut divers were conducted

1

in-situ biological and physical processes of the dredge-disposal

peration that would be difficult to detect by shipboard experiment. Initial
efforts were directed to assess the types and range of benthic habitat found

within the spoil area, and the impact of disposal on commercially important species

a,

-
-

=

~

phas n the lobster.
Dives were made at selected stations (the four corners and one central loca-

tion, Figure 1) on the designated disposal site to determine bottom characteristics

and typical macrobenthos within the area. Data recorded on each dive included:

c*

stage, bottom visibility, estimate of current velocity and direction,

(&
.
*y
o
-

bottom type, and predominant benthic species. Compass transects were followed
on each dive with all notable observations recorded by 35 mm still or 16 mm
motion photography. Average bottom time for transects was approximately 25
minutes, courses followed were perpendicular or oblique to bottom current, and

distance ranged from 100-200 meters.

-

Throughout the period of spoil disposal, dives were made directly on the o
release area (N.L. Buoy) to note features of bottom coverage, relative turbidity,

and biological colonization of the dredged material. Photographs were taken along

several transects, out to the spoil periphery, to provide visual impression of A
the conditions and composition of dredged deposits. Opot dives were made at

disposal site corners (approximately .5 n. miles from New London Buoy) to check for

evidence of spoil dispersal.
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Figure 1. Locations of dive survey sites on the llew London
disposal areca, May-October 1974,
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Underwater 35 mm photographs with descriptive text were provided for the
second quarterly report (No. 49) and 16 mm color footage was edited and made
available for viewing. Copies of selected 35 mm slides and 16 mm footage were
duplicated for use by personnel at: The National Marine Fisheries Service Labora-

o

tory, Sandy Hook, New Jersey; and the U.S. Navy.

Table I lists the date, location, and activity for all University of Connecticut
live surveys to A series of sample photographs (Figures 2-19) illustrates pre-
disposal bottom conditions, lobster habitat, characteristics of recently dumped spoil
and evidence of biological colonization. Complete film records (35 mm and 16 mm)
have been indexed and are on file at the Marine Advisory Service Office, bldg. 2,

Avery Point.

Investigation of general benthic habitat throughout the disposal area did not
reveal bottom type supporting high populations of either lobster, Homarus americanus,
or crab, Cancer (sp.). Lcbster burrows were scarce, located beneath debris or scattered
boulders (Figures T & 9), or constructed directly into mud substrate (Figure 8).

Counts of individual lobsters observed on transect dives ranged from three to ten with
highest numbers recorded in the north central mound vicinity. Productive rock reef
areas adjacent to the disposal site would yield counts of 20-30 lobsters per dive.
Newly dumped spoil provided a relief to the flat featureless bottom that appeared
mildly attractive to lobsters and crabs. Throughout the disposal period, freshly
excavated burrows were noted along the periphery and in clay mounds on the spoil pile.

However, it is believed continued dumping activity and the gradual settling of the

pile did not allow the formation of an increasing number of burrow locations.




Table I. Date and location of dives on the New London Disposal Site for
Benthic survey and underwater photography, May, 1974-June, 1976.
Underwater
Benthic Photography
Date Location Survey 35 mm 16 im €
19Tk
21 May Northeast corner % *
13 June Southeast corner X X X %
26 June Northwest corner x x %
N.L. Buoy b:¢ X |
8 July North central (40' mound) % X ‘
|
August Northeast corner X x ‘
9 September Northeast corner
Southeast corner ]
Northwest corner b X
16 September N.L. Buoy (north transect) X X |
14 October N.L. Buoy (south transect) x X
1975
7 March N.L. Buoy (southeast transect) X X
28 May N.L. Buoy (south transect) X x X
23 July 300 yds. East of N.L. Buoy (S.W.) X X
1976 A
|
10 May N.L. Buoy (ENE transect) X X }
16 June 300 yds. NE of N.L. Buoy x |
N.L. Buoy (east transect) x
.5 miles SE of N.L. Buoy X /

-‘J

—
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Underwater Photographs at Selected Stations at the New London Dump Site

General Bottom Types:

Figure 2. 5/21/7k; N.E. Corner; Depth 52'; Horizontal field view of the photo
(HFVP), 10". Natural erosion zone around masses of amphipod tubes
with an exposed tube of Diopatra cuprea (upper center). General
sediment condition compact and apparently consolidated by the infauna.

Figure 3. 5/21/74; N.E. Corner; Depth 52'; HFVP 8". Sponge Desmacidon sp.
attached to shell fragments in dense concentration of amphipod tubes.
Natural settling of suspended matter resulted in a fine silt veneer
over relatively compact bottom sediment,

Figure L. 5/21/74; N.E. Corner; Depth 52'; HFVP 18". The winter flounder,
Pseudopleuronectes americanus, was abundant at all sites and frequently
associated with amphipod communities.

6/26/74; N.L. Buoy; Depth 80', HFVP 18". Evidence of previous dumping
of dredge spoils of estuarine origin indicated by the presence of oyster
and bay scallop shells. Encrustation of Halichondria growth and squid
egg clusters were often encountered.

un
.

Figure

Figure 6. 9/9/74; S.E. Corner; Depth 85'; HFVP 5". Bloodstar, Henricia sanquinolenta,

was a major component of the epibenthic fauna at all stations. The heavy
shell fragments and sand-mud substrate were similar to the substrate
observed at N.L. Buoy site.

Figure 7. 6/26/T4; N. L. Buoy; Depth 80'; HFVP 36". Typical lobster burrow in sub-
strate, showing excavated materials, range of cobble-boulder sizes, and
associated fauna.

Figure 8. 6/26/Th; N.L. Buoy; Depth 75'; HFVP 30". Lobster burrow excavated in
cohesive mud-silt substrate rich in amphipod tubes.

Figure 9. 5/21/Th; N.E. Corner; Depth 50'; HFVP 20". Lobster burrow constructed
under waterlogged wood from previous dumping operations. Wooden and
steel beams, brass pipes and iron bulkheads were often sighted and
provided attachment surfaces or shelter for benthic organisms.
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Spoil Characteristics:

i1 8

i3 i

AB2

16.

1T

9/16/74; N.L. Buoy (N); Depth 70'; HFVP 6". Finfish, crustaceans

and fouling organisms were seen to colonize newly deposited dredge
spoils. Photo shows a Mercenaria shell embedded in clay with a newly
settled anemone, Diadumene leucolena (arrow).

10/14/74; N.L. Buoy (S);’ﬁ:pth 75'; HFVP 20". Evidence of erosion
of fine sediment about tnd clay clump. Note vertical fissures of
cohesive clay clump. I

5/10/76; N.L. Buoy (E); Depth 65'; HFVP 12". Sediment surface
features illustrating the cap of coarse sediment and shell fragments
overlying a soft uncompacted mud-clay base. Epifaunal growth
indicates current direction.

5/10/76; N.L. Buoy (E); Depth 65'; HFVP L4". Colonization of spoil
surface by porifera and hydroids.

5/10/76; N.L. Buoy (E); Depth 65'; HFVP 6". Concentrations of annelid
polychaete tubes were abundant and not limited to peripheral regions.
Development appeared opportunistic and occurred in clonal clusters.

5/10/76; N.L. Buoy (E); Depth 65'; HFVP 6". Erosion of several clay
mounds has occurred; burrowing activity has contributed to fracture
and disintegration of these mounds.

5/10/76; N.L. Buoy (E); Depth 65'; HFVP 16". A high degree of burrowing
was observed, primarily by the crabs, Cancer borealis and Canccr
irroratus. Many clay banks were partially excavated by crabs and later
expanded to larger burrow dimensions by the lobster.

5/10/76; N.L. Buoy (E); Depth 65'; HFVP 4". The entrance to the lobster
burrow commonly noted on the newly deposited spoil materials. Burrow
counts on certain transects were as high as 12-15.

9/14/74; N.L. Buoy (E); Depth 70'; HFVP 12". Loosely consolidated clay
balls (.5-1 cm diameter) were observed to roll over the spoil pile.
Dispersals of dredged material was not restricted solely to resuspension
velocity but occurred often by this process.

5/10/76; N.L. Buoy (E); Depth 65'; HFVP 10". Concentration of Pitar and
Mercenaria valves adjacent to clay clumps further indicate active erosion
and sediment scouring.
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Lobster pot surveys were attempted to gauge relative fishing effort on the N.L.
site during disposal. Three surveys (timed rectangular cruise patterns to cover the
one n. mile square area with count of all pot buoys visible) were made on 6 August 197k,

27 September 1974, and 23 July 1975. Estimates of pot numbers were 56, 6, and 70

respectively. Pot number fluctuations were great and on certain dive survey cruises,
no pots were observed within the disposal area. However, pots when present were
concentrated in two locations; at the north central mound or in the southwest N.L.
Buoy vicinity. On site interviews with lobstermen on the "Caroline J" and the "Debra
Lynn", both Stonington boats, indigated no abnormalities in lobster condition or
catch numbers. Both parties indicated the forty foot mound was traditionally fished
while sets at the N.L. Buoy were experimental.

Existing features (May~June 1976, Figures 12-19) within a 50 m radius of the
N.L. Buoy strongly suggest a gradual dispersal of spoil material has occurred. The
immediate post-dredge topography has flattened considerably, distinct mounds and
troughs are less obvious, and fine sediment has been_eroded leaving 2-3 m diameter
patch areas of coarse material. A high degree of spoil sediment compaction had occurred
since the time of last survey (July 1975), and may have accounted in part to the
leveling of previously noted bottom features.

Attempts to locate the northeast spoil border, one year after disposal had ceased
were successful and a definite spoil-original bottom border could be detected. At depths
less than 30 m, the mapping of a spoil periphery by underwater survey would be
feasible. Permanent frontal locations could be marked by pingers to determine

stability or advance with time. Also, the area of spoil coverage could be plotted

by underwater circumnavigation of the spoil pile.




Summary :

1.

Underwater photographs illustrate predisposal bottom conditions, lobster
habitat on the site, characteristics of spoil after disposal, and evidence
of biological recolonization.

Troughs and mounds of newly dumped material provided a relief to the nor-
mally flat bottom topography and was initially attractive to benthic fish

and crustacea.

Survey of a north-central forty foot mound, a previous disposal site,
indicated a high concentration of lobster, crabs, and flounder.

Observation of the water-spoil interface during 1.5 knots current conditions
did not indicate visually noticable turbidity. The action of .5-1 centimeter

diameter clay balls rolling over the spoil pile was observed as a sediment
transport process.

Recent (May, June, 1976) dives indicated scouring of the sediment and
disintegration of clay mounds has occurred. The general topography has
flattened considerably. There is evidence of sorting, leaving a cap of
shell fragments and 2-3 m diameter patches of coarse-gravel material. Spot
dives indicate spoil spreading may have approached a point .5 n. miles
southeast of the N.L. Buoy. A definite spoil-natural bottom border was
detected in the northeast quadrant one year after disposal had ceased.
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