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SUMMARY OF THE NEW BEDFORD FACILITIES PLAN VOLUMES

The project addressed in this six-volume facilities plan involves the
construction and operation of wastewater treatment facilities to serve the
City of New Bedford and includes an assessment of the environmental impacts
of those facilities. The city is required to implement new wastewater
facilities (including collection, treatment, and disposal) and to evaluate
associated environmental impacts to comply with a consent decree jointly
filed in federal court by the U.S. Environmental Protection Agency (EPA),
Massachusetts Department of Environmental Quality Engineering (DEQE), and
the Conservation Law Foundation. The 1987 consent decree puts the city on
a court-enforceable schedule to improve its wastewater collection and
treatment systems. Conseguently, the city and its consultants have
prepared a two-phase facilities plan to meet the terms of the consent order
and applicable federal and state regulations.

The New Bedford facilities planning process implemented a stepwise approach
to plan development involving a series of interdependent decisions.
Evaluation of a recommended plan for wastewater collection and treatment,
solids processing and disposal, effluent discharge, and the associated
environmental impacts required that various components first be studied
individually and that decisions be made about their viability before they
were combined and analyzed as a whole. Because early decisions regarding
the feasibility of one plan element may affect subsequent decisions,
extensive documentation of each decision point was critical. As a result,
when related tasks in this facilities plan were completed, a document was
prepared to provide a firm basis for subsequent decisions. Thus, all six
volumes of the facilities plan do not reflect an equivalent level of
understanding. Each presents a snapshot of the facilities planning process
at a particular point in time and provides a foundation for the analyses
described in subsequent volumes. The six volumes of the facilities plan
are described below.



Volume I - Phase 1 Pacilities Plan and Screening Studies

This document, which was submitted in draft form to DEQE and EPA in
November 1987 and to MEPA in February 1988, describes many of the
 background analyses that set the stage for subsequent studies in later
volumes. It provides an overview of existing facilities, projected flows
and loads, treatment plant capacity and performance, alternative treatment
schemes and solids handling/disposal methods, and potential sites for the
treatment facilities and solids disposal — including screening from
numerous initial candidate sites to a handful of sites for more detailed
study. Many of the agency comments received on the draft document were
responded to directly at the time the comments were made. Responses have
also been incorporated in the current text, as appropriate.

Volume II - Site Evaluation for Wastewater Treatment Facilities

This volume documents the treatment plant site selection process, starting
with sites carried from the Phase 1 study (Volume 1), and presents
recommendations regarding the most appropriate sites for further analysis
in Volume V. A draft version of this document was submitted to MEPA, DEQE,
EPA, and involved parties in May 1989. The text has been revised as part
of the final facilities plan to reflect responses to comments.

Volume III - Design Criteria Development and Process Evaluation

This volume describes wastewater treatment plant design criteria, process
evaluations for wastewater treatment, sludge processing and air emission
controls, and solids disposal siting. It begins with the development of
treatment plant flows and loads, and describes plant performance requirements
necessary to achieve receiving water quality and air emissions criteria.
Liquid, solids, and air emission process technologies are evaluated to
determine the appropriate process. Solids processing and solids disposal
options are also investigated in detail. The resulting liquid, solids, and
air emission process recommendations, along with site recommendations for
solids disposal, were carried into the Volume V evaluations.



Volume IV - Effluent Outfall

This volume presents the findings of the evaluation of candidate sites for
the discharge of treated effluent from the wastewater treatment plant.
Outfall siting involved assessments to determine the appropriate location
for the outfall, the optimal method of constructing the outfall and diffuser
system, and the impacts of the construction and operation of the recommended
facility on the marine resources of New Bedford Harbor and Buzzards Bay.

Volume V - Development of the Recommended Plan

This volume is the culmination of the facilities planning activities
described in previous volumes. It begins with the conclusions/
recommendations contained in Volumes 1I, III, and 1V, and supplements/
updates the information with respect to the treatment plant, collection
system, solids disposal, and outfall. Next, it combines the various
components to form four alternative plans and presents a comparative
analysis of the plans. The recommended plan is then selected from these

four alternatives.

The draft of the recommended plan and its financial impact on the community
were subjected to an independent, detailed value engineering evaluation
during the draft Facilities Plan/EIR review period. The value engineering
exercise concluded that certain steps could be taken to reduce the
recommended plan’s total cost and thus make it more affordable. The city,
after carefully reviewing its financial capabilities, agreed with the value
engineering recommendations. Accordingly, the recommended plan, as
presented in Volume V Section 10, has been revised. The revisions to the
draft recommended plan and draft implementation schedule are presented in a
new section (Section 13) in Volume V. The final Phase 2 Facilities Plan/
EIR along with its implementation schedule is as presented in Section 13.



Volume VI - Public Participation Program, Review
Comments, and Comment Responses

This document traces the public participation process throughout the entire
- facilities plan development. The primary vehicle for public participation
is the Citizens Advisory Committee (CAC), an advisory group consisting of
representatives from New Bedford and neighboring communities. This volume
presents minutes of CAC meetings, voting results, responses to written
comments, and responses to comments received at public meetings.

Additional appendices to Volume VI have been prepared to include the public
hearing transcript, the public hearing responsiveness summary, a copy of
all review comments received during the 60 day MEPA review period, and
responses to all comments.
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4.0 EXISTING CONDITIONS AND FIELD INVESTIGATIONS

4.1 OVERVIEV

This section summarizes the present environmental conditions of New Bedford
Harbor. The information in this section represents the baseline conditions
prior to construction of the outfall system for the discharge of treated
effluent from Nev Bedford’s new secondary WWTP. Included in this section
are descriptions of existing treatment facilities that discharge to the
study area; the results of previous and current field collection efforts in
the areas of physical, chemical, and biological oceanography; and the
descriptions of harbor resources that may be impacted by the treated

effluent discharge.

4.2 EXISTING FACILITIES

New Bedford Harbor and Buzzards Bay receive wastevater from several sources
along their coastlines. Municipal discharge plants in the project study
area are the present New Bedford primary WWTP, and treatment plants for
Dartmouth and Fairhaven, as well as the New Bedford combined sewer overflow

(CS0) discharges. There are also several industrial dischargers.

The New Bedford wastewater system serves about 60 percent of the area of
the City of New Bedford, and 98 percent of the population. In addition,
the system accepts flow from about 600 dwelling units in the Town of
Dartmouth and 60 units in Acushnet. The service area and the facilities
operated by the City of New Bedford for the collection and treatment of
vastevater are described in detail in Volume III. The following sections
describe the existing New Bedford outfalls and the other discharges in the
region. Figure 4-1 shows the location of these discharges.
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4.2.1 NEV BEDFORD WWTP OUTFALLS

Description

Wastevater treated at the existing Fort Rodman plant is discharged into New
Bedford’s Outer Harbor via two outfall pipes, as shown in Figure 4-1. The
main outfall is a 60-inch diameter cast iron pipe that extends about

1,000 m (3,300 feet) south-southeast from the tip of Clarks Point. It was
constructed in the 1920s when the interceptor system was installed. The
second outfall is an auxiliary pipe of 72-inch diameter. Constructed in
1974, it is a prestressed concrete pipe extending about 303 m (1,000 feet)
from the tip of Clarks Point into the Outer Harbor. It runs alongside the
60-inch pipe. Design drawvings for both pipes indicate that they were

constructed in dredged trenches.

The terminus of the 60-inch outfall is a 90-degree cast iron elbow. The
elbov is encased in concrete and rip rap, located at a depth of about 9 m
(29 feet) at mean low water. There is no diffuser system associated with
this outfall port; discharge from the elbow is vertically upward. The
release point is level with the ocean floor. Figure 4-2 shows a sketch of

this system.

The terminus of the 72-inch outfall is a 90-degree prestressed concrete
elbow. A grate approximately 2.1 m (84 inches) in diameter is attached to
the outlet end of the pipe. As with the 60-inch pipe, no diffuser system
is attached to the end of the outfall. The outlet end protrudes about

0.3 m (1 foot) above a 2.7-m (9-foot) high rip rap embankment.

The existing plant’s chlorine contact tanks contain a flow-splitting wveir
arrangement that directs wastewvater flow to the two outfall pipes.
Vastevater is first discharged through the main (60-inch) outfall and then
to the auxiliary (72-inch) outfall when flow exceeds the capacity of the
main outfall.



=S

60" # C.1. MPE

SOURCE: 1983 301(h) Waiver Application City of New Bedford
PROFILE

NOTTO SCALE City of New Bedford, Massachusetts
Wastewater Facilities Plan

Figure 4-2
EXISTING OUTFALL PORT FOR 60" PIPE




Existing System Inspection and Testing

Because the existing outfall pipes are included in the alternatives for
discharge of the secondary WWTP effluent, and since sediment deposits have
reduced the hydraulic capacity of the 60-inch pipe, an outfall inspection
and hydraulic capacity test of both outfall pipes was performed. Sediment
deposits were also analyzed for contaminants. The outfall inspection
consisted of internal and external surveys of both outfall pipes by divers;
the results of these surveys are found in Appendix H, and are briefly
summarized below. The results of the hydraulic capacity testing are found

in Appendix P.

Internal Surveys. About two-thirds of the 60-inch and all of the 72-inch
outfall pipes were surveyed by divers. In the first shoreward 1,000 feet

of the 60-inch pipe, no joints were detected due to the heavy buildup of

solids on the pipe walls. Deposits were highly irregular, ranging from O
to 10 ecm (0 to 4 inches). The 60-inch pipe was also inspected for 303 m
(1,000 feet) from the oceanside outlet. The elbow at the outlet had a
considerable amount of deposition. Deposits in the pipe, shoreward of the
elbow, appeared to be heavier than those found at the landside inspection,
and ranged from 0.6 to 18 cm (0.25 to 7 inches). In this part of the pipe,
joints were detected approximately 5.5 to 6.1 m (18 to 20 feet) apart. At
each of these joints, a buildup of material the prevented measurement of
joint gaps. No structural defects were found in the parts of the 60-inch

pipe that were surveyed.

Approximately 90 m (300 feet) from the landside of the 72-inch pipe, pipe
joints were detected. The joints were found every 5.5 m (18 feet), and

gaps ranging from 0.6 to 9 cm (0.25 to 3.5 inches) (with an average of 1.3
cm [0.5 inches]) were measured. The deposition of solids was less than in
the 60-inch pipe. The walls of the 72-inch pipe were consistently covered
with 0.6 cm (0.25 inches) of "slime." No structural defects were found in

the 72-inch pipe.

External Surveys. The external surveys consisted of dye tests and an

external swim of the pipe alignments by a diver. The sea floor along the



60-inch pipe is relatively level, and covered with gray and black sediments
typically 15 to 20 cm (6 to 8 inches) thick. A relatively dense sand layer
vas located beneath the surface layer. Approximately 240 to 300 m (800 to
1,000 feet) from shore, three partially exposed pipe joints were observed;
only 0.1 to 0.2 m® (1 to 2 ft?) of pipe was exposed at each location.
Approximately 60 m (200 feet) from shore, a long section of outfall pipe
with six adjacent pipe joints was exposed; some cover was found midway
between these joints. No dye was seen discharging along the alignment of
the 60-inch outfall pipe.

Along most of the length of the 72-inch outfall pipe, rip rap was observed
above the surrounding seafloor. The rip rap varied in height from about
0.2 to 2.4 m (8 inches to 8 feet), and was 2.4 to 3.6 m (8 to 12 feet)
wide. Approximately 170 m (550 feet) from shore, for a 9 m (30 foot)
length, the rip rap pile was not observed; in this area a thin layer of
silty sediment overlies sand and gravel. Again, no dye was observed
discharging along the alignment of the 72-inch outfall pipe.

Hydraulic Capacity Testing. An outfall head loss test was conducted on the

60-inch outfall pipe by measuring the head difference between the water
levels at the junction manhole at the upstream end of the outfall and at
the discharge of the outfall. The calculated head loss caused by wall
friction ranged from 0.8 to 1.2 m (2.7 to 3.98 feet). The C value from the
Hazen-Williams equation was calculated to be 40. This head loss test shows
that the capacity of the 60-inch outfall has been greatly reduced by the
deposits on the walls of the outfall, and wastewater levels can be expected
to top the manhole rim of the outfall junction structure when flows exceed
1.5 m’/s (34 mgd) at high tide.

Head loss tests could not be performed on the 72-inch outfall pipe. A
reasonable estimate of the C value for this pipe is 100.

Contaminants in Outfall Sediment Deposits. Details on samples collected

can be found in Appendix H. Four samples of sediment deposits were
collected from the 60-inch outfall pipe: 67 and 284 m (220 and 938 feet)
from the shore end, and 75 and 306 m (250 and 1010 feet) from the seaward
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end. These samples were composited into two samples (landside and
oceanside) because of the small amount of sediment that could be obtained.

Two composite samples were taken from the 72-inch pipe. One contained
sediments obtained from 92 and 181 m (303 and 598 feet) downgradient from
the land end of the pipe; the other sample was a composite of sediments
gathered from 67 and 204 m (220 and 672 feet) from the offshore end.

The samples were analyzed for priority pollutant metals, PCBs, volatile
organics, boron, and molybdenum. Table 4-1 provides a summary for all
metals, boron, molybdenum, and PCBs; only the detected volatiles are
included on the summary. For the most part, the metals concentrations were
similar to the bottom sediments collected near the 60-inch outfall terminus
(see Section 4.4.5). The notable exceptions were cadmium and nickel, which
wvere significantly higher in the pipe deposits than in the ocean floor
deposits, and lead for which the converse is true. The PCB concentrations
measured in the outfall pipe deposits were in the low end of the range of

levels detected in nearby ocean sediments.
4.2.2 NEV BEDFORD COMBINED SEVER OVERFLOWS

New Bedford’s wastewater system has 35 CSOs, most of which activate during
vet weather. They are shown in Figure 4-1. The combined sewer service
area is about 14 km? (3,440 acres). Overflows from this system discharge
to the Acushnet River, New Bedford’s Inner and Outer Harbors, and Clarks

Cove.

Plans to eliminate the dry weather overflows and reduce CSOs are currently
being formulated and evaluated in the New Bedford CSO Facilities Plan.
Coordination between the CSO Facilities Plan and the outfall siting studies
is an integral part of this facilities plan. As discussed in Section 3.3,
one possible CSO strategy is store and pump wet weather flows to the new
secondary WWTP; this strategy would result in treated effluent from dry and

wvet weather flows discharging from a common outfall.
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TABLE 4-1

CONTAMINANTS IN OUTFALL SEDIMENT DEPOSITS

72-inch Outfall 60-inch Outfall 60-inch Outfall
Contaminant (landside) (landside) (oceanside)
antimony 4.0 <2.5 4.6
arsenic 3.3 3.9 3.7
beryllium <1.0 1.0 - 1.0
cadmium 210 350 160
chromium 550 660 410
copper 1200 810 680
lead 420 170 160
mercury 1.9 1.8 0.68
nickel 260 470 520
selenium 1.0 <1.0 2.0
silver 9.4 2.0 2.0
thallium 1.0 1.0 1.0
zine 1300 1300 1100
benzene <0.5 0.25 <0.01
1,4-dichlorobenzene 1.4 <0.1 <0.01
ethylbenzene <0.5 0.19 <0.01
methylene chloride 0.58 2.3 €0.01
toluene 0.5 0.14 <0.01
boron ) 39 610 470
molybdenum 54 19 5.9
Arochlor 1016 <5.0 <5.0 2.0
Arochlor 1221 <5.0 5.0 2.0
Arochlor 1232 <5.0 5.0 2.0
Arochlor 1242 <5.0 5.0 5.7
Arochlor 1248 <5.0 <5.0 2.0
Arochlor 1254 <5.0 <5.0 3.4
Arochlor 1260 <5.0 <5.0 <2.0

NOTE:  All concentrations in mg/kg



The towns adjoining New Bedford have predominantly separated sewer systems.
Dartmouth, Fairhaven, and Acushnet all have separate sewer and storm drain

systems so untreated wastewater is not released into adjacent waters.
4.2.3 OTHER NEV BEDFORD HARBOR DISCHARGES

In addition to the New Bedford outfall and New Bedford CSO discharges,
concentrations of dissolved constituents in Buzzards Bay will be affected
by other municipal and industrial wastewater discharges. These discharges
are investigated in this study because they may have a measurable effect on
New Bedford’s ability to meet the water quality criteria for

non-conventional pollutants.

The locations of these other major treatment plant discharges are shown in
Figure 4-1. The relative contribution of effluent and pollutants to the
Outer Harbor and Buzzards Bay varies from source to source. The discussion
below summarizes the importance of each source in evaluating the New
Bedford outfall siting alternatives. If the source is deemed significant,
it is included in the water quality criteria comparison performed in
Section 7.4. For those facilities that are planning to expand in the near
future, projected plant flows and loads were used to be consistent with the
design life in this facilities plan. For treatment plants with no

anticipated expansions, current conditions were used.

Municipal Wastewater Treatment Plants

Buzzards Bay Wastewater Discharge Survey Data for 1982, 1983, 1985, 1986,
and 1987 collected by the Division of Water Pollution Control (DWPC) (1988)
reports five sources of municipal wastewater which flow into the bay:
Dartmouth, Fairhaven, Marion, Newv Bedford, and Wareham. The municipal
WWTPs in Marion and Wareham are far enough away from the New Bedford
outfall sites so that any non-conventional pollutant loadings generated by
those facilities are taken into account in the determining ambient
background conditions. The Dartmouth and Fairhaven discharges are

discussed below.



Dartmouth. Dartmouth operates a secondary WWTP that is in the process of
expansion. Currently (1989) in design stage, an expanded capacity to 0.18
m’ /s (4.2 mgd) is planned, which is slightly more than double the present
0.09 m’/s (2 mgd) capacity. The ocean discharge is located in Buzzards Bay
approximately 900 m (3,000 feet) south of Salters Point. When the
Dartmouth WWTP is discharging at design capacity, it may affect New
Bedford’s ability to meet EPA water quality criteria. The possible impacts

of the Dartmouth discharge will be discussed further in Section 7.4.

Fairhaven. The Fairhaven WWTP provides secondary treatment for largely
domestic wastewvater from Fairhaven and the neighboring town of
Mattapoisett. An expansion from 0.9 to 0.22 m’/s (2.1 to 5 mgd) is under
construction in 1989. The effluent discharges into the Acushnet River
through a 2,800-m (9,300-foot) long, 0.9-m (36-inch) diameter outfall.
Since the capacity of Fairhaven’s facility is similar to Dartmouth’s, its
effluent may also have a measurable impact on water quality at the New

Bedford outfall sites. Therefore, the Fairhaven discharge is carried

forvard into the analyses in Section 7.4.

Industrial Wastewater Treatment Plants

The Buzzards Bay survey data (DWPC, 1988) also list two sources of
industrial wastewater that discharge in the study area. These facilities
typically discharge small amounts of effluent. Figure 4-1 shows the

locations of these discharges; and a summary of each discharge followvs.

The Acushnet Rubber Company, Golf Division’s industrial discharge consists
of wvastevater from a blasting operation and non-contact cooling water. It
releases less than 1,900 m’/d (0.5 mgd) into the Acushnet River. Sanitary
and process vastewater are discharged to the municipal sewer system. The
only detected non-conventional pollutants in the Acushnet River discharge
are copper and zinc. Since the mass loadings of these constituents are
only 3 percent and 1 percent of the New Bedford WWTP loads, they only
contribute a minimal amount to contaminant levels in the study area.

Accordingly, this source is not included in later analyses.
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Two outfalls from the Revere Copper Products have NPDES permits to
discharge treatment effluent into the Acushnet River. The larger flow
(1740 m3/d; 0.46 mgd) includes non-contact cooling water, storm water and
treated process wastewater. The smaller flow from Revere Copper Products
combines oil-laden wvastewater with raw sanitary wastewvater, passes it

through an o0il separator, and discharges through an outfall.
Because each of these industrial sources contains non-conventional
pollutants, their impacts on water quality at New Bedford’s candidate

outfall sites will be considered in Section 7.4.

4.3 PHYSICAL OCEANOGRAPHY

4.3.1 OVERVIEW

The purpose of this section is to present an understanding of circulation
patterns, flushing rates, and existing water quality in New Bedford Harbor
as derived from a review of previous physical oceanographic studies and
available data, and augmented by data collection programs performed during
this facilities plan. This knowledge provides the basis predicting future

vater quality.

Physical oceanographic data falls into three major categories: circulation
patterns, density stratification trends, and geology and lithic composition
of sediments. The circulation of an ocean system has a major influence on
the distriBution of contaminants following discharge to the receiving
vaters through an ocean outfall. Circulation is caused by the interactions
of tides, winds, Coriolis effects, density stratification, and freshwater
runoff. Temperature and salinity measurements can be used to calculate
seavater density. Estimates of initial dilution of a wastewater plume
require an understanding of local instantaneous conditions of current and
density stratification. Also, examination of the existing sediment
composition of settled wastewater effluent solids can help elucidate where

the effluent solids may settle.
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The information in this section is organized as follows. Section 4.3.2
summarizes some of the major previous physical oceanographic data
collection efforts in the study area, and a describes circulation and
existing water quality prior to the beginning of this project. The reasons
for additional data collection program are presented in Section 4.3.3. The
results of the 1987-88 physical oceanographic field program are presented
in Appendix C and summarized in Section 4.3.4; this section also includes
some of the findings of the water column nutrient survey, which is
presented in Appendix D. Finally, Section 4.3.5 presents an interpretation
and summary of the current understanding of the physical oceanography in

the study area.
4.3.2 PREVIOUS STUDIES

NOAA Studies

Several decades ago, the U.S. Coast and Geodetic Survey (now the National
Ocean Survey, NOAA) took measurements in Buzzards Bay and Vineyard Sound to
develop a booklet of current charts, one for each hour of the spring tide
cycle. While presumably useful to navigators for whom it was intended, and
vhile still frequently used to characterize circulation in the area, this
information is not of sufficient resolution or precision to tell much about

circulation in New Bedford Outer Harbor area (Figure 4-3).

URI Model Studies

Spaulding and Gordon (1982) at the University of Rhode Island (URI)
developed and applied numerical models to an area encompassing Buzzards
Bay, Rhode Island Sound, Block Island Sound, and Long Island Sound. This
is the best attempt, to date, to model the circulation in Buzzards Bay,
complicated as it is by the Cape Cod Canal and the "Holes" in the Elizabeth
Islands connecting Buzzards Bay and Vineyard Sound. These initial modeling
studies, however, were spatially too coarse to be of much direct use for a
study of New Bedford Harbor.
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* Reproduced from U.S. Department
of Commerce (no date)

Figure 4-3
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301(h) Waiver Application Studies

In 1973 and 1979, several field studies were commissioned (including Ahn
and Andrews, 1973) to develop information to study the siting of an ocean
outfall diffuser some distance from the shore, at the so-called 301(h)
Site, in reference to the clause permitting a waiver of the Clean Water Act

regulations under certain conditions (CDM, 1983).

Circulation patterns in the vicinity of the Existing and 301(h) Sites were
examined by deploying four battéii~moored-gurrent:

xfexrgein 1973, and
another four in 1979, at the locations shown in Figure 4-4. The meters

vere located at mid-depth, except meter 6 (East of Ricketsons Point) which
wvas 1.7 m beneath the surface, and meters 7 and 8 which were 9.3 m and 4.7
m respectively beneath the surface (east of Great Ledge). A summary of the
results in terms of percentile speeds is presented in Table 4-2, and shows
that, in general, percentile speeds are approximately twice as large at the

301(h) Site as they are at the Existing Site.

Progressive vector plots of the records (Figure 4-5), however, show that
residual currents at all meters trend over time towards the north or
northwest. [While the progressive vector plots shown in Figure 4-5 are
roughly at a common scale, this scale is not the scale of the map on which
they are superimposed.] This observation raised the question of just how
vater exited from the harbor. The progressive vector plots seem to show a
counterclockwise net drift within the Outer Harbor, as the most northerly
trends are on the east side and the most westerly trends are on the west
side. The additional physical oceanographic field program conducted for

this facilities plan was designed, in part, to try to answer this question.

Drogue studies were also used to investigate short-term, tidally-driven
circulation patterns. However, their usefulness was limited due to their
short durations (generally less than 10 hours). The 1973 releases were
used to estimate dispersion coefficients (Ahn and Andrews, 1973). The
results indicated values on the order of 0.35 m°/s. However, for one

release, the calculated dispersion coefficient decreased with time.
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TABLE 4-2

PERCENTILE SPEEDS FOR CURRENT METERS
DEPLOYED AS PART OF THE NEV BEDFORD 301(h) WAIVER APPLICATIONS

Current Meter Locations*

No. Location Date
1 Near existing outfall, mid-depth July 17 - Aug. 17, 1973
2 Near existing outfall, mid-depth Sept. 11 - Oct. 11, 1973
3 Off Round Hill Point, mid-depth July 17 - Aug. 17, 1973
4 East of Negro Ledge, mid-depth Sept. 11 - Oct. 11, 1973
5 East of Nun buoy "10," depth 6.1lm July 28 - Aug. 13, 1979
6 East of Ricketson’s Point, depth 1.7m July 28 - Aug. 13, 1979
7 East of Great Ledge, depth 9.3m July 28 - Aug. 13, 1979
8 East of Great Ledge, depth 4.7m July 28 - Aug. 13, 1979
Percentile Speed, m/s

No. Ulo Uzo Uso Uao Uso

1 0.016 0.029 0.062 0.105 0.126

2 0.009 0.016 0.048 0.075 0.095

3 0.021 0.036 0.093 0.181 0.196

4 0.035 0.053 0.108 0.170 0.192

5 0.02 0.03 0.06 0.10 0.13

6 0.03 0.03 0.06 0.11 0.13

7 0.04 0.06 0.12 0.18 0.24

8 0.05 0.07 0.14 0.21 0.25

NOTE: *See Figure 4-4 for locations.

U,,» for example, stands for the 10-percentile current speed.



Density data (salinity and temperature) were collected, and summarized with
data from other sources (DEQE, 1980; DWPC, 1971; and Summerhayes et al.,
1977) to develop an annual picture of water column stratification (Figure
4-6). Salinity usually exceeds 30 parts per thousand (ppt), although
surface salinity in the winter is sometimes between 26 and 30 ppt. The
annual temperature range is from O to 25°C. Seawater density was
calculated from each pair of salinity and temperature data. These density
data indicate a generally well-mixed system, except during the spring
runoff, from March to May, and during the summer months, from July to
September, when the surface waters may warm up to 5°C above near-bottom
waters temperatures. Figure 4-6 also shows the vertical density gradient
for all depth profiles where the water was at least 8 m deep. The greatest

vertical density stratifications are in July.

"Superfund" Site Studies

Starting in about 1984, EPA and potential responsible parties (PRPs) have
conducted a number of studies to examine the transport and fate of PCBs and
heavy metals discharged to the Inner Harbor. Consultants for the various
parties have performed a number of data collection and numerical model
studies. While the EPA Superfund project is focused on the Inner Harbor,
many of these studies also examine processes in the Outer Harbor. Much of
the work, however, is ongoing, and has yet to be publicly released, and in

fact, could not be obtained for use in this facilities plan.

Modeling studies are being performed by Applied Science Associates, Inc.
(ASA) and Battelle Pacific Northwest Laboratories (PNL). This latter
modeling work is the basis for numerical model studies, also performed by
Battelle PNL, for this study.

During 1986, a field program was performed to study the circulation (Geyer
and Grant, 1986) and fluid and suspended sediment transport (Geyer and
Butman, 1988) in New Bedford Harbor. The main purpose of the study, which
focuses mainly on the Inner Harbor area, was to provide data for the
numerical model study being performed by Battelle PNL. The study included

current meter moorings (Figure 4-4), tide gauges, drifter releases,
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temperature and salinity, light penetration, suspended particulate and

plankton measurements.

The data indicate that the circulation in the Inner Harbor is driven by
vind and tide, with perhaps a weak (1 cm/sec) estuarine circulation.
Instantaneous current speeds can be quite large, particularly at
constrictions such as the hurricane barrier. The only current meter
mooring outside the barrier was at Butler Flats, which showed maximum tidal
speeds on the order of 10 cm/sec in the NW-SE direction, and average
wind-driven speeds on the order of 4 cm/sec. While the tidal range in the
Inner Harbor is similar to that in Buzzards Bay, the data show a small

tidal lag up the Inner Harbor and some frictional damping.

The drifter experiments show that the surface waters respond fairly
directly to wind forcing, with an approximate transfer coefficient of
0.01-0.015. Wind can also have an effect on the temperature regime, with
onshore winds advecting deep Buzzards Bay water into the Outer Harbor.
Finally, an analysis of flushing indicates an average residence time of 6

days in the Inner Harbor (Geyer and Grant, 1986).

USGS-WHOI Study

During the same period, around 1982-86, a joint USGS-WHOI study was
commissioned by EPA to study the circulation in the western part of
Buzzards Bay (including New Bedford Harbor), with an emphasis on
understanding sediment movement (Butman et al., 1987) During this period,
a variety of instruments were deployed (Figure 4-7) to measure currents,
pressure, temperature, salinity, and light attenuation (related to
suspended sediment concentration following storm induced resuspension).
Evaluation of physical processes in the area remains to be determined;
however, initial data analyses yield some interesting information.

Figure 4-8 shows the M, (semi-diurnal) tidal ellipses, and indicates that
even approaching Clarks Point in the Outer Harbor, the major axis is still
largely aligned with the flow in Buzzards Bay. The low-frequency flow
(Figure 4-9), however, is less well-oriented in the Outer Harbor,

presumably responding to a variety of influences, including wind, density
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stratification, and freshwater inflows. Time-history plots of the data
(l-year at the mouth of the Outer Harbor) indicate the seasonal influences

on temperature and salinity, and the storm influence on light attenuation.

Sedimentation Studies

Bottom Topography and Geology. The studies by Moore (1963) and Summerhayes
et al. (1977) provide data for identifying the bottom topography and

geology of Buzzards Bay and New Bedford Harbor. Their work indicates that
Buzzards Bay is a drowned drainage system. Its basic trend is NNW-SSE with
steep sides and smooth-floored troughs that have been filled in with
sediments of mud and silt. One of the major troughs in the bay is the
drowned valley of the Acushnet River, which forms New Bedford Harbor.
However, very little remains of the original bottom topography since the
troughs have been filled in with sediments, and a large part of Buzzards
Bay is of a relatively uniform depth. Sconticut Neck and Clarks Point are
among the few ridges whose topography can be followed undervater. The
ridge that forms Clarks Point extends south to North Ledge and Great Ledge.

Sconticut Neck continues on to Mosher Ledge and Negro Ledge.

In the absence of a detailed acoustical survey of Buzzards Bay, the basic
pattern of troughs and ridges can be extrapolated from the distribution
silts and sand (Figure 4-10). Silt has been deposited in the troughs,

while the gravel areas generally indicate the ridges.

In contrast to Buzzards Bay, the bottom geology of New Bedford Harbor is
better understood. An acoustical survey measured the depth of the
sediments overlying the bedrock (Summerhayes et al., 1977). The deepest
sediments (Figure 4-11) lie in the submerged valley of the Acushnet River.
Here, the sediments are estimated to be 50 to 60 feet thick. The
acoustical survey also located a drowned tributary to the Acushnet River
that comes in from Apponagansett Bay and joins the main trough just south
of Clarks Point.

Vithin the geological framework, the current outfall is located on the

sediments overlying the submerged junction of the the Acushnet River and
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its tributary. The 301(h) Site is located on the western side of the

submerged ridge forming Sconticut Neck.

Lithic Composition. Detailed studies of surface sediment distribution and
composition by Hough (1940) and Moore (1963) show that the sediments in

Buzzards Bay alternate between muds, sands, and gravel (Figure 4-10). Muds
and silts are found in the deeper parts of the bay and in depressions near
shore, while sands and gravels cover the shallow areas near shore and the
upper part of the bay. Nearly all the sediments are of terrestrial rather
than marine origin, indicating deposition from runoff or glaciers. Moore
concluded that the bay was a net depositional environment with silts
accumulating in the deeper areas, and significant reworking in the shoal

areas which are characterized by sands.

The major study on sediment composition and contamination in the study area
wvas performed by Summerhayes et al. (1977). His map of sediment
composition (Figure 4-12) indicates that the heterogeneous composition
found in the bay continues into New Bedford Harbor. Muddy sands and sandy
muds are found along the central axis of the drowned river valley, but this

is surrounded by patches of sediment ranging from gravel to sandy muds.

These analyses also showed that New Bedford Harbor and Buzzards Bay are net
depositional areas. They describe a progression of silts and clays being
transported originally from the Outer Continental Shelf into Buzzards Bay,
and then into New Bedford Harbor. Before the hurricane barrier was built,
deposition rates in the Inner Harbor were 1 to 2 cm/yr, with 0.5 em/yr in
the shallow areas. The construction of the barrier reduced the efficiency
of tidal flushing, and increased the rate of siltation by four to five
times. In the Quter Harbor, deposition rates are on the order of 2 to 3
mm/yr. Figure 4-11 shows the tendency of the system to accumulate
sediments in the deeper area of the Outer Harbor and in the more sheltered

shallow areas.
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The main conclusions from Summerhayes et al. (1977) are summarized below:

In the water column, silts and clays are suspended together in
organically-bonded agglomerates. However, waves and strong tidal
velocities tend to reduce fractionation, which can be seen by the fact
that there is a smaller proportion of clay relative to silt in the
Inner Harbor compared to further offshore (Figure 4-13), indicating the
stronger likelihood for resuspension in the shallower waters. However,
there appears to be a net onshore transport of both silt and clay in
the study area.

The sediment-water interface appears to be a thin, "soupy" layer of
clay-rich material, often called a "fluff" layer. This has been
observed by a number of divers. The layer is considered to be a
transition between the less mobile sediments and the turbid,
near-bottom waters.

The work of Summerhayes et al. (1977) also illustrates the effect of
sediment deposition and resuspension (Figure 4-13). However, it is
difficult to completely describe the mechanisms due to the complexity of
processes involved. In a review study for the Battelle sediment transport
modeling study for the "Superfund" site investigation, Rhoads (1987)
examined the processes that affect critical bottom stress, which is
important in simulating the onset of sediment transport. He concluded that
in the Inner Harbor area, the summer is characterized by bottom stability
and net deposition due to an increase in critical velocities caused by tube
binding and plant exudation effects, while sediment resuspension was more
likely during the storms that characterize the winter season. In the Outer
Harbor and Buzzards Bay, resuspension during storm events is decreased due
to the greater water depths, but during the summer months, when the
near-bottom water temperatures exceed 5 to 10°C, critical velocities may
actually decrease by a factor of 2 to 3 because of bioturbation effects on

bottom sediments.

Generally, it can be said that the study area is a net depositional area
due to an onshore movement of water and its sediment load in the lower
wvater column, with average accumulations of 2-3 mm/yr in the Outer Harbor.
Accumulations tend to be larger in the deeper and sheltered areas, and less
in shallow areas where storms may more easily resuspend the deposited
sediments. Biological processes, influenced by seasonal water

temperatures, can affect the stability of the bottom, and thus the critical
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velocity required to resuspend sediment, but it is difficult to quantify
the amount of material resuspended or describe its resettling. Some
modeling work on this topic is being performed by Battelle PNL, although
the results are not known at this time.

Other Studies

In addition to the studies discussed above, a number of other studies have

provided some additional information about the study area.

The Waterways Experiment Station conducted field measurements and
laboratory tests, and developed a numerical model to study sediment and
dissolved constituent transport caused by proposed dredging and disposal
operations in the upper New Bedford Harbor (Teeter, 1989; Yu and Teeter,
1987). The study was part of the effort to examine the engineering
feasibility of removing the highly contaminated surface sediments in the
Inner Harbor. The results indicated that suspended sediments are
tidally-pumped upstream with the Inner Harbor, where they deposit. The
results also indicate the decreased likelihood of contaminants leaving the

Inner Harbor/Acushnet River area as a function of distance upstream.

Applied Science Associates, Inc. (ASA) developed a numerical model to study
the transport and fate of fecal coliform loads, and the impact on dissolved
oxygen levels due to biochemical oxygen demand loads from the Dartmouth

municipal treatment plant ocean outfall off Salters Point (Fay, Spofford

and Thorndike, 1987). The analysis showed that currents were predominantly
tidal, and vary up to 60 cm/sec, due to the local effect of the point. The

impacts on dissolved oxygen were determined to be small.

Finally, Signell (1987) developed a detailed model of tide and wind-forced
currents in Buzzards Bay to demonstrate the speed of a vector-processing
computer. His limited results show a complex eddy system in many points of

the bay, particularly eddies that are topographically produced.
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4.3.3 ADDITIONAL DATA NEEDS

Before the inception of this study, a fair amount of data had been

collected to characterize the study area. However, much of the data was
collected to understand transport and fate processes in the Inner Harbor;
also some the data only partially described circulation processes in the

Quter Harbor and Buzzards Bay.

The previous current meter deployments showed the tidal pumping action of
the flow through the hurricane barrier and some evidence for a net
east-to-west circulation at the existing outfall site, but failed to

describe how the water entered and, in particular, exited the system.

The assumptions used in developing the data program for this study were:

e Current meter data were required to characterize exchange processes
across the mouth of the system and circulation patterns near the two
candidate sites.

e Additional density measurements were required to provide more
information on seasonal stratification for initial dilution
calculations.

e EPA "Superfund” studies could be accessed to obtain a variety of
information on water quality and sediment processes.

4.3.4 STUDY DATA COLLECTION PROGRAM

As part of the present facilities plan for the New Bedford wastewater
treatment plant and outfall, the Woods Hole Oceanographic Institution
(WHOI) was commissioned to undertake a program of physical oceanographic
studies in New Bedford Outer Harbor. The resulting report, "Hydrodynamic
Baseline Measurements in New Bedford Harbor" (Geyer and Dragos, 1988), is
included as Appendix C. What follows herein is a summary of that report,
and represents the best information to date on the circulation and flushing
processes in New Bedford Outer Harbor.

The physical oceanographic observations commenced in August 1987 and

continued through March 1988. They included moored and shipboard
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measurements of fluid velocity, temperature, salinity, dissolved oxygen,
and turbidity. The measurements program vas designated as the "New Bedford
Circulation Study" or NBCS. The field program included two current meter
mooring deployments (NBCS1 and NBCS2), a tripod deployment with an
upwvard-looking acoustic Doppler current profiler (NBCS1A), four
hydrographic surveys, a set of drifter deployments, and three shipboard
surveys with a downward-looking Doppler current profiler. Wind data were
obtained from the U.S. Army Corps of Engineers facility on the New Bedford
Hurricane Barrier, and from a National Oceanographic Data Center station on

the Buzzards Bay Tower at the mouth of Buzzards Bay.

The study indicated that a variety of mechanisms are responsible for the
transport and exchange of water-masses, of which tidal currents are the
most energetic; it also indicated that wind-driven flows are probably the
most effective at renewing the water within the harbor. Estimates of
residence time, the time that a "parcel" of water remains in the system,
indicate minimum residence times of less than 2 days during periods of
strong winds, and longer residence times during periods of weak to moderate
southwest winds. Vertical stratification is weak in the winter and
moderate in the summer, and has a notable influence on vertical mixing and

on the magnitude of shear currents.

Data on chlorinity and temperature, which were collected as part of the
water column and sediment nutrient survey conducted by another WHOI

research group as part of this facilities plan, are also useful in helping
to define year-round density stratification patterns in the Outer Harbor.

Vertical profiles of chlorinity and temperature were measured at seven
sampling stations on 14 cruises from August 1987 to August 1988. Sample
collection frequency was higher in the late summer and early fall as this
is the period of maximum phytoplankton activity with potential for maximum
stratifications. A summary of the project findings on stratification is
presented at the end of this section; other project findings are presented
in Section 4.4.4 and 4.5.4. The project report, "Nutrient Regime of New
Bedford Outer Harbor relating to Potential Inputs and Phytoplankton

Dynamics," is included as Appendix D.
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Moored Current Measurements

Each mooring location included near-surface and near-bottom instruments at
locations shown in Figure 4-14. The near-surface instruments were
suspended below surface buoys, approximately 2.5 m below the water surface,
while the near-bottom instruments were held on taut line moorings
approximately 1.5 m above the bottom. The Doppler profiler was deployed on
a tripod approximately 0.75 m above the bottom. A Seacat (temperature and
salinity probe) was affixed to the tripod, and another Seacat was deployed

below a surface float at the same location.

Figure 4-15 provides summaries of the tidal velocity data for the various
stations. Selected time series are presented in Figures 4-16, 4-17, and
4-18. All of the records are dominated by the semi-diurnal tidal currents,
although their magnitudes vary considerably in space and in time. The
temporal variation is due to the fortnightly and monthly modulation of the
astronomical tides. This results in roughly a factor of two variation in
tidal velocity through a tidal month (29 days). The spatial variation is
due to the basin geometry. The general trend is toward weaker currents to
the north, with the strongest currents (20 to 25 cm/sec) in the center of
Buzzards Bay (Figure 4-18), currents nearly as strong at Negro Ledge

(Figure 4-17), and weakest currents near Clarks Point (Figure 4-16).

As with amplitude, the orientation of the tidal current varies with
position. The trend of the currents in Buzzards Bay is along the axis of
the bay (NE-SW), and the currents in most of New Bedford Outer Harbor show
a similar orientation. The exceptions are the Nonquitt and Butler Flats

stations, which show a N-S orientation.

Low-frequency currents were determined by low-pass filtering of the data
with a 33-hour filter (half amplitude at 33 hours). A representative
summary of the low-frequency motions is presented in Figure 4-19 by plots
of the major and minor axis of variation of the low-frequency motion at
each of the stations. Stick plots of the wind and low-passed currents for

deployment NBCS2 are shown in Figure 4-20.
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The NBCS2 data indicate low-frequency motions of roughly 5 cm/sec in
Buzzards Bay and Nonquitt, and motions of 2 to 3 cm/sec at Clarks Point and
Brooklyn Ledge (Figure 4-20). The orientation of the low-frequency
currents shows considerable variability, indicated by the prominent minor
axis at most locations and the variation from one location to another. The
orientation of the ellipses appear generally to correspond to the
orientation of the bathymetry, although the near-surface currents at
Brooklyn Ledge indicate low-frequency motions across the Outer Harbor, in

opposition to the trend of the bathymetry.

“Toxtalalion hetveen wind modicuxrentspas recorded by these
meters showed either poor correlation or negative correlation (e.g.,
northward flow when wind is from the north) (see Figure 4-20). This may be

expected for currents at depth: a wind from the north drives surface water

south, enhancing the normal estuarine circulation in which deep water flows
shoreward counter to the surface current in this case. A general tendency
can be discerned from the correlation data: the deep water tends to flow in
opposition to the wind, while the near-surface currents have no uniform
response. The drifter data and shipboard Doppler data (discussed below)
indicate marked wind-induced currents in the near-surface waters (1 to 2 m)
during periods of moderate wind forcing. It is possible that the
near-surface moored instruments were below the region of strong wind-drift
currents; thus, they are not representative of the near-surface,

wind-driven flow.

Tidal rectification may also play an important role in the mean currents at
the southward end of the Inner Harbor. A more complete discussion is
presented Appendix C. Also, based on model results presented in Signell
(1987), there may be residual eddies at the mouth of the harbor, with

scales of several kilometers.

Shipboard Doppler Current Measurements

Acoustic doppler velocimetry technology rapidly and simultaneously measures
current speed relative to the ground at several water depths beneath a

survey vessel. Many such profiles can be taken within a very short time as
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the survey vessel cruises along a chosen transect. These data are
important in describing the current structure where the Outer Harbor meets

Buzzards Bay.

The Doppler cruise on March 17, 1988 provided the clearest patterns, as it
covered a full-tide cycle at spring tide conditions. The tidal range was

1.3 m during this cruise (based on tidal predictions).

The depth-averaged currents indicate considerable transverse (horizontal)
structure (Figure 4-21). A narrov region of ebbing current is seen at the
wvestern edge of the line during the first two hours of measurements before
high tide while the flood continues along the rest of the line. Maximum
ebb currents are observed at 1000 EST, with speeds of 14 to 17 cm/sec. The
current structure during the ebb shows the strongest southward flow to be

on the western side of the transect, and a change from southerly to

westerly flow at the eastern end of the transect. Maximum flood currents

are observed at 1700 EST, with speeds of 19 to 22 cm/sec.

"Shear current" is defined here as the velocity measured 2 m below the
surface minus the velocity measured 6 m below the surface (using vectorial
subtraction). The results (Figure 4-22) show evidence of a southward
wind-drift current, forced by the northerly winds. At 0800, a velocity
difference of 10 cm/sec is observed across the eastern third of the line.
This velocity difference is comparable in magnitude to many of the average
velocities shown. The shear current becomes more irregular and weakens as

the day progresses, most likely as a result of the easing wind.

Correspondingly, the shear currents measured during the second cruise
(Figure 4-23) when the winds were initially weak but later 8 knots
(4 m/sec) from the SSE, showed shear currents that were initially weak, but

eventually were directed northwestward at approximately 7 cm/sec.

Hydrographic Measurements

On September 1, September 17, November 20, and December 5, 1987 vertical

profiles for temperature, salinity, and light transmissivity were taken at
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each of the stations shown in Figure 4-24. Density values were calculated
from the temperature and salinity values. In this summary, the pattern
seen on the eastern transect (Stations 1 through 10) on September 1 (late

summer) and December 9 (early winter) are described.

September 1, 1987. The data indicated moderate density stratification

throughout the harbor due to vertical gradients in temperature and salinity
(Figure 4-25). The coldest and most saline water was in the deep water of
Buzzards Bay, and the water was progressively warmer and fresher in the
direction of the Inner Harbor. A temperature front was found near the
mouth of the Outer Harbor, beyond which was found colder deep water. A
temperature and salinity front was observed at the Hurricane Barrier,
separating warmer, less saline water of the Inner Harbor from Outer Harbor
water. The density (o,) showed a similar pattern to the temperature and
salinity, with a pronounced front at the hurricane barrier and a weaker
front at the mouth of the harbor. The total vertical density difference
was roughly 0.5 kg/m3, vhich while weak, would cause an attenuation of

vertical mixing due to the weak velocities in the harbor.

December 5, 1987. Virtually no vertical structure was evident throughout

the Outer Harbor. The Inner Harbor exhibited salinity stratification, with
0.6x107° kg/m3 variation in the vertical; density showed a similar
distribution (Figure 4-26). There was some horizontal gradient in both

temperature and salinity.

Continuously-Recorded Hydrographic Measurements

The measurements in the Quter Harbor between August 27 and October 13, 1987
(NBCS1) showed the fall cooling (as the temperature dropped from 20°C to
14°C) occurring in several district cooling events commencing around
September 18 (Figures 4-27, 4-28 and 4-29). The pressure trace at the
Clarks Point mooring (deep) clearly showed the semi-diurnal rise and fall
of tide, and times of spring tide (e.g., September 6 to 11) and neap tide
(e.g., September 14 to 18). Salinity showed considerable variation at
tidal timescales, indicative of the advection of horizontal gradients past

the sensors. There were some sharp drops in salinity, the most prominent
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one occurring on September 20. Recovery from such drops appeared to take 2
to 3 days at Clarks Point, and 4 to 6 days at Negro Ledge. Vertical
density differences at Clarks Point were often around 0.5 kg/m3, although
there appeared to be periods of several days were the water column was much

less stratified.

During the NBCS2 deployment (November 8 to December 21, 1987 shown in
Figure 4-30 for Clarks Point [deep]}), the temperature dropped from 9°C to
4°C, and salinity had a downward trend at all stations. Salinity
variations were quite pronounced at Clarks Point, both at tidal frequencies
and lover frequencies. The tidal variations were indicative of frontal
advection, while the lower frequency variations most likely represented
run-off events. The shallow and deep salinity records at Clarks Point and
Brooklyn Ledge were very similar, indicating essentially well-mixed
conditions. This is also apparent in the virtually uniform vertical

densities seen throughout the record at both meters.

Drifter Measurements

Drifters were released in the northern portion of the Outer Harbor over a
four-day period from September 15 to 18, 1987. Surface drifters (0.3 to
2.1 m depth) and deep drifters (4.0 to 5.8 m depth) were used. The wind
and tidal conditions varied through the deployment period, and the drifter

trajectories reflected these variations.

After accounting for the slippage of the drifters in the downwind
direction, the data indicated considerable influence of wind-drift on the
motion in the OQuter Harbor. Near-surface flows of 10 cm/sec were common in
winds of 10 knots. This wind-induced motion is a dominant part of the
near-surface motion in the harbor. Deeper motions are more variable and
less influenced by the winds. They are apparently most strongly influenced
by the tidal motion. Interestingly, none of the current meter data
indicate the strong wind response observed in the near-surface drifters.
This is likely because the vertical extent of the wind-driven flow is
limited to the upper 1 to 2 m, while the shallow current meters were placed

between 2 and 3 m depth.
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Hydrographic Measurements from Water Column Nutrient Study

Vertical profiles of chlorinity and temperature were collected at seven
sampling stations during 14 cruises conducted from August 1987 to August
1988. The sampling station locations are shown in Figure 4-31. Stations 1
through 5 vere sampled on every cruise, with alternate sampling of Stations
6 and 7, for a total of six stations per cruise (see Appendix D for
details). During the 12 months of study, the average water temperature
ranged from O to 23°C (Figure 4-32). Although the salinity of the entire
harbor was always close to seawater concentrations, a weak seasonal trend
in chloride concentration was found (Figure 4-33). Samples from the Inner
Harbor (summer 1988) had chlorinities only about 1 percent lower than the
Outer Harbor, suggesting the Inner Harbor is only a weak source of
freshwater to the Outer Harbor system. The chloride depression was
greatest in late winter and spring, possibly due to melt-related inputs;
this agrees with the continuously-recorded salinity measurements that were

discussed above.

While the vertical density profiles derived from the chlorinity and
temperature data show a large degree of variability, there is an indication
of slight stratification at some stations on some cruises during May
through September. These data show that vertical density stratification is

weak in the winter and moderate in the summer.

4.3.5 INTERPRETATION
Circulation

Data interpretation indicates a tidally-dominated system at high
frequencies (less than one day). There is perhaps some variation in tidal
elevations across the mouth of the Outer Harbor, but in general, the
elevations increase uniformly throughout the study area. Tidally-driven
velocities were considered to be fairly uniform across the mouth of the
Outer Harbor. However, more recent studies (Geyer and Dragos, 1988;

Appendix C) indicate that a fair amount of horizontal variability, with
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WATER TEMPERATURE (Celclus)

* Reproduced from Howes and Taylor, 1989
* See Figure 4-31 for Station Locations
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Figure 4-32
AVERAGE WATER TEMPERATURE IN
NEW BEDFORD OUTER HARBOR




* Reproduced from Howes and Taylor, 1989
¢ See Figure 4-31 for Station Locations
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Figure 4-33

CHLORIDE CONCENTRATIONS IN
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spatially-uniform velocities during the flood tide, but higher ebb
velocities on the west shore during ebb tide. Analyses of the vertical

distribution of velocities show significant variation due to wind forcing.

Mean tidal velocities are on the order ofgigmmismt the Existing Site, and
Z$ic at the 301(h) Site. mbpps are approximatelyskikmgat
the Existing Site, & 4 e 301(h) Site.

At low frequencies, evidence of long-term circulation patterns can be seen.

The Outer Harbor appears to be characterized by a net ;s 2,
circulation, which is seen as a net south-to-north movement in the center
of the Outer Harbor, an east-to-west movement at Clarks Point, and a
north-to-south movement along the western shore of the Outer Harbor (seen
in the shipboard doppler meter data, but not the current meter at

Nonquitt).

This last observation still leaves some question of how the water leaves
the Outer Harbor, to satisfy continuity with respect to the residual flow.
One hypothesis is that a net outflow on the western shore was somehow not
detected by the Nonquitt meter, but appeared to be detected by the
shipboard doppler. Another possibility is that a near-surface drift out of
the system in the upper 1-2 meters, was not detected by the surface meters
(it is difficult to adequately moor current meters within 2 m of the water

surface).

From Clarks Point towards the Inner Harbor, the data suggest residual
eddies due to tidal rectification at the hurricane barrier. On the ebb
tide, a strong jet from the Inner Harbor is directed along the shipping
channel. The velocities on the overbank areas are smaller. During the
flood tide, the currents in the shipping channel are smaller than ebb
currents, suggesting a net counterclockwise circulation in the shallow area

to the east of the shipping channel.
Data in the vicinity of the 301(h) Site show residual movement to the

north, toward the Outer Harbor. This observation supports the classical

estuarine circulation directed inward along the bottom, a conclusion
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further supported by Summerhayes et al. (1977), who calculated inward

fluxes of sediment from Buzzards Bay to the Outer Harbor.

Density Structure

Density stratification is composed of two independent phenomena:
temperature and salinity. Each has a unique annual cycle that contributes
to the local density structure seen within the study area. Salinity of the
entire harbor is always close to seawvater concentrations, in line with the
lack of large fresh water inputs in the study area, although surface
salinity in the winter is sometimes between 26 and 30 ppt. The annual
temperature ranges from O to 25°C. There is often a 1 to 2°C vertical
temperature difference in the summer; in the winter, the water column is

virtually isothermal.

Vertical density stratification is weak in the winter and moderate in the
summer, but apparently there is always a longitudinal density gradient.
During the summer this gradient results both from temperature and salinity
variations, but in the winter it is only the result of salinity variation.
The importance of these density features is that the gradients produced can

drive residual circulation as discussed below.

The degree of stratification is similar throughout the study area, with the
possible exception of temperature/salinity fronts often seen in the

vicinity of the hurricane barrier and northern reaches of the Outer Harbor.
In the winter, total vertical density stratification typically averages 0.2
to 0.5 kg/m3. Summertime stratifications are often about 1 kg/m3, but can

range from near isopycnal to 2 kg/m3.

WVhen compared to nearby water bodies, the annual hydrographic conditions in
the shallow waters of New Bedford Harbor do not create pronounced summer
stratification. In this regard, the harbor is similar to nearby
Narragansett Bay, but differs from deeper waters of Long Island Sound and

Massachusetts Bay where more significant summer stratification occurs.
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Sedimentation

Sedimentation processes are difficult to describe, particularly in view of
the fact that much of the recent information and interpretation is not
available from the EPA Superfund project in New Bedford Harbor. It is
necessary, in fact, go back to Summerhayes et al. (1977) and to some
smaller, more recent investigations (Rhoads, 1987; Geyer and Butman, 1988)

for information on these processes.

These analyses conclude that the study area is a net depositional area,
with a tendency to fill in the deeper areas at a faster rate. Summerhayes
et al. (1977) estimated deposition rates on the order of 2 to 3 mm/yr in
the Outer Harbor. The source of the sediment is largely from Buzzards Bay,

and perhaps even originates on the Continental Shelf.

An analysis of the factors affecting critical shear stress (Rhoads, 1987)
indicates that there may be a migration of sediment between the relatively
deeper and shallower areas that varies through the year. During the summer
months, critical shear velocities may decrease in the deeper waters due to
recruitment, whereas, critical shear velocities may simultaneously increase
in the shallower depths due to tube binding and plant exudate effects.
These data suggest that, although there is net deposition throughout the-
OQuter Harbor, there may be some seasonal migration from the deeper areas to
the shallow areas in summer, and the opposite in winter, aided by storm

events.

Water-Mass Exchange and Flushing Rates

The instantaneous flow in New Bedford Harbor is typically dominated by the
tides, with speeds of 5 cm/sec in the northern portions, increasing to 15
cm/sec near the mouth. However, the duration of tides is limited, and the
actual fluid exchange may be more the result of less energetic but more
persistent motions, such as wind-driven and density driven circulation.
For example, a slow, 5 cm/sec flow persisting for 24 hours will result in
an excursion of more than twice that of a more vigorous, 15 cm/sec tidal

current. The various contributors to flushing of the harbor, including
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tides, wind-driven motions, density-driven flows and tidally rectified

flows, are discussed in turn below.

Tidal Exchange. The actual mechanism of tidal exchange in a bay is

extremely complex, but one can quantify in gross terms the exchange rate by
considering the length and timescales of tidal motions. Typical tidal
excursions in New Bedford Harbor are 1 km, and the M2 (semi-diurnal) tidal
period is roughly 12 hours. If complete mixing between adjacent segments
of the harbor during every tidal cycle was assumed, it would take
approximately eight tidal cycles for the water to be exchanged along the
7.5 km length of the Outer Harbor. Thus, a crude estimate of the residence
time due to tidal exchange would be 4 days. The estimate would be slightly
reduced during spring tides and increased during neap tides. However, the
assumption of complete mixing is not necessarily valid, and incomplete

mixing would tend to increase the residence time.

Vind-Driven Currents. Deep wind-driven currents in the harbor have typical

speeds of 2 to 3 cm/sec, with occasional peaks of 5 cm/sec. Near-surface
wind-drift currents observed in the drifter experiments and the shipboard
Doppler measurements indicate more energetic wind-induced shear currents,
with magnitudes of 5 to 10 cm/sec (on the order of 1 to 1.5 percent of the
vind speed) during periods of moderate wind forcing. The residence time
associated with a 5 cm/sec flow in the Outer Harbor is 1.7 days; the
residence times of the weaker, deep wind-driven circulation is twice that,
or 3.5 days. Note that both estimates of flushing time by winds are
shorter than the flushing timescale due to tides. It is clear that the
energetic near-surface currents contribute substantially to water-mass

exchange, both by advection and by shear dispersion.

The wind direction is likely to have an important effect on water-mass
exchange, due to: (1) variations in wind response, and (2) the presence of
a mean non-tidal circulation. The north-south orientation of the harbor
causes the response to winds of that orientation to be more energetic,
vhile east-west winds result in a more complex and less energetic response.
Northerly winds reinforce the mean estuarine circulation in which there is

northward transport in the deep water and southward flow near the bottom.
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Veak to moderate southerly winds tend to cancel the estuarine circulation.
Under such circumstances, the tidal exchange would become the dominate

influence on water-mass exchange.

Density Effects, Estuarine Circulation, and Vertical Stratification. The

variations in the harbor’s density have two principal effects on water-mass

exchange. First, TSP EETHRINERTErIWOwonnnt®y drives an estuarine

circulation with deep inflow and shallow outflow and second, the vertical
stratification inhibits vertical mixing and enhances shear currents.
Vertical stratification varies considerably from summer to winter, but
apparently there is always a longitudinal density gradient. During the
summer, this gradient results both from temperature and salinity
variations, but in the winter it is only the result of salinity variation.
The magnitude of the circulation resulting from this gradient may be on the
order of the observed bottom inflow rate of 1 to 2 cm/sec. The observed
variations in salinity from in-situ measurements suggest that the density
gradient actually varies as a function of runoff, so that some episodic

changes may occur in the estuarine circulations following rainstorms.

Vertical stratification is never very strong in New Bedford Harbor, but is
often significant with respect to vertical mixing and to the presence of
shear currents. The stratification is much stronger in the summer than the
winter due to the contribution of thermal stratification, yet there is
adequate freshwater input to maintain some vertical density gradient during

the winter as well. Even the weak vertical density gradients exhibited in

New Bedford Harbor are capable of supporting shear velocities of 10 to 15
cm/sec during the summer, and 5 to 10 cm/sec during the winter, with a
minimum of applied stress. The drifter observations and the shipboard
Doppler measurements indicate that shear currents can be appreciable during

both summer and winter months.

Tide-Induced Residual Currents. While tidal currents within New Bedford

Harbor are weak, there are moderate currents in Buzzards Bay, and the flow
around the abrupt topography on either side of New Bedford Harbor appears
to contribute to the development of residual tidal currents. The influence

of these eddies is to enhance the exchange between the outer portion of New
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Bedford Harbor and Buzzards Bay, particularly at the eastern and western
edges of the harbor. The tide-induced residual currents are weakly
northward in the center of the harbor, and by continuity, there must be
southwvard-directed flow at the sides. The current meters at Nonquitt did
not indicate a southward flow, so there is still some question as to how
continuity is satisfied with respect to the residual flow. There is no
doubt, however, that residual eddies enhance the exchange in the vicinity

of the mouth of the harbor.

Estimates of Flushing Rates. The above observations show the flushing

process in terms of residence times in the system. As useful and
instructive as residence times are, they tend to overestimate flushing
rates because processes such as shear dispersion are not considered.
Flushing rates are better estimated directly from constituent concentration

measurements.

As part of the EPA Superfund project in New Bedford, water column
measurements of certain heavy metals were made throughout the Outer Harbor
area. For two of these -- copper and lead -- it appears possible to fairly
well quantify their sources. Figure 4-34 shows the average water column
concentrations of these metals, and of the two other constituents --
cadmium and PCBs -- for which analyses were performed. Assuming a
steady-state balance between loading and flushing rates, a flushing

discharge rate can be estimated using:

Q, =M/ (c;-c,) (4-1)

and a dispersion coefficient:
E = ML / (A(¢,-c,)) (4-2)

where: Q, = flushing discharge rate, (m3/s)
= dispersion coefficient, (mz/s)
mass loading rate, (ug/l)

= distance between observations, (m)

o= e S s N
]

' 2
= average cross-sectional area, (m")

c,,c, = upgradient and downgradient concentrations (ug/m3)
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Using the copper and lead observations shown in Figure 4-34, values were
estimated for the flushing discharge rate, Q,, and dispersion coefficient,
E, at the Existing and 301(h) Sites (Table 4-3), using constituent
concentrations observed over approximately the length of the tidal
excursion at each site (interpolation was necessary). These time-average
estimates suggest that the 301(h) Site flushes about four times more
rapidly than the Existing Site (about 600 m’/s versus 125 m3/s).

Measuring the volume of water in the Outer Harbor from the Existing Site to

Buzzards Bay as 1.5x10° m’, a flushing discharge rate of:12SEEAP gives an
estimate to flushing the Outer Harbor of approximately 14 days on average.
Further, if the tidal prism volume, at an average tidal range of 1.1 m, is
36,000 m3, then a 100-percent efficient system, driven by a 12.42-hour M,
tide, would have a flushing discharge rate of 800 m’/s. Thus, the

estimated rate of 125 m’/s represents about a Foepeppeacet FigTent gysten:

AR ok

—-- very close to the 10 percent estimated by Summerhayes et al. (1977) to
flush contaminants discharged from the existing treatment plant outfall
from the Outer Harbor. We must also conclude, therefore, that following an
ebb tide, significant material will enter the system on the subsequent
flood tide.

Long term wind records for Buzzards Bay indicate that southerly winds
persist for up to twenty-five days during the summer months (e.g., July
1988; see Appendix A). Since southerly winds inhibit the flushing of New
Bedford Harbor, the worst case background buildup may be computed as above,
yielding 70 m’/s. At the 301(h) Site, a similar ratio between average and
vorst case conditions can be expected, yielding a worst case flushing

discharge of 300 m’/s compared with the average rate of 600 m’/s.
Summary
Oceanographic studies using moored meters to measure currents, temperature,

salinity, and dissolved oxygen; deployments of drogues and drifters;

numerous profilings for temperature and salinity and shipboard current



TABLE 4-3

FLUSHING ESTIMATES

Variable
Distance between observations

Average cross-section

Copper loading rate

Upgradient concentration
Downgradient concentration
Copper flushing discharge rate

Copper dispersion coefficient

Lead loading rate

Upgradient concentration
Downgradient concentration
Lead flushing discharge rate

Lead dispersion coefficient

Existing Site

5,500 m

45,000 m*

158,000 ug/s

2,070 pg/m’

800 ug/m’

15 m"/s

36,200 ug/s
574 ug/m3
310 ug/m3
STy

17 m?/s

301(h) Site
5,000 m
65,000 m?

158,000 wg/s
800 ug/m3
600 ug/m’
LR e

60 m°/s

36,200 ug/s
310 pg/m’
240 pg/m’
SIEW re

40 m®/s



metering were conducted in New Bedford Outer Harbor and nearby portions of

Buzzards Bay.

Analysis of these and other data indicated that flushing of pollutants from
New Bedford Outer Harbor is the result of a combination of processes:

tides provide a regular but minor component; winds from the north,
freshwater runoff, and nearshore thermal warming promote flushing; and
vinds from the south retard flushing. There is no simply described current
pattern that predominates at all times; estimates indicate that average

flushing rates are low, on the order of two weeks.

From these data and subsequent analyses, we can compare conditions at the

Existing and 301(h) Sites (Table 4-4). This comparison shows that, in

general,

S TENTAREOLUE.

the 301(h) Site flushes at about four times the rate of the Existing Site.

The two sites are fairly similar in terms of stratification: the Existing
Site sees more saline stratification during large freshwater events in the
Acushnet River, while the 301(h) Site sees more temperature stratification

in the summer, as it is deeper.

Overall, the physical oceanography differences between the two sites appear
to be best seen in the current meter data. These data suggest that
T . » ETHETETY I FouET ETHeY Frester at

4.4 CHEMICAL OCEANOGRAPHY

4.4.1 OVERVIEW

The purpose of this section is to develop a baseline of information on
chemical oceanography in New Bedford Harbor as derived from a review of
previous studies and available data, and augmented by data collection
programs performed as part of this facilities plan. In this section,

chemical oceanography covers existing water column and sediment quality.
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TABLE 4-4

COMPARISON OF OCEANOGRAPHIC PROPERTIES BETVEEN

e THE EXISTING AND 301(h) SITES

Parameter
Depth
10-percentile current speed
50-percentile current speed
90-percentile current speed
Residual current speed
Tidal excursion
Average flushing discharge rate

Worst case flushing discharge rate

Existing Site

14 m
4 cm/s
11 cm/s

21 em/s



Specific topics discussed are dissolved oxygen, water column toxic

substances, nutrients, and sediment quality. The discussion of sediment

quality focuses on two main topics: (1) the contamination of sediments

components of the sediments in the study area were described in Section
4.3.

Each of the specific topics listed above is presented in separate

subsections. These subsections include a discussion of major historical
data sets, the construct and results of data collection efforts conducted
as part of this facilities plan, and an interpretation and summary of the

current understanding of the chemical oceanography in the study area.

The program for collecting additional chemical oceanographic data in New
Bedford Harbor was designed to supplement the data previously collected.
The goal was to provide the data necessary to assess the impacts of a
wvastevater discharge on the chemical conditions at the two candidate sites.
In addition, the data are necessary to assess ecological impacts. Specific

objectives of the data collection program were:

e To assess the present chemical constituents in the water column that
are important in maintaining the local ecosystem, including
dissolved oxygen, nutrients (inorganic and organic phosphates and
nitrates), and toxic compounds.

e To assess the nutrient pools in the sediments and the rate of
nutrient input from the sediments to the water column above.

o To estimate the time required for sediments to "recover" from the
current input of nutrients and biological oxygen demanding deposits
of primary solids.

e To assess the importance of the sediment oxygen demand in the
overall oxygen balance in the receiving waters.

4.4.2 DISSOLVED OXYGEN

Existing dissolved oxygen (DO) conditions in the study area were

characterized by examining historical and recent dissolved oxygen data
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collected in and near New Bedford Harbor. The major sources of DO data

are:

e Profiling done at six locations in New Bedford Harbor and Buzzards
Bay by DWPC for eight surveys from July to October 1980 (DEQE,
1980).

e Profiling done as part of the 301(h) waiver applications (CDM, 1979;
CDM, 1983). The profile stations were focused in the vicinity of
the two candidate outfall sites. Samples were collected in July
1979, July to October 1980, and September and October 1983.

e Profiling done as part of the nutrient water column study performed
as part of this facilities plan (see Appendix D). DO profiles were
taken at seven sampling stations (see Figure 4-31) on a nominal
monthly basis from August 1987 to August 1988.

e Continuous-reading DO meters deployed with other physical
oceanographic instrumentation, which was also performed as part of
this facilities plan (see Appendix C). These meters were deployed
in various arrangements from late August through December 1987.

In order to compare the DO levels near the Existing Site and the 301(h)
Site, the sampled area was divided into inner and outer regions on the
basis of an imaginary line drawn from Round Hill Point in Dartmouth to
Vilbur Point at the end of Sconticut Neck in Fairhaven. Figure 4-35 shows
the location of this line and the 33 sampling locations at which DO data

were collected in the period from 1979 through 1987.

The profile data were examined in several ways: seasonal and annual
trends, spatial trends, individual station profiles, and cumulative
frequency distributions. The continuously-recorded DO data were also

analyzed for temporal trends.

Seasonal and Annual Trends

Scatter plots of DO concentration versus date were made for all profile
data in the inner region at depths of 0 and 6 m, and at depths of 0, 6, and
12 m for the outer region. The scatter plots are shown in Figures 4-36 and
4-37 for the inner and outer regions, respectively. Several trends are
evident in these data. First, the graphs indicate, for both the inner and

outer regions, an overall seasonal trend of higher DO in winter and lower
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Figure 4-36
SEASONAL DO IN THE INNER REGION




Depth=Surface Depth=6m

Depth=12m

See Figure 4-45 for boundary of outer region

City of New Bedford, Massachusetts
Wastewater Facilities Plan

Figure 4-37
SEASONAL DO IN THE OUTER REGION
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DO in the summer. Such a trend is expected since lower winter temperatures
lead to higher DO saturation levels, and conversely, higher summer

temperatures yield lower saturation levels.

Further examination reveals that in the summer, the surface levels of DO
are higher than those at depth. As temperature does not vary greatly with
depth (relative to DO saturation levels), this trend is due to more than
just solubility. Higher biological activity, greater sediment oxygen
demand, and potential for maximal stratification probably combine to

explain the lower DO levels at depth during the warmer months.

In the winter, a similar trend -- higher DO at the surface than at depth --
might be expected. These data, however, indicate that wintertime surface
levels of DO are lower than those at depths of 6 or 12 m. The reason for

this trend is unclear but probably involves the following factors:

e Photoinhibition occurs when the light is actually too strong for the
surface algae and their productivity declines. Such a phenomenon
would cause the relatively lower surface levels of DO. Algae are
most sensitive to this phenomenon in winter.

e Examination of DO saturation levels reveal that, in the winter, the
water column is supersaturated much of the time. Under such
conditions, wave action may enable oxygen to be released from the
surface, resulting in lower surface DO concentrations.

e The existence of the net estuarine circulation pattern, which draws
"less oxygen depleted" bay water in along the bottom and expels the
harbor water out along the top, could also contribute to higher DO
at depth than at the surface.

Spatial Trends

The DO profile data presented in Figures 4-36 and 4-37 were also examined
for trends between the inner and outer regions. The ranges of data between
these regions clearly differ. In the summer (July 1 to September 30), the
data from the outer region do not vary greatly. The data points at the
surface and at depths of 6 and 12 m cluster between 6.5 and 8.5 mg/l with a

minimum and maximum of 6.3 and 8.7 mg/l respectively.
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The summertime inner region data exhibit a larger range. DO at the surface
tends to be between 6.0 and 8.5 mg/1l, but ranges from 3.9 to 11 mg/l. At a
depth of 6 m, the range is not quite as broad; the data cluster between
about 6 and 7 mg/l, and have a minimum and maximum value of 4.3 and 8.4

mg/l, respectively.

This greater variation in the inner region is probably attributable to the
presence of the existing wastewater discharge. Variability in nutrients in
the effluent encourages variability in the productivity of algae that, in
turn, causes variability in DO concentrations. Closer examination of the
inner region data reveals that, within the inner region itself, DO does not
vary significantly with proximity to the outfall. This fact suggests that
any oxygen-depleting effects of the outfall are quickly dispersed
throughout the surrounding area and do not center at the outfall. It
appears that by the time waters from the inner region reach the outer
region, oxygen-demanding substances have been significantly reduced; the
variability in DO is not seen in the outer region.

Data from the nutrient water column field program (see Appendix D) were
also examined with respect to percent of saturation. As expected,
wintertime DO is often supersaturated. During summertime in the outer
region, DO concentration is always above 75 percent saturation.
Concentrations in the inner region are somewhat lower, but do not fall
below 65 percent saturation (that level is reached only in mid-summer).
The DO measurement near the bottom at each of these stations and the
percent saturation of that measurement is shown in Figure 4-38. This
figure shows that DO levels trend in the same way throughout the year over
the study area (again, a function of water temperature variations). The
saturation data show that except in the vicinity of the existing wastewater
discharge (station 2), the percent saturation in the bottom waters was

always above 80 percent.
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Individual Station Profiles

Vhile the DO data at 6 and 12 m depths (shown in Figures 4-36 and 4-37)
used in the above analyses were chosen arbitrarily in an attempt to capture
overall trends in DO, variability with depth from station to station is not
captured in the graphs. To further the analysis of DO, profiles from

individual stations were also examined.

Many of the individual profiles show significant variability in DO with
depth. Variability is greatest in the summer. For the inner region
stations, the average difference between the surface and deepest measured
values is 1.2 mg/l, with consistently lower DO at the deeper level. Even
where little difference exists between the surface and deepest values, the
DO values may vary at intermediate depths along the profile. In many of

: £ teen 2 aid 4 m. deptl®. This

spike may be related to a variety of factors, including DO release to the

< YT

-

the profiles, the FMgheseEvdTia SENOY

atmosphere, photoinhibition at the surface, and/or higher algal

productivity just below the surface.

The average minimum value for all the inner profiles in the summer is 6.2
mg/l; in 13 profiles, the minimum DO is below 6.0 mg/l. Of these thirteen,
two profiles have a minimum value of between 4 and 5 mg/l, and three
profiles have a minimum DO less than 4 mg/l. The lowest DO concentration
measured in the summer in the inner region is 3.5 mg/l; this measurement
occurred in the bottom waters of the shipping channel east of the end of

Clarks Point in July 1980. The average maximum summertime value for all
the inner region profiles is 7.6 mg/l. Only five profiles have DO above

9.0 mg/l; the highest measured value is 11 mg/l.

Seven profiles have minimum DO values below 6.5 mg/l; one value (at 5.9
mg/l) is below 6.0 mg/l. The highest value measured in the outer region is
9.6 mg/l. The higher DO values seen at the 2 to 4 m depth in the inner

region are also often seen in the outer region profiles.



In the winter (January to April), for both regions, the profiles do not
exhibit much variability in DO concentration with depth. The profiles are
often defined by a smooth curve with lower DO values at the surface that

increase slightly with depth.

Cumulative Frequency Distributions

All of the data points from the DO profiles were used to develop cumulative
frequency distributions of DO for both the inner and outer regions (Figure
4-39). These curves were both drawn with more than 500 data points. For

the most part, these curves are comparable as the seasonal distribution of

data points that compose them is similar.

The curves are quite similar except at the two ends. For the high DO
values, the inner region curve shows a higher percentile assigned to high
DO values. This is likely because the inner region had three or more
profiles for the winter sampling dates, while the outer region had two
profiles. The curves also diverge significantly below the 5-percentile
value. In the outer region, DO concentrations rarely drop below 6 mg/l.
The curve for the inner region drops to a DO of about 5.0 at the
l-percentile value, with a lowest value of 3.5 mg/l. These lower DO
concentrations in the inner region are often in the bottom waters, and are

likely due to the exertion of sediment oxygen demand.

Continuous-recorded DO Data

Additional DO information was obtained from continuous-recording meters
stations in the study area (see Appendix C). These data are useful because
they allow for an examination of temporal trends that might be missed by
only using data obtained from vertical profiles. Plots of the continuous
traces for all meters can be found in both Appendices A and C; the plots in

Appendix A include the percent saturation of the measurements.
The only summer data are surface measurements taken at Negro Ledge (near

the 301(h) Site) and Butler Flats (northeast of the Existing Site) from

late August to mid-October 1987. These near surface measurements indicated
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o’

; whaP evidently related to variations in
RGtosyninegl® The peak DO occurs at 1800-1900 hours. The diurnal
fluctuatlon is about FHgFEPat Butler Flats, and- BvNCESROTAEmgrd at Negro

Ledge, which may indicate higher levels of oxygen production and

consumption at the shoreward stations.

The Negro Ledge record also has an interesting dip in early September (see
Figure 4-40). During the first week of September, DO levels drop steadily
from 7 to about 5.5 mg/l. DO remains between 5.5 and 6 mg/l for about the
next week before climbing back to 6.5 and 7 mg/l. October values average
about 7 mg/l. Profile sampling performed at nearby stations on September 2
and 15 confirm the continuous record concentrations to within about 0.5
mg/l. These dates, unfortunately, straddle the period of lowest DO
readings in the continuous record, so it is unclear whether the low
September values are a reflection of actual trends or of fluctuations in

the meter.

Figure 4-40 also shows the saturation value for DO and percent saturation
for the Negro Ledge record. During the dip in DO, saturation levels were
relatively constant at about 7.7 mg/l. The percent saturation curve,
therefore, follows the dip in the DO curve, with the lowest saturation of
about 75 percent coinciding with the lowest DO reading of about 5.5 mg/l.
This depression might be attributed to the present discharge off of Clarks
Point, oxygen demand due to sediment resuspension, and/or changes in

natural biological communities (e.g., phytoplankton, zooplankton, and

microorganisms). The first two possible explanations appear less
plausible, as no other data from the outer region confirm this depression.
A review of the wind records do not show any unusually high speeds that
would typically accompany a storm causing sediment resuspension. Also, the

depression is seen in the near surface (1 m deep) waters.

In early October, there was a short period of overlapping records for the
deep and shallow meters at Negro Ledge. During this period, the difference
in DO between these meters was about 1 mg/l, with the higher DO levels
measured at the deeper meter. At the deep meter, where the record

continues to mid-November, DO concentrations climb slowly from 8 to almost
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9.5 mg/l. DO saturation, however, remains very near 100 percent throughout

the record.

Continuous traces of DO were recorded at shallow and deep meters located at
Brooklyn Ledge during November and December 1987. The difference in DO
between these meters ranges from 0.3 to 0.5 mg/l; the upper meter has
higher DO concentrations. Neither record shows strong diurnal

fluctuations.

Interpretation

Dissolved oxygen values were seasonal, resulting from the changing
solubility of oxygen with water temperature. Maximum oxygen concentrations
(up to 13 mg/l) were found at all locations during the winter; these values
tend to be near or above saturation. The minimum values were measured
during the summer. The seasonal differences, however, were due to more
than just solubility. When the measured values were plotted as a percent
of saturation, they reveal an oxygen depletion during the warmer periods.

; U YEETrTY i ye( Ty pertent” of:
salupationy whlle near the Ex1st1ng Site they vere as low as 65 percent of

saturation. These depletions, though significant, are not severe enough to

have major impacts on marine life (see Section 8.3).

The oxygen depletion can be attributed to several different factors.
Offshore (at the 301(h) Site) the bPenfirre rdemandp is likely to be the

major factor. The presence of stratification in the summer permits the

Boagh-_.

development of shear currents which enhance horizontal exchange of water.
This, however, is at the expense of vertical exchange, which may contribute
to the observed DO depletions. It is also caused, to some degree, by the
. b
Arazivgrovgenismp and the Bact@#EiaPin the vater column can sometimes exceed
the amount produced during SiRitYMFWENSETNP(Oviatt et al., 1986). At the
Existing Site, the discharge of primary effluent is a 51gn1f1cant source of

RosegdIwen®™ . The fact

that greater oxygen depletions are not observed may be attributed to

relatively high productivity in the water column. The

BOP, vhich is exerted in

episodic northerly winds, during which the deep waters may be pulled
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upwvards to the surface at the shoreward end of the harbor. The interaction
of tidal flow with numerous shoals provides a further mechanism for
breaking up the vertical structure of the water column. Data from the
Outer Harbor indicate that DO does not vary significantly with proximity to
the outfall. This fact suggests that any oxygen-depleting effects of the
outfall are quickly dispersed throughout the surrounding area and do not
center at the outfall. It appears that by the time the Outer Harbor waters
reach Buzzards Bay, the oxygen-demanding substances have been significantly
reduced, as DO depressions are not as large in the vicinity of the 301(h)
Site.

4.4.3 TOXIC COMPOUNDS IN WATER COLUMN

Historic Data

The only significant source of historic data of toxic compounds in the
vater column comes from work performed as part of the EPA Superfund project
in New Bedford. Water column samples were collected throughout the Inner
and Outer Harbors at four sample periods. At many stations, a sampling set
included multiple samples collected at various tide conditions. As with
most of the New Bedford Superfund data, the water column samples were only

analyzed for cadmium, copper, lead, and PCBs.

The data for all of these compounds has been previously presented in
Section 4.3.5, where the copper and lead data were used to make estimates
of the flushing rate of New Bedford Harbor. The data presented in Figure
4-34 are mean values of the sum of the dissolved and particulate
concentrations across all sampling periods. These data show that the mean

concentration decreases as distance from the Inner Harbor increases.

1989 Ambient Ocean Sample

The analysis that predicts ability to meet EPA Ambient Water Quality
Criteria (see Section 7.4) requires information on toxic substances in the
vater column as one of its inputs. While the .Superfund data described

above constitute an extensive data set, the set only includes data for four
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toxic substances. To obtain data on the other toxic substances, an ambient
ocean sampling was conducted as part of this facilities plan. The results
of this sampling are summarized below; Appendix L provides more detail on

the sampling program.

Analysis of water column toxics was performed on samples taken from
Buzzards Bay at Station 25 of the EPA Superfund program. This station is
located just north of Nashawena Island and is shown in Figure 1 of Appendix
L. EPA Superfund Station 25 was selected as the location that would best
reflect the baseline pollutant level in Buzzards Bay based on an inspection
of the Superfund data. These data consistently show the lowest water
column concentrations of all the sampling locations. In addition, use of a
previously established sampling station provides some basis for comparing

analytical results.

Ambient water quality was determined using triplicates of seawater and
particulates drawn from mid-depth on January 6, 1989 during flood tide.
The samples were analyzed for priority pollutant volatile organic
compounds, semi-volatile organic compounds, pesticides, PCBs, and metals.
A high-volume sampling/extraction tank was used to collected the seawater
and particulate samples for some of the analyses. This technique permits
optimal analyte recoveries and provides very low analytical detection
limits (because of the large sample volume) for EPA base/neutral

semi-volatile organic pollutants, pesticides, and PCBs.

Table 4-5 gives the results (in terms of mean concentration) of the
sampling program for all detected chemicals. Appendix L contains the data
for all analyzed constituents. The mean concentration was determined by

taking the average of the sum of the dissolved and particulate fractions.

No volatile organic compounds were detected, and while this is not
unexpected, the analysis had unusually high detection limits due to
contamination of the sample by the pumping system. Of the target
semivolatile organic compounds, only fluoranthene, phenanthrene, and pyrene

vere detected, and then at very low (parts-per-trillion) levels. The
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TABLE 4-5

e MEAN CONCENTRATIONS OF TOXIC SUBSTANCES
DETECTED IN AMBIENT OCEAN SAMPLING

Average Ambient

Constituent Concentration (ug/l)
fluoranthene 0.006
phenanthrene 0.007
pyrene 0.001
antimony 0.092
arsenic 1.013
cadmium 0.0298
chromium 0.164
copper 0.436
lead 0.126
mercury 0.0064
nickel 0.423
selenium 0.005
silver 0.0012
vanadium 1.758
zinc 1.085
total PCBs 0.00018



ambient concentration of pesticides was also found to be below the

detection limits for all the targeted pesticides.

The PCB analysis was done in terms of PCB cogeners. A few congeners wvere
detected, but not in quantifiable amounts in the dissolved portion of the
triplicate samples; low concentrations were quantifiable in the particulate
fractions for several congeners. Because of the very low incidence of
identifiable PCBs in these samples, "total PCBs" was determined by totaling
the concentrations of the individual congeners quantified in each sample.

A value of 0.18 ng/l was identified to characterize the ambient total PCB
concentration in Buzzards Bay. This value is within an order of magnitude
of the data collected for the Superfund program, and the data collected in
Massachusetts Bay as part of the MWRA outfall siting study (MWRA, 1988).

Replicate seawater and particulate samples were analyzed for twelve metals.
The results were compared with historic sampling at Station 25 and
locations in Rhode Island Sound (see Appendix L). The good agreement
between the results of this sampling study and historic data for the area
suggests that the reported concentrations represent typical baseline levels
for the coastal region encompassing Buzzards Bay and Rhode Island Sound.
The metals data were also compared to the Massachusetts Bay ambient ocean
data. Again, good agreement (generally within a factor of two to three)
vas found between the data sets. The arsenic concentrations are of
particular interest because the concentration measured at Station 25 is
above the EPA human health 107~ carcinogenicity risk criteria of 175 ng/1.

The average concentration for Buzzards Bay (1,013 ng/l) is in reasonable
agreement with the Massachusetts Bay value of 498 ng/l.

4.4.4 NUTRIENTS

Historic Data

Nutrients are water quality parameters for which little historic data have

Lo

been collected in New Bedford Harbor. What data exist suggest that ammoREIa
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bay (CDM, 1983). Phosphate levels are also elevated in the surface waters

near the existing primary WWTP discharge.

1987-1988 Nutrient Field Program

Since the chemical parameters in coastal waters are known to vary
seasonally, data on inorganic and organic nitrogen and phosphorus were
collected monthly between August 1987 and August 1988. The specific dates
and procedures are described in Appendix D. Briefly, water chemistry
parameters were taken at the two candidate sites and at four other
locations in the Outer Harbor (see Figure 4-31). Measurements were made at
1.5 m depth intervals to the bottom by lowering a pumping unit from a boat
. and collecting samples from the appropriate depths. In September 1987,

three sets of samples were taken at two-week intervals to provide a better

estimate of shorter term variations.

e T S TR T fanemsales near the Existing
Site. The values were generally four to five times higher in
orthophosphate and 10 times higher in inorganic nitrogen. The maximum in
the surface waters can be attributed to the discharge of primary effluent
at that location. The reduced salinities that were concomitant with the
high nutrient values indicate the measurements were made in the partially

diluted effluent plume.

Based on the ratio of inorganic nitrogen to inorganic phosphate (N to P

miiting: nutciends fox

ratio), the data suggest that WErESH

except d
Redfield ratio). The actual ratio measured outside the plume was usually
less than 5:1 and often less than 1:1. 1In the partially diluted plume N:P
ratios wvere 5 to 10. This is not as high as the Redfield ratio, but
probably reflects the ratio in the effluent. The high concentrations of
ammonia in the water near the Existing Outfall suggest this nutrient is not

limiting.
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Nutrient levels were generally higher in New Bedford Outer Harbor than at
the 301(h) Site, and these higher levels supported higher levels of prlmary

production. This conclusion is based on the cHIAESphtiexen
measurements described in Section 4.5, and also on the chemical data which
show higher levels of particulate organic nitrogen and particulate organic

carbon in the Outer Harbor.

Silicate, an important nutrient for diatoms, exhibited a strong seasonal
s fshase

concentrations. The primary effluent does not seem to be a major source of

cycle. There was little difference, however, between :4m

silicate. The seasonal cycle in silicate seems to be linked with the
seasonal variations in diatom numbers. Silicate values are low vhen
diatom productivity is high because of diatom uptake, the values increase

by regeneration from the sediments during times of low diatom productivity.

The sediments play a significant role in nutrient cycling the Outer Harbor.
Even though the water column is generally mixed, with only occasional

periods of weak stratification, elevated values of inorganic nutrients were
frequently found overlying the sediment surface. The nutrient regeneration
studies (Appendix E) showed that 85 pefeeRE!GFTtHe orgamic-nitrogen
digéﬁﬁiﬁéé&ﬁn»%hefpvimaryxeffldzﬁffik fémineralized-in-the Outer Harbor.p

Overall sediment regeneration accounts for approximately 25 percent of all

nitrogen inputs into the harbor. In addition, the ratio of N to P was
higher near the bottom indicating a contimssE=EreR=gt-HEtrégen™fEom the -

Fedimeyty y The role of sediments is discussed further in the next section.

4.4.5 TOXIC SUBSTANCES IN SEDIMENTS

The sediments throughout Buzzards Bay, and especially in New Bedford
Harbor, contain human and industrial wastes. The distribution of these
vastes in the sediments has been of increasing interest recently because of
their impacts on the natural resources in the bay and their threat to
public health. The major contaminants of sediments that have been
identified in New Bedford Harbor and Buzzards Bay are PCBs, copper, lead,

chromium, arsenic, and zinc.
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Historic Data

In their survey of previous work in Buzzards Bay, Summerhayes et al. (1977)
reported that the earliest studies on geochemistry in Buzzards Bay (Moore,
1963; Spencer, 1966) focused on finding a relationship between metals
contamination and mineralogy. These early studies found that many of the

metals were strongly correlated with higher clay content.

Data on metals contamination of sediments in New Bedford’s Inner and Outer
Harbors were collected during the 1970s by various agencies and were
compiled in 1979 waiver application (CDM, 1979). A summary of the data for
sampling stations in the Outer Harbor is given in Table 4-6; sample station
locations are shown on Figure 4-41. The last column in Table 4-6 gives the
dredge and fill material classification for the sediment sample, as defined
-in 314 CMR 9.00.

The data shov that the Inner Harbor is highly contaminated with metals; in
one location the sediment contains 1.17 percent of chromium, copper, and
zinc combined (Summerhayes et al., 1977). Sediments enriched with metals
vere found near the wastewater discharge off the end of Clarks Point and in
the navigation channel to the Inner Harbor. Analysis for PCBs was only
performed for a few samples; high PCB concentrations were found near the

Existing Site, but not at the 301(h) Site.

One set of samples collected in 1972 looked at metals concentrations with
depth. 1In general, the surface samples were somewhat higher in concen-
tration than subsurface (20-25 cm deep) samples. At Stations 5 and 6,
however, the subsurface samples were generally higher than the surface
samples. Summerhayes et al. (1977) reports that work done by Bowen et al.
(1976) and Livingston and Bowen (1976) on radioactive substances like
plutonium indicated that plutonium is concentrated in the upper 10 cm,
although reworking by benthic organisms has redistributed the plutonium to
depths of about 20 cm. This result is similar to depth samples analyzed
for copper by Summerhayes et al. (1977) in which copper enrichment in
samples from the harbor approaches became negligible at depths of 20 cm or

more.
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SURFACE SAMPLES

HISTORTC SEDIMENT SAMPLING DATA

TABLE 4-6

Station No. As cd Cr Cu Pb Hg Ni Zn PCBs Category
NB2 (1971) 0.6 0.4 18.0 32.0 31.0 0.75 37.0 410.0 3
NB3 (1971) 8.2 43.0 250. 760.0 510.0 7.7 36.0 1170.0 3
(1975) 355. 105. 2.07 42. 725. 3
NB4 (1971) 1.6 0.8 27.0 40.0 38.0 1.8 6.0 59.0 3
NB5 (1971) 0.0 0.1 5.1 5.0 3.4 0.85 1.5 5.5 2
(1975) 43. 0.0 0.07 3.1 7.7 1
NB6 (1971) 0.6 0.9 27.0 59.0 20.0 0.21 4.5 50.0 1
CCl (1975) 0.0 0.0 0.9 0.0 35.0 2
5 (1972) 3.0 5.0 218.8 357.5 137.5 1.38 35.0 237.5 2
6 (1972) 0.7 1.2 19.2 47.1 18.6 0.38 8.0 36.5 1
7 (1972) 1.3 4.3 178.0 352.7 118.6 1.08 23.7 226.5 2
10 (1972) 27.3 1.3 33.0 57.3 40.5 0.27 18.9 80.3 3
11 (1972) 23.8 3.0 101.7 167.5 79.8 0.08 19.9 177.5 3
13 (1972) 48.0 3.3 180.2 282.2 119.4 0.7 26.1 209.5 3
14 (1972) 50.4 4.7 222.9 375.8 142.3 0.85 30.8 235.9 3



L6-Y

TABLE 4-6 (continued)

Station No. As Cd Cr Cu Pb Hg Ni Zn PCBs Category
15 (1972) 11.7 1.1 4.7 21.6 15.8 0.13 <5 18.4 2
S1 (1979) 6.9 25.0 210.0 705.0 750.0 0.1545 9.95 550.0 8.75 3
S2 (1979) 14.5 56.5 515.0 895.0 715.0 0.4779  46.5 995.0 27. 3
S8 (1979) 14.5 0.465 41.5 21.5 42.5 0.0321 11.5 55.5 ND 2
S9 (1979) 10.0 0.075 22.0 9.2 26.5 0.0359 5.1 28.0 ND 2
S10 (1979) 5.0 0.335 10.5 20.0 13.0 0.0153 2.15 11.5 0.3 1
S11 (1979) 6.2 1.1 46.5 59.0 36.5 0.0306 5.9 12.5 0.2 1
s12 (1979) 3.6 4.5 17.0 21.0 29.0 0.0217 3.6 25.0 0.2 1
DWPC-A (1988) 2.4 6.5 41, 60. 90. 0.335 5.5 500. 2.3 3
DWPC-B (1988) 1.4 <1.0 23. 60. 33. 0.170 2.5 85.0 1.3 3
DWPC-C (1988) 2.0 1.0 29. 24. 25. 0.105 6.5 90. 0.91 2




86-1

TABLE 4-6 (continued)

SAMPLES TAKEN AT DEPTH OF 20-25 cm

Station No. As Cd Cr Cu Pb Hg Ni Zn PCBs Category
5 (1972) 21.4 3.1 98.4 272.7 143.5 1.6 25.6 256.3 3
6 (1972) 8.2 1.4 46.4 211.4 75.0 0.6 17.9 185.7 2
7 (1972) 0.9 2.5 50.6 148.7 81.7 0.6 18.0 159.3 2
10 (1972) 9.6 1.1 17.5 16.9 11.3 0.1 11.3 33.9 1
11 (1972) 11.3 1.7 38.8 8.4 66.1 0.3 16.5 138.8 2
13 (1972) 11.0 1.7 53.2 154.5 92.9 0.4 36.6 183.2 2
14 (1972) 17.4 3.9 165.9 365.9 156.1 0.62 25.4 278.0 2
15 (1972) 0.5 1.0 5.2 16.5 14.2 0.99 <5 16.5 2
NOTES: All concentrations in ppm.

ND - not detected
Sample station number is from original study.

All data, except 1988 data, taken from compilation
from a DVPC study.

Bold-faced concentrations fall into dredge and fill material category 3 as defined in 314 CMR 9.00.

in CDM (1979); 1988 data is unpublished data
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Summerhayes et al. (1977) found that New Bedford sediments, especially the
fine-grained ones, are contaminated with copper, chromium, lead, and zinc.
They also developed a relationship using the concentrations of these metals
(Cu+Cr+Zn against Pb) to suggest which sediments were highly contaminated
and which were less contaminated or uncontaminated. The data indicate a
sharp change at about 1000 ppm Cu+Cr+Zn, which occurs just seaward of
Clarks Point and trends more or less NW-SE across the Outer Harbor (Figure
4-42). These and other data presented by Summerhayes indicate that New
Bedford Harbor tends to trap wastes and permits them to flush only slowly

to Buzzards Bay.

The most recent data collected on sediment contaminant levels were the 1984
through 1986 surveys for the EPA Superfund project in New Bedford
(Battelle, no date(b)); the samples were tested only for cadmium, copper,
lead and PCBs. Although these data have not yet been published, some
values are available and are summarized in Table 4-7. This table gives the
range of values from each of the sampling surveys and the average over the
sampling surveys; the PCB congener data were first totaled by sample and
then averaged across samples. Figure 4-43 shows the average sediment
concentrations. The Superfund data show that the concentration of PCBs in
the sediments is high in the OQuter Harbor, but drops off rapidly beyond the
undervater ledges at the mouth of the harbor. A similar gradient exists
for cadmium and copper. Lead, hovwever, is more uniformly distributed with
values between 25 and 55 ppm throughout the Outer Harbor. The only
significant variation in lead concentration was found at the location of
the present outfall where concentrations in excess of 400 ppm were
reported. Of special interest is one sample taken at station 16 (near the
existing outfall) that had an estimated PCB concentration of 226 ppm. This
value is above the threshold (50 ppm) that categorizes hazardous waste.

The only other sample in the OQuter Harbor with greater than 50 ppm of PCBs

is one collected at station 11 near the Cornell-Dublier manufacturing site.

Three sediment samples were collected on a transect running north-south

from Clarks Cove as part of a bioaccumulation program (Duerring, 1989).
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Station No.

TABLE 4-7

SUPERFUND SEDIMENT SAMPLING DATA

Cadmium Copper Lead PCBs Category
BT11 0.19*-2.2 11.8*-154.0 9.0%-63.7* 0.3-55.3* 3
average 1.1 75.0 34.1 27.8 3
BT12 0.14-0.18 0.005-~1.64% 3
average 0.16 15.5 9.8 0.5 2
BT13 0.54%-1.53*% 23.6*%-70.9%  22.2%-53,9% 0.34%-1.74% 3
average 1.04 47.3 38.1 1.04 3
BT14 1.97%-2,93% 111%-115% 61.4*%-90.6* 3.6%-5.9% 3
average 2.45 113 76.0 4.8 3
BT15 0.34%-0.45% 23.6%-25,0%  18.0%-24.8* 0.26*%-0.34% 1
average 0.40 24.3 21.4 0.30 1
BT16 6.29-22.7% 307.0%-528.0* 325.0-910.0*% 3.5%-226.2*% 3
average 14.7 432.0 467.0 56.7 3
BT17 0.45%-0,54%* 13.8*%-20.4*%  25.2%-59.5% 1.2%-1.6% 3
average 0.50 17.1 42.4 1.4 3
BT18 0.19%-0.41%* 23,7%-30.9%  25.3*%-65.3* 0.46-0.78 2
average 0.29 28.1 39.8 0.59 2
BT19 0.33%-0.46%* 27.3*%-30.2%  43.0%-71.7*% 0.30-0.52 2
average 0.4 28.8 53.4 0.41 1
BT22 0.19-0.20 15.7-18.3 33.4-37.6 0.06-0.09 1
average 0.20 17.0 35.5 0.08 1
BT24 0.02-0.21 2.7-16.2 9.6-37.3 0.005*%-0.08 1
average 0.1 11.4 25.2 0.05 1
NOTES: All concentrations in ppm.

* _ is an estimated value (below detection limit or
otherwvise).

Bold-faced concentrations fall into dredge and fill material

category 3 as defined in 314 CMR 9.00.

Sample station number from original study.
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These data, which are included in Table 4-6, also show decreasing

concentrations with distance from Clarks Cove.

Dredge Spoil Categories

One method for evaluating the severity of contamination in the sediments is
to classify them using dredge material and fill classifications from 314
CMR 9.00: Certification for Dredging, Dredged Material Disposal and Filling
in Waters. The sediment quality criteria used in assigning these

classifications is given in Table 4-8.

Tables 4-6 and 4-7 also show the dredge and fill material classification
for all available data. Values that fall into Category 3 are shown in
bold-faced type. Figure 4-41 shows the location of the samples in the
various classifications. The classifications have significant impacts on
the disposal options for any contaminated sediments that might be dredged

during construction of the outfall system (see Section 6.2).

The data show that the sediments at and near the existing outfall are in
Category 3 (see Figure 4-41). As one moves farther from the outfall toward
the bay and the 301(h) Site, more sediments fall into Category 2;
throughout Buzzards Bay, the sediments are in Category 1. While there is
no discernible pattern to the variety of sediment categories in the
northern reaches of the Quter Harbor, it must be remembered that the
samples were collected between 1971 and 1986, and were analyzed for
different constituents. For example, a number of the Category 3 sediments
are from the more recent sampling (BT designation) that included analysis
for PCBs, and indeed it is the high PCB concentrations that place the

sediment sample in Category 3.

For several locations in Categories 2 and 3 (stations 10-15, S8, and S9),
arsenic is the only constituent that places the sediment into that
Category. Without the high arsenic concentration, these sediments would be
Category 2 or even 1. The vicinity of the 301(h) Site, for example, would
be Category 1.
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TABLE 4-8

CLASSIFICATION OF DREDGE OR FILL MATERTAL
BY CHEMICAL CONSTITUENTS (ppm)

Category One Category Two Category Three

arsenic < 10 10-20 > 20
cadmium < 5 5-10 > 10
chromium < 100 100-300 > 300
copper < 200 200-400 > 400
lead < 100 100-200 > 200
mercury < 0.5 0.5-1.5 > 1.5
nickel < 50 50-100 > 100
PCBs < 0.5 0.5-1.0 > 1.0
vanadium < 75 75-125 > 125
zinc < 200 200-400 > 400
Category One materials are those which contain no chemicals listed
above in concentrations exceeding those listed in the first column.

Category Two materials are those which contain any one or more of the

chemicals listed above in the concentration range shown in the second

column.

Category Three materials are those materials which contain any

chemicals listed above in a concentration greater than shown in the

third column.

Other important man-induced chemicals or compounds not included above
which are known or suspected to be in the sediments at the dredge site
vill of course be given weight in the classification of the material

and the choice of dredging and disposal methods.

When the Division has

reason to suspect the presence of any other toxins due to a nearby
discharge, additional testing for that element may be required.
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4.4.6 NUTRIENT CYCLING AND OXYGEN DEMAND IN SEDIMENTS

T RS NN e o S A R Y oy e e . 2 e
Lot e B :f‘v\»-‘_’. R LR RN I R A R X G NS 1c

¥ The detrital organic load can come from solids discharged

in wastewvater effluent, stormwater runoff, or high levels of primary
productivity. This section summarizes the results from REMOTS sampling
performed in 1987 and from the 1988-89 sediment field program being

conducted as part of this facilities plan.

REMOTS Survey

The oxygen demand of the sediments of New Bedford Harbor were examined
using the REMOTS instrument (SAIC, 1987). This study measured dissolved
oxygen concentrations and the apparent redox potential discontinuity (RPD)
depth along a north-south transect from near the hurricane barrier to a
location southeast of Wilkes Ledge (Station R) (see Figure 4-44). The
sampling stations were purposely selected in low kinetic areas where
fine-grained labile organic matter may concentrate, and thus, should
represent worst-case conditions for the parameters being measured. The
study was also done in August when hydrographic conditions might be

expected to lead to low dissolved oxygen levels.

Uniformly high values of dissolved oxygen were measured in the near bottom

vaters; values ranged from 5.9 to 6.5 ppm. These values are considered to

be high because they are ﬁﬁ.ﬁchawt%£¢:?ﬂﬁﬁ'Muf,arﬁuﬁf“ﬁ?§§¥§@§¥¥§§¥gﬁiéﬁé
et Aol FaE O R R U R AR P A R I AN OB S eTE T and erabeT

The difference in dissolved oxygen levels from the top to bottom of the
vater column ranged from O to 0.9 mg/l. SAIC concludes that these data
indicate that the organic loading to the harbor bottom does not appear to

be manifested in significant depletion of oxygen in the bottom water.

The RPD depth measurements showed that there were two areas of significant
organic enrichment: Stations (2-6) in the vicinity of the existing
wvastewvater discharge, and Stations (10-14) located to the southwest of the
301(h) Site.
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1988-1989 Sediment Field Program

The sediment field program conducted as part of this facilities plan
included measuring sedimentation rates, redox potential, sulfate reduction,
and sediment carbon chemistry. The six sampling stations for this field
program are shown in Figure 4-45; these locations were chosen because they
represent the major different sediment types in the Outer Harbor as defined
by Summerhayes et al. (1977). This field program also included
determinations of infaunal community structure, which is discussed in

Section 4.5.

Sediment Nutrient Regeneration. Nutrient regeneration (inorganic nitrogen

and phosphorus) were measured in the laboratory from subcores of large,
0.25 m® cores collected at each of the sampling stations. Three cores at
each location were collected five times during the year in the fall,
vinter, spring, and twice in the summer 1988-89. The detailed description

of the collection methods is given in Appendix E.

Sediment Oxygen Demand. Subcores of the large cores collected for the

nutrient study were placed in enclosed chambers, and the oxygen depletion
measured over 24 hours using an oxygen electrode. The detailed description

of these methods is given in Appendix E.

Re-mineralization Rate of Organic Matter in the Sediments. The decay rate

of organic matter in the sediments at the six locations identified in
Figure 4-45 was measured using subcores of the large cores collected. The
rate was calculated by simultaneous measurements of the sediment oxygen
uptake (described above) and subsurface sulfate reduction rates. Sulfate
reduction accounts for almost all anaerobic respiration of organic matter
in nearshore sediments, and thus, the two sum of the two values provides a

good estimate of the total decay rate.

Sediment Accretion Rates, and Sediment Constituents. Sediment accretion

was determined from Pb(210) profiles of sub-cores of each sediment samples

collected in the fall of 1988. Sediment nutrient pools were fractionated

a4

into inorganic nutrients (N03_, NH ", and P04(3')) and particulate organic
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pools (CHN analysis). Porewater nutrient concentrations were collected by
centrifugation of sub-cores, and CHN analyses performed on dried sediments
after acid treatment to remove carbonate. A detailed description of these

procedures is given in Appendix E.

Results of 1988-89 Sediment Field Program

The major results and conclusions from the sediment field program are

summarized below. The data and detailed analyses are given in Appendix E.

Sediment Oxygen Demand

Sediment oxygen demand (SOD) in the Outer Harbor follows a seasonal
temperature related cycle with maximum values occurring during the late
summer. SOD at the Existing Outfall was approximately the same as those at
nearby stations (B3, B4 in Figure 4-45) indicating the higher organic
deposition at the former location is being balanced by a higher carbon
burial rate and possibly a lower respiration rate from benthic organisms.
The highest average”SQD¥or the three locations wasﬁjﬁﬂﬁfﬁwiéﬁﬁghay on
September 8, 1988. Furthermore, on an annual basis the SOD at all

locations was remarkably similar with the lowest value (301(h) Site) only
25 percent lower than the highest (station B5 or the control station "R").
Annual averages for the Outer Harbor stations fall between those for the
301(h) Site and station R (see Figure 19 in Appendix E). The average of
the values measured at the 6 locations on each of the 5 sampling times are

summarized in Table 4-9.

Carbon and Nitrogen Cycling in the Sediments

The detailed analyses of the carbon and nitrogen cycling in the water
column and sediments are given in Appendix E. Following is a summary of

the results and conclusions.

° Primary_?roduction carbon inputs into the harbor (14,400 - 20,400
kg C yr ") estimated from direct measurements made the preceding
year (Appendix F) agree well with an independent assessment of
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TABLE 4-9

SEDIMENT OXYGEN DEMAND MEASURED AT STATIONS

IN BUZZARDS BAY AND THE OUTER HARBOR

in grams Ozlmzlday

STATTION*

Date B1® B2" B3 B4 B5 B6
9/8/88 0.56 ~0.95.  1.04 1.26 ~ 1.23 0.72
10/23/88 0.53 0.67 0.72 0.72 0.84 0.76
2/6/89 0.57 0.54 0.50 0.44 0.36 0.58
5/4/89 0.64 0.55 0.26 0.63 0.92 0.80
7/17/89 0.63 0.93 0.68 0.85 0.85 0.88
NOTE: *See Figure 4-45 for location of stationms.

#301(h) site

PExisting Outfall site
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4.5

this parameter based on quantification of harbor carbon exports
(approximately 18,000 kg C yr ').

Only about 18 - 23 percent of organic C input into the harbor, the
great majority of which is primary production, reaches the
sedlments, and only 16 percent contributes to SOD. JIherzmmminder:is

Though the direct remineralization of organic matter in thesprimers
discharpe contrlbutes a relat1ve1y small amount_oﬁhharbor oxygen

R L o Rt it ) FoEiRftrogen o
ary and hence, via its support of primary production
contrlbutes in a major way to sediment oxygen demand. The outfall
contributesZ59% of the total nitrogen to the harbor as
photosynthetically utilizable NH,, either as directly released NH,
or via rapid remineralization of effluent organic nitrogen.

Released inorganic nitrogen from outfall effluents (or other
sources) is very rapidly utilized by phytoplankton and converted
essentially in toto (> 95 percent) to organic matter before it
exits the harbor (less than 5 percent of the inorganic nitrogen was
found to leave the harbor).

Given the above, the inorganic N loading within the harbor via the
present outfall or that from the proposed newv fac111ty will be quite
similar,. oz 13 £ 5 FYRKITTIE eveen® and perhaps
s1gn1f1cant1y less, dependlng upon the unknown proportlon of organic
nitrogen that presently is flushed from the harbor. We therefore
expect the magnitude of primary production over the entire harbor to
be increased in the future by an amount significantly less than 18
percent.

BIOLOGICAL OCEANOGRAPHY

4.5.1 INTRODUCTION

The characteristics of the biological community in New Bedford Harbor and

Buzzards Bay have been the focus of several studies during the last three

decades. These studies have provided information on the condition of the

animals and plants living in these coastal waters and some understanding of

their ecological relationships.
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The coastal ecosystem is an integrated unit in which chemical, physical,
and biological factors all interact. To understand how our present and
future activities impact this ecosystem, all of the factors have to be

considered together. Analyses of impacts on an ecosystem can, however, be

done at several levels of resolution.

pabgm -- all the chemical,
efed together. Impacts are
measured as changes in a specific ecosystem functions such as energy flow
or the trophic structure (e.g. relationship of primary producers, grazers,
carnivores, and decomposers). This approach is useful in assessing long
term trends, but impact analyses need to be more focused (National Research
Council, 1986). The effects of an action need to be considered in terms of
possible changes on different parts of the ecosystem, such as an

economically important group of species or a specific recreational value.

Tiidtwidual-specie®, on the other hand, represent the smallestsunit..gt vhich

i diert 3. tor ool 2t R e

ecosystems can be considered. Analyses of impacts based on individual
species, however, do not provide the appropriate information necessary to
choose between different engineering or management alternatives. An
analysis of every species in the ecosystem is not practically feasible,
while choosing only a few may provide the wrong assessment. Species vary
greatly in their response to stress. Choosing ones with a low tolerance to
stress will bias the assessment toward overpredicting the impacts, whereas

choosing ones with a high tolerance will underestimate them.

Because neither of the two approaches mentioned above provide the type of
information needed to assess impacts on ecosystems, many consider the
”cpmnupiﬁyéﬂgggggggh to be the most satisfactory (McCall, 1977). In the
community approach, impacts are assessed in terms of changes in a group of
species that are linked by their taxonomic similarity or share the same
resources. For example, all the organisms living in the ocean bottom are

often categorized as the "benthite—communiiy. These animals are linked by

iy Stz ot
their use of the ocean sediments for living space, and many also use the
sediments as a source of food. Other associations of organisms that are

usually called communities in the coastal marine environment are:
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(the microscopic plants that produce the food in
vy (the small

organisms that graze on the phytoplankton), and the‘gggggg (the fish and

larger motile species).

Past studies have shown that analyses of structural and functional changes
in a community are very sensitive, and can reveal impacts that are not
evident from assessments of individual species or the ecosystem as a whole
(Boesch, 1977; National Research Council, 1986). For this reason, the
sampling methods in this and previous impact assessments have been designed
to characterize the different communities in New Bedford Harbor and

Buzzards Bay.
In addition to presenting information on the structure of the biological
communities, this section includes discussion of contaminant bioburdens of

nekton and other megafauna, and the results of the whole effluent toxicity

testing.
4.5.2 SUMMARY OF EXISTING DATA SETS

Existing Information on the Benthic Community

The first attempts to characterize the benthic community in Buzzards Bay
were done by Howard Sanders from the Woods Hole Oceanographic Institution
in the 1950s (Sanders, 1958). Sanders found that the organisms living in
the bottom in Buzzards Bay could be categorized into two groups, or

assemblages. The first was a group dominated by Nephthys incisa and Nucula

proxima, which was found in softer sediments. The second was an offshore
sandy bottom community dominated by amphipods (Ampelisca spp.).

More recent studies done for the New Bedford 301(h) waiver application
(CDM, 1979; CDM, 1983) used a statistical analysis to show that four
assemblages could be identified in the New Bedford Outer Harbor and the

northern part of Buzzards Bay:
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(1) An offshore assemblage living in soft mud bottoms dominated by the
clam, Nucula proxima, and the polychaete worm Nephthys incisa.
This is the same community earlier identified by Sanders.

(2) A nearshore assemblage living in firmer, sandier bottom dominated
by several snail species of the genus Crepidula.

(3) A nearshore assemblage living in sand that included many of the
species found in #2 above, but also contained species that are
found specifically in sand such as the polychaete Lumbrineris
tenuis. '

(4) An outfall assemblage living near the existing New Bedford sewer
outfall that had a reduced number of species, unrelated to any of
the other three assemblages. The dominant species here was a
polychaete worm, Mediomastus ambiseta, known to live in polluted
sediments.

The hardshell clam, Mercenaria mercenaria, is also found in the nearshore

benthic community. Though not numerically very abundant relative to the
snail (Crepidula) and polychaete (Lumbrineris) species that characterize
this habitat, it is a commercially important species. Densities of
Mercenaria in the Outer Harbor of New Bedford can be as high as 5/m?
(Hickey, 1983), and represent commercially harvestable densities. The
densities are, however, several orders of magnitude lower than those for
the dominant species (CDM, 1979; CDM, 1983).

These studies indicate that the deeper parts of Buzzards Bay, including
those extending into New Bedford Harbor, have had a stable benthic
community for several decades. The benthic community at the 301(h) Site is
basically the same now as it was in 1979 when it was sampled for the waiver
application. Furthermore, the dominant species found in the bay are the
same as those found by Sanders in the late 1950s and early 1960s. The
benthic community near the sewage outfall, however, is highly stressed by
the effluent, and is faunistically quite different. The dominant species,

Mediomastus ambiseta, is an "early" colonizer found usually in sediments

that are newly polluted and subject to periodic disturbances that kill most

other benthic organisms.

The importance of the benthic fauna in the coastal ecosystem as a
monitoring tool has been well demonstrated (Boesch, 1977). They also serve

as ‘S¥cerTeR Tt rsrofr rak-dESTUFrEAREes™ Most species are

e oy Vs E A
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sessile, and may serve as early indicators of stress by illustrating
bioaccumulation (Bryan and Hummerstone, 1971, 1973a, 1973b), the decline of.
individual species (Blumer et al., 1970; Sanders et al., 1972), or subtle

changes in community composition (Michael et al., 1975).

Existing Information on the Phytoplankton Community

The phytoplankton community in the coastal waters of the Northeast has been
studied by numerous investigators, and is characterized by diatoms and
dinoflagellates (Fish, 1925; Sears, 1941; Smayda, 1958). Skeletonema

costatum, Leptocylindrus minimus and species of Rhizosolenia have been

reported as dominants in the phytoplankton community of Buzzards Bay.

A more detailed analysis of the phytoplankton community at the Existing
Site and the 301(h) Site was done for the New Bedford 301(h) waiver
applications (CDM, 1979; CDM, 1983). In August 1979 the dominant species

found was Cyclotella michiganiana with small cryptophyte and crysophyte

flagellates making up most of the remaining populations. A more detailed
study was undertaken in 1983 when 40 samples were collected in August and
October. Sixty species were identified, and the population in both late
August and early October was fairly similar to that reported from Block
Island Sound and Narragansett Bay (CDM, 1983). The twtalsmeklideénsities at
the Existing Site and the 301(h) Site were comparable or higher than those

in Narragansett Bay, which is considered to have a high abundance of
phytoplankton compared to most coastal sites in the Northeast. Species
diversity in New Bedford was roughly comparable to those in the other two
locations, and some of the most abundant taxa were similar: Skeletonema

costatum, Chaetoceros sp., and the flagellates.

A comparison of the phytoplankton community in the early 1980s at the
Existing Site and a control station of similar depth indicated some minor
differences (CDM, 1983). The similarity in phytoplankton species was
fairly high, though their abundances were highly variable. Three of the

dominant taxa -- S. costatum, Thalassiosira sp., and blue-green algae --

were consistently higher at the Existing Site than at the control station.
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The overall similarity between the Existing Site and the control station

was fairly high.

Existing Information on Zooplankton Community

Forty-eight species or taxa of zooplankton were identified in the waters
between the Existing Site and the 301(h) Site in samples taken during
August 1979 (CDM, 1979). The genus Acartia was the most abundant copepod

with Paracalanus crassirostris the next most common form. A list of the

zooplankton taxa found at the two candidate outfall sites is presented in
Table 4-10. A comparison of these data with a previous study in Buzzards
Bay (Anraku, 1964) indicates no appreciable differences in the dominant

copepods between the two studies.

Existing Information on the Fish and Megafaunal Community

Community Description. The community of fish and large, motile

invertebrates in the vicinity of the two candidate sites was extensively
sampled in the period 1979-83 by the state Division of Marine Fisheries and
Camp Dresser and McKee. The most abundant species at both sites was scup,
comprising 81 percent of trawling samples taken in 1983. The striped
anchovy was next in abundance at the Existing Site. Cunner, winter
flounder, and tautog were also common (CDM, 1983). A list of all species

found near the Existing Site is given in Table 4-11.

At the 301(h) Site, the five most abundant species were scup, butterfish,
winter flounder, silver hake, and windowpane flounder. A list of all
species of fish and other megafauna at the 301(h) Site is given in Table
4-12. 1In addition to fish, several species of squid, crab, and shrimp were
collected at the Existing Site and at the 301(h) Site.

No major differences in the fish community were found between the two
candidate sites (CDM, 1983). Furthermore, the size distributions of the
two abundant species, scup and black sea bass, were consistent at all
stations sampled, and no major seasonal differences in species were found
(CDM, 1983).
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TABLE 4-10

RESULTS OF AUGUST 16 AND 17, 1979 SAMPLING
FOR ZOOPLANKTON IN BUZZARDS BAY AND THE OUTER HARBOR

Centropages hamatus

C. hamatus copepodite

C. typicus

Centropages spp. copepodite
Labidocera aestiva

L. aestiva copepodite

L. aestiva nauplius
01ithona brevicornis

Q. similis

0ithona spp. copepodite
Paracalanus crassirostris
Pseudodiaptomus coronotus
P. coronotus copepodite
Temora longicornis

cf. Halicyclops spp

CIRRIPEDIA

Balanus spp. nauplius

Balanus spp. metanauplius

Balanus spp. cyprid
Isopoda

tpicaridea

Decapoda

Brachyuran zoea

Brachyuran megalops

Brachyuran A zoea
Brachyuran B zoea

Carcinus maenus zoea
larvae

Crangon septemspinosus

Galatheidae zoea

Libinia spp. zoea

Pagurus longicarpus zoea

Mol fusca

Gastropoda

Busycon spp. larvae

Gastropod spp. A larvae

Bivalvia

Bivalve larvae

Chordata

Doliolidae

unid. Doliolid

Osteichthyes

Stenctomus chrysops
unid fish egg
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CNIDARIA

Hydrozoa

Obelia sp. medusa
Ctenophora

unid. Ctenophore

ANNELIDA
Polychaeta
unit. polychaete
larva

ARTHROPODA

Cladocera

Penilia avirostris
Podon spp.

Podon polyphemoides
Copepoda

unid. calanoid
unid. copepodite
Acartia tonsa
Acartia copepodite
Acartia nauplius




TABLE 4-11

RESULTS OF FINFISH TRAVLS NEAR THE EXISTING SITE

FISH

Alevife (Alosa pseudoharengus)

American Eel (Anguilla rostrata)

Amercian Shad (Alosa sapidissima)
Atlantic Herring (Clupea harengus harengus)
Atlantic Silverside (Menidia menidia)

Bay Anchovy (Anchoa mitchilli)

Black Sea Bass (Centropristis striata)
Blueback Herring (Alosa aestivalis)
Butterfish (Peprilus triacanthus)

Cunner (Tautogolabrus adspersus)
Fourbeard Rockling (Enchelyopus cimbrius)
Fluke (Paralichthys dentatus)

Gauguanche (Sphyraena gauchancho)
Fourspot Flounder (Parlichthys oblongus)
Grubby (Myoxocephalus aenaeus)

Little Scate (Raja erinacea)

Menhaden (Brevoortia tyrannus)

Northern Pipefish (Syngnathus fuscus)
Pinfish (Lagodon rhomboides)

Northern Searobin (Prionotus carolinus)
Pollack (Pollachius virens)

Red Hake (Urophycis chuss)

Scup (Stenotomus chrysops)

Seaboard Goby (Gobiosoma ginsburgi)
Smooth Dogfish (Mustelus canis)

Spring Dogfish (Squalus acanthias)
Striped Anchovy (Anchoa hepsetus)

Striped Sea Robin (Prionotus evolans)
Summer Flounder (Paralichthys dentatus)
Tautog (Tautoga onitis)

Weak Fish (Cynoscion regalis)

White Hake (Urophycis tenuis)

Vindowpane Flounder (Scophthalmus aquosus)
Vinter Flounder (Pseudopleuronectes americanus)

INVERTEBRATES

Bay Scallop (Aequipecten irradians) Green crab (Carcinus maenus) -
Channeled Whelk (Busycon canaliculatum) Mantis shrimp (Squilla empgsa)i
Horseshow Crab (Limulus polyphemus) Blue crab (Callinectes sapidus)

Lobster (Homarus americanus)
Longfinned Squid (Loligo pealei)
Rock Crab (Cancer irroratus)
Spider Crab (Libinia emarginata)

Sources: Massachusetts Division of Marine Fisheries, 1979-1983
Camp Dresser and McKee Inc., 1983
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TABLE 4-12

RESULTS OF FINFISH TRAWLS NEAR THE 301(h) SITE

FISH

Black Sea Bass (Centropristis striata)
Bluefish (Pomatomus saltatrix)

Butterfish (Peprilus triacanthus)

Cunner (Tautogolabrus adspersus)

Fluke (Paralichthys dentatus)

Fourbeard Rockling (Enchelyopus cimbrius)
Fourspot Flounder (Parlichthys oblongus)
Little Scate (Raja erinacea)

Menhaden (Brevoortia tyrannus)

Northern Searobin (Prionotus carolinus)
Ocean Pout (Macrozoarces americanus)
Pipefish (Syngnathus fuscus)

Planehead Filefish (Monacanthus hispidus)
Red Hake (Urophycis chuss)

Scup (Stenotomus chrysops)

Short Big Eye (Pristigenys alta)

Silver Hake (Merluccius bilinearis)
Smooth Dogfish (Mustelus canis)

Spiny Dogfish (Squalus acanthias)

Spotted Hake (Urophysis regia)

Striped Searobin (Prionotus evolans)
Tautog (Tautoga onitis)

Weak Fish (Cynoscion regalis)

White Hake (Urophycis tenuis)

Windowpane Flounder (Scophthalmus aquosus)
Vinter Flounder (Pseudopleuronectes americanus)

INVERTEBRATES

Channeled Whelk (Busycon canaliculatum) Rock crab (Cancer irroratus)

Lady Crab (Ovalipes ocellatus) Mantis shrimp (Squilla empusa)
Lobster (Homarus americanus) Oyster drill (Urosalpinx cinerea)

Longfinned Squid (Loligo pealei)
Mantis Shrimp (Squilla empusa)
Shortfinned Squid (Illex illecebrosus)
Spider Crab (Libnia emarginata)

Sources: Massachusetts Division of Marine Fisheries, 1979-83
Camp Dresser and McKee Inc., 1983
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New Bedford Inner Harbor forms the estuary of the Acushnet River and is the

site of an anadromous fish run. Alevives (Alosa pseudoharengus) migrate

from Buzzards Bay through the Acushnet River to spawn in Saw Mill Pond
(Reback and Dicarlo, 1970).

Another important species in the megafaunal community is the American

Lobster, Homarus americanus. The lobster prefers rocky bottom and thus, is

not often collected during net tows used to sample fish or the sediment
grabs used to sample the benthic infauna. No estimate of lobster
abundances is available for either of the two candidate sites. The
existence of an active commercial fishery just outside the closure line and
extending around all the ledges at the mouth of the harbor, would indicate

that lobster densities are high.

Contaminant Bioburden in Megafauna and Infauna. The most recent survey of

certain metals and PCBs in the tissues of marine organisms was done as part
of the EPA Superfund project in New Bedford. The survey was done for the

following species: American lobster, Homarus americanus; blue mussel,

Mytilus edulis; hard-shell clam, Mercenaria mercenaria; winter flounder,

Pseudopleuronectes americanus. As with the other Superfund sampling

efforts, the organisms were only sampled for copper, cadmium, lead, and
PCBs.

For the hard-shell clam, the survey indicates that levels of the compounds

analyzed are higher in the harbor than in the middle of Buzzards Bay.
Copper, lead, and PCBs in the hard shell clam are the highest in the Inner
Harbor and decrease with increasing distance from the Inner Harbor and the
Existing Outfall. The highest value for copper in an individual clam was
7.7 ppm (wet weight). For lead it was 2.5 ppm; for cadmium, 0.48 ppm, and
for PCBs (sum of all congeners), 2.3 ppm (Figure 4-46).

The measurements of toxic compounds in the tissues of the other species
sampled for the Superfund project do not show such a concentration
gradient. For example, the lowest copper concentration measured in lobster

tissue was from a lobster caught just inside the hurricane barrier (12 ppm)
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wvhile the concentrations at the offshore sites ranged between 35 and 57
ppm. PCB values in the lobster whole tissue ranged between 0.04 ppm to 1.6
ppm with no correlation to distance from New Bedford.

Battelle (no date (a)) also did a survey of historical PCB biota
measurements between 1976 and 1986. The results of the survey in terms of
average concentrations for lobsters are shown in Figure 4-47. This figure
is organized by closure area segments (see Section 4.6.1 for a discussion
of closure areas), and Area 4 corresponds to the portions of Buzzards Bay
beyond the closure line. No data were available for Area 1. Although the
database is small, there seems to be a general decreasing trend in PCB
levels in the tissue of lobsters collected from the Outer Harbor.

Battelle, however, concludes that if the 1979 data are excluded, there is

little variation in concentration between 1977 and 1986.

4.5.3 ADDITIONAL DATA NEEDS

obothexbenthic: communi ty

respeRaeT O k-loeoent!
to-pRARgeT I e enviTiiiai®: , and the fact that the last benthic sampling
vas done in 1983, it was necessary to re-sample the communities at the two
candidate sites for the outfall. This is especially important since
benthic communities are used as indicators of stress in the coastal

environment.

The existing information on New Bedford Harbor and Buzzards Bay does not
contain any rate data for some of the ecological processes taking place. A
comparison of species lists between locations can provide one level of data
for assessing the environmental impacts of an ocean outfall. An effluent
discharge, hovever, may also change some of the rates at which ecosystems
processes occur. For example, the addition of nutrients may change the
rate at which carbon is fixed through photosynthesis without significantly
changing the structure of the community (Sanders et al., 1987). The change
in photosynthetic rate may then have significant impacts on other aspects
of the ecosystem such as the amount of organic matter reaching the bottom,
the dissolved oxygen levels in the water, and/or the species composition of

the benthic community.
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Several

3 are important in the outfall siting

5y TR sntration, and thes €lmetrfl
AL, 1 “ﬂﬁﬁéga The dlscharge of secondary

effluent will introduce inorganic nutrients into the receiving waters that

decision. These include i85

can stimulate productivity and potentially create nuisance blooms and/or
changes in benthic oxygen respiration or benthic community structure. Data
vere therefore needed on the present rates of photosynthesis and how this

rate may change with the discharge of secondary treatment effluent.

A second rate variable is benthic respiration. The discharge of primary
edimenty in the

treatment effluent has resulted in the formation of anoxierse
area of the existing outfall with the potential for a high oxygen demand
(SAIC, 1987). Measurements of the existing benthic oxygen demand in the
harbor were needed to assess the effect of anoxic sediments on the levels
of dissolved oxygen in the water column. These data are then used to
predict the impact of future secondary treated effluent on dissolved oxygen

levels in the water (see Section 8.6).

A third rate variable important to the coastal ecosystem is the flux of
inorganic nutrients from the sediments into the water column. Although
inorganic nutrients are chemical parameters, they have a significant impact
on the phytoplankton community. Nutrients are often the limiting factor in
the growth of phytoplankton. An understanding of the rates at which
nutrients are re-dissolved from the sediments, as well as their actual

levels in the water column, was needed to assess the overall productivity
and the potential for algal blooms.

While whole effluent toxicity testing of the primary treatment effluent is
performed on a monthly basis, it was felt that the toxicity of secondary
treatment effluent might be sufficiently different to warrant further
testing. The assays performed for this facilities plan used mock secondary
effluent from the pilot plant that was constructed to examine PCB removal
rates. The results of these bioassays are used in conjunction with
chemical-specific toxicity predictions (see Section 7.4) to evaluate the

potential for toxicity of secondary effluent on the biological community.
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4.5.4 BIOLOGICAL OCEANOGRAPHY DATA COLLECTION

Primary Productivity

To assess the present primary production in the New Bedford, area monthly
measurements were made on samples collected at the Existing Site and the
301(h) Site. Composite samples collected at different isolumes were
incubated with radioactive material for 6 hours to measure the amount of
carbon fixed. Measurements were made on the total phytoplankton population

and on its smaller size fraction (<10 um).

The water samples were collected as part of the monthly cruises done by the
Voods Hole Oceanographic Institution to monitor dissolved oxygen and water
chemistry (see Appendix D). On collection, the samples were delivered the
same day to T. Smayda at the University of Rhode Island for the

productivity measurements. A detailed description of the methods is given

in Appendix F.

Productivity with Nutrient and Sewage Enrichment. To assess the potential

impact of nutrient inputs from a secondary treatment effluent discharge on
primary productivity, aliquots of the samples collected for productivity
measurements were incubated with different combinations of inorganic
nutrients, and with 5 percent and 1 percent solutions of a filtered
effluent from the primary plant collected the same day. The filtered
primary effluent was used as a substitute for the actual secondary effluent

since the latter was not yet being produced by the pilot plant.

The nutrient "spike" experiments were run using different combinations of
NH,,

uMolar; phosphate ranged between 5 and 1 uMolar; and silica ranged between

PO,, and Si. The concentrations of ammonia ranged between 25 and 5

10 and 2 uMolar. A more detailed description of the experiments is given

in Appendix G.

Phytoplankton Community Structure. The phytoplankton present in the

samples used for the productivity and spike experiments were identified and

counted. Live samples were enumerated for nannoplankton diversity (species
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and their abundance) using a haemocytometer and in a Sedgwick Rafter
Chamber. 300 ml of this was preserved, concentrated to 50 ml, and the

larger, rarer species enumerated.
In addition, replicate measurements of chlorophyll a in the total and <10
um fraction were made using a fluorometric method. All these procedures

are described in more detail in Appendix F.

Benthic Infaunal Community Structure. The present structure of the benthic

infaunal community was assessed at the six sites also used for the
measurement of sediment processes (Figure 4-45). Samples were collected
seasonally in the spring, summer, and fall using a 0.04 m® VanVeen grab and
five replicates collected. The sediments were wet seived through a 0.3 mm
mesh at sea, and preserved in buffered formalin. Three of the replicate
samples were sorted, identified to species, and counted. The remaining
samples were archived for future identification should the initial three

samples show excessive variability.

Sampling was limited to only three seasons because population changes are
slowver in the winter, and because an extensive data base on the biological
community at the two candidate sites already exists, collected as part of
the 301(h) waiver applications (CDM, 1979; 1983). Also, the benthic
community responds to environmental disturbances on a much longer time
scale than the sediment microbial community, which controls the rates of

nutrient and oxygen fluxes from the sediments.

Whole Effluent Toxicity Testing

Acute and chronic exposure biocassays were conducted to evaluate the
toxicity of mock secondary effluent produced by the pilot plant. The mock
secondary effluent was generated by processing a single sample of primary
effluent in six batches through the secondary treatment pilot plant. A
further discussion of the pilot plant can be found in Volume III of this

facilities plan.
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The bioassays are called whole effluent toxicity tests (WETT) because they
assess the toxicity of the entire effluent rather than the toxicity of

individual contaminants in the effluent. The following tests were run:

e Two 96-hour static acute toxicity tests using the shrimp Mysidopsis
bahia.

e One 96-hour static acute toxicity test using the minnow Cyprinodon
variegatus.

e Two 7-day reproductive tests using the red alga Champia parvula.

The tests were performed on unchlorinated, chlorinated, and dechlorinated
effluent. Chlorination and dechlorination were performed in the
laboratory. The highest effluent concentration for these assays was
between 66 and 70 percent because the effluent was adjusted with natural
seavater brine prior to use. A summary of the results of the WETT are
given in Section 4.5.6; details of the procedures followed can be found in

Appendix M.

Molluscan Shellfish Resource Survey

A survey of quahog stocks was undertaken to supplement existing information
on shellfish beds at the Existing Site and the 301(h) Site. The detailed

description of the methods used is given in Section 4.6.1.

Some of the quahogs dredged during the survey were collected, frozen, and
homogenized at the Woods Hole Oceanographic Institution Biology Laboratory.
The frozen samples were delivered to the state’s DEP Laboratory in Lawrence
for analysis of metals and PCBs.

4.5.5 INTERPRETATION OF BIOLOGICAL DATA

Primary Productivity

A prominent feature of New Bedford Outer Harbor is its year-round, well
defined mixing with little summer stratification. This suggests that the

, and nutrients remineralized in the

kS
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sediments are readily available for phytoplankton growth all year. As a
result, distinct annual phytoplankton cycles were not evident. During the
1987-88 field program, productivity at both candidate sites occurred in
gradual pulses rather than crisp seasonal cycles. MaxisiREpeddaecivityat

@ vas measured in late summer, extending into fall.

® at the Existing Site. This was 2.4 times greater
stimated for the 301(h) Site. The productivity at

the 301(h) Site is similar to that found in unpolluted waters of nearby
Narragansett Bay (see Appendix F), while the higher levels at the Existing
Site are consistent with the observed nutrient enrichment there from the

discharge of primary treatment effluent.

On an annual average, the primary productivity that can be attributed to
plants smaller than 10 microns (nannophytoplankton) is less than 20 percent
of the total. Differences in the monthly productivity measurements reflect
fluctuations of the larger diatoms rather than the nannophytoplankton. The
absence of the small phytoplankton as a major contributor to the overall
productivity during the summer months represents a major difference between

Buzzards Bay and other New England coastal waters, including Boston Harbor.

The critical irradiance threshold for phytoplankton growth is located deep
enough in the water column that growth can occur to the bottom even during

December, the time of lowest light levels.

The results of the nutrient sp1ke experlments indicated thatgg:qﬁg;;ivrtyg
Analyzing the data

using the non-parametric Friedman Two-Way Analysis of Variance and the
Wilcoxan Signed Rank Test indicated there was no significant difference

between the spiked and control samples on an annual basis (p < 0.05).

average two- fold increase in production during the times of maximum

phytoplankton growth (see Appendix G).
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Phytoplankton Community Structure

Most of the phytoplankton productivity all year was attributable to the
diatoms. The dominant species consisted of a mixture of estuarine and
coastal species commonly found in New England waters. The successional
patterns and bloom species, however, differed from those found in
Narragansett Bay or Massachusetts Bay. Most notable differences are the

absence of a winter-spring bloom of Skeletonema costatum, Detonula

confervacea, and Thallassiosira nordenskioeldii, and their replacement with

Chaetoceros compressus.

The diatoms appeared in slow pulses rather than crisp seasonal cycles.
Abundance was greatest from August to December, with the lowest numbers in
May and June. The abundance of diatoms at the Existing Site was, on the
average, 1.6 times higher than at the 301(h) Site. This is probably a
result of the higher nutrient levels resulting from the discharge of

primary treatment effluent.

Several species of dinoflagellates capable of forming non-toxic blooms were
present, but their densities were always much lower (< 75/ml) than usually

found when nuisance blooms occur, and numbers exceed 1,000,000/ml.

The nannophytoplankton were numerically the most abundant group of species
with numbers as high as 210,000/ml. As with the diatoms, their abundance
did not follow any obvious seasonal cycle. Despite their numerical
abundance, the contribution of the nannophytoplankton to total

phytoplankton biomass, Wsimessukedsdb: JozophYIIN vas lov. This is also
reflected in the observation that the nannophytoplankton do not contribute

significantly to the overall productivity.

Benthic Ecology

The results of the benthic ecology study performed as part of this
facilities plan are summarized below. The detailed results and analyses

are found in Appendix E.
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The benthic community in the vicinity of the Existing Site is controlled by
the wastes being discharged. The distribution of species follows the now
commonly recognized enrichment pattern first characterized by Pearson and
Rosenberg (1978). OppuistuSINEIEpolivtioncplerant species are nost:
WVith distance from the outfall,

common at the outfall and nearby stations.
the proportion of these species decreases, and they are replaced by the

species normally found in those sediments.

At the Existing Site, the opportunistic species found in 1988-89 samples

vere the polychaete worms, Mediomastus ambiseta and Carazziella hobsonae

and the bivalve Mulinea lateralis. Together they represent 83 percent of
the fauna. Station B4 (see Figure 4-45), which is the next closest station

to the existing outfall, had 84 percent opportunistic species. Since
Station B4 contained some sand, species favoring this type of sediment in

unstressed environments were also observed, such as Tellina agilis. At

Station B3, the next in distance from the outfall, Mediomastus represented
only 62 percent of the fauna. Many species, however, commonly found on

sandy sediments were also observed including amphipods, Syllidae and some
bivalves. A detailed description and analysis of the benthic community is

found in Appendix E.

The number of species observed were highest at Stations B3 and B4, which is
in accordance with the Pearson and Rosenberg model for the impacts of
organic pollution. The number of species is expected to be low nearest the
source of pollution, increasing to a maximum at a certain distance from it
in an area slightly impacted by the discharge, and then decreasing again as
one moves farther from the source. Species numbers are highest at the
intermediate distances from outfalls because the organic matter settling
there is high enough to attract the benthic organisms which feed on it, but

not high enough to cause significant stresses.

The impacts of the existing wastewater discharge on the benthic community
is long standing. Mediomastus has been the dominant species for at least a
decade as shown by the data collected for the waiver applications (CDM,
1979; 1983). Of interest, however, is the observation that the second

opportunistic species reported earlier (Polydora cornuta (formerly P.
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ligni) has been replaced by the Spionid, Carazziella hobsonae. Originally
described from Florida and the Carolinas, this is a new northern record for

this species.

The benthic community at the 301(h) Site is dominated by the clam, Nucula

annulata and two polychaetes, Nepthys incisa and Levinsenia gracilis.

These are the common species also found at the control site (Station R),
and have been the dominant soft-bottom species in Buzzards Bay since the
initial studies of Sanders in the late 1950s (Sanders, 1958). The first
samples collected in September indicate that the benthic community here
shows no signs of being stressed by the waste discharges coming from the
harbor. This hypothesis will be confirmed on completion of the benthic
studies in July 1989.

Contaminant Bioburden

A recent survey of certain metals and PCBs in the tissues of marine
organisms indicate that levels of pollutants are higher in the hard shell
clams found in the Inner Harbor. The values for PCBs from clams at one
location were above theg2ppm~FbBA=tolerance level~(see Figure 4-46). At
all other locations, the values were below the tolerance level. Quahogs
collected in the immediate vicinity of the existing outfall during the
shellfish survey and analyzed by the State Lawrence Laboratory also had low
levels of PCBs. The quahogs collected along transect 11 (see Figure 4-50)
had a PCB concentration (as Arochlor 1254) of 0.27 ppm; those from transect
17 a concentration of 0.26 ppm; and those from transect 110 a concentration
of 0.26 ppm. The metals analyses on the quahogs collected during the

survey have not been completed by the State at the time of this report.

No action or tolerance levels have been proposed for the other pollutants
measured, and it is not possible to assess the significance of the tissue
concentrations. Qualitatively, however, the values of cadmium and copper
in the hard shell clams are high relative to shellfish in other polluted
areas. The values for cadmium in shellfish from all locations in New

Bedford Harbor are an order of magnitude higher than those found in
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soft-shell clams in Quincy Harbor (EPA, 1988), and those for copper are as

much as 4 times higher.

The most recently measured levels of PCBs in lobster whole tissue are below
the FDA tolerance level at all locations sampled. The levels in the
hepatopancreas, however, were still extremely high. Even lobsters caught
near the middle of Buzzards Bay had levels in the hepatopancreas (7 ppm)
that are above the FDA limit. The values of PCBs in the hepatopancreas of
lobsters caught in the Inner Harbor are similar to the levels in lobsters

caught in Quincy Bay (average 44 ppm; EPA, 1988).

The values for cadmium, copper, and lead in lobster in New Bedford Harbor
and Buzzards Bay were, however, significantly higher than in Quincy Bay.
The average value for cadmium in all lobsters (whole tissue) sampled for
the Superfund study was 0.35 ppm, whereas the average in Quincy Bay was
0.002 ppm (EPA, 1988). The average values for copper were 41 ppm and

4 ppm, respectively. The values for lead were 0.4 ppm and 0.2 ppm

respectively.

4.5.6 RESULTS OF TOXICITY TESTING

Acute Test Results

The NOAEL (no observable acute effect level) for the acute assays using the
minnow and shrimp are given in Table 4-13. The tests using the minnow show
no measurable acute toxicity for all three effluent types. The shrimp
results show that the dechlorinated effluent is slightly less toxic than
the unchlorinated and chlorinated effluents. The lowest NOAEL, 25 percent,
was measured for one of the shrimp tests for unchlorinated and
chlorine-dosed effluent. Mysid survival data indicated that any treatment

will result in an effluent that is relatively non-toxic.

Chronic Test Results

The red algae was the most sensitive species tested and the only species to

show a significant response to effluent treatment. The NOEC (no observable
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TABLE 4-13
RESULTS OF WETT USING MOCK SECONDARY EFFLUENT

NOAEL or NOEC

Sample Test for Effluent Treatment

Date Species Type Unchlorinated Chlorinated Dechlorinated
11/88 Cyprinodon Acute 66% 667 667
11/88 Mysidopsis Acute 50% 50% 66%
11/88 Mysidopsis Acute - 25% 25% 50%
11/88 Champia Chronic 25% <5% <5%

3/89 Champia Chronic 1.6% 1.6% <1.6%

The reliability of the WETTs using dechlorinated effluent is in question as
the laboratory dechlorination procedure cannot be verified. Further, sodium
metabisulfite (the dechlorinating chemical) may be toxic to Champia.
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effect concentration) for the chronic tests using the red alga are also
given in Table 4-13. Two sets of testing were performed, the first in
November 1988 and the other in March 1989. The second set of testing was
necessary because some of the November tests did not include sufficiently

low dilutions of the effluent.

The two chronic tests were also performed differently, so it may not be
applicable to compare the results. Testing performed in November 1988 did
not include a renewal of the effluent after 24 hours; the March 1989
testing included this renewal. This change in methodology was

unintentional.

The chronic test results show either variable toxicity of the effluent or
variability in the test itself. For the unchlorinated effluent, the two
NOECs were 15 percent and 1.6 percent. It is not as easy to compare the
results from the chlorinated and dechlorinated effluent treatments because
the November tests gave NOECs of <5 percent. Further, the March test gave
an unexpected result: the NOEC of dechlorinated treatment was lower (at

<1.6 percent) than the chlorinated treatment (at 1.6 percent).

Primary Treatment Effluent WETTs

Acute and chronic exposure bioassays have been performed monthly since
December 1987 on effluent from New Bedford’s existing primary treatment
plant. Tests from December 1987 until August 1988 were performed only on
chlorinated effluent. Since August 1988, the tests have been done for
unchlorinated and chlorinated effluents. The acute bioassays were done

using the shrimp Mysidopsis bahia. Chronic testing used the red alga

Champia parvula and the sheepshead minnow Cyprinodon variegatus. The

results of this testing, in terms of NOAELs or NOECs, is given in Table
4-14,

WVhile the results for the acute assays show considerable variability
(NOAELs range from <1 to 20 percent), the NOAELs are lower than those
obtained using the mock secondary effluent. There is also variability

among the results for the paired samples of unchlorinated and chlorinated
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TABLE 4-14

RESULTS OF WETT USING PRIMARY TREATMENT EFFLUENT

Test Type Species

Acute Chronic , )

Sample Date Effluent Mysid Shrimp1 Red Alga Chronic Minnow
12/87 Chlorinated 5% - =,
1/88 Chlorinated 13% 25% ND
2/88 Chlorinated 13% - 25%
3/88 Chlorinated 13% 25% 25%
4/88 Chlorinated 6.3% None -
5/88 Chlorinated <6.3% None 25%
6/88 Chlorinated 6.3% None -
7/88 Chlorinated 6.3% - -
8/88 Chlorinated 13% - -
9/88 Unchlorinated 107% 1% -
9/88 Chlorinated 10% 5% -=
10/88 Unchlorinated 20% - 10%
10/88 Chlorinated 20% - 10%
11/88 Unchlorinated 1% 5% 25%
11/88 Chlorinated <1% 5% 40%
12/88 Unchlorinated 10% <1% 10%
12/88 Chlorinated 1% £1% 5%
1/89 Unchlorinated 15% 1% 15%
1/89 Chlorinated 10% 1% 15%
2/89 Unchlorinated 1% - -
2/89 Chlorinated 10% 0.5% 25%
NOTES:

(1) Result given is the no observable acute effect level (NOAEL)
(2) Result given is the no observable effect concentration (NOEC)
(3) ND - not determined
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effluents. In two instances, the NOAELs are the same; three tests show
greater toxicity in the chlorinated than unchlorinated effluents; and one
test pair (February 1989) shows greater toxicity in the unchlorinated than
the chlorinated effluent.

The results from the two chronic bioassays are also quite variable (NOECs
range from 0.5 to 40 percent, with three tests where the NOEC could not be
determined). The red alga is generally more sensitive than the sheepshead
minnow. Comparison of the unchlorinated and chlorinated effluent data
pairs also reveals two tests (November 1988 for minnow; September 1988 for
red alga) when the chronic toxicity in the unchlorinated effluent was
greater than in the chlorinated effluent. The NOECs determined using the
mock secondary effluent -~ while quite variable themselves -- fall within

the range of NOECs using primary treatment effluent.

Summary

Both the WETTs performed using mock secondary and primary treatment
effluents show considerable variability. This variability may either be
due to variable toxicity of the wastewater reaching the treatment plant, or
variability inherent in the testing itself. This variability complicates
the use of these data for outfall siting. The implications of the WETTs

are discussed further in Section 8.7.

4.6 HARBOR RESQURCES INVENTORY

The construction and operation of the outfall pipe and/or diffuser may
impact the resources of New Bedford Harbor and Buzzards Bay. This section
presents an inventory of these harbor resources, and as such defines the
baseline conditions against which the outfall siting criteria can be
evaluated. The specific harbor resources discussed herein are: marine
shellfish and finfish resources (including the coliform and PCBs closure
boundaries), recreational facilities, navigational channels and anchoring
sites, endangered species, and historical and archaeological resources.

This section contains maps of these resources.
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4.6.1 MARINE SHELLFISH AND FINFISH RESOURCES

This section describes the shellfish and finfish resources in the study
area. It also includes a description of field surveys conducted in the
study area to determine the densities of hard-shelled clams. The use of
these resources in New Bedford Outer Harbor is currently restricted by two
closures. The first restricts the taking of shellfish because of coliform
bacteria contamination. The second prohibits the taking of lobster and

finfish because of PCB contamination.

Closure Areas

The boundary of the shellfish closure as of April 12, 1989 is shown in
Figure 4-48. The shellfish resources to the north of the solid lines
marked on the map are closed to harvesting because of high counts of
coliform bacteria. The shellfish closures do not affect the bay scallop or

whelk resources.

The harvesting of lobster and finfish is also severely limited because of
high levels of PCBs. The current restrictions on finfish and lobsters are
outlined in Figure 4-49. The closure areas, which were established in 1979
due to PCB contamination, prohibit all fishing activities in the area
located to the north of hurricane barrier. The next area to the south is
closed to the taking of lobsters, eels, flounder, scup or tautog. The rest

of the Outer Harbor is closed to the taking of lobster only.

Finfish

Vhile New Bedford Harbor supports a large fishing fleet, no commercial
finfisheries exist in the harbor or in Buzzards Bay because net fishing is

prohibited.

Although sportfishing does occur in Buzzards Bay, no recent surveys are
available on the species and their abundances. Sportsfishing is pursued
extensively from the Dartmouth and Fairhaven shorelines, from the jetties

at Clarks Point, and from boats in the Outer Harbor (CDM, 1983). The major
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catches for the sport fishery in the Outer Harbor include: bluefish,

Potatomus saltatrix; scup, Stenotomus chrysops; striped bass, Morone

saxatilis; Atlantic mackerel Scomber scombrus (Kolek, 1979).

Areas of heavy fishing pressure for scup are rocky ledges near Vilbur
Point. Other bottom-feeding fishes receive less pressure than do scup and
tautog, and are principally fished from shore. While recreational fishing
for bottom feeding fish is prohibited in the closure area, the closures are
not enforced, and consequently appears to have had little impact on
bottom-fishing activity. Bluefish are the principal gamefish in the Outer
Harbor, and are fished from boats in the Egg Island and Little Egg Island
areas (CDM, 1983).

Shellfish

The intertidal and subtidal shellfish resources in the New Bedford region
were identified based on recent conversations with state biologists (M.
Hickey and F. Germano) and the local shellfish warden (B. Bourque).

Shellfish resources include the soft-shell clam (Mya arenaria), the

hard-shell clam (Mercenaria mercenaria), black clams (Arctica islandica),

bay scallops (Aequipecten irradians), oysters (Crassostrea virginica),

whelks (locally called conch, Busycon spp.), and lobster (Homarus
americanus). The boundaries of the beds of non-motile shellfish are shown

in Figure 4-48.

The motile species (lobster and whelk) are found throughout the area.

Prior to the closure, lobster were regularly trapped in the Outer Harbor.
Being highly motile its distribution is not limited to anmy bottom type or
location. The taking of lobster is restricted throughout most of the study
area by the closure imposed due to PCB contamination. Figure 4-49 shows
that lobstering is prohibited throughout the Outer Harbor to beyond Great
Ledge and Negro Ledge; the 301(h) Site is about 0.7 km outside of the

closure boundary.

Lobster was the major species harvested commercially in the harbor before

its closure in 1977. Approximately 50 commercial and 100 recreational
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lobstermen used the area, and the value of the fishery in the closed area
vas estimated to exceed $125,000 per year (Kolek and Ceurvels, 1981).
Lobster pots were noted in the vicinity of the 301(h) Site, and lobsters
have been collected nearby by the Massachusetts Division of Marine
Fisheries (CDM, 1983). No data, however, are available on the value of the
present lobster resource in the vicinity of either candidate outfall site.
The present numbers of lobster in the Outer Harbor, however, are high
(Bourque, 1989), probably because no commercial trapping has taken place
since the closure. From Buzzards Bay as a whole, approximately 12 million
pounds of lobsters were landed between 1967 and 1984 (Battelle, 1987).
Recreational lobstering occurs in the area of the existing outfall despite
the closure, especially close to shore where rock rip rap provides cover
for lobsters (CDM, 1983).

The whelk fishery began only a few year ago, and it is not affected by

either shellfish closure. The Outer Harbor and Clarks Cove now support
eight commercial fishermen who, together, are landing approximately 16,000
lbs of whelk (conch) a day (Bourque, 1989).

The hard-shelled clam is economically the most important of the bivalve
shellfish species in the area. It is commercially harvested outside the
closure areas; it is also taken from within the closure boundary and
relocated outside the boundary for depuration and harvesting at a later
time. The resource within the closed areas has been estimated at 520,000
bushels (CLF, 1988). It is generally found in harvestable densities in the
southern end of the Inner Harbor, and throughout the Outer Harbor and
Clarks Cove out to about the 11-m (35-foot) depth contour (see the
following discussion of the results from field surveys in the study area).
Patches of lower densities do exist within this area, such as at the
terminus of the existing 60-inch WWTP discharge pipe and on the rock ledges
(which are the wrong habitat), but these areas are small. The shellfish
resource extends into deeper water south of Smith Neck. Recent surveys by
the DMF done in 1987 found quahogs to a depth of 45 feet approximately 1.2
miles west of the 301(h) Site. Clam densities in this area are estimated
to be approximately 0.2 clams/m’ based on the new data sheets made
available to CDM by the DEP.
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The other bivalve species (soft-shell clams, oysters, scallops) are found
in the shallow bays and soft-bottom intertidal area around the harbor. The
areas where the populations of these species have been found, which are
vithin the boundaries under the jurisdiction of New Bedford (Bourque,
1989), are identified on Figure 4-48. The natural abundance of these
species does not appear to be large enough to support a major commercial
fishery because their habitat is limited in size. The resources, however,
could support recreational harvesting if the closure resulting from
coliform pollution is lifted. Soft-shell clams are usually found in the
intertidal zone and shallow subtidal zone in sandy muds and fine sands.
Oysters need a hard substrate to grow and at present are found mostly on
rock bulkheads and pilings in the Inner Harbor. Their distribution is
limited to the intertidal zone by predation from Oyster Drills (an
introduced species from Japan). Scallops are found on shallow subtidal
bottoms, especially in eel grass beds. All of these habitats are not very

extensive in the New Bedford area.

Although natural scallop populations seem to be sparse, the harvest of this
species is currently being enhanced by the addition of hatchery-reared
young in Clarks Cove. The New Bedford shellfish warden purchases young
scallops (seed), grows them in rafts for awhile, and then releases them for

subsequent harvest by local shellfishermen (Bourque, 1989).

Molluscan Shellfish Survey at the Two Candidate Sites

This section presents the results of a field survey to assess the densities

of the hard-shell clam, Mercenaria mercenaria, at the two candidate outfall

sites. The specific objectives were to determine the size and shape of the
area around the two existing outfalls where no clams are found, and whether

commercially harvestable clam beds extend out to the 301(h) Site.

The survey was undertaken to supplement existing information on shellfish
beds in the area. The State Division of Marine Fisheries (Hickey, 1983)
carried out an extensive survey of the hard-shell clam populations in the
Outer ngbor and Clarks Cove (Figure 4-50). The area in the immediate

vicinity of the 60-inch existing outfall pipe, however, was not sampled
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wvell enough to determine how close to the outfall terminus the shellfish
beds extend. The data from the benthic infaunal sampling (part of the
sediment field program; see Appendix E) show that no clams area living
within 30 m of the outfall terminus. Relatively high densities, however,
greater than 0.55 m’ were found by Hickey (1983) in some samples within 430
m of the outfall terminus (see Figure 4-50). One purpose of the present
survey was to sample in the zone between 30 m and 450 m from the outfall

terminus and determine the clam densities within this area.

Conversations with the New Bedford Shellfish Warden (B. Bourque) indicated
the shellfish beds extended at least to the ledges at the mouth of the
harbor. In addition, the Division of Marine Fisheries have indicated that
the shellfish beds may extend to the depth of about 15 m (50 ft). No
quantitative sampling, however, has been done to determine whether any beds
exist in deeper water at the 301(h) Site. The other purpose of the present
survey was to determine whether harvestable shellfish beds exist at the
301(¢h) Site, or if not, the proximity of the nearest beds.

Methods. The densities of legally harvestable hard-shell clams were
determined using a 0.625 m wide (2 ft) hydraulic dredge towed by a 55-foot

commercial fishing vessel (FV Shining Star, Steve Quintin, Captain). The

mesh size on the dredge was 5.1 e¢m (2 inches), and quantitatively retained

only legal sized clams.

Tows ranging between 90 - 260 m were taken at the locations shown in Figure
4-50. The exact length and location of each tow, was determined using
LORAN and visual triangulation at the beginning and end of the tows. The
accuracy of the positioning and distances measured was + 11.4 m. Tows at
the Existing Site were done on June 13, 1989, and those near the 301(h)
Site on June 14.

The initial objective was to take the samples perpendicular to transects
and make them all of the same length. This goal was not achieved in all
of the tows because the size of the boat, weight of the dredge, and

underwvater obstruction made maneuvering difficult. Furthermore, tows in

the area of the 301(h) Site were severely limited by the presence of
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discarded steel cable and abandoned lobster trawls, which tangled with the
dredge on almost every attempt. The majority of completed tows near the
301(h) Site were only along one transect (Figure 4-50), even though several

vere attempted in other areas.

Results. The densities of legal-sized clams were calculated by dividing
the number of clams in a tow by the area covered on each tow with the 0.625
m wide dredge. The results for all of the tows that could be completed are
given in Table 4-15. All the clams collected near the existing outfall
were the hard-shell clam, Mercenaria mercenaria. Three species, however,

wvere collected in the deeper water near the 301(h) Site: Mercenaria

mercenaria, Arctica islandica, and Pitar morrhuana. The two commercial

clammers on board (S. Quintin and E. Williams) did not distinguish between
the first two species, and considered both to be equally acceptable.
Mercenaria and Arctica are very difficult to distinguish in the field when
they reach the large sizes (3 - 4 inches) that were collected, and it
should be noted that the identification to species was not confirmed by
dissection on board the boat. Since both the hard-shell clam and the black

clam, Arctica islandica, are commercially harvested in the Northeast, the

clam densities shown in Table 4-15 for the deeper water sites are based on

the total for both species.

The third clam species collected, Pitar morrhuana, is a fairly common

member of the soft-bottom benthic community in Buzzards Bay (Sanders,
1958), but is not commercially harvested. This clam was called the "duck
clam" by the commercial clammers, who also stated that it is not marketable
because its flavor is too strong and the shells too weak. No estimates of
density were possible because the species has maximum size of 2 inches
(Gosner, 1978), and thus only the largest individuals were collected in our

tovws.

In general, the survey for legal-sized clams indicated that harvestable
numbers exist around the Existing Site, but not at the 301(h) Site. The
consensus between Edward Williams and Steve Quintin (personal
communication), two commercial clammers with 22 years of experience between

them, was that densities of legal clams had to be higher than 0.55/m’
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TABLE 4-15

NUMBER OF CLAMS AND CALCULATED DENSITIES
FOR THE TOWS MADE ON JUNE 13 AND 14, 1989

Tow Length of # Hard-shell # Black

Number Tow (m) Clams Clams Density/ft2 Density/m2
Near Existing 11 137 44 0.05 0.55
Outfall 12 160 87 0.08 0.88
13 114 134 0.18 1.98
6/13/89 14 183 53 0.04 0.44
15 183 73 0.06 0.66
17 114 177 0.24 2.64
18 160 353 0.34 3.74
19 206 942 0.70 7.70
110 183 694 0.58 6.38
111 229 102 0.07 0.77
Near 301(h) Site 21 137 0 0 0
23 183 2 1 0.003 0.033
24 137 3 4 0.008 0.088
25 274 1 3 0.002 0.022
26 206 0 1 0.001 0.011
28 366 0 2 0.001 0.011
210 251 0 0 0

NOTES: Clam densities for the 301(h) Site are based on the total of both
hard-shell and black clams.

Tow locations are shown in Figure 4-50.
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(0.05/ft2) to be economically harvestable. This estimate was derived from
their statement that they needed to harvest 100 clams in a 10 minute tow,

towing at 1 knot, and using a 2-foot wide dredge.

The tows taken near the existing 60-inch outfall pipe showed that the clam
populations found throughout the Outer Harbor extend very close to the
pipe. The tow closest to the discharge point (#17) which started about 120
m, and ended approximately 20 m, from the "boil" had 177 clams in it, for a
density of 2.6/m? (0.24/ft2). The other tows that came within 80 m of the
discharge (#14, #15, #18) also had harvestable numbers of clams. Since no
clams have been found in the cores taken for the benthic sampling within 30
m of the discharge, a small zone without clams does exist. Its size,
hovever, is small. If the minimum size is a circle with a 30 m radius and
the maximum possible size has a radius of 80 m, the area without clams at
the existing 60-inch pipe is estimated to be between 2800 m® and 20,100 m?
(0.7 acres and 5.0 acres).

The clam densities measured during the present survey near the existing
outfall (0.44 - 7.7/m%) are very similar to those measured in 1981 by
Hickey (1983), which ranged between 0.11 and 5.5/m>. Although the 1981
survey included juvenile as well as legal-sized clams in the density
estimates, the juveniles averaged only 10 percent or less of the sample.
These results indicate the clam populations near the existing outfall have
probably been stable during the last 8 years, and are found in commercially

harvestable densities.

In contrast, the densities of both hard-shell and black clams were much
lower in the deeper waters close to the 301(h) Site. In general, the
densities of the two species combined were an order of magnitude lower than
the minimum required to sustain a commercial harvest. The shallowvest
offshore tow was done at about the 12 m (40 ft.) depth contour, and even
here, no clams were found. This supports the comments made by the two
commercial clammers (S. Quintin and E. Williams, personal communication)
that harvestable densities are found only to a depth of approximately 10.5
m (35 feet). The two clammers also mentioned, that, on several occasions

during the last five years, they have dredged in the area south of Great
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Ledge and Negro Ledge looking for pockets of harvestable clams without any

success.

According to conversations with DMF and the New Bedford Shellfish Warden,
B. Bourque, a straight line tow does not collect as many shellfish as do
circular tows in deeper waters. Unfortunately, circular tows are difficult
to calibrate relative to distance, and this precludes any density estimates
of shellfish stocks. To CDM’s knowledge there have never been any attempts
to calibrate sampling with circular tows with linear tows. The methods
used in the CDM survey were identical to the methods used by the DMF in
their 1987 survey of shellfish beds in the deeper waters off Dartmouth (use
of commercial bottom dredge, along linear transects; which were positioned

by Loran coordinates).

Even though the densities measured at the 301(h) Site may be under-
estimated, the values in the immediate vicinity of the location were so low
that harvestable densities probably do not exist there. Although very few

quahogs were collected, the densities of Pitar morrhuana were high enough

to indicate that the dredge was functioning properly, and would have
sampled some quahogs had they been present. In the tows shown in Figure
4-50 the counts for the smaller clams were as follows: Tow 21 had no P.
morrhuana, Tow 23 had 12, Tow 24 had 34, Tow 25 had 37, Tow 26 had none,
Tow 28 had none and Tow 210 had 5. Thus, of the seven successful tows in
the vicinity of the 301(h) Site, four had appreciable counts of this

common, but not very abundant, bivalve.

4.6.2 RECREATIONAL FACILITIES

Recreational activities are common in the coastal region of New Bedford.
These activities include swimming, boating, water skiing, recreational

fishing and shellfishing, surfing, and SCUBA diving. The major

recreational activities in the study area are discussed below.
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Inner Harbor and Acushnet Estuary

The direct public use of the Inner Harbor and Acushnet Estuary is limited
to recreational boating, including the mooring of approximately 50 pleasure
boats. Recreational and tourist activities take place at numerous
locations directly adjacent to these waters, particularly along the
historic waterfronts of New Bedford and Fairhaven.

AT A

The Inner Harbor, a major commercial resource, TETEREIIargest’

tiahiing pory
in the United States in terms of annual tonnage landed; more than 250

commercial fishing vessels operate from New Bedford.
Massachusetts public health officials closed the Inner Harbor and the
Acushnet River Estuary to all shellfishing in 1925 due to gross pollution.

These water bodies have remained closed since that time.

Clarks Cove and Outer Harbor

The primary public uses of Clarks Cove and the Outer Harbor are swimming,
boating, sport fishing, and shellfishing. Bathing beaches are located
along all shores of Clarks Cove and the Outer Harbor; these facilities are
shown in Figure 4-51 and identified in Table 4-16. The 1986 person-day use
of the East and West Beaches operated by the City of New Bedford was 90,630
person-days. Use of Fairhaven’s Fort Phoenix public beach in 1986 was
estimated at 46,941 person-days, while municipal beaches sold 1,051 beach
permits (carloads) with an estimated ridership of 4 to 5 per car. The
Parks Department of the Town of Dartmouth sold 4,709 beach stickers for
automobiles and mopeds, with an additional 54 special permits issued to
individuvals (CDM, 1987).

Massachusetts DEQE regulations require that a beach be closed if the total
coliform concentration exceed 1000 MPN/100 ml. Although relevant to
current and anticipated uses of the water bodies, the standards of the SA
classification are not consistently met due to bacteriological

contamination. While most of these water bodies have been closed to

4-150



! NAUTICAL MALES
S > - . ‘| BEACHES pustic(O) PRIVATE[]
‘ I T I FAIRHAVEN 1. POPE BEACH
- 3\ . - 2. FORT PHOENIX
TR 3. WEST ISLAND
e TN . ) 4. SILVER SHELL
T ma , NEW BEDFORD 5. EAST BEACH
L PG ~ . 6. WEST BEACH
- . _ | DArRTMOUTH 7. JONES BEACH
- . o 8. ANTHONY'S BEACH 1
AN _ Ce : 9. APPONAGANSETT
= _ S 10. ROUND HILL
o ' RAMPS/LANDINGS 2\
NEW BEDFORD 1. FOOT OF FREDRICK ST.
: . - . 2. FOOT OF GIFFORD ST
- S e e e 3. WEST RODNEY FRENCH
: . o : . BLVD NEAR THE SCREEN
o R HOUSE
) _41°-30'

City of New Bedford, Massachusetts
Wastewater Facilities Plan

Figure 4-51
RECREATIONAL FACILITIES

4-151



TABLE 4-16

- . BEACHES, PUBLIC DOCKS AND LANDINGS IN
NEV BEDFORD HARBOR

Beaches
Fairhaven 1. Pope Beach (private)
2. Fort Phoenix (State/Town)
3. VWest Island (public)
4, Silver Shell (private)
New Bedford 5. East Beach (public)
6. West Beach (public)
Dartmouth 7. Jones Beach (public)
8. Anthony’s Beach (private)
9. Apponagansett (public)
\ " 4
10. Round Hill Beach (public)
Ramps/Landings
New Bedford 1. Foot of Frederick Street
2. Foot of Gifford Street
3. West Rodney French Boulevard
near the screen house
'Locations as shown in Figure 4.6.2-1.
A" 4
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shellfishing, beach closings have been exceedingly rare, with a maximum

closure of one day after the worst rain storm.

According to City of New Bedford public health officials, no Clarks Point
beaches have been closed due to high coliform counts in the last 6 to 7
years. The Fairhaven Health Board reported no recent closures of either
the Ft. Phoenix State Park Beach or the West Island Public Beach due to

high coliform concentrations (Perry, 1987).

The Outer Harbor and Clarks Cove are popular areas for recreational
boating. Boat ramps and landings are located along the shores of both
vater bodies; these are shown in Figure 4-51. Most marinas and commercial
piers are located in the Inner Harbor; however, pleasure boats are moored

along the shorelines of Clarks Cove and the Quter Harbor.

Sport fishing for scup, bluefish, striped bass, and Atlantic mackerel
occurs in New Bedford’s Outer Harbor. The actual number of recreational
fishermen is not known. Although the taking of many shellfish species is
prohibited, recreational scalloping is permitted throughout both Clarks

Cove and the Outer Harbor.
4.6.3 NAVIGATION CHANNELS AND ANCHORING SITES

The major navigation channels in New Bedford Harbor are marked and
maintained by the U.S. Coast Guard. The Inner Harbor is connected to
Buzzards Bay by a dredged and marked channel running south-southeast from
the hurricane barrier. From the mouth of the dredged area the marked
channel continues to the east of Negro Ledge and west of Mosher Ledge.
Another buoyed approach to the harbor is between Dumpling Rocks and the
Sandspit. The navigation channels into and out of the New Bedford Harbor

and Apponagansett Bay that are marked by buoys are shown in Figure 4-52.
Anchorage sites may be found on either side of the marked channel in the

Outer Harbor. Approximately 40 pleasure boats are moored in Clarks Cove;

another 40 are anchored in the Quter Harbor.
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4.6.4 ENDANGERED SPECIES

Table 4-17 lists the endangered or threatened species, as published in 44
FR 3636, that may possibly inhabit or obtain nutrients from the waters of

Buzzards Bay and New Bedford Harbor.

50 CFR 17.95, 19.96 or Part 226 do not designate any area near the two
candidate sites as critical habitat for these species. In fact, none of
the whales listed have recently been observed or recorded within Buzzards
Bay (Prescott, 1988).

Although not published on state species lists, several endangered and
threatened turtle species are known to be summer residents in Buzzards Bay.
These are the loggerhead sea turtle (Caretta caretta, threatened), Atlantic
Ridley sea turtle (Lepidochelys kempii, endangered), and the leatherback

sea turtle (Dermochelys coriacea, endangered). In 1987, five leatherback

turtles were found stranded on shores near Dartmouth and one loggerhead
turtle was hit by a boat off Bourne. Sporadic siting of Ridley turtles
occurs in Buzzards Bay, but no strandings have been recorded (Prescott,
1988).

No federally listed and proposed endangered or threatened species exist in
the immediate area of the candidate outfall site (letter of June 21, 1988
from G.E. Beckett, U.S. Fish and Wildlife service to G. Ruta, EPA).
Buzzards Bay and some of its associated tidal inlets are a major habitat
for the piping plover (Charadrius melodus), a federally endangered species.
The plover nests, feeds, and rests on seven beaches near New Bedford (West
Island Beach in Fairhaven, Barneys Joy, and Little Beach in Dartmouth, and

Gooseberry Neck, Horseneck Beach, Acoaxet Beach, and Richmond Pond in

WVestport).
4.6.5 HISTORICAL AND ARCHAEOLOGICAL RESOURCES
An archival and documentary study was performed to identify any historic

shipwrecks located in the area that might be affected by construction or

operation of the ocean outfall associated with New Bedford’s new secondary
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TABLE 4-17

ENDANGERED SPECIES

Portion of
Range Where
Scientific Known Threatened
Common Name Name Population Distribution or Endangered

Sturgeon, shortnose Acipenser N/A USA: Atlantic Entire
breviostrum Coast-US/Canada

Vhale, Blue Balaenoptera N/A Oceanic Entire
musculus

Whale, bowhead Balaena N/A Oceanic Entire

mysticetus

WVhale, finback Balaenoptera N/A Oceanic Entire

Ehxsalus

Vhale, gray Eschrichtius N/A Oceanic Entire
gibbosus

Whale, humpback Megaptera N/A Oceanic Entire
novaengliae

Vhale, right Eubalaena N/A Oceanic Entire
spp. (all

species)

Whale, Sei Balaenoptera N/A Oceanic Entire
borealis

Vhale, sperm Physeter N/A Oceanic Entire
catodon
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WWTP. The study area for the marine archaeologic investigations
encompassed all submarine land within 4.8 km (3 miles) of each candidate
outfall site, but did not include New Bedford Inner Harbor. The study area
also included submarine land 0.8 km (0.5 miles) on either side of the
proposed outfall pipeline alignments. Appendix N contains the results of

the study, which are summarized below.

Given the estuarine deposits that make up the uppermost sediments over most
of the study area, it is probable that organic preservation is good to
excellent. These organic silts, clays, and fine sands range in depth from
0 to 10 feet (see Section 6.2 and Appendices I and J), which are the strata
at which the vast majority of cultural material are likely to be located.
The survey concludes, however, that installation of the two existing
outfall pipes at the Existing Site probably destroyed the integrity of any

cultural materials that might be impacted by construction in this area.

The survey identified two shipwrecks that lie close enough to the alignment
of the 301(h) pipeline to be potentially threatened by construction of that
pipe. The YANKEE, a 391-foot steam powered ship that ran aground in 1908,
settled east of the proposed pipe alignment to the 301(h) Site. The size
and scatter pattern of the wreck indicate an area of over 23,000 m?
(250,000 ftz) in which remains may be located. The other known site is
that of the MARGARET KEHOE which sank near Church Rock in 1963.

Vhile neither vessel is of great historical or archaeological significance,
they do appear to be threatened by the proposed 301(h) alignment and are
thus relevant to this study. Should the 301(h) Site be the recommended
outfall location, Appendix N provides recommendations for further work to

examine impacts to these potential cultural resources.
4.7 SUMMARY

Flushing of the waters of New Bedford Outer Harbor is the result of a
combination of processes. Flushing by tides provide a regular but minor
component; most flushing results from winds from the north, freshwater

runoff, and nearshore thermal warming. Winds from the south retard
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flushing. Instantaneous and residual water velocities at the 301(h) Site
are about three times those at the Existing Site. Estimates also indicate
that the waters around the 301(h) Site flush at a greater rate than those
at the Existing Site.

The two sites are fairly similar in terms of stratification: the Existing
Site sees more saline stratification during large freshwater events in the
Acushnet River, whereas the 301(h) Site sees more temperature

stratification in the summer as it is deeper.

Both candidate outfall sites are depositional areas containing fine
sediments. The sediments in the immediate vicinity of the Existing Site
are heavily contaminated with metals and PCBs. Copper, lead, and zinc are
the metals with the highest concentrations. Metal concentrations in the
sediments at the 301(h) Site are similar to those at other locations in

Buzzards Bay.

The existing discharge of primary treatment effluent has a measurable
impact on the coastal ecosystem within the Outer Harbor. The estimated
sedimentation rate in the immediate vicinity of the discharge is about
three times higher than in other areas of the harbor. These deposits are
high in organic matter, which creates a stress on the benthic community.
The infauna at the Existing Site has a very low diversity, and is populated
by species associated with highly polluted ocean bottoms. The area of
severe impacts on the benthos, however, is limited. The infaunal community
within 1 km of the existing outfall shows some signs of stress, but the
animal community is basically the same as found at the 301(h) Site and

throughout Buzzards Bay.

Nutrient levels were generally higher in New Bedford Outer Harbor than at
the 301(h) Site, and these higher levels support higher levels of primary
production. Productivity near the existing outfall is not nutrient
limited. Even though the annual productivity at this location is more than
twice that measured at the 301(h) Site, the phytoplankton populations are
basically the same, indicating the present discharge is not having a major

impact on this community structure.
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No major differences in the fish community were found between the two

candidate outfall sites.

In New Bedford Harbor and Buzzards Bay, a strong coupling exists between
the sediments and the overlying waters. Approximately 85 percent of the
nutrients discharged in the present effluent are recycled by the sediments
in the Outer Harbor. There is also a significant sediment oxygen demand
that can be attributed to organic solids from the effluent. The large
sediment oxygen demand in the Outer Harbor is contributing to the present
violations of the Massachusetts dissolved oxygen standards for marine
vaters; however, the oxygen depressions are not large enough to stress the
marine organisms in the harbor. The present sediment oxygen demand at the
301(h) Site is approximately one-third that in the upper reaches of the
Outer Harbor, and is mostly a result of the decompositién of primary
producers that settle on the bottom. Approximately 16 percent of the
annual primary productivity at the Existing Site is recycled and decomposed

in the sediments.

Although elevated levels of toxic compounds are present in the sediments
and in the present wastewater discharge, there is no evidence indicating
that these are having a negative impact on the marine communities.

Elevated levels of contaminants have been found in the tissues of lobsters,
clams, and fish that make them unfit for human consumption. Their impacts
on the biology of these organisms, however, have not been large enough to
change the structure of the marine communities. The fish, benthic, and
phytoplankton species at the Existing Site are similar to those found at

the 301(h) Site and those found in the middle of Buzzards Bay.

There is no commercial finfishery because net fishing is prohibited
throughout Buzzards Bay. Use of the marine shellfish and finfish resources
in the vicinity of the Existing Site is restricted. The shellfish beds
are closed because of coliform contamination. 1In addition, high PCB
concentrations have resulted on the prohibition of the taking of lobsters,
eels, flounder, scup, and tautog. While the area within 1 mile of the

301(h) Site is not subject to these restrictions, only lobstering and
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recreational fishing occurs because shellfish densities are insufficient to

support a commercial shellfishery.

Recreational activities abound in the study area. Beaches line the
shorelines, and some recreational fishing and shellfishing has been
reported to occur despite the closures. The Outer Harbor is popular for
recreational boating, although the activity is less intense near the

Existing Site because of the present wastewater discharge.

No area in the vicinity of the two candidate outfall sites is designated as
critical habitat for endangered or threatened species. The integrity of
any significant cultural or archaeological resources near the Existing Site
was likely destroyed by the construction of the existing outfall pipes.

Two shipwrecks lie near enough to the alignment of the surface pipe to the
301(h) Site to be of concern if this option is recommended. Neither

vessel, however, is of great historical or archaeological significance.
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