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The Buzzards Bay Citizens’ Water Quality Monitoring Program was initiated in
1992 to document and evaluate nitrogen-related water quality and long-term
ecological trends in Buzzards Bay. Unlike other east coast estuaries such as Long
Island Sound and Chesapeake Bay, central Buzzards Bay has fortunately not
suffered from the impacts of excessive nitrogen loading. However, nitrogen inputs
were identified in the Buzzards Bay Comprehensive Conservation and Management
Ptan (CCMP) as one of the greatest threats to the health of the Bay’s more than 30
shallow, often poorly flushed, coastal embayments. Until the inception of this
program, no comprehensive database existed on nutrient concentrations and the
extent of eutrophication in the most sensitive areas of the Bay ecosystem,

In order to provide this critical water quality data to assist federal, state, and local
environmental managers in setting priorities for management action, the Buzzards
Bay Project National Estuary Program, Dr. Brian Howes of the Woods Hole
Oceanographic Institution, and the Coalition for Buzzards Bay collaborated to
design a citizen based monitoring program. Involving citizen volunteers was the
only cost-effective way to achieve the ambitious goal of monitoring all of the
Bey’s important embayments from the Westport River, at the west end of the Bay,
to Quissett Harbor on Cape Cod. Such a program would have the dual benefit of
collecting comprehensive water quality data while educating and empowering
people to get involved and make a difference in the sound management and .
restoration of the Bay’s resources.

With funding and technical assistance from the Buzzards Bay Project, the Coalition
for Buzzards Bay has recruited over eighty core volunteers throughout the Bay
watershed and coordinated four seasons of data collection and analysis. This report
presents the results of the first four years of water quality monitoring along with
recommendations for action based on these findings and nitrogen loading
evaluations conducted by the Buzzards Bay Project. The partners involved in this
monitoring program are hopeful that the results presented here - as well as future
data from this ongoing monitoring effort - become the foundation for both
management and remedial action to protect and restore water quality in Buzzards
Bay.

The Buzzards Bay Project

The Buzzards Bay Project National estuary Program is a unit of the Massachusetts Office
of Coastal Zone Management and part of the US Environmental Protection Agency’s
National Estuary Program. Created in (985, the Buzzards Bay Project completed a
Comprehensive Conservation and Management Plan (CCMP) for the Bay in 1991. This
plan is a blueprint for the protection and restoration of water quality and living resources
in the Bay and its watershed. Today, the Buzzards Bay Project provides funding and
technical assistance 1o municipalities and citizens to implement the recommended actions
contained in the CCMP. Funding for the Citizens Water Quality Monitoring Program was
provided by the US EPA through the Buzzards Bay Project.

The Coalition for Buzzards Bay

The Coalition for Buzzards Bay is a non profit citizens advocacy and education organization
formed in 1987. The Coalition is membership supported by approximatety 2,500
individuals. businesses, and organizations. The group is most widely known for its
coordination of the Citizens Water Quality Monitoring Program, educationat efforts in
the City of New Bedford, and an 2nnuat “Report Card” on the environmental record of
Bay watershed municipalities.



Oxygen is the life blood of the oceans
and is vital to the proper functioning of
marine plants and animals. Nutrients are
also a critical and necessary part of the
marine ecosystem. Unlike oxygen
however, excess quantities of nutrients
in marine ecosystems can adversely
affect water quality and habitat, and
ultimately impact a wide range of
marine organisms inciuding fish and
shellfish populations. The principle
sources of nifrogen inputs to coastal
waters are septic systems, wastewater
treatment plant discharges, fertilizers.
storm water runoff, and acid rain.
Similar to over fertilizing yvour garden,
In marine ecosystems nutrient loadin
stimulates the growt 7 aigae. Too
much algae blocks sunlight to cclurass,
shading vut this valuable nursery habitat
and fecding ground. Living and dving
algac consume oxygen, leading to
anoxic (na oxygen) or hypoxic (little
oxygen) conditions. In addition to
habitat loss, this process of water quality
decline,  known as ¢ astal
eutrophication, can lead to "~ Hdors
and even fish kills. This 1 tions! p
between oxygen and autrients is the
basis for our mouitoring prograni.

Volunteers measurc early morning
oxygen (between 6 AM - 9 AM),
temperature, salinity, and water clarity
(secchi disk) on a set schedule onee a
week from May to September. These are
referred to as our basic parameters. The
basic parameters give us an immediate
snapshot of the health of the bay and are
an excellent first warning system. I'rom
these weasurements volunteers can
determine, on the spot. the percentage

of oxygen s o, yite O rand
determine wt rca

is required. S .. . oXom oW
40% s low and IS h nimals

aay be already
in parts of the bay.

sed by osw oxyven

Besides monitoring oxygen. citizens
colleet water samples for nutrient and
chlorophyll analysis. These samples arc
collected from the inner to the onter

In our monitoring program citizen volunteers measure oxygen
concentrations with water chemistry kits and record the data in parts per million (ppm).
They also measure salinity and temperature. These two measurements not only help us
understand patterns of circulation and freshwater inputs, but by knowing salinity and
temperatuce, we can convert oxygen measurements into percent saturation. Percent
saturation of oxygen is more meaningful than concentration, because cold water holds
more oxygen than warni water and fresh water holds more oxygen than salt water, The
percent saluration gives us 4 good understanding about how much oxysen is consumed
by piants, algae and animals 3t night and how oxygen is produced by plants and algac
in the daytime. Oxygen must be measured between 6 A-M. und §:30 A.M. when levels
are lowest from overnight plant and animal respiration.

The citizen volunteers monitor the transpareney of water using,
a simple aevice known as a secchi disk, which is a black and white circle Towered into
the water to determine how clear the water is. The depth that the disk disappears trom
vicw is know as the sccchi depth. Cutrophic waters can have poor transparcncy when
there is a lot of phytoplankton. zooplankton. and scdiments in the water. We record
water transparency in meters. In the middle of Buzzards Bay, snmmertime water
transparency can exceed 4 or S meters. In the less polluted embayments, water
transparency can still be 2 or 3 meters. [n cutrophic cmbayments, transparency can be

:ss than 2 meter (you can’t sec your locs wl 4 your standing waist deep!).
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portions of each cmbayment approximately four times
between July and August. These samples, some of which are
filtered in the field, are stored on ice and brought to the Woods
Hole Oceanographic Institution for analysis of dissolved and
particulate forms of nitrogen, phosphate, carbon/nitrogen
ratios, phacophyton, and chlorophyll a content. How this data
is interpreted is explained below.

Inorganic nitrogen (am.aonia, n.rates, and nitrites) is rapidly
taken up by algae, and transformed into organic forms of
nitrogen, (i.e. living organisms) and become part of the food

chain. Thus a suite of nutrient indicators and forms of nitrogen

must be measured at various locations within each

cmbayment. Furthermore, the response of coastal ecosystems
to nitrogen loading is complex and variable and depends upon

secondary factors like bathymetry and flushing. Despitc these

obstacles. the Buzzards Bay Project recognized that just a
few key water quality indicators can be monitored in a cost
effective way to help characterize coastal eutrophication. The
indicators we monitor are oxygen saluration, water
transparency, phytoplankton pigmenits, and three forms of
nitrogen: dissolved inorganic nitrogen (DIN), particulate
organic nitrate (PON), and dissolved organic nitrogen

(DON). We also keep track of total organic nitrogen (TON),

and Total Nitrogen. This alphabet soup is explained in the
table to the left.

Because it is hard to interpret a single parameter, and because
these observations relate to each other in how an embayment
responds to nitrogen loading. the Buzzards Bay Project
developed a simple Eutrophication Index integrating
measurements of oxygen saturation. DIN, TON, water
transparency. and chlorophyll pigments. The first step in
calculating the Lutrophication Index was to calculate the
summertime mecan of each indicator. In the case of oxyzen
saturation values, we took the mean of the lowest 33% of all
samples between June 1st and September 30th. We used the
lowest 33% of oxygen saturation values because oxygen
concentrations can be variable, and the mean of all saturation
data may not be indicative of low oxygen conditions that
may be stressing animal populations. By taking the mean of
the lowest 33% of oxvaen values, we get a better picture of
worst case conditions in an embayment. Once the
summertime means of the five parameters were calculated,
the means were transformed into scores using a scale where
good water quality values received higher scores (a maximum
of 100 points possible), and poor water quality received lower
scores (down to 0). The 100 poimt and zero point values were
based on our experiences of what are good and bad water
quality conditions. [ntecrmediate values receive a score based
on a formula. While these endpoints are subjective in some
ways (sec table below), 1t 1s meant to be a relative scale for
Buzzards Bay.

Oxygen saturation 40% sat. 90% sat.
(lowest 1/3 of abserv.)

Transparency 0.6 m 3m
(Secchi disk depth)

Phytoplankton pigments [0 ppb 3 ppb

(chlorophyli+phacopigments acid corrected)

1 micromotar
(=0.0k4 ppm)

10 micromolar
(=0.14 ppm)

Dissolved Inorganic
Nitrogen (DIN)

Total Organic Nitrogen
(dissolved+particulatc)

0.60 ppm 0.28 ppm

The points for each of these five parameters were averaged
to calculate the Eutrophication Index. Eutrophication Index
scores for each embayment are depicted in the center fold
map.

During the past four years our Eutrophication Index has
cvolved as we learncd more about how shallow coastal
embayments respond to nitrogen loading. In this report we
recalculated scores for all years using the above table, which
differs somewhat from previous years. Most notably, we now
use only the lowest 33% of oxygen values, and as a result we
changed the 100 point level to 90% saturation from the
previous 100%. We also raised the low end to 40% bccause
low oxygen conditions arc occasional, even in cutrophic
systems. Formerly we calculated the Eutrophication Index
using only chlorophyll, we now include phaeo pigments,
another important algal pigment in the water. Finally we
changed the “good” and “bad” values for total organic
nitrogen from previous values because we felt the new values
were more reasonable for the range of organic nitrogen that
we sce iy Buzzards Bay and to make this score more consistent
with other parameters. Al these changes have resulted in
different scores from past reports, but the relative rankings,
and the best and the worst embayments are fairly consistent.

* Megansett Harbor
* Quissett I larbor

» Clarks Cove (Inner) = Slocums River

= Phinneys Harbor « Apponagansett Bay (/nner)

* Mattapoisett Harbor (Ouzerj » Westport River, East Branch ([nneq
*» Aucoot Cove (Outer) = Hammett Cove

* Red Brook Harbor » Little River

* Onset Bay (Quter) « Wareham River (/nner)

« Eel Pond, Matta
* New Bedford Harbor (frmer)



The West Branch of the Westport River is a broad,
shallow embayment with extensive salt marsh and
eclgrass beds. Morc acres of eelgrass have been
mapped in the West Branch than any other
Buzzards Bay embayment and salt marsh acreage
is fourth greatest among Buzzards Bay
embayments. The estuary, together with the East
Branch, has some of the best shellfish resources in
Buzzards Bay and historically has lead the Bay in
scallop catch.

Agricultural land is the dominant land use in this watershed,
and is nearly three times more extensive in area than
commercial and residential lands. It is not surprising therefore
that most inputs of mtrogen to the West Branch are estimated
to be derived from cropland (40%). Residential and
commercial land use i1s the second largest source (34%)
followed by farm animals (13%), then other Jand uses. It is
worth noting that farm animals (primarily dairy cows) play a
more important role in fecat coliform loading and shellfish
bed closures than coastal eutrophication.

During tue past 4 years, water quality in the lower West
Branch has generally been good, with Eutrophication Index
scores ranging between 50 and 78. Water quality was best in
1993, the year with the most severe drought conditions, a
responsce also seen in the Cast Branch. Most dramatically,
total nitrogen in the water was exceptionally low that vear
(0.28 ppm) compared to other years (0.51-0.86 ppm). In 1992,
with a summer of exceptionally heavy rains, dissolved
inorganic nitrogen was highest, as might be expected from
runoff of fertilizer in agricultural areas. The large increases
in dissolved inorganic nitrogen in 1994 and 1995, however,
are more enigmatic. Phytoplankton pigment concentrations
are quite low in the West Branch, and only in 1995 did they
incrcase, in this case by nearly 30%. This increase in
phytoplankton is seen also in particulate nitrogen levels in
1994 and 1995. While increases in phytoplankton often results
in increased dissolved organie nitrogen, at levels of S ppb, it
seems unlikely that incrcased phytoplankton are elevating
dissolved oreanic nitrogen in the water to the degree observed.
Other possible explanations for the big increase i dissolved
organic nitrogen include increase use of urea, manure, or other
organic fertilizers in this watershed, or analytical crror.
Analytical error seems unlikely because both inner and outer
West Branch showed elevated dissolved organic nitrogen in

19935, whereas the East Branch did not have the same increase
in dissolved organic nitrogen.

As might be expccted from the foregoing results,
Lutrophication Index scores were worst in 1994 and 1995.
These score reductions were driven not only by increases in
dissolved organic nitrogen but by drops in dissolved oxygen
aswell. The drop in dissolved oxygen is illustrated by station
112W, Carey’s Boat Yard. During 1992, oxygen never
dropped below 70% saturation, and in 1993, oxygen
concentrations were never observed below 85%. In contrast,
in 1994 and 1995, dissolved oxygen dropped below 70%
saturation on 4 dates and 3 dates respectively with a low
value below 30% in {995, Monitoring in 1994 and 1995 also
showed big jumps in organic nitrogen in the water, al<o
helping lower the cutrophication scores for those vears. The
lowering of oxr  n uld also affect the regeneration of
nutricntx trom hottom sediments and could be a factor in the
elevated organic nitrogen concentrations.

Station 12W, the northernmost regularly monitored nutrient
station, exhibited worse water quality in 1992—a year of
cxceptionally heavy rainfa{l— than the more southerly
stations 9 and 6. During dry years, this distinction was less
apparcnt. These findings suggest that the runoff of nutrients
may be an important factor affecting water quality in the upper
West Branch.

One difficulty in evaluating the West Branch is that because
of unavailable lang access, the upper reaches of the estuary
were not momtored in the Program. The stations morc
southerly of 12W reflect “dilution™ with cleaner offshore
waters, henee, stations 12W, 9 and 6 were classified as “outer
embayment”, and we have no summer data for “inner” West
Branch. Thus, water quality of the estuary as a whole appears
better than would be predicted by the theoretical Joading
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The 1st! -anch of the Westport River probably

has greater shellfish resources than any other
Buzzards Bay cmbayment, and together with the

West Branch, lead the Buzzards Bay area in scallop

catch. The East Branch also has more salt marsh

acreage than any other embayment, and probably

has among the highest celgrass bed acreage. The
watershed is the second largest in Buzzards Bay

and principally lies in three municipalitics
(Westport, Dartmouth, and Fall River). Most
anthropogenic nitragen loading to the East Branch

of the Westport River is derived from residential land use,
closcly followed by cropland, then other development and
farm animals. Like the West Branch, it is likely that farm
animals like dairy cows play a far more nt role in
feeal coliform loading and shellfish bed closures than in
coastal eutrophication.

During the past tour vears, the Last Branch had the worst or
was among the worst in overall water quality of the Buzzards
Bay embayments maonitored. Generally the lowest scores of
individual parameters were water transparency, chlorophyl},
and organic forms of nitrogen. These findings are consistent
with overland runoff noted from other agricultural .. 2
the West Branch. The role of overland runoftis also suggested
by the fact that fecal coliform coneentrations measurca by
the Westport Board of Hlealth and Westport River V. . ed
Alliance have heen exceptionally high in the central River
throughout the 1990s, often exceeding 1000 fecal coliform
per 100 ml. These levels are unparalleled in any eimbayment
in Buzzards Bay except perhups New Bedford inner harbor.

The Fast Branch is clearly dominated by the flow of the River.
In 1992, rainfall was well abave average during the summer
(18.9™). and included a single rainfall of 8”. This event
resulted in elevated nutrients, turbidity, and chlerophyll for
several weeks. In contrast, in 1993, a summer of scvere
drought (only 5.7"). water quality showed a dramatic
improvement. The raintall during the summers of 1994 and
1995 were alsa somewhat below average (10.0" and 8.4"
respecbively). but not as severe as the 1993 conditions. The
Eutrophication Index scores appeared to mirror the degree
of rainfall in the estvary. The relationship between ruinfall
and water quality conditions suggests that overland runoft is
an important conveyor of pollutants te this estuary.

The lowest 33% ot oxygen concentrations in the outer East
Rranch are quite similar to values obscrved in the onter West
Branch, however there i+ a steep cradient in water quality as
one moves up the river. L'orexample, in 1994, mean oxycen
pereent satiration in the ounter Last Branch was 74%, whercas
in the upper Last Branch, oxygen averaged only 60%
saturation. The oxygen data for that vcar at Cadmans Neck
is intcresting. Oxygen ranged widely, from close 1o 100% at
the start of the scason, to a low of 40% by September. This
pattern was repcated at Cadmans Neck, but somewhat less
dramatically in 1992.

Like oxygen, other parameters of water quality also deeling
dramatically in the upper East Branch. Phytoplankton
concentrations in the outer (lower) portions of the East Branch
were quite simifar to the West Branch, as might be expected
from the co-minglinge ot waters in the conflucncee of the
Rivers. At the Head of the East Branch, phytoplankton
concentrations are two to three times higher than the lower
[East Banch. In both inncr and vuter East Branch,
phytoplankton concentrations were highest in 1994,

Total Nitrozen in the water was also particularly high in 1994
and 19935. These elevations were largely due to increased
organic nitrogen, especially in 1994. It is possible that this
icrease may have been due to changes in analytical
procedurcs adopted by our laboratory in 1994, Tlowever,
because other independent measures of water quality such
as particulate nitrogen and dissolved oxygen and chlorophyll
also showced marked mcreases (chlorophyll concentrations
tripled from 1993 to 1994), we believe that the decline in
water quality was genuine in 1994 and 1995 and may reflect
increased mitrogen inputs to the estuary. It is also possible
that these changes could have resulted from a bloom of
plankton in the estuary or because rainstorms more closely
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3! acums]) verand Liftle River estuaries adjoin
each other on the southwestern shore of the town
of Dartmouth. Both are shallow embayments with
little coastal development and contain extensive salt
marshes, celgrass beds, endangered species habitat,
and freshwater wetlands. These two embayments
also have some stark differences. The Slocums
River estuary has a large watershed with many .
sources of nitrogen, with sizeable flows from the
Paskamanset River in a relatively confined area.
The Little River estuary on the other hand has a
much smaller watershed, with much less fresh water input,
and with considerably less nitrogen sources as well.
Nonetheless, it is still ranked among the most eutrophic
embayments. The anadromous fish run within the
Paskamanset River was once considerable, but has been
seriously impaired in recent years suggesting that either
stream obstructions or water quality degradation may be to
blame and warrants further investigation. Eelgrass is absent
from the Slocums, except near to the mouth, implying that
conditions are eutrophic.

Earlier Buzzards Bay Project estimates of nitrogen loading
to the Slocums River suggest that residential land use accounts
for 50% of the nitrogen load, followed by other commercial
and industrial development (24%), then by cropland (14%).
However, it has recently come to light that very high nitrogen
concentrations (greater than 140 ppm) have been observed
in groundwater at the now abandoned Dartmouth landfill at
the banks of the Paskamanset on Russells Mills Road. Recent
monitoring by the US Environmental Protection Agency
(EPA; Ken Perez, pers. comm.) suggest that inorganic
nitrogen concentrations along the Paskamanset River triple
downstream of the landfill. The Buzzards Bay Project has
not yet calculated loadings based on this data but this source
could appreciably change the relative loadings of nitrogen
inputs. The watershed of this embayment is the fourth largest
surrounding Buzzards Bay, and is heavily developed in its
upper and eastern areas.

In contrast to the Slocums River watershed, 54% of the
loadings to the Little River is from agriculiural lands followed
by residential development (24%).

The puzzarus pay Project estimated that the Slocums River
is the second most hcavily nitrogen loaded estuary in

Buzzards Bay. [t is not surprising then that some of the worst
Eutrophication Index scores and highest levels of chlorophyll
and total nitrogen were measured in this estuary. In particular,
water transparency was poor, consistently around 60 cm (2
feet), and chlorophyll were consistently above 13 ppb in the
three years this estuary was monitored. Station SRS, with
salinities often below 5 ppt, was considered a river head
station and not used for calculating the eutrophication index
scores. Dissolved inorganic nitrogen, the most bioavailable
form of nitrogen, was often between 15 and 40 pM (0.2-0.6
ppm) at this station, considerably higher than many Buzzards
Bay streams. Because the Slocums/Paskamansett River
system has about the third largest flow in the Buzzards Bay
watcrshed, these levels represent a sizcable load of nutrients
to the estuary.

In 1994, total nitrogen concentrations showed a 30% rise in
the Slocums River, This dramatic increase was consistent
among the inorganic, dissolved, and particulate forms of
nitrogen, suggesting that inorganic loads in 1994 were
distinctly higher. Station SR3, a River station not incjuded
in the upper embayment eutrophication scores, shows the
1994 increase dramatically. In 1993, ammonia concentrations
on three dates averaged around 0.8 micromolar, whereas in
1994, concentrations averaged 5 micromolar. Similarly,
nitrate at this station was a relatively low 1.5 and 1.7
micromolar on two dates in 1993, whereas in 1994, all 4
dates were between 17 and 37 micromolar. We are unsure if
this was due to surface or groundwater sources in the
watershed. The increases could be explained by a groundwater
plume from the former landfill, or by other sources. The
preliminary findings of EPA's groundwater and stream
monitoring should be carefully reviewed to determine if the
relative contribution of the former landfill can be calculated
so it can be put into perspective compared to septic systems
and other non-point and point sources. Depending upon how
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Apponagansett } 1y is a busy harbor with more than

3000 boat moorings. The bay also has one public

beach and four private beaches. Fewer moorings

are sited in the upper estuary because of areas set

aside for water skiing. The upper estuary is
degraded from nutrients and other inputs, is closed

to shellfishing, eelgrass beds have disappeared and

some important shellfish habitat have been lost

because of changes in bottom sediments and
accumulated algae. Buttonwood Brook, which

drains the bulk of the watershed, 1s also one of the

principal conveyors of fecal bacteria and nitrogen, but dense
devclopment on the eastern shore also contribute
substantially. Despite the fact that the watershed is mostly
sewered, most remaining anthropogenic nitrogen loading to
Apponagansett Bay remains residential fand use (septic
systems and lawns), followed by other commercial and
industrial development, then farmland and other sources.
Portions of the watershed, which encompasses parts of the
West :nd of the City of New Bedford are sewered and heavily
urbanized. The sources of nutrients and coliforms along
Buttonwood Brook include residential and commercial land.,
cropland, farm animals, and a zo00. The Buttonwood Brook
watershed has also been beset with flooding problems due to
poor stormwater management from the urbanized areas and
new construction.

Eelgrass populations began disappearing in Apponagansett
Bay during the 1960s and is largely absent in the upper
estuary. Drift algae, including large sheets of Ulva are present.
The bottom sediments are characterized by organically rich
muds with a consistency of mayonnaise, and these
observations are also consistent with severe eutrophication.

The monitoring program has shown that Apponagansett Bay
has had counsistently poor water quality, with eutrophication
index scores consistently below 35, and on average the fourth
worst embayment of 27 core embayments monitored. Total
Nitrogen concentrations in the Bay are consistently among
the highest of those embayments. For example, in 1995, mean
summertime total nitrogen concentration was 0.99 ppm, a
value exceeded only in two other upper embayments. The
best values of water quality were found in the oxygen
concentrations observed, which may be a result of oxygen
production by the considerable amounts of benthic algae that
occur in this embayment. The role of benthic algae in

_

elevating oxygen concentrations is also borne out by the fact
that at station AB2, the New Bedford Yacht Club station,
samples taken close to the bottom were often higher than
concentrations at the surface. Station AB2 also iltustrates the
importance of taking early morning oxygen measurements.
The highest 20% of oxygen concentration mcasured were
from samples taken after 8:30 AM, and the lowest 20% of
the oxygen concentrations were observed before 8:30 AM -
a pattern scen in some other eutrophic embayments.

Nutrient station, AB1, down gradient of Buttonwood Brook
typically showed the highest inorganic nitrogen with
concentrations typically above S (and up to 57 micromolar
on one date) compared to less than S micromolar typically at
other stations. Many of the concentrations above 10
micromolar were observed where salinities were above 25
ppt (compared to 32-33 ppt for Buzzards Bay water)
suggesting that the Brook is an important conveyor of
inorganic nitrogen from the watershed. Total water column
nitrogen showed a big jump in 1995. This was partly due to
big increases in total nitrogen (especially organic nitrogen)
observed at Station ABIA, and to a lesser degree at other
stations. There may be a bias in the elevated values because
statton AB! A (a4 more eutrophic site) was more intensively
sampled in 1995, but phytoplankton concentrations, and
independent measurcment, were also considerably higher in
1995 than early years. The outer embayment data, shows
increases in phytoplankton pigments during the study period,
but certain other parameters improved slightly. When these
findings were combined into the Eutrophication Index, scores
remained consistently low during the four year study period
(between 27 and 35 points) without any apparent trend.

In 1%v4, the Buzz: ds Bay Froject cstimated that existing

nitrogen loadings are only 8% over recommended nitrogen
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Clarks Cove is a deep well flushed embayment
surrounded by a highly urbanized watershed. The
Cove receives many sizeable pollution discharges,
including seven combined sewer overflows (CSOs).
It also contains one of the most significant quahog
fisherics in Buzzards Bay and contains two
extensively used public beaches (Dartmouth’s
Jones Beach and New Bedford’s West Beach).
Because Clarks Cove is somewhat exposed, and
part of thc cmbayment waterfront is obstructed by
the hurricane barrier, it does not contain as many
moorings and slips as other embayments its size.

The City of New Bedford has made remarkable

progress during the past 6 years in eliminating dry weather
discharges from its CSOs. This effort has resulted in Clarks
Cove being reopened to shellfishing in 1992 for the first time
in nearly eighty years. The elimination of the CSO dry
weather discharges has likely resulted in a reduction of
nitrogen loadings as well. The Town of Dartmouth is
implcmenting a project to reduce pollution discharges on the
western side of the Cove, and this effort is expected to expand
shellfish bed openings in Clarks Cove. Today the major
nitrogen sources that affect water quality in the cove are the
wet weather CSO discharges and the daily discharge from
the City’s wastewater treatment plant 2000 fcet from the tip
of Clarks Point.

The inner portions of Clarks Cove showed very good water
quality during the two years when all parameters were
measured (1994 and 1995). The Eutrophication Scores (76
and 90 respectively) were among the best of the ecmbayments
monitored. Oxygen concentrations, measured in 1993, 1994,
and 19935 were generally between 80% and 100% saturation,
but in 1993 and 1994, oxygen concentrations dropped to
between 50% and 60% saturation in the latter part of the
summer when water temperatures were highest. The
respiration of benthic bacteria, especially during warm water
periods, has been documented as playing an important role
in controlling oxygen concentrations in the vicinity of the
outfall. This phcnomenon could be affecting oxygen
concentrations somewhat in the Cove. Interestingly on a
couple of datcs, dissolved inorganic nitrogen concentrations
are somewhat lrigher in the outer cmbayment than in the inner
embayment, and this too represents a “signature™ from the
outfall. Nonetheless, the lowest summertime oxygen values
scemed to make a gradual improvement during the three year
study period.

Total nitrogen concentrations were low—0.33 ppm in 1994
and 0.38 in 1995—values more like “offshore” Buzzards Bay
water. Similarly phytoplankton pigments were remarkably
low in both years—less than 0.38 ppm. Overall the scores
for each individual parameter measured were fairly consistent
with each other although phytoplankton pigments scores were
especially good. Water transparency was a very good 2.2
and 2.3 meters in 1994 and 1995 respectively. These findings
are consistent with the fact that loadings to Clarks Cove are
low with respect to the Cove’s volume and flushing time.
That is to say, because Clarks Cove has one of the largest
volumes of those studied, and among thosc with the best
flushing time, the existing loading is low relative to what the
embayment can handle. Whether there is a definite trend in
improving water quality, as cvidenced by the oxygen and
Eutrophication Index scores, will require additional years of
monitoring,

Pl

Formerly CSOs were the primary nitrogen source to the Cove,
however CSO discharges may now be only 10% of their 1980
flows. In 1992, the Buzzards Bay Project estimated that total
nitrogen loadings to Clarks Cove had been 125,000 kg/yr
during the 1980s, then reduced to 20,720 kg/yr. This foading
1s a small fraction of the Project’s recommended limits for
an cmbayment of this size and flushing. Even these loadings
may be overcstimated because large portions of the watershed
arc isolated from Clarks Cove by the hurricane barricr and
the City’s network of combined stormdrains, so some non-
point sources of nitrogen in the watershed do not rcach the
Cove. On the other hand, a major “offshore™ source of
nitrogen was not included in this assessment—tlic 24 million
gallon per day New Bedford wastewater plant outfall—which
is located several thousand feet to the south of the Cove. The
obscrved good water quality in the Cove, however, suggest
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New Bedford Harbor, also referred to as the
Acushnet River, is an urban harbor surrounded by

35% of the entire Buzzards Bay watershed
population. The hurricane barrier, connecting New

Bedford and Fairhiaven with a gate entrance, greatly

reduces flushing to the inner harbor. When the

barrier was constructed in the carly 1960s, water

quality became degraded and eclgrass disappeared.

In 1994, the Buzzards Bay Project estimated that

two point sources—the New Bedford combined

sewer overflows (CSOs) and the Fairhaven
wastewater treatment plant—account for 86% of the mitrogen
load to the embayment entering the Acushnet River estuary,
making it Buzzards Bay’s most heavily nitrogen loaded
cmbayment in terms of total pounds per vear. However. it
ranks number thrce in loading when bay volume and flushing
time is considercd because the Harbor is so deep compared
to other Buzzards Bay embayments. Since the Buzzards Bay
Project conducted its nitrogen loading evaluation, reductions
of dry weather discharges by the City of New Bedfosd are
resulting in lower N-loadings to the estuary and probably
now leave the Fairhaven sewage treatment plant as the largest
single source of nitrogen in the watershed.

The area outsidc the hurricane barrier, which we refer to as
the outer harbor, is expansive and well flushed, and has
conditions more similar to Clarks Cove. Prevailing

summecrtime southwesterly winds probably direct more of

the New Bedford wastcwater treatment discharge to New
Bedford outer harbor than Clarks Cove, influencing water
quality to a greater degree here.

[t is worth noting that New Bedford [larbor has severe toxic
contamination of sediments with PCBs and metals, and the
PCB superfund sites arc now under remediation. After
remediation of the superfund sites, nitrogen management
should become a higher management priority.

Eutrophication Index scores for the Acushnet River existonly
for 1993 and 1995, but these data show the Acushnet River
is among the most eutrophic cmbayments monitored. Total
nitrogen was monitored in three years (93-95), with mean
concentrations being the highest baywide tor two of the three
vears (1993 and 1993). The concenteations recorded at AR2
for those years—1.51 and 1.35 ppm respectively—were
remarkably high for a site with high salimty (=31 ppt). Such

levels of nitrogen are generally only scen around Buzzards
Bay in rivers and streams before uptake of nitrogen by marine
algae. Not surprisingly. mean summertime phytoplankton
pigment concentrations between Route 6 and the hurricane
barricr were also very high (10-18 ppb) and similar to other
cutrophic systems like the East Branch of the Westport River
and Apponagansett Bay. [n calculating the Eutrophication
Index, these phytoplankton pigment levels camed scores of
zero for the tiree years monitored.

Only the oxygen data (not shown) portrayed better conditions
and buoyed up Cutrophication [ndex scorces for the Harbor,
with average summertime oxygen saturation values of 84%
and 70% in 1993 and 1994. At station AR1 at the head of the
estuary oxygen vnly averaged 44% saturation in 1992,
somewhat more consistent with all the other water quality
indicators monitored. We acknowledge some weaknesses in
the oxygen data in that only in 1993 and 1995 was oxygen
monitored within the hurricane barrier. Generally outer harbor
oxygen saturation were higher than inncr harbor
measurements as might be expected for a better flushed area,
but in 1993, the outer harbor actually showed slightly lower
oxygen concentrations (84% vs 72%) for the average lowest
third of the observations used.
J i
‘L he Acushnet Kiver 1s onc o1 two Buzzards Bay embayments
witha “SB™ water quality dcsignation from the Massachusetts
DFP, and the only Buzzards Bay embayment that the
Buzzards Bay Project recommended -with the SB
classification. The Buzzards Bay Project estimated that
existing nitrogen loadings are 100% over Project
recommended himits, Clearly the Fairthaven Treatment Plant
and CSOs should be the primary focus of nitrogen
management for this cstuary. With the reduction of dry
weather discharges from the New Bedford CSO, new nitrogen
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estimates necd to be developed for this source. Because the
Fairhaven Treatment plant now appears to be the largest
nitrogen source to the estuary, improvements in the nitrogen
removal efficiency of the plant should be a priority.

l.ong term fecal coliform data and anccdotal information
suggests that the reduction in CSO discharges has resulted in
remarkable improvements in water quality. Besides the re-
duced fecal coliforms levels, eelgrass beds, formerly restricted
fo the clearer waters at the tip of Clarks Point on the New
Bedford side and south of Ricketsons Point on the Dartmouth
side are now spreading throughout the Cove and into the
outer harbor apparently because of greatly improved water
clarity. Unfortunately, this Buzzards Bay monitoring pro-
gram was ot in place prior to most of the reduction in CSO
discharges.

The New Bedford Sewage Treatment plant will soon upgrade
to secondary treatment which will greatly reduce loadings of

organic materials and solids to Buzzards Bay and modestly
reduce nitrogen discharges. It appears that Clarks Cove does
not require a comprehensive nitrogen management strategy.
Remediation efforts should focus on further reducing CSO
and stormwater pipe rainfall discharges, especially to achieve -
further fecal coliform reductions.



INasK( Uck  psay 1s among the largest of Buzzards

Bay embayments monitored. It has the third largest

arca of salt marsh of any Buzzards Bay embayment

and eelgrass habitat 1s widespread throughout

except in the uppermost portion of the Bay, known

as Little Bay. There is little residential development

in the Little Bay watershed, whereas the greater
Nasketucket Bay watershed has far more residential

land use, especially along Sconticut Neck. More

than a quarter of the watershed is under some type

of agricultural use, the third highest in Buzzards

Bay, which dominates nitrogen loading to these embayments.
With an abundance of lands in agricultural and residential
use, have left only 38% ot the watershed is left as forest,
which puts Nasketucket Bay among the lowest third in this
category.

Little Bay 1s a rainfall conditional closure site due to clevated
feeal coliform loading from rain runoff. There are good
shellfish resources in this area and the town of l'airhaven
and Massachusetts Division of Marine Fisheries have
identified priority stonmwater discharge sites and areas for
septic improvements on Sconticut Neck and Little Bay for
remediation.

A rmige nacnon of nitrogen loading to Nasketucket Bay
arrives through Little Bay, and most of the nitrogen to Little
Bay arrives via the Nasketucket River. That loading, plus
the reduced flushing in Little Bay, result in poorer water
quality there. River stations NR1, NR2 (Rt. 6. not shown).
and NRY (ratlroad bed, not sheyan) were montiored ior
nitrogen on = dates in 1993 (the onhy vear that nitrogen was
measured here). Station NR 1 closest to the bay, had salimities
ranging from 21-29 ppt, NR3. next upstream, had salinitics
between 4 and 12 ppt. Station NR2, most upstrcam, had
salinitics below 2 ppt. What 15 most interesting about the
results of this survey was that there was a large spike of
inorganic nitrogen midstrcam at station NR3, suggesting a
large nitrogen source down gradient of Route 6.
Concentrations of dissolved inorganic nitrogen concentrations
approached a remarkably high 100 micromolar (=1 .4 ppm)}—
a value very high for a Buzzards Bay stream.

Eutrophication Index scores in Little Bay for 1993 to 1995
were 42, 43, and 59 respectively. only fair scores. The

apparent improvements in water quality were largely driven
by a big reduction in inorganic nitrogen lcvels in 1995
together with improvements in the amount of chlorophyll
and organic nitrogen in the water. Some possible explanations
for this decline in inorganic nitrogen was that a large com
ficld in the watershed was converted to a soccer ficld and
park i1 the Spring of 1994, the Weeden Road arca (just a few
hundred feet from the Bay) was sewered in the Fall of 1993,
and a nursery along the Nasketucket River changed its
management practices somewhat. We presume that the soccer
field received considerably less or no fertilizer applications,
and that there was a sizeable dropoff in overland runotf of
inorganic nitrogen from all these sources.

Oxygen concentrations were monitored in all four years.
While both sites I.T1 and [.T2 were monitored in 1994 and
1995, only site I.T] was monitored in 1992, and only site
1172 was monitored in 1993, flowever because oxyvgen
saturation values were very similar at both sites both in 1904
and 1995, we do not belicve the use the 1992 or 1995 1o be
problematic. In general. oxyveen concentrations were typically
above 807 sataraiion at both sites, but in 1992, most oxyuen
saturation values were below 70%. with one ohservation at
33%. This suggests water quality i that estuary may have
been worse in that year. The results from station NR1 were
quite different with the average of the lowest 1/3 saturation
values hovering around only 45% saturation.

As might be expected the outer bay station at West [sland
(WI1) had better water quality, with very high oxvgen
saturation values, but in the two years of nutrient monitoring
(1994 and 1995), other measures of water quality were not
as good at WTI1, and this station had a eutrophication Index
Score of only 59 points, suggesting only fair water quality.
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he¢ attapoisett arbor drainage basin is the fifth
largest in Buzzards Bay and is among the least
developed. It is in the top third of all basins in terms
of agricultural use. In this watershed corn and other
crops rather than cranberry bogs account for most
of the agricultural activity. The Harbor is among
the larger, deeper and better flushed embayments
in Buzzards Bay. There are more than 650 moorings
and slips in the Harbor, seven town beaches and
eight private beaches. Eelgrass is abundant along
the periphery of the cstuary, but because the center
of the Harbor is deep, eclgrass cover is less than 30% of the
entire embayment area.

Despite the size of the watershed, total loading is low
compared to other watersheds of similar size. This, coupled
with a large bay volume and rapid flushing time, placc the
Harbor at only 17% of the critical nitrogen loading limit for
the estuary, and among the least loaded systems studied.

Water quanty monitoring in Mattapoisett Harbor supports
the conclusions of the Buzzards Bay Project’s subwatershed
cvaluation. Eutrophication Index scores in the outer Harbor
were between 74 and 92 points, and scores in the inner Harbor
were betwecn 60 and 74 points, the best scores for any of the
large river subwatersheds in Buzzards Bay.

In calculating Eutrophication Index scores, it is worth noting
that values for the “inner” harbor were based on oxygen
collected at station MH3, at the River mouth. Data for station
MH3 was unavailable for 1994, hence data from station MH4
(town pier) was substituted. Similarly calculations for the
“outer” embayment were based on oxygen data from station
MH4 in 1994 and 199S. This station was not monitored in
1992 or 1993, hence we used the data from MI13 in those.
The oxygen data of course represents 20% of the
Eutrophication score. These substitutions mean that water
quality in 1993 may have been slightly worse for the inner
Harbor than shown on the centerpiece water quality map.
Similarly we may have underestimated water quality for 1992
and 1993 in the “outer” Harbor eutrophication Index scores,
rclative to 1994 and 1995. Because oxygen station MH4 is
not really an outer embayment station, water quality is slightly
better in the outer Harbor than shown.

The poorer water quality in the inner Harbor is reflected by
somewhat higher chlorophyll concentrations, higher organic
nitrogen, and poorer water transparency than the outer
embayment. Water quality in both areas showed a small but
steady decline in the inner Harbor during the 4 years of study,
with Eutrophication Index scores dropping to only “fair”
conditions in 1994 and 1995. The worse water quality was
observed near the mouth of the Mattapoisett River, at station
MH3. Oxygen was measured in 1992, 1993, and 1995 (too
few samples were taken in 1994 to make interpretation of
that year meaningful). In those ycars, mean oxygen saturation
values were 71%, 64%, and 33% respectively for the mean
of the lowest third of observations. Generally this station has
oxygen in the range of 60% to 90% saturation, but in 1995 a
third of the observations were below 50% saturation. Other
parameters like chlorophyll and oyganic nitrogen also showed
increases, which also helped drop the Eutrophication Index.

Eutrophication Index scores using nutrient data near the river
(not shown in the center panel map) showed an even greater
decline during the study period. In 1992, the Eutrophication
Index score for this site was 74, in 1994 it was 52, and in
1995 it was only 34, the big drop being largely the result of
the very low oxygen saturation values observed at this site in
1995. Inorganic nitrogen concentrations appear to have
increased in the river in 1994, but declined again in 1995.
What is causing the decline in water quality in Mattapoisett
Harbor is not clear, but because the trend for declining water
quality is most pronounced near the mouth of the River, it is
reasonable to conclude that there has been increased pollutant
Joading to the River. More frequent monitoring of nitrogen
along the River should be a future priority so that nitrogen
sources and transport in the watershed is better understood.
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Eel Pond receives nitrogen inputs from
Mattapoisett's village center, the most heavily
developed area within the Mattapoisett Harbor
drainage basin. However, most of the residences
are sewered and dominant nitrogen sources include
a golf course, residential use of lawn fertilizer,
runoff. These loadings, coupled with poor
circulation because of tidal restriction from a
railway bed, create adverse conditions here. The Buzzards
Bay Project has not conducted a separatc nitrogen loading
assessment for the Eel Pond subwatershed, but in light of the
results discussed on the section on Mattapoisctt Iarbor and
below, a separate nitrogen management stratcgy is nceded
for the estuary. Eel Pond once had important shellfish
resourccs, including a sizeable Oyster population. The Pond
remains closed to shellfishing however, due to high fecal
coliform levels. Hence this subwatershed also nceds a
management strategy to reduce fecal coliforms as well.

xygen was monitored 1n Eel Pond in all four years, but
other parameters of water quality were monitored only after
1992. Thosc threc years of monitoring show that Eel Pond
was among the most eutrophic sites monitored, with
Lutrophication Index scores ranging from 14 to 23 points,
some of the worst scores observed in Buzzards Bay. Total
nitrogen was also consistently ingh, ranging from 0.64 to
0.87 ppm during the study period, and chlorophyll
concentrations were also very high, ranging from 13 to 24
ppb. earning scorcs of zcro in all three years. Only dissolved
inorganic nitrogen had occasional good scores, perhaps a sign
that any inorganic nitrogen entering this estoary is rapidly
removed by phytoplankton and algac growing on the bottom.
[norganic nitrogen concentrations in 1994 were the exception,
with concentrations necarly triple previous and subscquent
years. Overall there was an excellent correlation between total
nitrogen and phytoplankton pigments in the water with hest
conditions existing for both parameters in 1995, and worst
conditions for both in 1994. Water trausparency (Secchi disk
depth) was a consistently low 80 centimeters during the entire

study period, consistent with the very high phytoplankion

pigments observed.

Oxygen concentration in Eel Pond (EL1) were highly
variable, similar to other shallow and poorly flushed eutrophic
systems. Oxygen saturation values were quite low, especially
in 1993, 1994, and 1993, with oxygen often dipping below
50% saturation and dropping to 30% saturation on several
dates in both 1993 and 1995. In those years, the mean of the
lowest third of all oxygen saturations observed were low
enough to warrant scores of zero for the calculation of the
Eutrophication Index. Like several other bays, the higher
oxygen concentrations in 1992 may have becn a function of
cooler water temperatures or other weather related factors.
The time of sampling was consistent in each year, and does

not appear to be a factor in the higher oxygen saturations in
1992.

| 21 Ponu probably icceives less of a uitrogen load than the
arca at the mouth of the Mattapoisett River, but it is impactcd
because ths cove receives little flushing, and the nitrogen
load is quite high tor the cstoary's volume. The first order of
business in this estuary should be the delincation of the
subwatershed and the completion of build out and loading
assessments. This summer. the Buzzards Bay Project will
fund a flushing study of l:c] Pond as part of a grant to the
Town of Mattapoisett. The results of these initiatives should
identify the management goals and options for this small
cstuary. An important management option here will be the
restoration of tidal flushing to the embayment.
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Aucoot Cove has important shellfish resources,
eclagrass habit, and other important wildlife habitat,
and for this reason, the Buzzards Bay Project
recommended the adoption of an outstanding
resource waters nitrogen loading limit. The Cove
is deep and well flushed, and conscquently the
estuary has the ability to assimilate a large load of
nitrogen. The Cove has a relatively small
watershed, and the principal source of nitrogen is
the Marion Sewage Treatment Facility (morc than
60% of the watershed load) which discharges to
the Cove via a small creck (“Effluent Creek™) at
the head of the embayment.

[t is worth noting that portions of the upper Cove are also
closed to shellfishing. Most of these closures are due to
mandatory closure around the LEffluent Creek as a
precautionary mcasure, but also because ngh tecal coliforms
arc somctimes observed there. It has been speculated that
failed septic systems near shore contribute to high fecal levels.

Aucoot Cove, especially the central and outer portions of the
Cove, exhibit very good water quality, a reflection of the
fact that the total nitrogen load is small compared to the
volume and flushing of the Cove [note outer Hiller Cove
was included as part of outer Aucoot Cove in this study].
Indicators of water quality drop off markedly however at the
mouth of Efflueni Creek (AC1) and at a small cove with a
boatyard on the Mattapoisctt side (AC2). In most years, ACI
had distinctly lower oxvgen saturation (summertime lows
hovering around 40% oxvgen saturanion) than AC2, which
had summertime low oxygen saturation values around 55%.
AC2, the boatyard. showed a slight dechne in oxygen during
the study period. Declines in water quality were also apparent
from increases in dissolved inorganic nitrogen and total
nitrogen which resulted in a drop in the Eutrophication Index
in 1994 and 1995 for both inncr and outer sites. Station AC8,
Aucoot Creck (not shown), was sampled only in 1994 and
1995, so it is impossible to say whether or not the declines in
1994 and 1995 were related to increascd nitrogen loadings
on this strcam. [n both years, total nitrogen was about 0.75
ppm.

Total nitrogen concentrations in inner Aucoot Cove were
reasonably good for 1992 and 1993—Iless than 0.35 ppm,
but increased substantially in 1994 and 1995 (above 0.5 and
0.4 ppm respectively). The incrcase in both thosc ycars
reflected largely increascd dissolved inorganic nitrogen. but

dissolved inorganic nitrogen and particulatc nitrogen also
showed similar percentage increases. In 1994, dissolved
inoraanic nitrogen concentrations in the outer harbor were
ncarly triple the previous vears.

The mean of the lowest third of oxygen saturation values in
Hiller Cove were fairly consistent at 69%, 60%, 59%, and
66% for the four years of study. These values arc reasonably
good, and other parameters of water quality such as total
nitrogen and chlorophyll afso indicate good water quality.
The Eutrophication Index for inner Hillers Cove could be
calculated only for 1993 and 1994, but the values—63 points
and 74 points respectively—are similar to outer Aucoot Cove
scores. Total nitrogen values, for 1993, 1994, and 1995 in
Hiller Cove were 0.33, 0.36, and 0.38 ppm, very low values
and similar to central “oftshore™ vatues for Buzzards Bay.

Althougi Aucoot Cuve is smaller than most Buzzards Bay
cmbaynients, it 15 also among the decpest and best flushed
embayments in Buzzards Bay. Consequently, it has a far
greater recommended nitrogen loading himit compared to
other embayments of similar arca. [:xisting nitrogen loading
is only a fourth of the Buzzards Bay Project’s recommended
limits. A considerable amount of this drainage basin consists
of forested wetland which will limit watershed buildout. Liven
if full buildout occurs, potential future Joadings to the Cove
are also expected to below the recommended limits unless
there is any sizeable cxpansion of the sewage treatment
facility. Hence management of nitrogen inputs on that basis
may not be warranted. llowever, nitrogen concentrations are
elevated in the creek which appears degraded, and
management should focus on improving the quality of the
sewagce treatment facility discharge to the creek. The town
of Marion has planned improvements to the sewage treatment
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sippica  rarvur nas one of the smaller embayment

drainage basins in Buzzards Bay and the watershed

is the fifth most developed in Buzzards Bay.

Housing unit density in the embayment is close to

the Bay-wide medium, but total population is low.
Residential and commercial land use accounts for
approximately 79% of thc nitrogen inputs to

Sippican inner harbor. The inner harbor is close to

the median size and depth of Buzzards Bay
embayments but the estuary's flushing time is
considerably longer than most. Sippican Harbor has

one of the greatest populations of boats and has

three public beaches and eight private beaches.

Sippican Harbor has three major sub-embayment

areas whosc water quality i1s somewhat different from the
main stem of the estuary. These are Hammets Cove at the
head of the estuary, and Planting Island Cove and Blankenship
Cove paired in the northeastern central harbor. In 1990, the
shellfish warden reported in the Town annual report that there
was a widespread die-off of oysters in Hammets Cove, but
this may be disease related.

Wawer v wiey monner and outer Sippican Harbor, including
Planting [sland Cove and Blankenship Cove were consistently
fair to average. Total nitrogen concentrations werc lowcst in
Blankenship Cove and outer Sippican Harbor, averaging
about 0.4 ppm for the four ycars of study, tollowed by Planting
Island Cove, averaging around 0.44 ppm (not statistically
significantly higher), followed by Inner (upper) Sippican
Harbor averaging around 0.52 ppm. Condition m Hammets
Cove were far worse than the other sites with total nitrogen
concentrations averaging around .72 ppm for the 4 years of
study.

Paralleling these patterns of total nitrogen were phytoplankton
pigments. As before, Blankenship Cove had the lowest study
perniod average of 5.0 ppb, followed by Sippican Outer Harbor
at 5.8 ppb, then Planting Island at 5.9 ppb, then inner Sippican
at 7.3 ppb. Again Hammets Cove was worse off with
concentrations averaging 4 high 15.3 ppb.

The oxygen data was more variable, and little data was
collected for Sippican Outer Harbor and Planting Island Cove.
Blankenship Cove showed the best values for low
summertime average concentrations, and Hammcts Cove
showed the worse, although there was considerable year to
year variation. Inner Sippican showed intermediate oxygen
concentrations, but in 1992, mean low saturation values were

lower with a number of saturation values between 50% and
60% at station SH1, whereas oxygen values in other years
were generally between 70 and 100%.

In the fnner Harbor, the variability in the individual
parameters offset each other and the Lutrophication Tndex
scores during the four years of study fell in remarkably narrow
range of 52 to 56 points, with no apparent trends in water
quality. Blankenship and Planting !sland Coves'
Eutrophication Index scores were incomplete, but the liitle
available data showed clearly better water quality typical of
outer Sippican Harbor. In 1993, Planting Island had a
Eutrophication [ndex Score of 63. In the same year
Blankenship had a score of 71 points, followed by 65 points
the following year. Again these values starkly contrasted with
Hammets Covc Eutrophication Index scores which ranged
from 20 to 45 poiats, with a four year average of 35 points.
Two out of 4 of these scores fell in the “poor” water quality
category.

yect esawnaea that existing nitrogen
loadings are 16% over Project recommended outstanding
resource waters limits and is expected to be 69% over limits
in the future. Any nitrogen management strategy must include
remediation of existing sources, particularly septic system
inputs, since residential lands account for an estimated 79 %
of nitrogen inputs. Considerable opportunity exists to protect
this watershed. The first order of business is to conduct a
parcel level nitrogen loading analysis since large portions of
the watershed are sewered, and these areas were only
approximated in the Project’s 1994 subwatershed nitrogen
loading report. The [Hammets Cove subwatershed should be
the focus of nitrogen management action since that area
appears most degraded.

LIHe DU Za1dd Da 1
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The Agawam River is part of the greater Wareham

River estuary (see next page). It is evaluated
separately here because the Agawam River is the

major contributor of both nutrients and freshwater

to the estuary, and because we have monitorcd two

brackish water sites which duc to their freshwater

nature, could not be included in the Eutrophication

Index scores for the Wareham River cstuary. The
Agawam River is also noteworthy because it

receives discharges from the Wareham Sewage
Treatment plant which serves both the town of
Wareham and selected areas of Buttermilk Bay and
Buzzards Bay Village around Bourne. This
treatment plant, which discharges 760,000 gallons per day
of secondarily treated effluent will in the next few years be
reviewed by state and federa! agencies for possible facility
improvements to better protect coastul water quality.

The Buzzards Bay Project has not evaluated nitrogen loadings
to the Agawam River estuary separatcly from the larger
Warcham River cstuary watershed, but a cursory exaniination
of land use maps suggests that it contains less residential
land than portions of the Wareham River estuary adjoining
the center of Wareham Village. Clearly the sewage treatment
plant, followed by upstream cranberry bogs are the largest
sources of nitrogen in this subbasin. The Agawam River is
closed to shellfishing due to high coliform levels.

.

Only oxygen, salinity, temperature, and scechi depth were
monitored at station AC1 in all four vears, Both stations
have brackish water and salinitics that fluctuate depending
on whether the tide is ebbing or tlooding. Down stream
station AG2 is saltier and shows wider salinity fluctuations
than station AG1 which ofien had salinities less than 3 ppt.
Station AG2 was not monitored in 1992 and only in the latter
half of the 1993 season. Nitrogen and phytoplankton
pigments were not monitored. Oxygen concentrations were
low in the Agawam compared to most Buzzards Bay
embayments monitored, with the four year mean saturations
being 64%,.53%, 61%, and 37% respectively. The big drop
in oxygen concentrations in 19935 were largcly the result of
low readings observed at station AG2, the morc saline station.
Station AG | saw better oxygen concentrations in {992 and
did not show an appreciable decline in saturations in 1995.
The low oxygen saturations at AG2 were also observed in
several other Buzzards Bay embayments in 1995 and may

be due to weather related changes in biological activity. In
1995, water transparency declined, which suggests that more
phytoplankton were in the water, which could account for
the lowered oxygen concentrations that year.

[.ike Marks Cove and Broadmarsh River, the Agawam River
cannot be managed separately from the larger Warcham River
estuary complex. It is likely that improvements in nitrogen
removal efficiency of the Wareham Sewage Treatment
Facility will eventually be required, particularly in light of
continuing ncw connections to the town’s sewer system and
poor water quality obscerved in both the Wareham and
Agawam Rivers. Because of low oxygen concentrations
observed in the Agawam River. nitrogen loading limits for
the plant should not only be protective of watcr quality in the
Warcham River. but protective of the Agawam River as well.
[n light of thesc imanagement decisions, nutrient monitoring
of the Warcham River should be expanded into the Agawam
River subestuary.
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The Wareham  ver drainage basin is the third

largest in Buzzards Bay, and overal] one of the least
developed. Percent agricultural land coverage

(mostly cranberry bogs) is close to the median for

the embayments studied. Housing density is
relatively low, but because of the large basin size,

total housing units and population were among the

highest around Buzzards Bay. The castern Branch

of the Wareham River estuary is fed by the Agawam

River into which discharges the Wareham Scwage
Treatment Plant which serves arcas outside the
Wareham and Agawam River basins, including the

town of Bourne. Therefore this estuary is receiving

nitrogen loadings in excess of what occurs in the watershed.
This point source accounts for more than 25% of the total
nitrogen load to the embayment, ~.d oxygen data from
monitoring stations on the Agawam River are discussed on
page 28. New areas of Wareham have been connected to the
treatment plant in recent years. The Broadinarsh River
complex is actnally a subestuary of the Wiarcham River, but
is discussed in the following section. As might be expected,
patterns of water quality in the Broadmarsh River parallel
that of the Wareham River. Marks Cove, another embayment
branching off near the mouth of the Warcham River is
discussed in this section. The Buzzards Bay Project completed
a separate subwatershed evaluation for Murks Cove, but the
results of the Citizens Monitoring Program suggest that Marks
Cove cannot be managed separately from the Greater
Wareham River Complex.

Results of the Citizens’ Water Quality Monitoring Program
suggest that the Warcham River is among the most eutrophic
cstuarics in Buzzards Bay. The upper portions of the
Warcham River are closed to shelifishing because of fecal
colitorm contamination.

Total nitrogen concentrations in the inner Wareham River
were high, ranging from 0.55 ppm to over 0.8 ppm. The
hiighest concentrations were observed in 1994 where all three
constituents of total nitrogen (dissolved inorganic, dissolved
organic, and particulate organic) showed marked increases.
Down River in the outer estuary, total nitrogen concentrations
were better in threc years, ranging from just under 0.4 ppm
to a high of just under 0.6 ppm, but in 1994 concentrations of
total nitrogen approached 0.9 ppm, including a tripling of
inorganic nitrogen concentrations. The consistency between
upper and lower estuary nitrogen valucs suggest some
unknown nitrogen loading cvent or cvents were documented

in that year. This phecnomenon was not limited to forms of
nitcogen, but a largc increase of phytoplankton was also
observed in the inner harbor with a low under 5 ppb in 1992
to a high over 15 ppb in 1994, Patterns of chlorophyll in the
outer river precisely mirrored year to year changes in the
inner estuary, but at 20-30% lower concentrations.

Oxygen concentrations were somewhat more consistent over
the study period as exemplitied by station WRI1. Here %
saturation levels were consistent between 1992 and 1994,
but showed a marked drop in 1995. Some other parameters
such as dissolved inorganic mitrogen showed some abrupt
fluctuations, and Eutrophication Index scores ranged from
31 to 52 points, earning a “poor” Butrophication Index score
for one of the four years of study.

Marks Cove mirrured somewhat the pattern in the larger
estuary, hut apparently was also influenced more by local
nitrogen inputs. During the four years of study, total nitrogen
concentrations steadily rose from 0.4 to 0.8 ppm.
Phytoplankton also increased dramatically, but like the
Wareham River, highest concentrations were observed in
1994, and approached the 1S ppb observed in the upper
cstuary. Dissolved inorganic nitrogen concentration nearly
tripled in 1995. Because oxygen was not monitored in Marks
Cove, Eutrophication Index scores are unavailable for that
part of the Wareham estuary.

L ne 1ana use evaluation suggests 1a  he Wareham River is
100% over recommended nitrogen loading limits now, and
will more than double at future buildout conditions. The water
guality monitoring results paint a better picture, but clearly
nitrogen management is needed, particularly in light of
continued increased sewcr conncctions to the Sewage
Treatment Plant. Nitrogen loading to the Wareham River
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1 = roadmarsh River complex is actually a
subestuary of the Warcham River. We discuss it
separatcly in this section, but its water quality
closcly parallels that of the Wareham River. The
Buzzards Bay Project has not completed a separate
subwatcrshed evaluation for the Broadmarsh
cstuary, and such an approach may not be warranted
because of the overwhelming influence of the
Wareham River on water qualitly conditions here.

The Broadmarsh River estuary 1s somewhat unusual in that
the inner and outer embayments have very similar water
quality, largcly due to the “external” inputs from the Wareham
River. In fact in one year total nitrogen was higher in the
outer than it was in the inner. Overall total nitrogen
concentrations parallel the pattern of the Wareham River,
including the large spike of different forms of nitrogen in the
water in - 994 (but at concentrations not quite as high as in
the centrat portions of the Warcham River). Phytoplankton
concentrations were less variable, with levels both above and
below comparable years in the Wareham River. In other
words, the Broadmarsh River parallels the Wareham River,
but the patterns are somewhat “dampced out™. Oxygen
saturation lcvels were better in Broadmarsh than the Wareham
River, but showed a steady decline during the 4 ycars of study.
The pattern shown in the graph of station BMR!1 oxygen
saturation is very apparent. The summertime highs. mean
valucs, and summertime lows show a steady decline. During

the same period, total organic nitrogen in the water showed
large increases in concentration. These combined changes
resulted in markedly lower Futrophication Index Scores
during 1994 and 1995.

['he results from the Broadmarsh River estvacy support the
general observations that waters in the Wareham River
complex are becoming more cutrophic, with water quality
being particularly poor in 1994,

With respect to water qua .y the Broadmarsh River estuary
appears somewhat distinct from the greater Wareham River
estuary complex and could rcquire a separate nitrogen
management strategy. [lowcever. water quality in this
subestuary will improve only if nitrogen is also managed in
the Wareham River watcershed.
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This monitoring program was the result of a
collaboration of the Buzzards Bay Project and
Coalition for Buzzards Bay. Funding for

the monitoring program was provided by

the Buzzards Bay Project. All maps prepared

by the Buzzards Bay Project. 212198 edil 1
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C set say 1s e sixth largest Buzzards Bay
embayment. Its watershed has a considerablc
amount of land in residential land use and a high
basin-wide unit density of 0.65 houses per acre.
The watershed is also among the lowest in
undeveloped forested areas. Only 4.3% of the land
is agricultural. The Bay is shallow, and moderately
well flushed. and the flow of low nutrient waters
through the Cape Cod Canal into Buzzards Bay
probably aids water quality. Eelgrass and shellfish
beds arc abundant in the estuary, but the uppermost
poorly flushed portions of the estuary—Broad
Cove, Muddy Cove and Sunset Cove, and Shell
Point Bay—have degraded water quality resulting
in shellfish beds closed seasonally to shellfishing.

Onset Bay vas one of the better monitored embayments with
three rezular oxygen monitoring sites in the mainstem and
two sites in the Broad Cove and Muddy Cove complex (“East
River™). The 1994 oxygen data typified the results of the
monitoring program. In that ycar, the mean of the lowest
33% of oxygen saturations were best in outer Onset Bay
(OB2), with a high 91% oxygen saturation, followed by 79%
saturation in the inner bay (OB1+40OB3), and only 66%
saturafion at both Broad and Muddy Cove stations (ER1 and
BD1). Station OB was typical and showed a wide range of
high oxygen saturation values between a “low™ of 60%
(reached only once during the entire | year period), with many
“supersaturation” values above o healthy 100%. In general
there was good agreement between deep (100-200 em) and
shallow (15 ecm) oxycen values at OB 1. with the decper sites
most ofte 1aving ¢ slightly lower oxyvgen saturations.
Swatio _ 1 did not show some of the wide swings in oxygen
cuncentrations seen in other poorly flushed sites, with most
saturation values between 66% and 86% that year. In some
vears, oxygen was slightly lower at BD1 than ER 1. Typically
oxygen satorations at the Onsct Bay stations were high
compared to most Buzzards Bay embayments. Oxygen data
was not available for the outer embayment in 1992, and
saturation data from the inner embayment was used.
Consequently, the Futrophication Index score was
underestimated in 1992 for the outer cmbayment (that is,
water quality was better that year than shown).

Scores for other monitoring parameters were also good,
resulting in Eutrophication Index scores generally in the
“Good to Excellent™ range. The drop off in the inner
embayment in 1994 and 1995 was partly the result of declines

in oxygen saturation, together with modcrate increases in
phytoplankton and organic nitrogen in the water, which were
at verv low levels in 1992 and 1993. Total nitrogen
concentrations were lowest in 1992 (0.39 ppm), but were
elevated considerably i 1994 to 0.49 ppm.

Together these findings suggest that while Onset Bay has
good water quality, it may be in transition to only fair watcr
quality. Unfortunatcly nutrients werc not monitored in the
Fast River-Broad and Muddy Cove complex, but water
quality appears more impaired there.

N ivo O i O mbayment are derived
from residential land use and more than 30% are derived
from commercial land nse. In 1993, the Buzzards Bay Project
estimated that existing nitrogen loading was only 60% of the
Project’s recommended hmit and future loading 96% of these
limits. [Towever, given the uncertainties of this preliminary
assessmient. the Buzzards Bay Project recommended more
detailed studies of flushing study and land use. To this end,
the Town of Warcham gathered the land parcel data and a
dctailed buildout analysis that is underway by the Buzzards
Bay Project. The Buzzards Bay Project will also tund a
flushing study of Onset Bay, including the East River
complex. The parcel level jand use data will be especially
important in characterizing the impacts of commercial
development along the Route 6 corridor. The Last River
complex seems impacted most by nitrogen loading, and the
subarea should be the focus of management action. In the
future, nutrient data should be collected at station BD1 or
ER1 to enable calculation of Lutrophication Index scores for
that area. '
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The drainage basin surrounding Buttermilk and
Little Buttermilk Bays is the eighth largest within
the Buzzards Bay watershed and cncompasses
portions of the towns of Wareham, Bourne, and
Plymouth. Several creeks and streams discharge
to this embayment, but the bulk of fresh water
inputs (and nitrogen) cnters the Bay via
groundwater. Most development in the watershed
(largely residential tand use) is clustered along shore, but
there is considcrable dense development in Plymouth in the
Big Sandy Pond area. The central watershed is largely
undeveloped, and each town has public wells or weli recharge
areas within the basin, Cranberry bogs make up most of the
agricultural land, which covers about 9% of the watershed.

Because of the shallowness of Buttermilk Bay, eclgrass beds
covered nearly 40% of the embayment during the 1980s.
Anecdotal information suggests there have been recent
declines in eelgrass cover. Total salt marsh cover ranked low
among Buzzards Bay embayments, and due to the intensive
shoreline development along portions of this estuary’s shores,
several sizeable fringing salt marshes (most notably along
Indian Heights) were filled in 30-40 years ago. Several modest
size marshes remain along Red Brook, Goat Creek, and within
several other covelets.

Little Buttermilk Bay is an inner embayment to Buttermilk
Bay. Little Buttermilk Bay was likely formed as a separate
freshwater kettle pond adjacent to Buttermilk Bay, which
was joined through a narrow constriction as sea-levels rose
to flood these systems. Little Buttermilk Bay., although less
flushed. also receives a lower nitrogen load than Buttermilk
Bay where most development is concentrated, especially in
the Indian Mound and Hideaway Village arcas. These areas,
however, were sewercd in the carly 1990s. However, since
the effective nitrogen load to an embayment is the
combination of inputs and outputs the restricted inlet and the
adjacent nutricnt load to Buttermilk Bay indicated the need
for separate analysis of Little Buttermilk Bay.

Due to « :ack ¢: volunteers, oxygen concentrations were
monitored in Buttermilk Bay tor a full season only in 1992.

Little Buttermilk was monitored for oxygen in all years except
1995. Nutrient data was collected in each bay for 1993 through
1995. Because of the lack of oxygen data for Buttermilk,
Little Buttermilk oxygen data was used to calculated a
Eutrophication Index score for that estuary. Because no full
summers worth of oxygen was available for either embayment
in 1995, a Eutrophication Index score could not be calculated
for that year. Because overall Little Buttermilk Bay shows
worse water quality than Buttermilk, the use of Liitle
Buttermilk oxygen saturations for Buttermilk Eutrophication
Index scores represent a “worst case” scenario (the oxygen
score represents 25% of the Eutrophication Score).

With these limitations in mjnd, the somewhat higher
Buttermilk Bay Eutrophication Index scores 67 for 1993 and
39 for 1994 versus 61 and 38 points respectively for Liitle
Buttermilk Bay) were also corroborated by consistently higher
total nitrogen concentrations in Little Buttermilk (0.44,0.61,
and 0.69 ppm for 1993 to 1995) compared to Buttermilk (0.4)
ppm, 0.55 ppm, 0.43 ppm respectively). The increasing total
nitrogen concentrations in Little Buttermilk were among the
more dramatic observed in the monitoring program.

While Little Buttermilk Bay has lower nitrogen loading from
its watershed than does Buttermilk Bay, it receives a higher
proportional loading in inflowing tidal waters. This higher
tidal loading stems from the source waters of Buttermilk Bay
being the low nitrogen waters of Buzzards Bay, while Little
Buttermilk Bay receives nutrient laden tidal waters from
Buttermilk Bay. As a result the nutrient related water quality
of Little Buttermilk Bay tends to be poorer than Buttermilk
Bay. This inner bay not only has moderately high nitrogen
levels but with phytoplankton pigment levels averaging 9.8
for the three year study period (versus 8.6 for Buttermilk
Bay) appears to be at the onset of eutrophic conditions.
Despite these somewhat pessimistic observations, oxygen
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Back River and Eel Pond in Bourne, are the least
well flushed innermost portions of Phinneys Harbor
estuary complex and the areas receiving most of
the nitrogen from the Phinneys Harbor watershed
discussed above. Like the Little Buttermilk/
Battermilk Bay system, water quality is worse in
these embayments than Phinneys Harbor, but unlike
the Buttermilk Bay complex, nitrogen loads in these
inner embayments nearly equal loads in other parts
of the Phinneys Harbor watershed.

The restrivted inict between the inner (Back River/Eel Pond)
and outer Phinneys Harbor (Phinneys Harbor proper), and
the relatively small volume of the Back River/Eel Pond
system make this estuary more susceptible to nitrogen inputs.
Despite this susceptibility, existing nitrogen loads are
apparently low enough to result in very good water quality,
among the highest for any inner embayment. In only one out
of four years did the Eutrophication Index drop in the “faic”
water quality category (see center fold map), and the four
year mean.

Oxygen, secchi depth, and other measurements were not
always taken in the Back River proper, and the Entrophication
[ndex scorcs shown are for Eel Pond. Both nitrogen and
plankton measurements indicate slightly worse water quality
in Back Rijver versus Eel Pond. The four year mean
phytoplankton pigment concentration for Back River was 7.8
ppb compared to Eel Ponds 6.0 ppb, the four year mean for
total nitrogen was 0.45 ppm in the Back River as compared
to Eel Pond’s 0.41 ppm. The Back River had moderate
summertime phytoplankton pigment chlorophyll levels in
1993 at 9.2 ppb, and in 1995, total nitrogen levels were a
moderately high 0.52 ppm.

[n Eel Pond, oxygen levels were variable but remained high
at some stations (eg. EP-1 in Eel Pond), the likely result of
mixing by tidal and wind driven currents and the near
complete draining of the embayment at low tide. Oxygen
levels rarely dropped below 80% of saturation and were not
observed to drop below 70% over the 4 years of study. In
contrast, the Back River periodically had low oxygen levels.
A major unresolved nutrient issue for the inner system is its
susceptibility to macroalgal blooms. The very shallow depths
at low tide with nutrient enrichment suggests that macroalgae

should be evaluated. This concern is supported by
observations by volunteers that macroalgae do periodically
proliferate and accumulate in the inner system. Since
accumulated algac on the bottom can alter water quality, an
evaluation of accumulated algae on the bottom should be
considered before a final evaluation of the inner system is
possible. Thus, the overall ranking of the Phinneys Harbor
estuary complex is as follows: water quality in Phinneys
Harbor exceeds Eel Pond which is slightly better than Back
River.

In cont stto Phimm s Harbor, tne results of the Citizens'
Monitoring Program suggest that nitrogen management action
may be required to improve the health of Back River and Eel
Pond. Data from the monitoring program have showed that
the Eutrophication Index, and other measures of nitrogen
remain good, but are periodically below the bay wide median.
In the Buzzards Bay Project’s nitrogen loading evaluation,
the Back River and Eel Pond Systems were not considered
separatel]y from Eel Pond, and a new nitrogen loading
assessment should be conducted with revised watershed
delineation that were developed last year by the Cape Cod
Commission. In particular, the Buzzards Bay Project failed
to include consideration of the Bourne landfill as a nitrogen
source, and this should be reconsidered in any new nitrogen
loading analysis. The findings of the Citizens' Water Quality
Monitoring Program suggest that while a nitrogen
management strategy may not be required for Phinneys
Harbor, a nitrogen management strategy will likely be
required for the Back River-Eel Pond complex to mange
future inputs, particular because their remains considerable
growth potential in this watershed.
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Phinneys Harbor is a well flushed shallow
embayment with good shellfishing resources and

formerly abundant eelgrass beds. A dive study in

the summer of 1995 by the Massachusefts Division

of Marine Fisheries (DMF) found that considerable

amounts of eelgrass beds have died off in the

Harbor. These die-offs, anecdotally reported in

several sites in Bourne, have not been explained.

The harbor is relatively open which enhances both

tidal and wind driven water exchange. Much of the

nitrogen in the watcrshed discharges to Phinneys

Harbor through the upper estuary in the areas

known as Back River and Eel Pond. Nitrogen enters

harbor waters almost entirely through groundwater flows,
although small surface water flows enter the inner Back River/
Eel Pond system. Most of the watcrshed directly adjacent
the harbor contains residential development but the associated
nitrogen load is low duc to the number of residences. Much
of the outer harbor watershed is associated with the peninsula
which represents a small contributing area and nitrogen load
relative to the volume of the harbor.

Phinneys Harbor showed good to excellent water quality the
three years that the system was monitored (1992, 1993, and
1995) as a result of its comparatively low nitrogen loading
and high rate of water exchange. DMF data, however, shows
that water quality in the arca of Arthur Avenue to Toby's
Island is only good to poor with respect to fecal coliform
concentrations. The harbor had consistently high oxygen
levels, typically over 80% of saturation during the study.
Similarly, total nitrogen concentrations, with a three year
average of only 0.36 ppm, was the best for any “inner”
embayment area, and more typical of offshore Buzzards Bay
levels. Phytoplankton and inorganic nitrogen concentrations
were somewhat variable, but when phytoplankton pigments
" were high inorganic nitrogen concentrations tended to be low,
and vice versa, so that a good score on one offset a poorer
score on the other. Consequently the 3 year Eutrophication
Index score was a high 76 points, again the best score for any
“inner” embayment area. As would be expected from the
phytoplankton pigment data, water clarity was generally very
good. Barring radical changes in land-use, the outlook for a
continued high water quality with respect to nitrogen loading
within the harbor is good.

Residential development accounts for nearly three-quarters
of embayment loadings of nitrogen and the watershed is
approximately two thirds of the way towards full buildout.
Yet almost two-thirds of the watershed remains forested.
Currently the nitrogen loading is only an estimated 14% of
the Project’s recommended limit and at full buildout the total
nitrogen load is expected to be only be 20% of the
recommended load. The results of the water guality
monitoring program support the current conditions loading
assessment, and for these reasons nitrogen management
actions are not advised for Phinneys Harbor. The upper harbor
areas—Back River and Eel Pond—appear impacted and
suggest that management action is required for those portions
of the Phinneys Harbor drainage basin contributing to those
waters. The Capc Cod Commission has updated the
subwatershed for the Phinneys Harbor, and the Buzzards Bay
Project needs to update its nitrogen loading assessment for
the estuary. Nonetheless, it appears that management.of
Phinneys Harbor should probably focus upon the limited
seasonal shellfish bed closure in the Harbor and other direct
management of harbor resources.
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Pocasset River is well utifized as a mooring area.

The embayment includes beach and four public

access points. In the Buzzards Bay Project’s
watershed evaluation, shellfish resources were

ranked as poor, but overall Cove resources were

ranked medium. The Pocasset River estuary has
significant areas of fringing salt marshes. Most of

the adjacent upland is forested (81%) with
residential development dominating the terrestrial

nitrogen loading, although the housing density

remains relatively low, 0.2 units per acres. The

original evaluation of land use in the Pocasset River

drainage basin by the Buzzards Bay Project

included errors in total loading rates due to the inclusion of
land area actually contributing to the waters of Phinneys
Harbor behind Tobey Island. Because of this problem and
because these watershed arcas were redelineated last year by
the Cape Cod Commission using more up to date groundwater
data, the Buzzards Bay Project will need to complete a new
loading evaluation. This basin and embayment 1s among the
smaller studied.

Pocasset River water quality, as indicated by the
Eutrophication Index scores (center map) have shown a steady
gradual deeline to only fair conditions since 1992. Although
chlorophvl! levels remain low (a four vear mean of only 3.7
ppb), nitrogen levels are intermediate (a four ycar mean of
0.43 ppm) compared to other embayments monitored. The
major factor in determining the ecological health of this
system is dissolved oxygen levels. Throughout the study,
oxygen has periodically dropped below 70% of saturation.
However. declines below 60% occurred in 3 of 4 years with
1993 recording frequent levels approaching 30% of
saturation. ‘The most recent data indicates a system of low
habitat quality to benthic animals. At present the low
chlorophyvll yet low oxygen concentrations suggest that
potential intcractions with bordering wetlands (possibly
organic matter imports) may be involved in the organic
matter-oxygen dynamics. Accumulated algae and organic
matter in sediments may also be accounting for these low
oxygen levels. Ongoing work should focus upon determining
the cause of the observed low oxygen conditions. However,
it appears that like adjacent systems {see below), additional
nutrient inputs te Pocassct River to the extent that they result
in additional organic matter production are likely to result in
even morc extreme oxygzen depletions.

The 3uzzards ay  ojectcompleted an evaluation of nutrient
loading to the Pocasset River in 1994 as part of the Buzzards
Bay subwatershed evaluation. Two thirds of existing nitrogen
inputs are derived from residential land use (i.e. principally
septic systems). Existing nitrogen inputs are 46% of
recommended limits, but at buildout will be 63% above
recommended limits. The embayment’s present water quality
is close to the average of embayments monitored. Existing
Joads are much lower than the predicted assumed acceptable
limits yet the water quality within the system is already
moderately impacted. Consequently it appears that the
estimates of acceptable nitrogen loading may be too high,
possibly because of an overestimate of flushing or omissions
in the assumed loading rate. Better flushing estimates are
required to better determine recommended loading limits to
Pocasset River before nitrogen management strategies can
be considered. In response to this, later this year the Buzzards
Bay Project will fund a flushing study and buildout analysis
for the town of Bourne to determine appropriate management
goals for the Pocasset River. Revisions to the drainage basin
by the Cape Cod Commission will be examined to determine
if nitrogen sources were not accounted for in the Buzzards
Bay Project’s loading cvaluation. )
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dcasset larbor is part of an embayment complex
consisting of the three embayments of Pocasset
Harbor, Hen Cove and Red Brook Harbor.
Although each of these embayments has its own
sub-watershed, they combine to form a greater
embayment behind Bassetts Island. One of the
carrent issucs being cvaluated relative to nutrient
inputs to this complex are those associated with
the tandfill plume (LF-1) from Massachusetts
Mititary Reservation. Direct measurecments being
conducted by the MMR investigators arc neccssary
for the completion of the nutrient balance for this
embayment complex. Pocasset Harbor is relatively
deep for its size with a 2 meter decp channel
extending to its inner reaches and depths of 7 meters near the
outlet.

Pocasset Ilarbor has had some of the lowest water quality of
the embayments within Buzzards Bay's eastern shore. Even
so, Pocasset Harbor continues to maintain water quality at a
level about average for the more developed and urbanized
western shore, although the Lutrophication Index has dropped
continuously since 1993. At present the cause of the less than
expected water quality is unclear since preliminary estimates
show only modest nitrogen loads. A revised analysis is now
underway by the Buzzards Bay Project. A preliminary land
usc analysis by the Buzzards Bay Project indicated that
nitrogen inputs were primarily from residential development
in the eastern portion of the embayment with lower residential
inputs from the western embayment coast formed by Wings
Neck. The role of circulation, bathymetry and potential
interactions with fringing wetlands in the ohscrved nutrient
related water quality i1s presently unclear.

The lower than expected Eutrophication Index scores within
Pocasset Harbor are largely the result of very low dissolved
oxygen levels. Oxygen concentrations below 40% were
common with periodic excursions below 30%. Oxygen
concentrations were low enough to score a zero in 1995, It
also appcars that summer dissolved oxygen Jevels are
declining through time. The low oxygen levels are at least in
part due to nutrient effects since poorer than average
chlorophyl)! and assaciated water clarity contribute
sienificantly to the low Eutrophication [ndex scores for this
cmbaviment. The ecmbayment's threce vear total nitrogen
concentration was 0.41 ppm. higher than most embayments
monmtored. Fortunately, there 1s a strony eradient in water
quality from Buzzards Bay to the inner basin with the outer

harbor suggesting good flushing with Buzzards Bay and
maintaining low total nitrogen and phytoplankton biomass
in the outer harbor. The greater dilution and flushing of
nutrient entering the outer harbor is also evident because both
the inner and outer systems have similar land use loading
rates.

The Buzzards lay Project has not completed an evaluation

of nutrient loading to Pocasset Harbor, and a good estimate
of nitrogen in the [.F-1 plume will be required. Our
preliminary assessment of existing loading using the new
Cape Cod Commission Watershed data is that existing
loading is 9,700 kilograms of nitrogen per year, only one
half the Project's recommended limit of 18,000 kilograms
per year. This loading cstimate does not take into account
the LF 1 plume. Since nutrient management requires a more
detailed assessment of nitrogen loading rates and embayment
water exchange than is currently available, recommendations
for management action cannot be made until all the relevant
data are assembled.
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Hen ove is the smallest embayment assessed and

was assumed to have one of the smallest watersheds

of all the estuaries studicd (revisions to the
Buzzards Bay watershed delincation by the Cape

Cod Commission need to be caretully examined).

More than 300 boats arc moored in the harbor, and

shellfish resources are ranked good. although the

upper Cove is permancntly closed to shellfishing.

The shoreline 1s extensively developed and
dwelling unit density is among the highest in the
Buzzards Bay (1.1 units per acre overall). In
addition, 1len Cove is part of the Pocasset Harbor

and Red Brook Harbor complex created by Bassetts

[sland. }en Cove’s location within the complex

results in it receiving its source water after it transits cither
of these adjacent systems which increase the nitrogen levels.
The combined cffect of lTand-use and eirculation patterns has
been producing an existing eftective annual nutrient Joad of
concern to managers. Nitrogen management must account
for these nitrogen resources. Of interest and concern for both
nitrogen and fecal coliform management is the small
freshwatcr pond at the head of the Cove. Discharges from
the pond are typically high in both fecal coliform and nitrogen
concentrations, and the Board of 1ealth should consider a
dve study to determine if any hidden cesspool overflow pipes
discharge to the pond.

Like Pocasset [larbor, water quality meusures of Hen Cove
showed a steady dechine during the tour years of study, with
the Eutrophication Index dropping nearly 37 points, one of
the largest drops observed in the baywide study (see
centertald map). Still water quality in 1995 was only
somewhat below the baywide average and remains in what
the authors consider “*fair” conditions. The declining
Eutrophication Index scores were largely driven by increasing,
phytoplankton pigment levels (going trom 3.3 to 8.1 ppb
during the study period) and organic nitrogen concentrations
in the water. Mean summertine total mtrogen concentrations
showed more year to vear vanability. but clearly were
clevated by the end of the study. Although development has
vreatly increased in the watershed during the past 10 vears
and nitrogen from scptic svstems may be reaching the bay
only now, the Cove's somewhat poorer than expected water
quality could also be the result of unaccounted for sources
(see above) or declining source water quality from either Red
Brock Havber o P larl o 1 e the water
gqualtic of Hen Cove isrelat with

small Buzzie ' 7 voombay aenssooutis the worste “the

N R | e "

oro, o

appears to be related to increasing nitrogen and chlorophyll
levels causing depletion in dissolved oxygen concentrations
during the summer months. Although variable, the dezree of
oxygen excursion appears to be increasing in parallel with
nutricnt increases. These are classic signs of eutrophication.

ie Buzzards Bay } ,0ject estimated that existing nitrogen
loadings are 23% over Project recommended limits. Nearly
70% of existing mtrogen inputs are derived from residential
land usc (i.e. scptic systemms). The Citizens' Water Quality
Monitoring Program suggests that the loading analysis has
either undercstimated nitrogen inputs or that tlushing is
overestimated. A more rapid flushing ratc would greatly affect
recommended loading rates and prioritization for action if
the original estimates were incorrect. The Buzzards Bay
Project also used a middle level ("SA™) nitrogen loading limit
for the Cove. Adoption of the strictest nitrogen loading
standard ("ORW") and the new Cape Cod Commission
Watcrshed suggests the Bay is now 37% over recommendecd
limits. The Buzzards Bay Project has not redone its loading
analysis using the new subwatershed delineation by the Cape
Cod Commission. The new delineation shows a much larger
Hen Cove subwatershed, extending much farther inland, and
containing many other residential and commereial soorces.
These newly identified sources may help to explain the
observed water quality in Hen Cove. However, the decline
in water quality over the study period suggest significant
increased nitrogen inputs the source of which 1s currently
unclear. like Pocassct River, later this year the Buszards
Bay ’roject will fund a flushing study and buildout analvm
forthe town of Bourne to determine appropriate m:
coals for Heir Cove. Revisions to the drainace basin y
Cape Cod Commussion will be examined to dete ni 3
nity wrees were notiaccounted forin the Bizzands Bay
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Red Brook Harbor, one of the smaller embayments

in Buzzards Bay, also has a relatively small

drainage basin. More than 75% of the drainage

basin is forested and residential development is low

at only 0.15 units per acre. Like much of the

Pocasset Harbor — Hen Cove — Red Brook Harbor
complex, Red Brook Harbor has a depth of about 2

meters with fringing tidal flats and wctlands. The

harbor likely receives some source water enriched

over Buzzards Bay levels in nitrogen as Bay water
circulates within the compiex. [t is likely that both

upland loadings and nutrient enrichment via sourcc watcrs
play a role in the declining water quality of Red Brook I1arbor.
Because shellfish resources scored poorly (due to seasonal
closures, shellfish abundance may be good to excellent) and
no significant beach activities the embayment has been rated
low for resource value.

Red Brook Harbor has a small surface water inflow, Red
Brook, which enters at its innermost portion. Red Brook likely
receives most of its freshwater via groundwater inflows, as
well as runoff and along its course. Some of the groundwater
inflow to the Brook includes a landfill plume from the
Massachusetts Military Reservation (dubbed “LF-17). This
input into Red Brook Harbor is apparently relatively recent,
and the magnitude of nutrient input to the harbor is currently
being investigated as part of the aquifer restoration program
at the Military Reservation.

. B

Isaseaon e uzzards Bay Eutrophication Index, Red Brook,
like ncighboring Hen Cove to the north, showced somewhat
poorer water quality in 1994 and 19935 (only ““tair” conditions)
than 11 1993 and 1992 (“good to excellent”, sec centerfuld
map). The decline resulted from both increascs in nitrogen
and chlorophyll levels. Both inner and outer harbor stations
showed similar increases over the past 2 years. For example,
both inner and outer Red Brook average around 0.3 ppm total
nitrogen in 1992 and 1993, and both inner and outer total
nitrogen concentrations were around 0.45 ppm in 1994 and
1995. One potential indication of an increase in terrestrial
loading is the large increase in dissolved inorganic nitrogen
levels within the inner harbor in the past 2 testing seasons.

Oxygen levels showed considerable year to yvear variability
but remained moderately high during the study, almost always

above 50% and typically above 60% of saturation. The
typically high oxygen values suggest only a relatively low
level of stress to benthic animals from hypoxia in this harbor.
However, the variability of oxygen in this cstuary system
suggests it may be susceptible to weather conditions (warm
temperatures, overcast, calm) that result in low oxygen levels,
and the estuary will have difficulty in handling additional
organic matter, either from plant production or input from
fand. without further oxygen declines.

Based n the Projec. s 1994 land use evaluation, the largest
nitrogen source is residential development followed by other
development. However, this analysis suggested that the
embayment is currently receiving only 14% of its tolerable
nitrogen loading level, and at full buildout the embayment is
still expected to be at only 55% of the recommendcd nitrogen
loading limit. The results of the Citizens Water Quality
Monttoring Program appears to contradict this assessment.
Like other Cape watersheds however, the Cape Cod
Commission last year redefined the Buzzards Bay Project’s
subwaterhed delineation based on new well data. The Red
Brook Harbor watershed 1s now considerably more expansive
and now includes morc devclopment and other nitrogen
sources. Any mtrogen management strategy for this cstuary
must account for these additiona! nutrient loads which include
the LF-1 plume and residential development not included in
the Project’s 1994 analysis. At present. while water quality
remains good with respect to nitrogen and fecal
concentrations, it is possible that Red Brook Harbor will be
degraded by additional nitrogen inputs.
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Megansett and Squeteague Harbors are really the

outer and inner portions of a larger cmbayment
complex. These Harbors are configured much like

the Buttermilk Bay and Phinneys Harbor
complexcs, with a larger well flushed outer basin

and a much smaller shallower, more circulation
restricted, inner basin. In these systems, the inner

basin receives much of the watershed nitrogen input

which is then passed to the outer system in tidal flows.
Fortunately for the water quality of Squeteague Harbor,
Megansett Harbor has excellent water quality comparable to
offshore Buzzards Bay, and these waters dilute nitrogen inputs
into Squeteague.

The Megansett 1arbor drainage basin is one of the larger
sub-basins on Buzzards Bay’s eastern shore and contains 2
public water supply wells and a large parcel of open space.
These land-uses should help to preserve water quality by
reducing nitrogen sources within those portions of the
watershed. The embayment also has extensive eelgrass
coverage. Turnover times of seawater in the embayment have
not been assessed, but the Project estimated a water turnover
time of 3.5 days for the purpose of calculations, a value that
is somewhat higher than comparable open systems of similar
depth like Clarks Cove, Mattapoisett 1larbor and Aucoot
Cove. In contrast to the outer basin of Megansett Harbor, the
imer basin, Squcteague Harbor, is one of the smallest
embayments studied in Buzzards Bay. Based on the Buzzards
Bay Project’s 1994 subwatcrshed evaluation, the Megansett
drainage basin is over 68% forested and has extensive
potential for additional development. The drainage basin has
been redefined, however, by the Cape Cod Commission,
based on more detailed groundwater elevation data,
consequently the land use evaluation needs to be revised.

Water quantity in JAegansett and Squeteague Harbors was
among the best of all of the embayments monitored in
Buzzards Bay. Oxygen was only monitored at these sites in
1992 and 1993. Oxygen was not monitored in outer Megansett
Harbor, but for the calculation of outcr embayment
Eutrophication Index scores inner Megansctt Harbor oxygen

data was used as a conservative estimate of oxygen conditions
(oxygen represents 25% of the Eutrophication Score).

In those years, oxygen levels were excellen! in Megansett
Harbor, showing only small variations and almost always
remaining above 80% of saturation. These conditions support
a high quality habitat for fish, benthic animals and eelgrass
beds. Squeteague Harbor oxygen concentrations were slightly
lower than within the outer harbor, but were high compared
to comparable enclosed embayments.

Nitrogen and chlorophyll and chlorophyll levels were
monitored in all 4 years at the sites and present a more
interesting story. Outer Meganssett had some of the lowest
total nitrogen concentration observed, with summertime
averages ranging from 0.23 to 0.38 ppm, with a four year
mean of 0.3 ppm. Inner Megansett Harbor and Squeteague
were somewhat higher and more variable with 4 year means
of 0.42 and 0.41 ppm respectively, but still low for inner
embayments. Total nitrogen concentrations continuously
elevated in Squeteague during the study period and were
highest in 1995 at 0.59 ppm. Similarly, chlorophyll levels
were very low in outer Megansett, with concentrations rising
in the inner harbor and Squeteague.

Both in 1992 and 1993, water quality in Megansett Harbor
was better than most other embayments. These findings
suggest that loadings are small to the Harbor compared to
the volume and flushing of the embayment and that tidal and
wind-driven mixing of the water column is sufficient to
prevent stratification.

Lhe lBuszards Bay roject estimated that existing nitrogen
loadings to the outer system of Mcgansett Harbor is well
below Projcet recommended limits. The principal scurce of
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West Falmouth Harbor i1s a shallow, midsiz
embayment that had eelgrass beds covering mos

than 80% of the bottom during the 1980s. Fringir

salt marshes arc common along shore, but thel

are only two larger marsh systems, onc in th.
northeast (Snug Harbor), and one in south (Harbor

Head). The Iarbor is extensively utilized t
recreational boaters. Two creeks discharge to this
embayment (to Snug Harbor and brackish water

from Oyster Pond), but because of the glacial soils

at the site it is likely that most freshwater discharge

(and nitrogen inputs as well) enter thc embayment via
groundwater. A flushing study, partially funded by the
Buzzards Bay Project and completed carly in 1995 showed
most of West Falmouth Harbor very well flushed, with a
turnover time of less than a half day. The inner most areas
like Snug Harbor and Harbor Head had longer flushing times
of 4.5 and 0.6 days respectively, and Oyster pond, connected
to the bay by a culvert, had a flushing time of more than 100
days. Bascd on this data, the Buzzards Bay project adopted a
2.4 day turnover time calculated from a volume weighted
mean of all the inner embayment components and is using
this rate to calculate acceptable loading rates to the Harbor.

Most development is clustered along shore, and the upper
estuary is largely undeveloped. Thus, the watcrshed contains
several major point sources including the Falmouth
wastewater treatment facility, the Falmouth landfill, and
plumes from previous discharges such as Falmouth’s now
closed septage lagoons. The most recent Buzzards Bay Project
loading estimates for existing loadings arc scwage treatment
facility (38%), septage lagoon plume (29%), landfill (5%),
and residential development (17%).

In 1992 wad 19,3, West Falmouth Harbor was monitored
through the Buzzards Bay citizen monitoring program. To
avoid overlap with the Falmouth Pond Watchers program, this
embayment was monitored exclusively by the Pondwatchers
in 1994 and 1993, at the Buzzards Bay Monitoring Program
sites. Unfortunately however, chlorophyll concentrations are
not monitored in the Pondwatchers program so we were
unable to calculate a Eutrophication Index for those years.
To overcome this problem. we calculated Eutrophication
Index scorcs for West Harbor using only the remaining four
Index paramcters (see centerfold map) for all four ycars. We

believe this approach is valid because in 1992, the five
parameter index resulted in a score of 66, whereas the four
parameter score was 65. In 1993, the five parameter score
showed a slight decline in water quality with 63 points,
whereas the four parameter score showed an improvement
at 70 points. Nonetheless, we feel a 4 year, four parameter
score useful for evaluating trends in the estuary.

As shown in the centerfold map, like several other Cape Cod
embayments, water quality was moderately worse in 1994
and 1995 as compared to the first two years of the study.
Total nitrogen concentrations, while showing considerable
year to year variability were clearly higher in the last two
years of the study than the first two years. The increase in
total nitrogen appeared largely caused by increases in organic
nitrogen. Dissolved inorganic nitrogen concentrations did not
show any clear trend, but occasional high concentrations were
observed at station WF2 (Snug Harbor). Oxygen
concentration were relatively good, but showed very wide
summertime fluctuations. In 1995 inner stations WF4 and
WF1 dropped to 60% and 40% saturation. Station WF2 (Snug
Harbor) has consistently lower oxygen saturations than either
of these sites, but unfortunately was no monitored that year
because of a shortage of volunteers.

In 1vyy+ ne pBuzzaras pBay rroject partially funded a town
flushing study of the harbor (ACI report), and in 1995 the
town, with assistance from the Project completed a watershed
buildout analysis. This summer, the Project will provide the
town with an updated analysis of nitrogen Joadings in the
watershed and identify management options for the (own,
Based on the ACI report, the Buzzards Bay Project calculated
a weighted avcrage flushing time for the whole Harbor of
2.4 days. (An alternative management strategy would be to
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Rands [larbor and Fiddlers Cove arc two small
embayments within Megansett Harbor. These two
embayments have small watersheds, and the
Buzzards Bay Project has not evaluated separate
watershed nitrogen loadings to these embayments

which only have modest levels of development.

Wild Harbor on the other hand. which lies between
Megansett and West Falmouth Harbors in
Falmouth, has a much larger watershed than Rands

or Fiddlers Cove, but smaller than most of the other Buzzards
Bay embayments monitored. All three systems appear well
flushed with offshore waters, although the upper reaches of
Wild Harbor known as Wild Harbor River is probably less
SO.

In 1969, a tanker spilled tuel oil in Buzzards Bay which
washed ashore primarily in Wild Harbor. This was one of
the larger oil spills to have occurred in Buzzards Bay and
resulted in the closure of Wild Harbor to shellfishing for more
than two decades. Purportedly, arcas of marsh still occasional
rclcase smells of fuel oil.

The Wild Harbor watershed includes densely butlt summer
cottages in the Silver Beach area—many of which have now
been converted to year round residences, and the less densely
built and older village of North Falmouth. Failed septic
systems have been problematic, particularly in the New Silver
Beach area. The town has sought to address this issue by
draining wetlands and has proposed to construct a small
treatment facility to handle those homes that cannot meet
Title 5 septic system requirements. The watershed for this
embayment, delineated by the Buzzards Bay Project in the
carly 1990's, shows that residential and commercial land
covered arclatively high 45% of the watershed and accounted
for 85% of the nitrogen loading to the estuary. The new
drainage basin delineated by the Cape Cod Commission based
on more detailed groundwater ¢levation data, suggests that
the watershied is actually morce than four times the size of the
prior estimate, but with more inland forested areas, so that
residential and commercial land account tor only 38% of the
landscape and 78% of the loadings. The larger watershed
also results i1 more than twice the nitrogen loading.  Still,
cxisting loading using this new land usc data suggests that
Wild Harbor now receives only 36% of Project recommended

nitrogen loading limits, and at build-out conditions, would
receive only 84% of recommended nitrogen limits.

in Wild Harbor, water samples were not collected for nutrient
analysis so we have only the oxygen data to discuss. Oxygen
was monitored at two sites in Wild Harbor. Site WH] was
monitorcd in all four years, but site WH2 was monitored
only in 1992 and halfway through the 1993 season. This
monitoring showed that oxvgen saturation levels were:
generally very good. typically ranging from 70 to 90%
saturation, with summertime means of 73% to 79% saturation,
but in 1995, oxygen saturations showed a big drop, with many
values in the 40% to 65% saturation range, and a summertime
average of 59% saturation. The lack of data from station
WII2 since mid 1993 could not account for the lower
summertime mean oxygen saturations at W1 and W112 were
comparable. Curiously, water transparency showed a slight
improvement in 1995. Without other data such as nitrogen
concentrations or phytoplankton pigments, it is difticult to
interpret these results, but it is worth noting that scveral other
embayments around Buzzards Bay also showed-declines in
oxygen saturations in 1995, 1t is possible that high water
temperatures and overcast or other contributing weather
conditions could have coincided with sampling days in 1995.
Summertime salinitics consistently ranged from 27.5 to 28.5
ppt (compared to 30 to 31 ppt offshore in Megansett for
example), showing slight freshwater influence at these
monitoring sites.

Fiddlers Cove was monitored only in 1992 and 1993 for
oxygen, and saturations observed there were better than in
most Buzzards bay embayments. In Rands Harbor, oxygen
wus monitored in all four years, and like Wild Harbor, a big
drop in oxygen saturations occurred in 1995 (mean saturations
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Quissett Harbor has one of the smallest drainage
basins of all those embayments studied. A golf
course together with the residential land account
for most of the land within the basin, the watershed
is among the least forested with a modest buitdout
capacity. Individual parcels are large so the total
number of housing units in this small watershed is
low, and this together with a low yearly average
occupancy rate mimimizes septic loadings. Fertilizer
loadings from golf course were estimated to account
for a third of the embayment loadings. Sheilfish
resources are fair and eelgrass covers less than a
third of the bay.

Due to  k of volunteers and accessibility, oxygen
concentrations were not monitored in outer Quissett, but were
monitored in the inner portion of the embayment, These inner
embayment oxygen concentrations were high compared to
most embayments, but the outer embayment values would
probably have been even higher than shown, which were
among the best sites monitored. The inner embayment oxygen
values were used to calculatc outer embayment
Eutrophication Index scores (see centerfold map), therefore
the outer embayment Eutrophication Index scores represent
a worst case condition (oxygen represents 25% of the
Eutrophication Score).

The Eutrophication Index showed a dip to only fair water
quality in 1994 in the inner harbor. This decline was due to
considerably elevated levels of dissolved organic nitrogen
together with lesser increases in particulate nitrogen and
phytoplankion pigments. We do not have an explanation for
thesc changes. Interestingly total nitrogen in the outer harbor
was consistently low, typical of offshore Buzzards Bay
waters. For example, in 1993, mean total nitrogen
concentration near the mouth of the cmbayment were only
0.21 ppm, whereas concentrations in the inner embayment
were still amodest 0.39 ppm. In 1994, however, total nitrogen
concentrations at the inner bay station skyrockcted to 0.63
ppm. [t is worth noting that only one station (monitored 4
times a summer for nutricnts) is used as the bases for the
Eutrophication Index, and the wide fluctuation on
summertinie averages of some parameters may reflect this
small “sample size™.

the B 'zards Bay f-roject estimated that residential land
accounts for slightly less than 40% of the nitrogen inputs to
the Bay, followed closely by fertilizer use on the golf course.
Quissett Harbor is among the deeper, better flushed
embayments in Buzzards Bay. Consequently it has a relatively
high loading limit, even with an “Outstanding Resource
Water™ designation (ORW-the most stringent coastal water
quality designation). Because existing loading is only 4% of
recommended hmits, and will be only 7% of recommended
loading in the future, nitrogen management action s not
recommended for this watershed, but it may be worthwhile
to determine if therc arc opportunities for improving
fertilizing practices on the golf course.
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1 wo sites were monitored on the outermost islands
of the Elizabeth Island chain—one sitc in
Cuttyhunk Pond on Cuttyhunk Island and the other
in the cove on Penikese Island. Both Jslands arc
part of the town of Gosnold. This part ot Buzzards
Bay is weil flushed and exposed to cleaner Atlantic
Ocean waters offshore. Previous oceanographic
studies of central Buzzards Bay have shown this
part of Buzzards Bay to have the best water quality.

Penikese Island has a few farm animals and a

summer population of less than 20. Cuttyhunk has a summer
population of approximately 500, but the harbor can
accommodate several hundred boats. These demographics
suggest that total nitrogen loading to the areas studied is
modest, and the Penikese site in particular, with its wide open
Cove, probably has the best water quality of any site
monitored in Buzzards Bay. Cuttyhunk Pond is interesting
in that it is a shallow coastal lagoon that is not especially
well flushed, and from a hydrographic sense, is similar to
some of the less flushed embayments we have studied
elsewhere in developed areas of Buzzards Bay, but with
considerably less nitrogen loading. Thus both stations are
good “control sites™ for our monitoring program.
Unfortunately, due to the remoteness of these sites, samples
for nutrients and chlorophylls have not been collected, and
we have only oxygen and other basic monitoring data for
interpretation.

Cuttyhunk Harbor is also interesting in that it is closed to
shelifishing in summer due to high fecal coliform levels. The
source of thesc fecal inputs is believed to be principally from
the many large power boats and yachts that pass through the
harbor when travelling up and down the East Coast, with
smaller contributions from failing septic systems, and addi-
tional inputs from wildlife. Boats arc believed to be the prin-
cipal source of fecal coliforms in part because no pump-out
facilitics are available on the island to remove sewage from
the toilet holding tanks on the boats. Itis belicved that many
of these boats illegally discharge both treated and untreated
raw sewage directly into the harbor. The residents and town
officials of the Islands recognized this pollution problem and
sought state and federal funding for a pump-out facility. Funds
for a mobile boat pump-out facility were reccived by the town
last year, but ironically before the boat could be put into ser-
vice it was returned by the selectmen to the state.

r

Cuttyhun. [sland at the Fish Dock and Penikese Island were
monitored for oxygen in all four years of our study. Secchi
depths were measured in two out of the four years for each
site. Oxygen concentrations at both monitoring sites were
exceptionally good, with values typically ranging from 85%
oxygen saturation to 105% oxygen saturation. The range of
oxygen saturation values during the coursc of thc summer
were small compared to other more eutrophic Buzzards Bay
embayments. The mean summertime oxygen saturations of
the lowest 33% of values were all above 87% saturation at
both sites. To put this in perspective, both sites would have
scored a perfect “100” in 2 out 4 years for the oxygen score
m the Eutrophication Index.

The water transparency data (secchi disk depth) for these
sites was not as exceptional as the oxygen saturation data.
Still, the mean summertime water transparency for Penikese
(1.9 and 2.4 meters in the two years observed) and Cuttyhunk
Pond (2.5, 2.9 and 2.1 meters in the three years observed)
were far better than most Buzzards bay embayments.

Penike,. Island doe. not require any nitrogen management.
Many of the homes on Cuttyhunk Island (but not the ones
near Cuttyhunk Pond) are connected to a sewer line that
discharges raw sewage into Vineyard Sound with litle
treatment. The Buzzards Bay Project has not conducted a
nitrogen loading analysis for Cuttyhunk Pond, but the authors
believe that it is unlikely that nitrogen management action is
required. The discharge of sewage from boats into the harbor,
however, will remain an impostant human health concemn
and will continue to contribute to shellfish bed closures. It
would be interesting to collect water samples for nitrogen
analysis at these sjtes for comparison to morc cutrophic
embayments in Buzzards Bay.
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Rainfall-Mattapoisett

Rainfall (ins.)
f.-

June

yayments showed shifts in
water quality greater than would be
expected from either increases in
nitrogen loading from new development
or decreases in loading from
remediation of existing sources. In
many cases, these shifts are largely the
effects of varying weather conditions
from year to year. The most important
of these weather factors appears to be
rainfall. A good contrast can be seen in
many embayments between 1992 and
1993. In the summer of 1992 we had
exceptionally high rainfalls, in the
summer of 1993 we had a severe
drought (see Mattapoisett rainfall graph
above). In many of the embayments
dominated by river and surface flow like
the Westport Rivers, water quality in
1993 was much better than in 1992,
because surface transport of nitrogen
laden storm water was diminished.

V) 7

Patterns of rainfall are not always
consistent around the bay, and the
western shore of Buzzards Bay is wetter
than the Cape Cod side of the bay (this
has been observed in our program and

Sept

Aug

other long term weather records). For
example a big rainfall in 1992 dropped
8 inches of rain in Westport but only 5
inches in the town of Wareham.
Consequently it is important to monitor
rainfall in several parts of Buzzards Bay
to help interpret local conditions. For
this reason citizens record on their data
sheets how many days it has been since
arain.

Besides rainfall, wind, water
temperature and light are the main
factors affecting day to day water
quality. In fact it is the somewhat rare
occurrence of prolonged overcast, calm,
and high water temperatures that have
resulted in documented fish kills in
Buzzards Bay, Narragansett Bay, and
Cape Cod. Wind is an important factor
in mixing and aerating water, and on
calm warm days early morning oxygen
tends to be low.

While we could not show you all the
data coflected in this program, we have
presented what we feel is the most
salient information characterizing water
quality. We hope that these findings
help the public, as well as federal, state,
and local officials understand local

water quality conditions and how
individual embayments compare to
others in Buzzards Bay.

L

assessment conductec >y e Buzzards
Bay Project which was meant to predict
inner embayment characteristics.

J .

T e zzards .y ‘'roject estimated
that existing nitrogen loadings are 22%
over Project recommended limits. This
analysis was based on an Outstanding
Resource Water designation, the highest
of four possible classifications for
coastal waters. The Massachusetts
Department of Environmental
Protection, however, has ranked the
West Branch as having only “SA”
waters, the second highest water quality
standard. If this lower standard were
used, the embayment would not now
exceed recommended limits, but would
do so in the future when the watershed
reaches full development buildout. The
Project recommends the more stringent
standard because of the value of the
resources in this estuary.

Generally water quality in the West
Branch is fair to good, and is
appreciably better than conditions in the
East Branch. Some loss of eelgrass beds
in the upper estuary have been
documented, a finding consistent with
the overloading to the estuary. The
watershed also has considerable growth
potential, especially from conversion of
agricultural land to residential land.
Consequently, future growth in the
watershed should be planned for and
managed. The West Branch watershed
15 large and includes two municipalities
in the state of Rhode Island. The
Westport Planning Board in partnership
with the Buzzards Bay Project has
already begun a buildout analysis for
Westport. For this effort to be
completed, Rhode Island parcel data
must be obtained and analyzed.



Nitrogen management for this estuary
will reguire implementation of
agricultural *best management
practices”™ and controls on the number
or performance of future septic systems.
Upgrade of cesspools to septic systems
with advanced nitrogen removal is
another management option. Purchase
of open space, agricultural protcction
restrictions, and conservation casements
are important strategies to hclp manage
futurc growth and nitrogen inputs.
Given that conditions in the West
Branch are not severely degraded,
strategies to manage future inputs will
prove worthwhile.

b
coincided with sampling days.
Whatever the case, both transport of
nutrients and water quality in the East
Branch are affected considerably by
weather conditions.

All indicators suggest water quality in
the East Branch is impaired, and the
estuary has had some of the worst
Jiutrophication Index Scores and total
nitrogen Jevels around Buzzards Bay.
Ilistorical acrial photographs suggest
celgrass beds have disappeared in the
npperestuary 4 pattern consistent with
the ¢ cers  of  eutrophication.
Wial  ~ment action 1s 1equired to
remediate existing sources as well as to
control new inputs. Like the West
Branch. the wartershed also has
considerable growth potential,
especially from conversion of
agricultural land to residential land and
in development of the Upper watcrshed
lying in the City of Fall River and Town
of Dartmouth. Because this upper
watershed region has considerable
wetland, and land in forcst use, a
concerted effort to preserve open space
can have long term benefits for
proteciing water quality and dnnking
water supplies. The Buzzards Bay

Project is now working with the City ot

I'all River and Town of Westport to

prepare Open Space Plans to mect this
need.

Under so-called “outstanding resource
water” designation loading limits—the
strictest water quality standards—the
East Branch is now overloaded with
nitrogen by 200%, and future buildout
loadings could further double the
loading. This ORW classification may
be too difficult to achieve in this estuary.
In fact, currently, the Massachusetts
Department of Environmental
Protection has ranked the East Branch
as having SB waters. The only other
Buzzards Bay embayment with this low
a ranking is New Bedford Harbor. For
practical reasons the intermediate SA
classification loading limits may be
most achievable for this cstuary. Using
this standard, the East Branch would be
classified as only being slightly over
rccommended limits today.

many sites were monitored in the EPA
study, additional sites along the
Slocums River could be added to the
Citizen's Monitoring Program to better
track inputs in this complex watershed.

The results of monitoring in Little River
were somewhat of a  surprise.
considering the low ecstimates of
nitrogen sources in the watershed. Upon
closer examination, it became apparent
that water conditions and trends in the
Little River often paralleled those in the
Slocums River. This can be explained
by the fact that the Little River and the
Slocums River confluence at their
mouths, with a large sandbar isolating
them from offshore waters, and it is
likely that some water leaving the
Slocums River estuary, which has 4
times the mean tidal exchange volume
of the Little River, returns on the
incoming tide to the Little River, For
example, in 1994, dissolved inorganic
nitrogen and dissolved organic nitrogen

SMIUWCU UlallldiLiv ItIviTa tL DULL HIT
Slocums River and Little River
although overall, concentrations are not
as high in the Little River. Interestingly,
station SR3 tends to be slightly higher
in inorganic nitrogen than SR2, the
more northerly station. This suggests
that more nitrogen may be entering the
mouth of the Little River from the
Slocums than coming from the
watershed.

Oxygen was monitored at station SR,
SR2, SR3, and SR4 by the Lloyd Center
for Environmental Studies personnel
and volunteers. All four sites show wide
swings in oxygen concentrations during
the summer. Such patterns are often
observed in shallow bays where benthic
algae and seagrasses produce high
levels of oxygen on sunny days, but
organic matter in the sediments and
algae reduce oxygen concentrations on
calm overcast days. The four sites had
consistent patterns of oxygen from year
to year, with the innermost stations
showing lower oxygen saturations. In
most years the innermost stations (SR1
and SR2) showed more extreme low and
high values than outer stations SR3 and
SR4. Each of thesc sites showed
marginally better oxygen
concentrations in 1992, than subsequent
years, perhaps related to shghtly cooler
water temperatures and more rainfall,
and hence river flushing in 1992, [n all
4 ycars, mean summer oxygen
saturation concentrations (lowest third
of values) in the Littlc River were
consistently lower (10% to 13% lower)
than in the Slocums River. The reason
for these differences arc not clear.

i

The Buzzards Bay Project estimated
that cxisting nitrogen loadings to the
Slocums River are more than 200% over
Project recommended limits for SA
classified waters. The relatively poor
water quality documented through the
water quality monitoring program, and
limited distribution of eelgrass. suzgest
the Slocums River is amoeng the most
cutrophic  of Buzzards Bay



embayments. The Buzzards Bay Project
estimated that this watershed also has
considerable growth potcntial with
9.400 additional units possible from
unbuilt or converted agricultural areas.
However, the extensive wetlands in the
watershed suggest this estimate of full
buildout is too high. In addition,
extensive wetland coverage in the
watershed could help assimilate some
of the nitrogen headed to the estuary.

In contrast to the Slocums River, the
Buzzards Bay Project estimated that
existing nitrogen loadings to Little
River are well below Project
recommended limits for SA waters and
this conclusion appears to be supported
by the water quality monitoring
program. The watershed is estimated to
have considerable growth potential,
especially
agricultural land to residential land.
Despite this, Little River is not expected
to exceed recommended SA limits cven

at build-out conditions. The town of

Dartmouth could apply outstanding
resource waters nitrogen loading limits
in an effort to keep this embayment as
pristine as possible. Based on this
loading analysis, water quality in the
Little River should be better than that
observed in the monitoring program.
One possible explanation is that the
close proximity of the mouth of the
Slocums River to Liitle River results in
the higher nitrogen loaded Slocums
River flow with the incoming tide.

Because the Slocums River watershed
still has considerable growth potential,
nitrogen management in this watershed
1s expected to be challenging. Like the
Westport River, nitrogen management
for this cstuary will require
implementation of agricultural “best
management  practices”,  sewer
extensions, alternative septic systems,
protection of open space, and
agricultural protection restrictions arc
important strategics in this watershed
for managing future growth. Controls
on the number or performance of future
septic systems and upgrade of cesspools

from conversion of

to septic systems with advanced
nitrogen removal and sewering of dense
arcas arc other management options for
this estuary.

limits \refer to the Buzzards Bay

Project's subwatcrshed reports). Since
then, the Project revised its estimates
10 22% over recommended limits. Still,
this overload does not scem as bad as
the degraded conditions documented by
the Citizens' Water Quality Monitoring
Program suggesting existing nitrogen
loadings wecre underestimated or
sources omitted from the Project’s
analvsis. Of course the 22% overlimit
was based on the so called “SA water
quality™ standard (second most
stringent) and that the bay would be
morc overloaded (by more than 150%)
if the more stringent “outstanding
resource waters” designation limits
were adopted. '

Apponagansett Bav is very shallow and
resuspension of sediments becausce of
boat traftic propelier wash may also be
contributing to poor water transparency
and nutrient release to the water, Better
controls on boat speeds in the upper cs-
tuary could be included as part of any
management strategyv.

Because most of the emhbayment basin
is already developed. it has less build-
out potential compared to other
embayments of its size. Remediation of
exjsting scptic systems is a high priority.
Possible long term strategics include
upgrading cesspools to nitrogen
removal systems and elimination of
inputs through connections to the
town's sewage treatment facility.
Setting aside open space and
establishing per acre mitr loading
limits on new devele ment are
important options fo. . aging inputs
from new development.

wC

In 1YY , 1 ¢ Buzzards Bay | oject
estimated that farm animals account for
46% of the nitrogen load to the upper
reaches of Nasketucket Bay (including
Sconticut Neck), and other cropland and
nurserics account for an additional 16%.
Residential inputs account for only 20%
of inputs. These estimates for farm
animals were based on 1500 animal
units, (which equals 1000 dairy cows).
LEven with these loads, the Project
estimated that existing nitrogen loading
to Nasketucket Bay as a whole was well
below recommended limits. However,
because of apparent eutrophic
conditions in Little Bay, the Project
recommended 4 separate njtrogen
management strategy for the [Little Bay
subwatershed arca (which is morc
dominated by agricultural inputs). Last
year, the Town of Fairhaven gathcred
the necessary land

Kesidential and commercial land and

roads account for 60% of the inputs to
the Ilarbor whereas cropland accounts
for 28% of the Bay’s discharges. Most
of the nitrogen inputs to Mattapoisett
[Tarbor are focused in two arcas the
cove at the mouth of the Matt: st
River and Lel Pond. Both these ar
arc closed to shellfishing becau
fecal coliform inputs and both these
ecosystems may also be dearaded due
to nitrogen inputs. Because of the
considerable volume and degree of
flushing in Mattapoisett Harbor, this
embayment has onc of the highest
loading limits in Buzzards Bay. Using
a SA water quahty goal, the embayment
doues not now and will not in the {uture
exceed recommended loading himits
and for this reason, the nitrogen
management tor the Harbor as a whole
wius not recommended as a high
priority. As noted on the following
pages, however, those portions of the
watershed draining into Fel Pond do
require management action to restore



facility such as acration of its sewage
ponds and construction of an additional
lagoon. Both these timprovements will
help reduce nitrogen loadings of the
existing discharge volumes.

In 1990, large masses of algae
accumulated on the bottom of the
Qo 17 of Ulva (sca
lettucce) were obacrved in the Lffluent
Creek. Dissolved oxygen percent
saturations and nitrogen and chlorophyll
concentrations are elevated at both sites.
For related reasons, fecal coliform
levels in both of these areas are often
elevated. Thus, becaunse these two
confined arcas are the intial receptacles
for nitrozen discharges to the Cove. they
arncarte e impacted even though outer
vy the Cove have good water
ity and is weldl below recommended
mrogen loading limits.

cstanry is nearly evenly sphit between
residential land. the scwage treatment

o' and arieultore (cranberry bogs),
0 owed by commercial and
it oo bde Topment. ALl these

included 1 a
yebensive management sirategy.

TS . he
T oo e, iwreham is now in the
A Talanning tor upgrades in
DVATE S wesiTwater treatment plant
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the smaller
s i Buzzards

Niarks Cove has one «

emb drawnnge

Bay, but one largely composed of
residential parcels. The residential land
accounts for 67% of the total nitrogen
load to Marks Cove. Part of the
embayment is sewered and overall
Marks Cove at first glance would appear
to have arelatively low nitrogen loading
rate, but clearly the water quality in
Marks Cove largcly reflects the more
degraded conditions in the Wareham
and Agawam Rivers.

levels remain relatively high (>60%)
which may be the result of tidal mixing
mhibiting stratification within this
basin. or high daytime levels of oxygen
production by algae. However, oxygen
levels are highly variable often ranging
60% and 113% saturation during the
summer, which suggests that the
consumption of oxygen from organic
matter decomposition is often greater
than  oxygen  production by
photosynthesis or diffusion from the
atmosphere. However, as long as
oxygen levels remain above 60%.
habitat quality for some benthic aniinals
(like  shellfish)  will bhe good.
Unfortunately, present oxygen tevels
and possibly decreased light penctration
due to algal blooms will likely inhibit
eclarass beds and associated scallop
production.

i3 i 3ay s the only embayment
i Buz s Bay wherve the Buzzards
RIS Pnitre oy loadir ¢ fimits
do I s de
' AR
i ' ject

Woarchar
Journe “reprogrammed”

1 the t owns o

T th 'ro hochanczes
/ weth  w vulhomes
d1the so that :commended

nitrogen limits would not be exceeded.
The nitre jen loading targets were also

metn ne use the towns of Bourne

and Warcham sewered scveral near
shore arcas, although this was done to
minimize health threats associated with
failing septic systems, not meet nitrogen
goals. The sewering of the near shore
watcrshed in Buttermilk Bay should
resnlt in water quality improvements
over the next few vears as the septic
system groundwater plumes ron their
course to the bay. While hoth
Buttermilk and Big Buttermilk Bay
showed a big decline in the
Eutrophication Index between 1993 and
1994, Buttermilk has shown too much
variability from year to year to discern
a clear trend. For example, although
there is no Eutrophication [ndex score
for 1995, most water gquality parameters
showed a moderate improvement that
year in Buttermilk. On the other hand,
[.itdle Buttermilk continued a decline in
1995. In contrast. fecal coliform
concentrations have remained the same
during this period. Until trends become
more apparent, nionitoring of water
quality in Buttermilk Bay should
continue to determine whether
additional management action is
required in Little Buttermilk. Given the
importance of Buttermitk Bay’s water
quality to Little Buttermilk Bav the
nifrogen management of the larger bay
may have important positive effects on
the adjacent smaller system.

nitrogen is residential development. The
watershed has considerable growth
potential, but at buildout the embayment
will only be at 21% of the recommended
limits.  Consequently
management action wi - rank
priovity for Mepanse:

Project

Simtlarly. the Buzzards Bay M

estimated that existing nitrogen
loadings to Squeteague Harbor are only
aquarter of Project recommended “SA™
water quality standard limits (the second



most stringent water quality standard).
The watershed also has considerable
growth potential, but will still only be
56% of the recommended limit at
buildout. Should the Town of Bourne
adopt the more protective Outstanding
Resource Water standard, some
nitrogen management controls will be
required, since future loading could
exceed the Projects recommended
limits by 17%. This evaluation needs
to be revised since the Cape Cod
Commission has revised the watershed
delineation originally prepared by the
BBP bascd on new wcll data. However,

wmditioi  vh hdissolvedoxy n
sa  ent. Anoxic water quality conditions often
wi 1 figh kills and shellfish mortality.

« condition resulting from

. levels or other physical and

chemical conditions that cnable algac 10
reproduce rapidty.

luman related cffeets.
P ws to water quality include
wastewater from septic systems and treatment
plamt discharges, road and agriculturat runoff,
and acid rain.

wvieasure of the depth of a water
body. Important in determining the tolal volume
of water in an embayment which is critical to
nitrogen loading analysis.

A parcel-by-parcel
analysis to estimate the total number of existing,
and developable units, based on current zoning
and other land use regnlations. Such an analysis
18 essential for managing and limiting impacts
of growth.

A pipe
1t 5, rges untreated
wastewater from a sewer system that carrics both
scwage and stormwatcr. The overflow occurs
because a system does not have the capacity 1o
transport and trcat the increascd flow caused by
stormwater runoff. New Bedford is the only
Buzzards Bay municipality with CSO
discharges.

A marine

wy in sand and
mud. In Buzzards bay, celgrass is widespread
and grows to depths of 20 feet in clear waters.
Eelgrass beds are an imporiant habitat and
mursery for fish. shellfish, and waterfowl.

this harbor complex represents a
significant resource and nitrogen
management should focus on
maintenance of one of the highest
quality ecological subsystems to
Buzzards Bay.

establish specific nitrogen loaaing
limits for each major segment of the
estuary). Using the single flushing
standard approach, with an “SA” water
quality standard loading limit (the

A small ba: >r any small semi-
enclose water body whose opening to a
Larger body of water s restricted. In Buzzards
Bay there are over 30 major embayments in the
form of harbors, coves, coastal lagoons (ar sait
pond), and river mouths.

. semi-enclosed body of water having

ction with the opcn ocean and within
which seawater is measurably diluted with tresh
water.

The process of

ccosystems. In
marine systems, cutrophication resulis
principally trom nitrogen inputs from human
activitics such as sewage disposal and fertilizer
use. The addition of nitrogen to coastal waters
stimulates algal blooms and growth of bacteria,
and can cause broad shifts in ecological
communities present and contribute (o anoxic
events and fish kills. In freshwater systems and
in parts of estuaries below 5 ppt salinity,
phosphorous is likely to be the limiting nutrient
and the cause of cutrophic cffeots.

Bacteria that arc present in
the intestines and feces of warm-blooded animals
and that are often used as indicators of the
sanitary quality of water. Their degree of
presence in water is expressed as the number of
bacteria per 100 milliliters of the sample. The
greater the number of fecal coliforms, the higher
the risk of cxposure to human pathogens. The
indicator is used by the Massachusetts Division
of Marine Fishceries in determining shellfish bed
classification and local Boards of Heutth on
swimming beach conditions,

‘The mean length of time for a
e -mem-s Cloeo o, 8 Water body to be removed
by naturat forces such as tides and currents; also
referred to as residence time or turnover time,
although there are important technical
distinictions in their definitions.

second most stringent standard for
coastal waters), this embayment is now
20% below recommended loading
limits, but would exceed these limits at
full buildout conditions. If the less
stringent SA designation were applied
to this embayment (somewhat
analogous to the towns’ “Stabilization
Area” designation under its nutrient
loading bylaw), a critical loading limit
of 37,000 kilograms per year would be
established. Nitrogen management to
this level of protection would be less
challenging to the town because existing
loadings are now 40% of this limit and

A condition in which dissolved
oxygen 18 low or deficient. Hypoxic conditions
stress marine plants and animals.

A statc grant

.~ntal Protcction

Agency established unaer Scction 320 of the

Clean Water Act to designate estuarics of

national significance and to incorporate scientific

research into planning activitics. Buzzards Bay

was designated an Lstuary of National

Significance in 1985, thereby creating the
Ruzzards Bay Project.

icroscopic algac suspended

o un. They contains pigments

Known as chiorophylls and phacophytons which
make entrophic waters look green or brown.

class of
waposed of
iWwo luscd benzene rings and two of morc
chiorine atoms;used in heat exchange, insulating
fluids and other applications. There are 209
different PCBs. PCBs are present in marine
sediments in New Bedford Harbor where their
cleanup is being coordinated by the US EPA
Superfund Program. They, as well as other toxic
contaminants, are not monitored as part of the
Buzzards Bay Citizens Water Quality
Monitoring Program,

~ s -

. green sheet-like seaweed commonly
v 1 ‘sca lettucce”. Enteromorpha is another
green algae that typically grows in long, thin
green lubes. Both are found in cutrophic arcas.

1e land that surrounds a body of

atributes freshwater, cither from

streams, groundwater or surface water runoff,
to that body of watcr,



would only be slightly over limit if
future nitrogen inputs were not
managed. The “Outstanding Resource
Water” designation (ORW-the most
stringent standard for coastal water
quality) limit would be more difficult
to achieve since the Harbor is already
above the 17,000 kg per year limit under
that designation, but the valuable
resources and habitat of the harbor may
warrant such action. Clearly this
decision will be one for the town’s
officials and residents to decide.

for the four years were 82%, 81%, 89%,
and 76% respectively).

Because existing and future loadings to

Wild Harbor appear to be well below
recommended limits for Outstanding
Resource Waters, nitrogen management
action appears unwarranted. The

declines in oxygen saturation in 1995
in Wild and Rands Harbors is intriguing
and it is probably worthwhile to
continue oxygen monitoring as well as
to collect water samples for nutrient
analysis once every several years to
better put water quality conditions of
these embayments in perspective.

W
Dr. Joseph ( sta is | cutive Director of the Buzzard  ay Project Nationa
Program, which is 2 unit of the Massachusctts Cc ” ne Mar ent
Costa is an expert on the impacts of nitrogen loading t« “alwat>  WJp o D2
tigator on this project. Through the Buzzards Bay Project, he has svelo at to
assess and manage non-point sources of poliution to coastal wa o ‘es
is an Associate Scientist at the Woods Hole Oceanographic Institution. He h: ored

many papers on coastal nutrient cycting and nitrogen inputs to coastal areas. He ha
directed the Falmouth PondWatchers program since [987. Eileen Gunn has beent 2 (
zens Water Quality Monitoring Coordinator for the Coalition for Buzzards Ba 2

1992. Her responsibilities have included training of volunteers, sampiing coor

au ni,

data entry, database management, data analysis, graphic production, and |...
reach. Ms. Gunn reeently left the Coalit n for Buzzards Bay and will be enrol.

University Urban and Environmental Po

The co-auth

Nepartment in the fall.

appreciate Eileen Gunn’s hard work in designing and asseml
PP g

report and for her 4% years of hard work and dedication. Her efforts ensured the ... 3
of the Monitoring Program. We particularly want to thank the more than 150 volunteers
who have participated in the Buzzards Bay Citizens' Monitoring Program during the past
4 years. Special thanks to Tracy Warncke, Administrative Assistant at the Buzzards Bay
Project, for all her assistance during the past four years in preparing graphics, publica-
tions, and other materials to make the citizen monitoring program a success. Thank  “so
to the Community Foundation of Cape Cod for providing financial assistancetop -* -*s
document. Brad Hathaway helped edit this report for which we arc gratetul, cspecially on
such short notice. Thanks to Mark Rasmussen for preparing the glossary and reviewing
the report. Pamela Truesdale, Tony Williams and Tracy Wamke also helped review the
text. This report was laid out by Karen Marshall and printed by Billard Communications
of Sagamore, Massachusetts.
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voice: (308) 748-3600 voice: (508) 759-1440
fax: (508) 748-3962 fax: (508) 759-1444

email: jeosta@state.ma.us

Funding for the joint Buzzards Bay Projeci—Coalition for Buzzards Bay Citizens’ Water Quality Monitoring Program during the
past five years was furgely provided by the US Environmental Protection Agency through Cooperative Agreements with the Buzzards
Bay Project at the Massachusetts Coustal Zone Management Office (Cooperative Agreements X001882-01, X001514-01, X991504-
01,X991549-01) and the New England Interstate Water Control Commission (Cooperative Agreement X001550-01). The contents of
this report does not necessarily reflect the views of either the US EPA or Commonwealth of Massachuselts.

Requests for copies of this report and inquiries regarding citizen participation should he directed to the Coalition for Buzzards Bay.
Municipeities and others seeking technical guidance on water quality and habitat protection, including nitrogen management strategies,
should contuct the Buzzards Bay Project.




