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Introduction

In March, 1991 Irqqubis Gas Trahsmiséion Systembinitiated field
operations associated with the placement of a 24in o0.d.(0.576in-
wall thickness) concrete cased pipeline acroés~Long Island Sound.
These operations involved excavatidn‘of a trench in the—near;shore
area adjoining Milford, Connecticut, pipeline placement, and final
trenéh infilling and bottom grading. Since the pipeline route
crossed an area of leased Qyéter and clam béds the dfédging and
grading associated with tfenching opefations was considered to have
the potential to alter'both near and far-field suspended material
concentrations sufficient to affect the viability and ultimaté
yield of the shellfish beds. In order to'permit aésessmeﬁt of the.
spatial séale of these impac_ts and to brovide a gquantitative
measure of the mass of_Sediment'sﬁspénded by the consﬁruétion
activities, three Bottom'mounted‘instrument arrays were deployed‘in
and adjacent to the project area. These arrays were placed prior to
the initiation of dredging and remained-on-statioh throughout the
construction period and for  approximately 30 'days‘ after the
completion of bottom grading. This extended deployment permitted 
evaluation of project associated sediment resuspensioﬁ under a
variety of meteorological and hydrographicb cqnditions. The
following report pfovides_ a summary of the reSults' of these

- evaluations.



Study Area

a. Locetioh and Hydrographic Conditiehs

The Iroquois Gas Transmission System pipelihe enters Long
Island Sound on the Connecticut shoreline within the City of
Milfofd at a point approximately 3nm to the eash of the entrance to
‘the.Housatohic River and 7nm to the west of the entrance to New
Haven Harbor. The pipeline route crosses Silver Eeach and proceeds
1n1t1ally along a southeasterly path passing north and east of
Charles Island to a point approximately 4000ft offshore where it
begins a progressive clockwise rotation to a southwest tending
track (Fig.1). On entry to the Sound the pipeline immediately

crdsees-an area of active, leased, shellfish beds (Fig.2).
‘Circulation'throughout the area of the central'SOund adjoining
the pipeline route is dominated by the Semi-diurnal,lunar tide
(M2). Tidal range in the vicinity of Milfofd Harbor averagfes
appréximately 6.6ft ihcreasing'to 7.6ft during springs, (NOAA,1991).
Currents in the area are expected to display significant spatial
variability as a result of the regional variatiqns-in bathymetry
ahd impediments to flow introduced by  protruding headlands and
partial eubmergence of the Bar extending landwards from. the
northwest corner of Charles island‘(Fig.l). Measurements COnducted
: dﬁring’pre-project site investigations showhnear-bottom CUrrentslto
the south of Charles Island, in 34ft ef water, to be essentlally

shoreline parallel w1th the flood proceeding to the southwest and



This document involves pipeline location information and is not available at this Internet site due
to homeland security-related considerations. This portion of the Islander East consistency
appeal administrative record may be reviewed at NOAA's Office of General Counsel for Ocean
Services, 1305 East-West Highway, Silver Spring, Maryland.
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the ebb to the'northeast. Maximum speed‘during the observation
’period (November 2 - December 15, 1986) approached 1.5 nm/hr (knots)
(Alpine Ocean Seismic Survey,Inc 1987).

The tidal currents in the area are aperiodically Supplemented
by density driven flows, dominated by water temperature, saiinity,
and local winds. Water column temperatures display a regular
seasonal cycle with maxima occurring during the late summer and
minima during the late winter. Values are clearly correlated.with
.concurrent air temperatures and wind associated energiesvacting to
mix the water column over the vertical. Salinities Vary in response
to regional streamflows and can be particularly variable in the
Milford area due to the close proximity of the discharge region of
the Housatonic River. Average discharge from this tributary stream
displays zi-regular seasonal pattern with peak flows typicaliy
'occurring during the late winter—early spring. Gage data obtained
at Stevenson, Connecticut, approx1mate1y 20 mi upstream from the
Sound, 1ndicate an average discharge over the 61 year period of
record of approximately 2600 ft?/sec (USGS,1989). The peak.discharge‘
v.observed during the period was 75,800 ft’/sec on October 16,1955.
Minima have been observed to approach Zzero as a result of
commercial diversions and demands associated with hydroelectric
. generation. _ |

The surface wind field affecting the study area'displays a
regular ‘seasonal variability w1th southwesterly winds dominating
during the summer and west to northwesterly winds dominant during

the winter. Short-term high energy storm events, rich in easterly
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components, can occur at any:time‘during the year but are moet
_common during the: spring and fall tran51t10n perlods. Sheltering
provided by the adjoining’ land mass makes the region of the Gulf
and the areas around Charles Island particularly'sensitive'to.
winds from the southerly guadrant ranging from the southeast
clockwise to the southWest; Oonly from these directions is the over-
water distance,; or fetch, sufficient to permit generation and
inshore propagation of an energetic surface wave field. Such
energies serve both to miX'thveater column over the vertical,
modifying the density distributions, and to produce near-bottom
bvelooities and associated houndary shear sufficient to disturb the
sediment-water interface and transport the resuspendedisediments;

The combination of wind induced mixing and concurrent cycling
ofn water temperature and’ salinity favors the development vof
horicontal and Qertical density gradients which in.turn serve to
- generate small, hut measureable, currents. On average, these
gradientsvtend to favor the seaward movement of the fresher, near-
surface waters, and lendward migration,of the more saline bottom
waters. This simple estuarine cirCulationl pattern can be
- significantly modified, however, by'local factors including the
| shape and form of the bottom and local streamflows. In the Milford
area, the field measurements obtained in 1986 indicate that the
net, near—bottom; residual flow does not proceed simply to the west
into'the Sound or towards the entrance to the Houéetonic River but
rather flostto the northeast towerds Welches Point at speeds of>

approximately 3cm/sec. TheSe data are reasonably'consietent with
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previous observations showing the non-tidal drift along the

Milford shoreline to be easterly and part of a larger scale

clockwise gyre encompassing huch of central Long Island Sound, at =

lleast'for_some portions of’the year (Riley,1956). The factors
governing this system are complex and still cannot”be'accurately
defined in the absence of data providing improved spatial and

temporal coverage.

b. Bathymetry and Surficial Geology
Water deptﬁs iﬁ the viéinity éf the pipeline route
.adjoining Milford increase pfogreséively with distanéevoffshore.'
The associated 1lines of eQual, depth throughout the area are
Aessentially shore paralleljexcept in the vicinity of some rocky
shoals _to the southwest- of .Charles Island'>(Fig.1). This
distribution favors.the refractioh of incoming waves resulting in
nearly shore-normal angles of approach and 'minimél élongshore
transport energy. These factors in combination with the exposure.of
the area to the dominant southwesterly wind field‘éomplicates
méintenance of the dredged navigational cgannel entering Milford
Harbor and favors a persistent cycle of reéuspension and deposition 
of the éurficial‘materiais residing albng the local»sediment-water
interface and minimal faf—field‘transport._This sedimenf‘cycling is
expected to be particularly prohounced during the higher energy
spring and fall transition periods and may affect the viabjlity of

the shellfish reéources‘in-the area. |

The variéty.of geophysical ahd geotechnical studies conducted



6

as-bart of the.pre-éonstruétion'site inVestigation_indicété that

.the.sediménts along and adjacentltb'the pipeiine route céﬁsist

primarily"- of medium é%nds wi_th occasional intrusions bfv coarse

sands and gravels land mixtures. of silt (Jécques/ﬁcClelland

Geosciences Inq,lgsé; Alpine Ocean SeismiC‘SurQey,Inc,1987)

The majority of'fhese data were obtained by analysis of spliﬁ-spoon 
éamples’ from a’ mechanical drilling system and/or small volume

. grabs. As’-a result, details of the immediate 'sediﬁent—water

intefféce were often obscured. Divér observations obtained during

tﬁe_ late winter and‘_spring, intended to supplement this

invéétigation _ofi pipeline associated sediment reéuspensiqn,

indicate that the region of the interface, thréughout the ‘study
afea, ié déminated by a layer of relatively high watef content,

oréamic rich, fine-grained materials which grade progressively into
vthe”more resistant sands forming the remainder of the sediment
column. This layer is easily disturbed by low velocity currents
‘ resulting.in generally high near-bottom concentrations of suspended
materials. The materials forming this layer appear to be supplied
by winnowing from the underlying sands during wave-induced cycles
of reSuspensiAon/deposition. As a result, thé layer may be most
 preva1ent during the higher enexrgy periods_of-the‘year,'Qheh the
majority of £hé observations provided by this investigation'were
.bbbtained, and slowly diséipate during ﬁhe summer monthé under the
combined effects .of decreasing; physical energy and .increasing
biological actiﬁity.. The - latter- facfor, ‘in¢luding suspension

feeding by reSident oysters, favors aggregation and settling of
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fine-grained. materials and a general increase in the erosion

resistance of the sediment-water interface.

Pro1ect Characterlstlcs

To prov1de reasonable protectlon through the nearshore zone,

designs called for the gas pipeline to be covered by a minimum 3ft
- of sediment through the.area‘extending'from the beach crossing to
the vicinity of the 30ft 1sobath a distance of approx1mately 2 7
statute miles. Excavation of the. requlred trench by a mechanlcal
clamshellydredge, using 1large volume buckets (13-22 ydsﬁ, began
on March 9,1991 in the vicinity of the northeast corner of Cherles
Island (Fi§.3) and proceeded inshore to the shallow water
immediately adjacent to the beach. Folloﬁing completion ofcthis
‘section, on or about March 28th, the dredge was moved offshore to
the vicinity of the 30ft isobath and agaln proceeded to work
shorewards excavatlng the deeper water section of the trench.
Dredged sediments in both the nearshore and deeper water areas were
'placed along the western margin-of the trench forming‘e.subaqueous
deposit for subsequent use as infill materiai Placement typically
involved release of dredged sedlments at or near the water surface
and subsequent grav1tat10nal settllng to the bottom. Attempts to
place materials directly by opening of the dredge bucket just above
the bottom were not successful.

Dredging of the majority of the trench was completed'by April
8,1991 and pipeline laylng commenced' on April 9.1991. 'The>

plpelaylng barge was first pos1t10ned at a point to permlt pulling



of the pipe from the barge to shore. When this section was-coﬁplete
‘the barge proceeded tO‘winch itself offshore along‘ﬁhe route of the
trench using a network of anchors. As the barge prdceeded thé
pipeline was continuously fabricated aboard and progressiQély'laid-
in the trench. Pipélaying iﬁ the région of the trench was completed
‘én April 13,1991. Beyond this point, south and west to the
.hearshore region adjoinihg Long Island, pipelaying operations
continued tQ bury the line using a trenching sled. The combination
of dredging and towed trenchihg‘résulted in the burial.éf the
entire line from the Connecticut shore across the Sound to Long
Island.

' Backfilling of the dredged trench adjoining Milford began on
April 22,1991, immediately following the completion of pipelaying
in the area, and cbnﬁinued until approximately May 22,1991.
Operations employed the same dredges and dredging techniques used
during the initial trench excavation. Clamshell buckefs removed
materials placed as a subaQeous deposit along the western ﬁargin of
the trench and returned them to the trench as pipéiine cover;
Periodic bathymetric . surveys' were conducted throuéhout the.
operation to monitor the placement accuracy and to qgtermiﬁe the
need for-additiohal £i1l materials.

Following completion of.the'infillihg of the inshore sections
_of the trench on May 13,1991, mechanical _grading’ operations
intended to smooth the contours of the bottom in the area
immediately ‘over and adjoining the pipeline  were ihitiéted,‘

Operations involved the use of a 40 ton steel box beam supported by
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" the dredge crane and towed by a tug. These operations continued
ﬁntil June‘23,1991; Again,-there were frequent bathymetric surveys
to detail the effects of'smoothing and to define areas needing
'_additlonal work. Positioning of the beam made use of the same
pre0151on nav1gationa1 system employed durlng the dredglng and
pipelaylng operations. It was intended that the beam working of the

_bottom be confined to a 300ft wide corridor centered on the

pipeline. .

Methods and Procedures

To detail the effects of the variety of pipeline oonstruction
activities on the ambient suspended material field three bottom
mounted‘instrument arrays were deployed in the area of the Gulf on-
February 6,1991, approximately one month prior'to the scheduled_
_ initiation of dredging. Two of the arrays were located immediately
adjacent to the pipeline route (de51gnated B and C) and one to the
" west (de51gnated a), beyond the area of probable impact, to serve
as a control monitoring average background conditlons and the
possible'presence or.absence'of freshwater flows-ftom the nearby
Housatonic River (Fig.1). Each array was self contained and
included an electromagnetic current meter, optical sensors
monltoring suspendednmaterial concentrations and‘water'temperature
and conduct1v1ty sensors, Instruments were p051tioned to monltor
conditions.approximately 1m above the sediment-water 1nterface and

were burst sampled for a period of 60 sec., four (4) times each



TABLE 1

Array Servicing Sc':héd.u,le

A

DATE . PURPOSE

06 February 1991 Deploy instrument arrays at Stations A,B & C
19 February . Retrieve data from Stations A,B & C
. 26 February ) : Retrieve data from Stations A,B & C; service

the arrays

05 March Retrieve data from Stations A,B & C

13 March. - _ Retrieve data from Stations A,B & C; deploy

, : wave gauge at Station C '

26 March . Retrieve data from Stations A, B, C and wave
gauge

02 April ' Retrieve data frorh Stations A, B, C and wave

gauge; service the arrays

09 April ~ Retrieve daté from Stations B & C, move B &
C arrays to the west -of Charles Island

"~ 16 April - ' Retrieve data from Stations A, B’, C’ and
- wave gauge

01 May Retrieve data from Stations A, B, C’ and
c wave gauge - : .

15 May ' Retrieve data from Stations A, B' & C’; move
B’ & C' arrays back to original postions

22 May S ~ Retrieve data from Stations A, B, C and wave
gauge : '

05 June : Retrieve data from Stations A, B& C

17 June o  Retrieve data from Stations A, B & C; fetch

array from Station A

27 June , ' " Retrieve data from Stations B & C.
10 July : Retrieve data from Stations B&C

27 July : 1 Retrieve data from Stations B, C & wave
: gauge; fetch wave gauge and instrument
arrays from Stations B & C
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hour. Datavwere recovered approx1mately every two weeks throughout
the study period and returned to the laboratory for analy51s..A
summary of the array serv1c1ng schedule is shown in Table 1.

All 1nstruments were calibrated in the laboratory prior to
field deployment. For the electromagnetlc current meters, voltage
outputs‘were correlated with known flow characteristics’by the
manufacturer. Each optical sensor was calibrated against varying
concentrations of suspended sediments. Sedlment samples for these_
tests were obtained by surf1c1al grab at various 1locations.
_throughout the study area. The results of these tests for each of
the lnstruments used in the field deployments are shown in Figures
4 and 5. The temperature and conductivity sensors were oalibrated‘
against laboratory standard thermometers and I.A.P.S.O. Standard
Seawater, respectively. An example of the calibration checks for
the oonductivity'probes is shown in Figures 6 and 7.

To supplement the primary array observations,'a'bottom mounted
pressure_gage (Sea-Data Model 635-11) was deployed at Station C on

March 13,1991. This unit was intended to monitor near bottom

"“pressure fluctuations associated with the surface wave field and

tide induced -alterations in water column height. Instrument
‘specifications_are listed in Table 2. This unit was. added to the
initial suite of instruments after review of the first data set
indicated the_relative'importance of‘surface wind waves as a factor
- governing. local suspended materialvconcentrations.

In addition to the wave gage, the array systems were

supplemented by selective deployments of' two InterOcean S4
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electromagnetic -current meters (Taple 3). - These unlts were'}
supported by separate bottom mounts placed adjacent to the prlmary ‘
arrays and ylelded an independent check on the accuracy of the
current speed and direction provided by the array current meters.

On completlon of the trench excavation phase of the project on
April 8, 1991 the instrument arrays deployed at Statlons B and C
were relocated to the west of Charles Island (Fig.1l) to eliminate
the possibility of damaqe by the up-coming pipe laying operations,
They-remained in these locations until the 15th of May,1991 and
were then returned to their original positions. Deployments
continued at Stations B and C until Jnly 29,i991,'approXimately one.
month after termination of the the_beam smoothing operations. . The
array deployment at Station A was terminated on June 17,1991 due to
developing problems with biofouling of the array and confidence
_that'the control on ambient suspended material concentrations and
the presence'of Housatonic River water'provided'by thisﬁarray was
no longer required. A snmmary of the instrnment deployment schedule
is proQided in Table 4. |
In addition to the time series observations provided by the
fixed arrays, drawn water samples were obtained on many of the days.
on which‘the arrays were serviced. These data were intended to
prov1de cont1nu1ng checks on the in-situ instrument callbratlons.
Samples were obtained using f1ve (5) liter Niskin samplers at two
points on the vertical, near-surface and 1m above the bottom.
Following recovery,_samples were transferred to pre-rinsed plastic

bottles and returned to the laboratory for analysis of salinity and
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12
suspendeakmaferial concentrations. Concurrent sample,teﬁpefathe
was’obtained immediately on récovery using a labofatory ligquid-in-
glass'thgrmometer (* d.1°c). Sample salinity was méasufed using a
Beckman.RS-7ﬁAcondﬁctivity bridge referenced to I.A.P.S.O. Standard
Sea Water. By-weight suspended material_ concgntrationé were
determined by vacuum filtration of a known volume of the sample
through dried and pre—weighed Nuclepore filters'(o.4 micron pore
size-47mh diameter) mounted in a standard Millipore appafatus.

To provide some indication of the relationship betweeh thé
time serieé current measurements, being obtained at discrete points
bg each of the bottom mounted arrays, and the associated spatial
patterns of flow, Rhodamine WT dye (20% solution) was released on
'a number of‘occasipns during the étudy period and tracked»visually.
All releaSes. were near surface with horizontal positioning
determined by triangulation.on known land or navigational:marks.
On several days- these‘ dye releaées coincided with aerial
overflights being éonducted by Iroquois Gas Transmission System.
The presence qf dYe wés 6bseryed in several of the photographic'_-

sequences obtained during these overflights (D’Amico, 1991).

Results and Conclusions

1. Hydrography and Circulation

| Drawn water samples obtained at selected intervals
throughout the study period indicate that the hydrographic
structure in the region of the Gulf is reasonably uniform on the

horizontal and well mixed over the vertical (Figs. 849). Water
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temperatures progre551ve1y increased from a 1ow of' 2-3‘C in
February,1991 to highs of approx1mately 23°C 1n July (Table 5).
During the winter months temperatures are essentially uniform over
the - vertical - and there is limited ev1dence of thermal :
stratification. Warming of the surface waters durlng March favors
the development of a weak thermocline that dlsplays 51gn1ficant
spatial and temporal varibility. With the onset of the lower
energy, higher temperature, summer period this structure appears to
break down and conditions over the vertical agaih become‘nearly
uniform. |

salinities during the study bperiod displayed relatively‘
limited variability despite the seasonal variation in streamflow
from the nearby Housatonic River. Observations in the vicinity of
each of the monitoring stations indicate an average salinity value
of-approximateiy 26.6 ppt with maxima of 27.9 and minima of 24.4
ppt (Table 6). Conditions over the vertical were nearly constant
throughout the period w1th freshening of near- surface waters
confined to short-term events. Such varlatlons can be expected to
measureably modify the local density field and associated pressure
gradients. Such gradients,. in turn; may be sufficient to induce .
short term variations in near-bottom currents and associated'mass
transport.

The time series observations of near-bottom current speed and
d1rection prov1ded by the fixed arrays 1nd1cate 51gn1f1cant spatial
variability in the flow field affectlng the study area. Wlthln the

Gulf, velocities are significantly lower than those observed to the
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west and souﬁheaSt.of'Charles Island. A Simple-sorfing of the data
fby Speed (4 ranges- S5cm/sec each) and direction (22° bins)
indicates that mean velecities a£ étation B, over the entire pefiod
of observation, remain below 10 cm/sec with the majority of speeds
being below 5 cm/sec (Fig.10). Flows to the northwes£ dominate
slightly with sufflclent frequency of occurrence in other quadrants
to make the flow fleld essentially omnldlrectlonal. |

In contrast to the conditions observed.at Station B, flowsnat
Station C and to the west of Charles Island at Stations A, B’ and
¢’ are ev1dent1y more energetic and less variable in dlrectlon. At
C maximum mean speeds during the perlod of observation approach 20
cm/sec with the ma]orlty of flows proceeding along a northeast-
southwest tendlng track (Fig.10). The frequency of occurrence of
flews outside of these quadrants is low and associated mean speeds
‘seléom exceed 5 cm/sec. To the west of Charles Island, maximum mean
- speeds "approach 15 cm/sec. Flow directions in this area are
evidently less oscillaﬁory, or bi-directional, than those observed
at C and there is clear dominance of higher speed flows to the’east
"and southeast. | | |

The degree of spatial variability Charactefizing the,fioﬁ
field in the area over or ad301n1ng the plpellne corridor appears
representative of a system dominated by the combination of
bathymetfy and coastal landforms. Charles Island and the associated
Bar as well as Welches Point (Fig.10) clearly affect alongshore
flows and favor fhe generation of wakes and eddies. Viéual_trecking

of dye patches released at discrete points under a variety of tidal
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Figure 10 Near-Bottom Currents - Sorted Data
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.conditions and-minimai wind speeds indicates that.waters entering
the Gulf from the east at the beg1nn1ng of the flood when the Bar .
is exposed, enter from the. northeast and form a dlvergent stream in
the vicinity of Welches Point (Fig.11). The northerly arm of the
dlvergence proceeds to the north and west along Gulf Beach towards
the entrance to Mllford Harbor. The southerly component continues
along a more westerly track towards Charles Island and-dlsplays a
progressive clockwise rotation fthrough west to ‘northwest,’ on
approach to Charles Island, to the north near the northeast corner
of the Island, and then northeast towards the entrance of Milford
Harbor. This clockw1se gyre, favoring the transport of materials
from the offshore areas into the Gulf persists unt11 tidal 1levels
exceed the elevation of the Bar. Beyond this period, for the
remainder of the flood tide, the southerly limb of the flow from
Welches Point proceeds along a more_westerly track, crossing the
Bar, and the gyre breaks down.

The flood flow across the submerged bar proceeds_first to the
southwest along‘a nearly shore parallel track but uithin 1000 to .
1500 yds encounters an east going nearshore current. The current
'meter observations at Statlon A and the limited dye data suggest
that thlS current is persistent throughout much of the year and
dlsplays‘ 11m1ted dependence on streamflow .condltlons. The
convergence of these two flows results in a southerly migration and
reduction in energy of both streams with the combined £low
proceeding along a south-southwesterly track towards Stratford'

Point, beyond the western limit of the entrance to the Housatonic



Figure 11 Mean Flow Schematic - Flood Tide
Offshore Area Adjoining Milford,Ct.
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| River.

| With the onset of the ebb tide thévveloqity of the éast’going.
current on the west side of Charles Island increaseé wiﬁh flowé
follow1ng a shore parallel track. Along the western llmlt of the
Island the flow splits with a northerly component cr0551ng the bar
and proceeding easterly towards Welches Point (Fig.12). In the
vicinity of Welches Point this flow combines with the water mass
exiting Milford Harbor and continues around the Pointlalongshofe
towards New Haven. The southerly component is .blockéd by the
'_preseﬁce of Charles,Island, abruptly alters its course ﬁo the
southeast and follows the margin of the Island thfough a
brogressive éounterclockwise:rotation toainortﬁeast'tending track.
On departure from the shallows adjoining Charles Island this
compopent of the original nearshore flow also proceeds towafds
Welchés Point and progressively rejoins the northerly‘limb of the
currént.

The divergent east going current continues for a portion of
each ebb tidal cyclé until decreasing tidal elevation serves to
expose the Bar. Bar exposure, during the late ebb, biocks the flow
and forces all of the nearshore current to the south and east
around Charles Island. Following a track around the Island and then
eastward towards Welches Point, the northern margin of this flow_is
progressively sléwed by the shallows within the Gulf and turned to
‘the north forming a low energy counterclockwise gyre{‘For‘the
remainder of the ebb this gyre persiéts and displays many éf the

characteristics shown by the clockwise gyre observed during the
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record are supplemented ‘on occasion by higher ffequency

perturbations induced by the passage of énergetic wind stress

events. These events typically'peréist for periodé shorter than one

day and induce varia;ions in local flows which vary as a function

of the wind speed and direction and the duration of storm paséage.

Several storms sufficient to perturb circulation in the vicihity of .
Milford occurred during the study period. Bach event was ddninated

by winds rich in east to southeasterly components. On March 23,1991

a ' developing low pressure system resulted in east to southea#terly

winds and significaht rainfall. The system produced an'evidént

perturbation in the current field in the vicinity of Stati?n c

(Fig.19) inéreasing the duration and maximum speed of the late day .
flooa tide and effectively suppressing the associated ebb. Speed

during this period of neap tides was increased by storm passage to

levels approaching those observed during the preceeding spring

tidal period. | '

Oon April 21,1991 another low pressure system passed the study
area producing high enerqgy souéheasterly-winds»bver a pexriod of
approxiiately 20 houré. The system evidently perturbed the flow
field in the vicinity of Station ¢’ altering both speed and
direction. Variations in this case however, were notAasvpronouéed
as thoée observed'durihg the'xarch 23,1991 event (Fig.20). The
differeﬁceé in response produced by these two storm ‘events appear'-~
to be primarily associated with the differehce in location of the»

observing stations and the associated water depths.
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observing stations and the associated water depths.

?. Suspended Material COncentrations

Durihg the pre-project period of observation, beginning
in February,1991, the concentration of suspended materials in the
area over and adjoining the pipeline corridor averaged between 5
and 10 mg/l (Fig.21). Concentrations at ali stations displayed
periodic variations over the course of each tidal cycle with values
varying by as much as 30 to 50% in phase with local current speed.
Concentrations were highest, and variability most pronounced, ip
the vibinity of Station B. These variations appear to be the result
of the alternate resuspension and deposition of the high—water
content iayer of fine grained materials observed by divers along
the’sediment-water interface in this area. In contrast to Station
B conaitiohs, material concentratiops‘and associated variability
_were lowest at Station A with values displaying minimal tidal cycle
deviation-(Fig-Zl) The response is representative of an area
domlnated by erosion re51stant sediments and flows favorlng the
- dispersal of finer grained materials winnowed from the bed during
high energy storm events. Diver observations, obtained during array
servicihg intervals, and the near-bottom current meter .data,
indicate that such conditions ex1st in the vicinity of Station A.
The temporal dlstrlbutlon of high frequency, aperiodic,

Variations in suspended material concentratlonslls essentially
similar at each of the observing stations. Perturbations are

evident on February 6,13,and 20, and for the period from March 2
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through March 7,1991 with maximum cdncentratibns approaching_éo
mg/l (Fig.21). As in the case of thé‘average ambient~c§nqen-
tratioﬁs, the shoftfterm variétions aré m§s£ pronounced at Station
B and least well-defined at Station A. Reviews of the available
climatological data inclﬁding wind speed and direction and
precipitation from the U.S..National Weather Serice station at
Sikofsky' Field 1in Stratfofd, Conﬁecticﬁt ahd Housatonic River
streamflow monitored at the U.S. Geological Survey gaging station
at Stevenson, Connecticut (USGS,1991f indicate that eaéh of fhe
short-term variatiéns in suspended material concentration were
associated with significaht short-term increases ih rainfall—runoff
and abpve average wind speeds (Fig.22). Sheltérihg provided by the
adjoining land masses clearly favors winds from the east clockwise
through the south to_southwest with the major resuspension events
,at all stations, occurring during periods.dominated by south to
southeasterly winds. The evident COrrelation_ with ~local
precipitation and the correspondingly weak correlation with
measured streaﬁflow suggests that rainfall-runoff along the lowef
"Housatonic River valley below the géging.station and within ungaged
tributafy.waterways entering‘Milford Harbor (i.e. Indian River and
the-Wepawaug River) can represent a significant factor affecting
sﬁpplies of sediment to the coastal waters adjoining Milford.
Subseqﬁént distribution of these materials appears governed by the
~combination of local tidal currents and surface wind wave
associated velocities. Detéiliﬁg of the influence of this létter

factor was not possible during the pre-project deployment period
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due to the absence of a wave gage on'the'monitoring arrays;
 The initiation of dredging on March 9,1951.served to'increase
. the tidal cycle variability in_susnended material concentrationsiin
the vicinity of» Station B (Fig.é3). - Average background
concentrations increased slightly reIative to those observed during
the pre-project period with values approaching 10 mg/l. During the
initial phase of the project from March 9 to March 14,1991, and
during the final stage between April 6 and April 8;1991, as the
dredge worked the area inshore of the 25ft isobath (Fig.3),
material concentrations at Station B varied by approximately 125%‘
(Fig.23). Variations were most pronounced during the flood phase of
‘the tide althougn smaller perturbations were observed'during the
ebb. Tnis response appears to be the result of the advection of
fine grained materials suspended by the dredging operation, to and
past the monitoring site, by the counterclockwise current gyre
'present duringv the early stages of each flood tide cycle.
Additional evidence of the effect of this gyre is provided by the
relatively abrupt. cna_nge in the degree of variability of the
material concentration field.on March 13,1991, as the dredge passed
" and moved to the northwest of Station B (Fig.3) and on April 7,l§91
‘as the dredge returned to;the outer limits.of the Gulf (Fig; 23).
The array data indicate that the influence of dredging
_operations on the inshore suspended material field is principally
confined to the region of the Gulf. Material concentrations at
Station A displayed characteristics that.were essentially identical

to those observed during the pre-dredge period (Fig.23) and there
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east (Fig.24){ Thesellatter wind conditions were sufficient tb_
produce a high energy surface wave field. Analysis of the data
provided by the bottom mounted preésure gage indicates that average
wave height at station C duting the March 14th event équalled
approximately 0.35m with periods ranging from 3 to 5 seconds |
(Table 7). During the March 23rd event waQe heights wefe ‘
signficantly larger with average values 6f approximately im. This

increase in height was accompanied by a corresponding increase in

wave period with maxima of 6.5 sec. observed. The data‘brovide
clear indication of the sensitivity of the local surface wave field
to both wind speed and direction and the duration of the wind
event.

The event of March 23,1991 served to increase suspended
material concentrations in the vicinify of each of the sampling
stations by nearly a factor of ten. The increase was least
pronounced at Station B, ‘Qhere observed maxima Nequalled
approximately 95 mg/l, and largest at Station A with maxima equal
fo approximately 160 mg/l. Corresponding maxima. at,.statidn c
approached 120 mg/l (Fig.23). At each station the evident increase
abové‘background persisted for_éevéral days, until mid-day on the
27th, despite an evident decrease in wind speeds on March 24,1991.
The factofs governing this persistence appear to be primarily
associated with_the combination of rainfall-runoff and instrument
artifacts associated with the acccumulation of Setfling sediments
on the windows of the optical sensors. The‘effect of thié latter

factor is most evident at Station C where the abrupt decrease in
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material concentration is coincident with the/servicing‘of the
array and least apparent at B where the use. of an optical
backscattering probe favors minimal effects due to fouling of the
_w1ndows. The progressive decrease in concentration at Station B,

approaching background by the 27th, in contrast to the more nearly
constant apparent increase in background observed at Stations A andv
C indicates that only avportion of the elevated concentrations at
the-latter stations is the result of bias produced by settlement on
the windows. The remainder of the signal appears to be associated
w1th an actual increase in local suspended material concentrations
as a result of rainfall-runoff. Meteorological observations show
that significant rainfall continued in the area through the 26th
(fig.24). Concurrent array data indicate a progressive decrease in
near-bottom sallnities particularly at Stations A and C indicating
the presence of river water and effective mixing over the vertical
as a result of the storm associated wind field. The increase cannot
be the result of direct dredge .induced resuspension since'
operations were suspended during the period of storm passage and
subsequently resumed in the far offshore area, beyond the transport
field affecting the inshore study area. It is possible that some
portion of thevmateriais displaced by storn‘waves were sediments
previoUsly dredged dnring the inshore transit of the dredge (Fig.3)
and placed along the western 1limit of the. pipeline corridor.
Inshore propagation of waves produced by southeasterly winds would
tend to favor displacement of these sediments and migration along

a northwesterly tending track. Such displacement, in combination
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with the ambient tidal currént field, could'fesult in the westerly
.migratiorx of some fraction of these materials across the: Baf
towards Station A where alternating resuspension and déposition
during subsequent tidal cycles could produce'é persistent incréése
in background suspended material»cqncentrations for some period of
fime. The character of the suspended material signal at Station A,
however, including the near absence of tidal periodicity during the
storm period, the preéénce of persistence at‘Station C béyond the
area-affected by cross-Bar transport, and the coarsevgrainea nature
of the sediments dredged—from the pipeline trench, indicative of
limited far-field transport pbtehtial, favors dominance‘ of
streamflows relative to dredge associated factors at both A and C.

The passage of the storm of March 23,1991 produced an evident
short term increase in amount of sediment suspended in the water
columh over and adjoining the pipelihé corridor resulting in a much
mbré- prominent signal than that produced by dredge' induced
resuspension. Integration of the time series array data (Fig.23) -
indicates that the mass suspended during the four days.incluaing 
and just after storm paséage‘at-station B was approximately 65%
more than‘that'suspended by the dredging operations during the
- period Mafch 9 to March 14,1991. Similar calculations4using the
- data obtainéd at Stations A and C indicate a clear dominance of
storm effects relative to those produced by the dredge'ﬁith storm
passage serving to displace more than six tiﬁes the mass of
sediment introduced by the transport of dredge suspended materials.

-In addition to the difference in the mass of sediment suspendéd by
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storm passage relative to that introduced by ‘the dredée, the -
spatlal scale of influence of the storm is 51gn1flcantly larger’
than that of the dredge. Storm associated resuspen51on is expected
to affect the entlre ‘nearshore area out to water depths beyond the
"1nf1uence of surface waves (approx1mately 30 to 60ft) As discussed
above, transport of dredge resuspended materials affects, at most,
’near—bottom'downstream areas within approximately 1000yds of the
operation. 'i‘he combination of these larger spatial‘ scales and
associatedb larger mass of suspended _sediment indicates that,
relative to the dredge, naturally occurring storm events have a
greater’potential to'adVersely affect organisms sensitivevto above
average suspended material concentrations.
on completion of the trench excavation the instrumentation

arrays 1n1t1ally located at Stations B and C were relocated to
sites west of Charles Island to avoid possible damage during the
pipelaying operations (Fig.1) . The combination of data provided by
these arrays and the unit remaining at Station A indicates that
pipeline placement‘produced no measurable variationwin suspended-
material concentrations with values remaining equal to or less than
those ohserved during the pre-project period (compare Fig.25 to
Fig.21). The high frequency variation observed on April 10,1991 is
a55001ated with the passage of a small but 1ntense storm event
which served to produce an energetlc surface wave fleld with peak
amplitudes approaching 1m and periods of approx1mate1y 6 sec.
(Tablev7). After completion of the pipelaying phase, and prior to

the initiation of infilling, concentrations in the area were again
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perturbed by the passage of’anéther high energy Storm.eVent which
persisted over a two day period, Aﬁril 20-22,1991 (Fig.25). This
event was significantly more energetic than the April'ioth storm
and was dbminated by winds' ffom the east to southeést and
‘accompanied by sigﬁificént rainfall (Fig.26). The combination
served to increase maximum material'cbncentfations at B’ and C’ by
nearly a factor of 10 above’ambieﬁf average béckground levels.
Surface waves during the evént were similar iﬁ chéracter'to'those_
observed during the April.loth storm (Table 7) but persisted for é
significanﬁly longer period of time. This persistence favored
enhanced bottom shear stress and s_ed_iment_ resuspension due to
interactions between wave induced ahd tidal velocities resulting in
an eyident -periodicity within the observed perturbations in
suspended material concentrations with 'periods essentially
identical to the dominant semi—diurnai tide (Fig.25). Such
conditions favor enhanced erosion of the bottom sufficient to
resuspend the high wétér content sufficial layer and portions of
the underlying sediment colﬁmn. The observétions indicéte that it
is only under these enhanced stress conditions that the deeper .
sediment column is subject to erosion and transport. For the‘
remainder of the _time transport in the region of the Gulf is
confined ‘to the displacement and’ subseqﬁent settling of the
surficial layer of high water content, organic rich, éédiments.

As the-energieé associated with storm passage decreased on
April 22,1991 dredging intended to close the pipéline trench began

with the dredge located in the vicinity of the northeast corner of



Charles Island (Fig.1). From this site the dredge worked
progréssively—shorewards téwards Silvér_Béach; On April 28,1991'5
second dredge was'placed in service tb accelerate the-rate‘of
closure of the trench. For ‘the remainder of the project, two
dredges were in service, one working the immediate.nearShore and
the other the more distant offshore portions of'the.trench.

:The array data indicate that trench infilling resulted in a
slight increase iﬁ suspended material concentrations in the area
immediately 'wgst> of Charles Island. A comparison of. the

concentration levels at Station B’ fpr the period April 12-17,1991
to thbée observéd during the period April 23-28,1991 jindicates that
an increase in average suspended material concentrations‘from 5.4
mg/1l during the pre-dfedge period to approximately 8.25 mg/l during
dredging (Fig.27). More Significantl§, tidal cycle variabi;ity
‘durihg the dredging is increased relative to that observed dﬁring
the pipelaying period (Fig.27) with the standard deviation of the
susbended material field increased by approximately 50%.

The variations at Station C’ are qualitatively'similar to
thosé observed at‘B’ with the majority of the larger amplitude
change associated with instrumental bias induced by the settling
of sediments"On the windows of the optical sensors. The
observations indicate that resuspension of fine grained sediﬁents
associated with closure of the inshore segments of the pipeline
trench resulted in the fbrmation of a plume of suspended materials

that migrated westerly across the bar and then to the south and

west affecting material concentrations in the area immediately west
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of Charles Isiand._These data appear consistent with earlier‘Aériél‘
overfiight observations showing a floodtide driveﬁ southweéterly
migratién of turbid water during the initial trénchvexcavation
(Fig.28) (D’Amico,1991). .

On May 15,1991 the instrument arrays, rélocated during the
pipelaying and trench infilling portion of the project, were
returned to their initial sites at Stations B and C (Fig.1l). This
méve_occurred just before the completion of the filling of{the‘
offshore segments of the trench and just after initiation of beém
smoothing operations. These latter operations, intended to festore
the bottom configuration along the pipeline corridor transiting:the
leased shellfish beds to pre-project contours, began on May
13,1991. Initial operations placed primary emphasis on the area
.extending inshore from the vicinity of the northeast corner of
Charles Islaﬁd (Fig.1). The afray data indicate that the smoothing
operations produced a relétiveiy minor 1increase vih average
suspended material concentrations in the Gulf. Observations at
Station.B indicate mean valués that aré neérly equél ﬁo those -
observed during the pre-project period (compare Fig.29 to Fig.21).
The tidal cyclé variability during the smoothing operations is
enhanced relative to the pre-project data resulting in an evidently
larger standard deviation. The combination suggests that smoothing
resulted in the resuspension and displacement of the fine grained
fractions of the placed sediments producing alterations 'in 1qcal
water clarity but only minor increaées in the maéé of sediment in

transport. As a result of these characteristiés, subsequent



Figure 28 Aeria1‘Viéw of Suspended Sediment

Dispersal During Flood Tide
March 20,1991 -  1145%est
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settling of these suspended‘sediments following termination of the
smoothing bperation or far-field transport can be expected~to
produce thin depositional layers Qith vertical dimensiens on the
order of millimeters.

Beyond the Gulf, suspended material concentrations at the
observing stations appear to be unaffected by the smoothing
operations. At Station A concentrations were nearly identical to
those observed during the pre-prdjeet period with only slignt
indication of an increase in tidal cycle variability (Fig.29).

At Sstation C concentrations were significantly higher than those
observed during the pre-project period. However, this increase
appears to Be associated with instrument artifacts produced by
changing composition of the suspended material field rather than an
actual increase in the mass of material in suspension. Drawn water
sampling following repositioning of the instrument arrays indicates
that near-bottom suspended material concentrations in the vicinity
of Station C averaged approximately'7-8 mg/1 (Fig.31-Tab1e 8).
During the same period the optical sensor indicates coneentrations
in excess of 18 mg/1l (Fi§.29). Review of diver logs for the period,
instrument service records showing stable supply voltage, and the
11m1ted standard dev1atlon of the record prior to May 28, 1991,
1ndlcate that this is prlmarlly the result of a seasonal increase
'1n‘the concentration of relatlvely low—welght organic partlculates.
These partlculates affect beam transm1551on characterlstlcs,
resultlng in an apparent 1ncrease in water column concentrations,

but represent a relatively minor fraction of the mass of material
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filtered from the drawﬁ water sample. As'a result, the array data
from Station C proﬁide an inaccurate measure of the mass of
éediment in ‘suspension and are best used as indicators of.the
occurrence of resuspension events such as wind stress dominated
storms and/or short-term increase in streamflows. The data from
Station B are not subject to this effect since the array employs an
.optical backscattering sensor to monitor concentrations rather than
a beam transmissometer as used at Station C.

Suspended material concentrations at all statiogs display an
evident increase above average ambient 1levels beginning on May
28,1§§1 with values remaining high for an eight (8) day period
‘ending on June 5,1991 (Fig.29). Average concentratioﬁs in the
rvicinity of Station B increased by approximately 100% to slightly
ﬁorézthan 20 mg/l. Concentrations at A and C were less pronounced
but ;iisplayed a significantly greater standard deviation than
Station B. This increase appears to be primarily the result of a
short-term increase in rainfall-runoff and associated stfeamflow
"from the Housatonic River (Fig.30). At Station B the continuing
beam smoothing operations produced perturbations that were
impressedion the streamflow signal and served to supplement the
high frequency variability of the suspended material field.
Concentrations at this station decreased rapidly after June 5,1991
with values approaching the mean obsefved during the period prior
,fo May 28th. A'similar‘responée was observed at stations A and C
with some residual increase in material concentration remaihing due

to accumulations of sediment on the windows of the optical sensors.
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Servicing (see_Table.1 for schedule) effectively corrected this
bias removing both the accumulated_sedimentsvand fouling organisms
A‘that}settle and grow rapidly during the early summer months. The
results of service activities are evident in the array records and
generally result in a relatively abrupt return of the output signal
to average background values.

The termination of the beam smoothing operations on June
23,1991 resulted in only minor variations in the qualitative and
quantitative character of the suspended material field adjoining
the pipeline route. Average concentrations at Station B equalled
approximately 10 mg/l and were essentially identicai to those
observed during the pre—project period and‘throughout much of the .
construction period (Fig.32). The{standard deviation decreased
‘significantly' relative> to conditions observed during the bean
smoothing opeérations with values approachingvthose observed during
the pipe laying period (Flg 25). Conditions at Station C remained

‘unchanged with concentratlons and high frequency varlablllty equal
to those observed during the beam smoothing period. Agaln drawn
water sampling indicates significantly lower concentrations than
those indicated by the optical sensors consistent with the
-continuing presence of opticai bias Fig.31-Table 8). It is
interesting to:note that although this is a relatively low energy
time of the year, with wind speeds seldom exceedingvio knots,
several events sufficient to significantly perturb suspended
.material concentrations'at‘Station B did occur. Each appears to

‘have been primarily the 'result of short-term increaSes in
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streamflow (F1g 32) producing effects that are essentlally conflned"
to a portlon of a single tidal cycle. In addltlon ‘to this 11m1ted
time scale, the absence of a coincident increase in concentratlon
at Station C indicates that the spatial scale of these effects is
1imited and most probably confined to the immediate nearshore.

- The observations during this post-project period provide no
indication of residual effecte within the suspended material field

associated with the pipeline construction activities.

Discussion

The time series obServations' obtained as part of .this
investigation indicate that gas bipeline construction activities in
the area ofshore of Milford served to produce short-term, small
amplitude, changes in the concentretion of suspended materials in
the area adjoining the pipeline corridor. The _sﬁatial scales
associated with this change were relatively small and confined to
the immediate vicinity of the dredge and/or bottom smodthing beam;
The array data indicate that the typical longitudinal or downstream_
dlstances were on the order of 500 to 1000yds. Estimates of the
lateral scales associated with the operatlon induced plume of
sediment can be developed by observing the horlzontal spreading
4 rates of the dye patches used to trace surface currents and through
examination of aerial photographs show;ng sediment plumes extending
downstream from an operating dredge. These data indicate that the

lateral dimensions of the suspended material plume are
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substantially-smaller than the downstream distances, particularly
in the higher velocity, offshore, areas‘(vicinity of Station C
e.g.) with typical scales on the order of 100—200yds._Suspended
.material concentrations associéted with these plumes decay rapidly
with distance downstream"with the majorify of sediment resuspendéd
by the dredge settling within the 100-200ft of the operating
bucket. Drawn water sampling in the immediafe‘vicinity'of the
dredging point indicated significant spatial variability within the
" turbulent wake of tﬁe bucket with concentrations ranging from 50 to
250 mg/1l. Althongh-visually apparent, these concentrations are low
relaéive to those observed in the vicinity of a dredge working in
fine grained sediment (Bohlen,et.al.,1978) and appear
representative of a system in which the majority of the dredged
sedinent is coarse grained with high settling velocities. In such
matefials only a small peréentage of the dredged sedimént mass will
remain in suspension for a time sufficient to permit downstream
transport, with even this fraction initially experiencing rapid
settling due to ‘concentration effects. The response appears
consistent with the generally coarse grained nature of the
sediments known to dominate much of the study area. These factors,
in combination with the generally low velocity currents prevailing
in much of the area inshére of thé 30ft isobath, favor confinement :
of the primary project relaﬁed effects té the immediate §icinity of

the bperating dredge.
In addition to limitin§ spatial scales, rapid settling of

dredge resuspended sediments constrains the time scales associated
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w1th project 1mpacts. In all phases of the operatlon the su
-materlal perturbatlons resultlng from pro;ect related mecl gﬁk
disturbance were essentially confined to the operational //<2if
with values returning to pre-project levels almostvimmed
following the cessation of dredging and/or.smoothing. This Luacuour
serves to reduce the time during which benthic or sessile organisms
are exposed to elevated suspended material qoncentrations. The
relatively rapid rate of advance of the dredge, proceeding at
approximately 125.de/day, during both the initial excavation and
subsequent'infilling phases of the‘project, appeers to haQe taken
full advantage of the opportunity to keep exposure time to a
minimum. |

The relatively discrete nature of the pipeline eonstruction
activities in both space and time suggests that it is appropriate
to view the operation as a movihg' point source of sUspehded
materials. The source moves progressively along the axis of the
pipeline corridor with resulting suspended.materials distributed to
the right and left under the alternating influence of local tidal
currents. With the effects simply confined to an area eﬁtending out
to 1000ft each.side'ef.the centerline, calculations assuming the
continuing presence of the.maximum observed suspended material load
indicate that associated deposition would result in the
accumulatlon of approximately O. 1251n of sediment on the bottom.
Distributions over a larger area or selection of lower average
suspended material concentrations ‘would necessarily fesult in

thinner depositional layers. These materials would serve to
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supplement the 3-4in layer of hlgh water content 'orgaﬁic rich,
sedlment routlnely re51dent along the sedlment-water 1nterface
'throughout the study area and should be rapldly assimilated into
thls layer. The absence of significant chemical contamlnatlon
a55001ated with the dredge materlals (ERCO 1987) and the similarity
in grain size characterisitics relative to regional. sediments
indicate that the presence of the deposited residue should not
significantly alter the character of the interfacial sediment layer
nor its potential to induce adverse biological effects.

In coﬁtrast to the relatively discrete effects. of dredge
inddded sediment plumes, the array data indicate that naturally
occurring storm events tend to perturb the suspended material field
throughout the study area. These eventé produced significéntly>
1arg§r variations in suspended material concentration than pipeline
assdéiated operations with effects observed over a significantly
larger area. The majority of these events persisted over periods in
excess of one day or time scales equal to or lohger than those
associated with dredge impact on a given area. The records.indicaté
that during the study period, February to July,1991, eleven (11)
storm events occurred sufficient ~ to produce increases >in
concentration in excess of those related to pipeline operations.
The common occﬁrrence of these events as well as their spatial and
temporal scales and the relatively large mass of sediment
resuspended during their passage 1nd1cate that organisms 11v1nq
successfully in the area must, over the years, have developed an

ability to tolerate short-term increases in suspended material
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concentrations. These characteristics, in combination with thgb
minimal depth of burial associated with deposition of dfedge
resuspended sediments and the absence of chemical contaminants in
the dredged sediment, effectively confine operation‘associated
biological impacts to areas. éubject to direct mechanical
disturbance including the region of .the trehch, béam drags areas,
and portions of the bottom impacted by anchors restraining the .
pipelaying barge. Beyond thié region the opefatibns affect only the ”
suspended material field on spatial and temporal scales that cannot

produce measurable biological change.





