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Figure VII-2.  Aerial Photograph of the 3 Bays embayment system in the Towns of Mashpee and
Barnstable showing locations of Dissolved Oxygen mooring deployments conducted in
the Summer of 2002.

oxygen levels will rise in daylight to above atmospheric equilibration levels in shallow systems
(generally ~7-8 mg L™ at the mooring sites). This was also periodically within the upper basins,
further supporting the contention that the upper basins are currently eutrophic. = The mooring
data also shows a gradient of impairment with high levels in the upper sub-embayments
(Prince’s Cove, Warren’s Cove, North Bay) and better conditions in the lower basins (Cotuit Bay
and West Bay). However, there was clear oxygen depletion at all mooring sites, which indicates
that additional nitrogen loading will cause further habitat decline at all sites

The dissolved oxygen records indicate that the major subembayments to the Three Bays
system (Cotuit Bay, West Bay, North Bay and Prince’s Cove) are currently under seasonal
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oxygen stress, consistent with nitrogen enrichment (Table VII-1). That the cause is nitrogen
enrichment is supported by parallel observations of chlorophyll a (Table VII-2). Oxygen
conditions and chlorophyll a levels generally improved with decreasing distance to the tidal inlet,
although all basins showed oxygen depletions to <4 mg L. There was also a clear gradient in
chlorophyll a, with highest levels in the uppermost reaches and lowest levels near the tidal inlet
to Vineyard Sound. The results of the summer oxygen and chlorophyll a studies are
consistent with the absence of eelgrass throughout the Three Bays System and the near
absence of animal communities throughout the upper basins where oxygen depletions routinely
dropped below 3 mg/L (see below).

Table VII-1.  Bottom water dissolved oxygen levels within the principal sub-embayments to
the Three Bays Estuary. Percent of time during deployment of in situ sensors
that bottom water oxygen levels were below various benchmark oxygen levels
during summer deployments, 2000-02.

Dissolved Oxygen: Continuous Record, Summer 2000- 2002
Sub-Embayment Deployment <6 mg/L <5 mg/L <4 mg/L <3 mg/L
Days (% of days) | (% ofdays) | (% of days) | (% of days)
Prince’s Cove 14.3 60% 39% 27% 14%
North Bay Upper 31.1 66% 44% 24% 11%
North Bay Lower 27 46% 9% 1% 0%
Cotuit Bay 10.0 73% 25% 1% 0%
West Bay 25.8 49% 24% 19% 9%
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Table VII-2.

Duration (% of deployment time) that chlorophyll (a) levels exceed various benchmark levels within the

embayment system. “Mean” represents the average duration of each event over the benchmark level and
“S.D.” its standard deviation. Data collected by the Coastal Systems Program, SMAST. The mean in the
final column is the average level over the deployment.

Total > 5 uglL >10 >15 > 20 >25 Mean
SR ST Sth?tg 276 (DR | | B OpElt | | (Do Duur%/tli_on Duur%{tli_on Duur%/tli_on Duur%{tli_on Eg\leé}
Oays) | ©%) | (pays) | (Days) | (Days) | (Days) | (ugn)
Prince’s Cove 8/9/2000 | 8/23/2000 14.3 100% 93% 84% 63% 39%
Mean 14.3 1.33 1.00 0.39 0.20 23.0
S.D. N/A 1.62 1.04 0.59 0.17
North Bay
Upper 8/19/2001 | 9/19/2001 311 95% 68% 30% 10% 2%
Mean 2.26 1.01 0.42 0.19 0.1 12.7
S.D. 6.08 2.54 0.33 0.12 0.10
Lower 8/16/2001 | 9/12/2001 27 89% 24% 4% 0% 0% 8.3
Mean 0.89 0.20 0.13 N/A N/A
S.D. 2.03 0.22 0.07 N/A N/A
Cotuit Bay 7/13/2002 | 8/10/2002 28.1 81% 32% 8% 2% 0%
Mean 1.26 0.25 0.13 0.08 0.04 8.8
S.D. 3.08 0.29 0.15 0.05 N/A
West Bay 7/15/2002 | 8/10/2002 25.8 72% 14% 0% 0% 0%
Mean 0.81 0.25 0.08 N/A N/A 6.8
S.D. 1.34 0.19 N/A N/A N/A
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Figure VII-3.  Bottom water record of dissolved oxygen at the Three Bays Prince’s Cove station,
Summer 2000. Calibration samples represented as red dots.

3 Bays; Upper North Bay

Dissolved Oxygen (mg/L)
o

<

i g E
o o !

8/19/01 8/24/01 8/29/01 9/3/01 9/8/01 9/13/01 9/18/01

Time

Figure VII-4.  Bottom water record of dissolved oxygen in the Three Bays Upper North Bay station,
Summer 2001. Calibration samples represented as red dots.
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3 Bays; Lower North Bay

Dissolved Oxygen (mg/L)
o

0 T T T T T T
8/12/01 8/17/01 8/22/01 8/27/01 9/1/01 9/6/01 9/11/01 9/16/01

Time

Figure VII-5.  Bottom water record of dissolved oxygen in the Three Bays Lower North Bay station,
Summer 2001. Calibration samples represented as red dots.
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Figure VII-6. Bottom water record of dissolved oxygen in the Three Bays West Bay station, Summer
2002. Calibration samples represented as red dots.
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Cotuit Bay
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Figure VII-7. Bottom water record of dissolved oxygen in the Three Bays Cotuit Bay station, Summer.
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Figure VII-8. Bottom water record of Chlorophyll-a at the Three Bays Prince’s Cove station, Summer

2000. Calibration samples represented as red dots.
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Figure VII-9.  Bottom water record of Chlorophyll-a in the Three Bays Upper North Bay station,
Summer 2001. Calibration samples represented as red dots.
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Figure VII-10. Bottom water record of Chlorophyll-a in the Three Bays Lower North Bay station,
Summer 2001. Calibration samples represented as red dots.
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Figure VII-11. Bottom water record of Chlorophyll-a in the Three Bays West Bay station, Summer 2002.
Calibration samples represented as red dots
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Figure VII-12. Bottom water record of Chlorophyll-a in the Three Bays Cotuit Bay station, Summer
2002. Calibration samples represented as red dots.
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VII.3 EELGRASS DISTRIBUTION - TEMPORAL ANALYSIS

Eelgrass surveys and analysis of historical data was conducted for the Three Bays
System by the DEP Eelgrass Mapping Program as part of the MEP Technical Team. Surveys
were conducted in 1995 and 2001, as part of this program. Additional analysis of available
aerial photos from 1951 was used to reconstruct the eelgrass distribution prior to any substantial
development of the watershed. The 1951 data were only anecdotally validated, while the 1995
and 2001 maps were field validated. The primary use of the data is to indicate (a) if eelgrass
once or currently colonizes a basin and (b) if large-scale system-wide shifts have occurred or
are presently underway. Integration of these data sets provides a view of temporal trends in
eelgrass distribution from 1951 to 1995 to 2001 (Figure VII-13 and VII-14); the period in which
watershed nitrogen loading significantly increased to its present level. This temporal information
can be used to determine the stability of the eelgrass community.

At present, eelgrass beds are not present within the Three Bays System. In addition, to
the DEP mapping, this has been confirmed by the multiple MEP staff conducting the infaunal
and sediment sampling and the mooring studies and by the Town of Barnstable Shellfish
Department. The final remaining sparse patches in the shallows of Prince’s Cove have not
been seen since 2003. The current lack of eelgrass beds is expected given the high chlorophyll
a and low dissolved oxygen levels and watercolumn nitrogen concentrations within this system.
However, it appears that all of the major subembayments had water quality conditions capable
of supporting eelgrass (except in the deeper channels and basin depths) in 1951. However,
eelgrass appears to have been restricted to the shallows (North and Cotuit Bays) or to Prince’s
Cove and West Bay basins. If the issue in 1951 was nitrogen enrichment, the pattern of the
beds would have been very different, with more eelgrass in lower Cotuit Bay and West Bay and
much less in Prince’s Cove and North Bay (except in the very shallows). Instead, it is likely that
another factor may have been acting on the distribution, possibly related to the disturbance
related to activities in North and Cotuit Bays associated with training during WWIIl. The landing
craft training area in North Bay and the deep central basin of North Bay support distribution
observed. However, whatever the cause, it is clear that Three Bays was once capable of
supporting eelgrass within each of its major subembayments. It also appears that the recent
losses (post 1951) are associated with nitrogen enrichment, as in virtually every other
embayment in southeast Massachusetts.

The present absence of eelgrass in each of the major subembayments of the Three Bays
System is consistent with the observed oxygen depletions in each basin and the high
chlorophyll levels in the upper regions. The ability of the central deep basins in North Bay and
Prince’s Cove are particularly sensitive to eelgrass loss as it takes less intense phytoplankton
blooms to reduce light penetration to the bottom, and thereby prevent eelgrass growth. At this
time, it is not clear if these regions have historically (100 years) supported eelgrass. However,
eelgrass beds fringing these basins are well documented.

Other factors which influence eelgrass bed loss in embayments may also be at play in the
Three Bays System, though the recent loss seems completely in-line with nitrogen enrichment.
However, a brief listing of non-nitrogen related factors is useful. Eelgrass bed loss does not
seem to be directly related to mooring density, as boat mooring areas are relatively well
constrained. Similarly, pier construction and boating pressure may be adding additional stress
in nutrient enriched areas, but do not seem to be the overarching factor. It is not possible at this
time to determine the potential effect of shellfishing on eelgrass bed distribution, although it
should be noted that the Bay has been an important shellfish area for 100’s of years during
which eelgrass was prevalent.
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As for the lack of eelgrass within the lowermost portion of Cotuit Bay, it is likely that it is
associated with the highly dynamic coastal processes in this area. This is particularly true in the
nearshore to the spit, where there have been several storm overwash events and the need for
beach nourishment to maintain the spit. Also, this region needs periodic maintenance dredging
of the tidal inlet, without which the tidal flushing of the Bay would be reduced, magnifying the
eutrophic conditions of the entire system.

Department of Environmental
Protection
Eelgrass Mapping Program

Cotuit and West Bays - Cotuit

1951 Historic Eelgrass Composite of 1951, 1995, 2001

Mapping Eelgrass Datasets
(not field-verified)

Legend
1951 Historic eelgrass resource

Yellow = 2001 extent of eg resource

0 355 710 1,420 2130 2.840
D Green = 1995 extent of eg resource [ T — R

Figure VII-13. Eelgrass bed distribution within the Three Bays System. The 1951 coverage is depicted
by the green thatched outline inside of which circumscribes the eelgrass beds. The
green (1995) and yellow (2001) areas were mapped by DEP. All data was provided by
the DEP Eelgrass Mapping Program.

144



MASSACHUSETTS ESTUARIES PROJECT

Department of Environmental
Protection
Eelgrass Mapping Program

North Bay and Prince Cove - Cotuit

1951 Historic Eelgrass Composite of 1951, 1995, 2001
Mapping Eelgrass Datasets
(not field-verified)

Legend
1951 Historic eelgrass resource

Yellow = 2001 extent of eg resource

0 180 360 720 1,080 1,440 0l
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Figure VII-14. Eelgrass bed distribution within North Bay and Prince’s Cove/Warren’'s Cove
subembayments to the Three Bays System. The 1951 coverage is depicted by the green
thatched outline inside of which circumscribes the eelgrass beds. The green (1995) and
yellow (2001) areas were mapped by DEP. All data was provided by the DEP Eelgrass

Mapping Program.
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It is not possible to determine a general idea of short- and long-term rates of change in
eelgrass coverage from the mapping data, since there is only limited temporal data and limited
presence in recent surveys.. However, it is possible to utilize the 1951 coverage data as an
indication that a minimum eelgrass bed area that might be recovered on the order of 130 acres,
if nitrogen management alternatives were implemented (Table VII-3). Even more area is likely,
if the “natural” pattern of marginal beds can be restored, that were not observed in the 1951
mapping. Even a restoration of fringing beds in North and Cotuit Bays and restoration of West
Bay would result in several times the 1951 acreage. Note that restoration of this habitat will
necessarily result in restoration of other resources throughout the Three Bays System and in the
region of Prince’s Cove. While it is unlikely that Warren’s Cove will support eelgrass after
restoration, given its salt marsh basin habitat, the present macroalgal problem would cease,(due
to the nitrogen reductions required to restore the eelgrass.

The relative pattern of these data is consistent with the results of the oxygen and
chlorophyll a patterns described in the previous section and the benthic infauna analysis,
below.

Table VII-3. Changes in eelgrass coverage in the Three Bays system within the Town of
Barnstable over the past half century (C. Costello).

EMBAYMENT 1951 1995 2001 % Difference
(acres) (acres) (acres) (1951 to 2001)
Three Bays 130.36 11.19 0.00 100%

There is presently no eelgrass in the Three Bays embayment system.

VIl.4 BENTHIC INFAUNA ANALYSIS

Quantitative sediment sampling was conducted at 11 locations throughout the Three Bays
System (Figure VII-15). In some cases multiple assays were conducted. In all areas and
particularly those that do not support eelgrass beds, benthic animal indicators can be used to
assess the level of habitat health from healthy (low organic matter loading, high D.O.) to highly
stressed (high organic matter loading-low D.Q.). The basic concept is that certain species or
species assemblages reflect the quality of the habitat in which they live. Benthic animal species
from sediment samples are identified and ranked as to their association with nutrient related
stresses, such as organic matter loading, anoxia, and dissolved sulfide. The analysis is based
upon life-history information and animal-sediment relationships (Rhoads and Germano 1986).
Assemblages are classified as representative of healthy conditions, transitional, or stressed
conditions. Both the distribution of species and the overall population density are taken into
account, as well as the general diversity and evenness of the community. It should be noted
that, given the loss of eelgrass beds, portions of the Three Bays System are clearly impaired by
nutrient overloading. However, to the extent that it can still support healthy infaunal
communities, the benthic infauna analysis is important for determining the level of impairment
(moderately impaired->significantly impaired->severely degraded). This assessment is also
important for the establishment of site-specific nitrogen thresholds (Chapter VIII).
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Analysis of the evenness and diversity of the benthic animal communities was also used
to support the density data and the natural history information. The evenness statistic can
range from 0-1 (one being most even), while the diversity index does not have a theoretical
upper limit. The highest quality habitat areas, as shown by the oxygen and chlorophyll records ,
have the highest diversity (generally >3) and evenness (~0.7). The converse is also true, with
poorest habitat quality found where diversity is <1 and evenness is <0.5. However, the number
of species and individuals must also be taken into account as a high diversity can be achieved
in a population decimated by organic loading. Also, as stated above the specific species must
also be examined as a large number of stress indicator species (e.g. Capitellids) would be
indicative of a stressful environment, even if the number of individuals and species is relatively
high.

The Infauna Study indicated that most of the upper areas of the Three Bays system are
presently significantly impaired to severely degraded by nitrogen enrichment (Prince’s Cove,
Warren’s Cove and portions of North Bay), while the lower basins of Cotuit Bay and West Bay
are moderately impaired (Table VII-4).

Prince’s Cove, Warren’s Cove and 2 of 3 sites in North Bay are virtually devoid of infaunal
animal communities. They support populations of <50 individuals per 0.0625 m?, which is more
than an order of magnitude less than in a healthy environment. Three of five locations had 11
or less individuals. The central region of North Bay currently supports a transitional community
dominated by amphipods, indicative of organic matter enrichment. In contrast, Cotuit and West
Bays generally have ~500-2000 individuals per grab and 16-26 species. While there are stress
(generally Capitella or Streblospio) indicator species in numbers at these locations there are
also other species indicative of a healthy environment and overall high diversity. Overall, the
pattern of infaunal community quality is consistent with the pattern of oxygen depletion and
chlorophyll a during summer and the absence of eelgrass. The Three Bays System is clearly
significantly impaired to severely degraded in its uppermost basins with higher quality benthic
habitat in the lower Cotuit and West Bays. However, all sites showed some level of
degradation, either in number of individuals, diversity or the presence of stress indicator
species. Lowering nitrogen inputs to this system should allow a relatively rapid recovery of
communities in the 2 large lower basins, with higher levels of nitrogen management required to
restore benthic habitat to North Bay and Prince’s Cove and Warren’s Cove. These upper
basins currently support little to no viable benthic habitat.
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Figure VII-15.  Aerial photograph of the Three Bays embayment system showing location of benthic
infaunal sampling stations (red symbol).
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Table VII-4. Benthic infaunal community data for the Three Bays embayment system. Estimates of the number of species
adjusted to the number of individuals and diversity (H') and Evenness (E) of the community allow comparison between
locations (Samples represent surface area of 0.0625 m2). Values are averages of grab samples a-c.

Total Total Species Weiner Infaunal
Actual Actual Calculated Diversity Evenness | |ndicators
Location ID Species Individuals @75 Indiv. (H) (E)
Prince’s Cove
Upper 2ab,c 4.7 43 NA 0.90 0.43 Sl
Lower 3a,b,c 9.3 50 NA 2.49 0.82 Sl
Warren’s Cove
Mid 4ab,c 4.7 7 NA 2.01 0.86 Sl
North Bay
Upper 6a,b,c 47 11 NA 1.90 0.85 Sl
Mid Basin 7 a,b,c 14.3 821 7.5 1.35 0.36 Mi
Lower 9a,b,c 3.0 7 NA 1.91 0.92 Sl
Cotuit Bay
Upper Basin 19 a,b,c 16.3 535 12.6 2.99 0.75 H/MI
Lower Basin 16 a,b,c 16.0 233 141 3.26 0.82 H
West Bay
Upper 12 a,b,c 17.3 501 13.5 3.39 0.82 H/MI
Mid/Lower 11 a,b,c 26.3 1895 10.5 2.02 0.42 H/MI
Eel Pond
Upper 20ab.c 11.0 466 8.9 2.28 0.67 MI
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VIIl. CRITICAL NUTRIENT THRESHOLD DETERMINATION AND
DEVELOPMENT OF WATER QUALITY TARGETS

VIII.1 ASSESSMENT OF NITROGEN RELATED HABITAT QUALITY

Determination of site-specific nitrogen thresholds for an embayment requires integration of
key habitat parameters (infauna and eelgrass), sediment characteristics, and nutrient related
water quality information (particularly dissolved oxygen and chlorophyll a). Additional
information on temporal changes within each sub-embayment and its watershed further
strengthen the analysis. These data were collected to support threshold development for the
Three Bays System by the MEP Technical Team and were discussed in Chapter VII. Nitrogen
threshold development builds on this data and links habitat quality to summer water column
nitrogen levels determined from the baseline Three Bays Water Quality Monitoring Program
collected by Three Bays Preservation and the Town of Barnstable. At present, Three Bays, is
showing a gradient of significantly impaired (upper basins) to moderately impaired (Cotuit Bay,
West Bay) habitat quality. The lower basins show moderate impairment based upon all 3
parameters (eelgrass, infauna, D.O.), in spite of their proximity to the tidal inlet and the high
quality waters of Nantucket Sound. All of the habitat indicators show consistent patterns of
habitat health in each of the major sub-embayments and that habitat impairments are consistent
with nitrogen enrichment (Chapter VII).

Eelgrass: The Three Bays Estuary is relatively deep compared to others along the south shore
of Cape Cod from Falmouth to Barnstable (Chapter V). Water depths are well within the range
for eelgrass growth in Massachusetts, under suitable conditions of light penetration. However,
the need for more transparent waters requires lower nitrogen loads to these deep basins,
compared to shallower basins, to support this habitat.

Currently, there are no remaining eelgrass beds within the Three Bays System. However,
it appears that all of the major sub-embayments had water quality conditions capable of
supporting eelgrass (except in the deeper channels and basin depths) in 1951. However,
eelgrass appears to have been restricted to the shallows (North and Cotuit Bays) or to Prince’s
Cove and West Bay basins. If the issue in 1951 was nitrogen enrichment, the pattern of the
beds would have been very different, with more eelgrass in lower Cotuit Bay and West Bay and
much less in Prince’s Cove and North Bay (except in the very shallows). Instead, it is likely that
disturbance related to activities in North and Cotuit Bays associated with training during WWiII
played a role in the North and Cotuit Bay pattern of beds in the 1951 assessment. Whatever the
cause, it is clear that in the recent past, the Three Bays system was capable of supporting
eelgrass within each of its major sub-embayments. It also appears that the recent losses (post
1951) are associated with nitrogen enrichment, as in virtually every other embayment in
southeastern Massachusetts. The absence of eelgrass in each basin and the fact that they
supported eelgrass in the recent past classifies each basins eelgrass habitat as “significantly
impaired” (Table VIII-1).

The current absence of eelgrass in each of the major sub-embayments of the Three Bays
System is consistent with the observed oxygen depletions in each basin and the high
chlorophyll levels in the upper regions. The greater depths in the Three Bays Estuary also
makes oxygen depletions more likely than in shallow basins with the same nitrogen levels. This
results from the fact that deeper systems are more likely to periodically stratify. The central
deep basins in North Bay and Prince’s Cove are particularly sensitive to eelgrass loss as it
takes less intense phytoplankton blooms to reduce light penetration to the bottom, and thereby
prevent eelgrass growth. In addition, the basins are sensitive to periodic oxygen depletion. At
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this time, it is not clear if these regions have historically (100 years) supported eelgrass.
However, eelgrass beds fringing these basins are well documented. As regards the lack of
eelgrass within the lowermost portion of Cotuit Bay and the Seapuit River, it is likely associated
with the documented highly dynamic coastal processes in this area. The level of natural
disturbance in this region is very high (sand transport, overwash, etc). Physical stability is
important to the ability of eelgrass beds to form and persist. Nitrogen levels in lower Cotuit Bay
would presently support eelgrass habitat (tidally averaged TN 0.32 mg L-1) as they are much
lower than those in many other eelgrass beds in nearby systems that are physically stable. In
addition, the persistence of eelgrass beds through 1995-2001 in the shallow waters of south
Windmill Cove, but in a stable physical setting, were at much higher nitrogen levels (tidally
averaged TN 0.40 mg L-1).

Table VIII-1. Summary of Nutrient Related Habitat Health within the Three Bays Estuary
on the south shore of Barnstable , MA., based upon assessment data
presented in Chapter VII.

Three Bays Estuary
Health Indicator Princes | Warrens North Bay Cotuit | West Eel
Cove Cove Bay Bay Pond
Upper
Dissolved Oxygen SI/sSD’ SI/SD | SI/SD' | MI/SI? | MI/SI? Sl H/MI?
Chlorophyll Sl Sl MI/SI | MI/SI MI H/MI -
Macroalgae MI sD* - - MI® MI Sl
Eelgrass S S S S S Si SI
Infaunal Animals sD’ SpD® sp® MI/SI H/MI H/MI MI
Overall: SI/SD SD SI/SD | Ml/SI Ml Ml MI/SI

1 — periodic oxygen depletions to <2 mg/L and frequently <4 mg/L.

2 — infrequent oxygen depletions to 3-4 mg/L, periodic 4-5 mg/L., generally >5 mg/L.
3 — generally >5 mg/L., grab sample data only.

4 — macroalgal floating accumulations during summer

5 — moderate macroalgal accumulations on bottom.

6 — low to moderate patches on bottom only.

7 — modest numbers of individuals dominated by stress indicator species.

8 — absence of infaunal community (<15 individuals/grab).

H = healthy habitat conditions; MI = Moderate Impairment; Sl = Significant Impairment;
SD = Severe Degradation

-- = not applicable to this estuarine reach

Nitrogen management of this system is likely to restore at least an area equivalent to the
130 acres observed in 1951 (Table VII-3). Even more area is likely, if the “natural” pattern of
marginal beds can be restored (not observed in the 1951 mapping). Even a restoration of
fringing beds in North and Cotuit Bays and restoration of West Bay would result in several times
the 1951 acreage. Note that restoration of this habitat will necessarily result in restoration of
other resources throughout the Three Bays System and in the region of Prince’s Cove. While it
is unlikely that Warren’s Cove will support eelgrass after restoration, given its salt marsh basin
habitat, the present macroalgal problem would cease due to the nitrogen reductions required to
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restore the eelgrass. Eelgrass recovery following nitrogen management would likely follow the
pattern of beds first being re-established in the marginal areas in the lower basins and move to
the deeper regions and the margins of the upper sub-embayments.

Water Quality: The dissolved oxygen (DO) records indicate that the major sub-embayments to
the Three Bays system (Cotuit Bay, West Bay, North Bay and Prince’s Cove) are currently
under seasonal oxygen stress, consistent with nitrogen enrichment (Table VII-1). That the
cause is nitrogen enrichment is supported by parallel observations of chlorophyll a (Table VII-2).
Oxygen conditions and chlorophyll a levels generally improved with decreasing distance to the
tidal inlet, although all basins showed oxygen depletions to <4 mg L. There was also a clear
gradient in chlorophyll a, with highest levels in the uppermost reaches and lowest levels near
the tidal inlet to Nantucket Sound. The results of the summer oxygen and chlorophyll a
studies are consistent with the absence of eelgrass throughout the Three Bays System and the
near absence of animal communities throughout the upper basins where oxygen depletions
routinely dropped below 3 mg/L (see below). These observations are consistent with a
classification of the upper basins (North Bay and Prince’s Cove and Warren’s Cove) as
generally “Significantly Impaired” and the lower basins (Cotuit Bay, West Bay) as “Moderately
Impaired”.

Dissolved oxygen levels near atmospheric equilibration are important for maintaining
healthy animal and plant communities. Short-duration oxygen depletions can significantly affect
communities even if they are relatively rare on an annual basis. For example, for the
Chesapeake Bay it was determined that restoration of nutrient degraded habitat requires that
instantaneous oxygen levels not drop below 3.8 mg L. Massachusetts State Water Quality
Classification indicates that SA (high quality) waters maintain oxygen levels above 6 mg L™.
The tidal waters of the Three Bays System are currently listed as SA under the State
Classification.

The level of oxygen depletion and the magnitude of daily oxygen excursion and
chlorophyll a levels indicate highly nutrient enriched waters and impaired habitat quality at all
MEP DO mooring sites within the estuary (Figures VII-3 through VII-12). The oxygen data
throughout the estuary is consistent with elevated organic matter loads from phytoplankton
production (chlorophyll a levels) indicative of nitrogen enrichment and eutrophication of these
estuarine systems.  The oxygen records further indicate that the upper tidal reaches of each
estuary have the largest daily oxygen excursion, with daily excursions in excess of 6 mg L-1
common. This further supports the assessment of a high degree of nutrient enrichment.

The use of only the duration of oxygen below, for example 4 mg L™, can underestimate
the level of habitat impairment in these locations. The effect of nitrogen enrichment is to cause
oxygen depletion; however, with increased phytoplankton (or epibenthic algae) production,
oxygen levels will rise in daylight to above atmospheric equilibration levels in shallow systems
(generally ~7-8 mg L™ at the mooring sites). This was periodically observed within the upper
basins, further supporting the contention that the upper basins are currently eutrophic. ~ The
oxygen and chlorophyll data also shows a gradient of impairment with high levels of impairment
in the upper sub-embayments (Prince’s Cove, Warren’s Cove, North Bay) and better conditions
in the lower basins (Cotuit Bay and West Bay). However, there was clear oxygen depletion at
all mooring sites, which indicates that additional nitrogen loading will cause further habitat
decline at all sites

Infaunal Communities: The Infauna Study indicated that most of the upper areas of the Three
Bays system are presently significantly impaired to severely degraded by nitrogen enrichment
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(Prince’s Cove, Warren’s Cove and portions of North Bay), while the lower basins of Cotuit Bay
and West Bay are moderately impaired (Table VII-4).

Prince’s Cove, Warren’s Cove and 2 of 3 sites in North Bay are virtually devoid of infaunal
animal communities. They support populations of <50 individuals per 0.0625 m?, which is more
than an order of magnitude less than in a healthy environment. Three of five locations had 11
or less individuals. The central region of North Bay currently supports a transitional community
dominated by amphipods, indicative of organic matter enrichment. In contrast, Cotuit and West
Bays generally have ~500-2000 individuals per grab and 16-26 species. While there are stress
indicator species (generally Capitella or Streblospio) in numbers at these locations there are
also other species indicative of a healthy environment and overall high diversity. Overall, the
pattern of infaunal community quality is consistent with the pattern of oxygen depletion and
chlorophyll a during summer and the absence of eelgrass. All sites showed some level of
degradation, either in number of individuals, diversity or the presence of stress indicator
species. Lowering nitrogen inputs to this system should allow a relatively rapid recovery of
communities in the Cotuit and West Bays, with higher levels of nitrogen management required
to restore benthic habitat to North Bay and Prince’s Cove and Warren’s Cove. These upper
basins currently support little to no viable benthic habitat. The infaunal community based
classification for each sub-embayment is fully supported by the water quality and eelgrass data
discussed in the text above.

V.2 THRESHOLD NITROGEN CONCENTRATIONS

The approach for determining nitrogen loading rates, which will maintain acceptable
habitat quality throughout an embayment system, is to first identify a sentinel location within the
embayment. Secondly, it is necessary to determine the nitrogen concentration within the water
column which will restore that location to the desired habitat quality. The sentinel location is
selected such that the restoration of that one site will necessarily bring the other regions of the
system to acceptable habitat quality levels. Once the sentinel site and its target nitrogen level
are determined, the Linked Watershed-Embayment Model is used to sequentially adjust
nitrogen loads until the targeted nitrogen concentration is achieved.

For the Three Bays System, the restoration target should reflect both recent pre-
degradation habitat quality and be reasonably achievable. Based upon the assessment data
(Chapter VII), eelgrass bed restoration within Cotuit Bay and West Bay, with restoration of
marginal beds in North Bay and Prince’s Cove is supportable. In addition, in the central basins
of North Bay and Prince’s Cove, where eelgrass habitat has not been documented, as well as in
Warren’s Cove, restoration of infaunal habitat is necessary. Achieving these habitat quality
targets will also result in mitigation of the present macroalgal accumulation problem in Warren’s
Cove.

To achieve these habitat restoration targets, for the Three Bays Estuary a single sentinel
location was selected with secondary criteria that must be achieved at other locations. The
secondary criteria serve only as checks to make sure that the targets are achieved when the
nitrogen threshold at the sentinel station has been reached. The appropriate sentinel location
within Three Bays was determined to be in the upper region of the narrows between North Bay
and Cotuit Bay (at the entrance to the Narrows). This location was selected because (1) it is
relatively deep (reflecting the larger Three Bays basins) and it supported a major eelgrass bed
in the 1951 survey; (2) achieving the threshold nitrogen level at this location will result in high
quality habitat conditions throughout Cotuit and West Bays; (3) restoration of nitrogen
concentrations at this location should result in conditions similar to 1951 within Prince’s and
Warren’s Coves and North Bay; (4) nitrogen levels restorative of eelgrass beds at the deeper
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sentinel location should provide for marginal beds in the shallows of Prince’s Cove and North
Bay and (5) achieving the threshold nitrogen level at the sentinel location will require removal of
sufficient nitrogen related stress as to restore infaunal animal habitat in the adjacent deeper
waters of Prince’s Cove and North Bay.

The target nitrogen concentration for restoration of eelgrass in this system was
determined to be 0.38 mg TN L™ at the sentinel location and 0.40 mg TN L™ within the marginal
regions (shallows) of North Bay. This secondary level to check restoration of marginal beds in
North Bay (0.40 mg TN L) is consistent with the analysis of restoration of fringing eelgrass
beds in nearby Great Pond, and analysis where eelgrass beds in deep waters could not be
supported at a tidally averaged TN of 0.412 mg TN L™ at depths of 2 m. Similarly prior MEP
analysis in Bournes Pond indicated that tidally averaged TN levels of 0.42 mg TN L™ excluded
beds from all but the shallowest water. The MEP Technical Team cannot specify the exact
extent of marginal beds to be restored in the upper deep basins. At tidally averaged TN levels
of 0.42 mg TN L™ the eelgrass habitat would be restricted to very shallow waters, while at 0.40
mg TN L™ the eelgrass habitat should reach to 1-2 meters depth, based upon the data from
nearby systems. In addition, the persistence of eelgrass beds through 1995-2001 in the shallow
waters of south Windmill Cove, but in a stable physical setting, were at nitrogen levels (tidally
averaged TN ~0.40 mg L-1).

The target nitrogen concentration for restoration of eelgrass at the sentinel location
system was determined to be 0.38 mg TN L. It was not possible to make this determination
based upon an analysis of the relationship of measured nitrogen levels to existing eelgrass beds
in Three Bays, as all beds have been lost. Instead, the value stems from (1) the analysis of
Stage Harbor, Chatham which also exchanges tidal water with Nantucket Sound and for which a
MEP target has already been set), (2) analysis of nitrogen levels within the eelgrass bed in
adjacent Waquoit Bay, near the inlet (measured TN of 0.395 mg N L™, tidally corrected <0.38
mg N L"), and (3) a similar analysis in West Falmouth Harbor. The sentinel station under
present loading conditions supports a measured nitrogen level at mid-ebb tide of 0.438-0.498
mg TN L™ and a tidally corrected average concentration of 0.485 mg TN L™,

Since infaunal animal habitat is also a critical resource to the Three Bays System, the
secondary metric for a successful restoration (after eelgrass) will be to restore the significantly
impaired/severely degraded habitats in the Prince’s Cove/Warren’s Cove and North Bay basins.
In the upper more muddy basins of other nearby systems, healthy infaunal habitat is associated
with nitrogen levels of TN <0.5 mg TN L. This was found for Popponesset Bay where based
upon the infaunal analysis coupled with the nitrogen data (measured and modeled), nitrogen
levels on the order of 0.4 to 0.5 mg TN L-1 were found supportive of high infaunal habitat quality
in this system.

In the Three Bays System, present healthy infaunal areas are found at nitrogen levels of
TN <0.42 mg TN L (Cotuit Bay and West Bay) However, the impaired areas are at nitrogen
levels of TN >0.5 mg TN L™ (North Bay) and are severely degraded at nitrogen levels of TN
>0.6 mg TN L. This is consistent with the findings discussed above from other systems and
fully supports a secondary nitrogen criteria for the upper muddy basins of 0.5 mg TN L.

It must be stressed that the nitrogen threshold for the Three Bays System is at the
sentinel location. The secondary criteria should be met when the threshold is met at the
sentinel station and also serve as a “check”. The nitrogen loads associated with the threshold
concentration at the sentinel location are discussed in Section VII1.3, below.
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VIII.3 DEVELOPMENT OF TARGET NITROGEN LOADS

The nitrogen thresholds developed in the previous section were used to determine the
amount of total nitrogen mass loading reduction required for restoration of eelgrass and infaunal
habitats in the Three Bays system. The load reductions associated with the nitrogen thresholds
developed in the previous section only represent one of many different ways to reduce load
from the watershed in order to meet the threshold. It is important to note that load reductions
can be produced by reduction of any or all sources or by increasing the natural attenuation of
nitrogen within the freshwater systems to the embayment. The load reductions presented below
represent one example from a suite of potential reduction approaches that need to be evaluated
by the communities in the Three Bays system watershed. The purpose of the scenario
presented is to establish the general degree and spatial pattern of reduction that will be required
for restoration of this nitrogen impaired embayment.

To develop the scenario, tidally averaged total nitrogen thresholds derived in Section VIII.1 were
used to adjust the calibrated constituent transport model developed in Section VI. Watershed
nitrogen loads were sequentially lowered, using reductions in septic effluent discharges only,
until the nitrogen levels reached the threshold level at the sentinel stations chosen for Three
Bays.

As shown in Table VIII-2 for the specific load reduction scenario (reductions in septic
effluent discharges only), the nitrogen load reductions within the system necessary to achieve
the threshold nitrogen concentrations required 100% removal of septic load (associated with
direct groundwater discharge to the embayment) for five of the eight total lower sub-watersheds
of the system. In addition, a portion of the septic load entering the headwaters of the system
from the Marstons Mills River also must be removed to meet the threshold nitrogen
concentrations. For the load reduction scenario evaluated, the Marstons Mills River watershed
required removal of approximately 25% of the septic load. The distribution of tidally-averaged
nitrogen concentrations associated with the above thresholds analysis is shown in Figures VIII-1
and VIII-2.

Tables VIII-3 and VIII-4 provide additional loading information associated with this
thresholds scenario. Table VIII-3 shows the change to the total watershed loads, based upon
the removal of septic loads depicted in Table VIII-2. For Example, removal of 100% of the
septic load from the Warren’s Cove sub-watershed results in an 58% reduction in total nitrogen
load. For the Marstons Mills River, septic load reduction of 25% resulted in total attenuated
watershed load reduction of 17%. Table VIII-4 shows the breakdown of threshold sub-
embayment and surface water loads used for total nitrogen modeling. In Table VIII-4, loading
rates are shown in kilograms per day, since benthic loading varies throughout the year and the
values shown represent ‘worst-case’ summertime conditions. The benthic flux for this modeling
effort is reduced from existing conditions based on the load reduction and the observed
particulate organic nitrogen (PON) concentrations within each sub-embayment relative to
background concentrations in Nantucket Sound.

Comparison of model results between existing loading conditions and the selected loading
scenario to achieve the target TN concentrations at the sentinel station is shown in Table VIII-5.
To achieve the threshold nitrogen concentrations at the sentinel station, a reduction in TN
concentration of typically greater than 20% is required for the upper portions of the system, in
North Bay and Prince’s Cove.
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The basis for the watershed nitrogen removal strategy utilized to achieve the embayment
thresholds may have merit, since this example nitrogen remediation effort is focused on
watersheds where groundwater is flowing directly into the estuary. For nutrient loads entering
the systems through surface flow, natural attenuation in freshwater bodies (i.e., streams and
ponds) can help by significantly reduce the load that finally reaches the estuary. Presently, this
attenuation is occurring due to natural ecosystem processes and the extent of attenuation being
determined by the mass of nitrogen which discharges to these systems. The nitrogen reaching
these systems is currently “unplanned”, resulting primarily from the widely distributed non-point
nitrogen sources (e.g. septic systems, lawns, etc.). Future nitrogen management should take
advantage of natural nitrogen attenuation, where possible, to ensure the most cost-effective
nitrogen reduction strategies. However, “planned” use of natural systems has to be done
carefully and with the full analysis to ensure that degradation of these systems will not occur.
One clear finding of the MEP has been the need for analysis of the potential associated with
restored wetlands or ecologically engineered ponds/wetlands to enhance nitrogen attenuation.
Attenuation by ponds in agricultural systems has also been found to work in some cranberry
bog systems, as well. Cranberry bogs, other freshwater wetland resources, and freshwater
ponds provide opportunities for enhancing natural attenuation of their nitrogen loads.
Restoration or enhancement of wetlands and ponds associated with the lower ends of rivers
and/or streams discharging to estuaries are seen as providing a dual service of lowering
infrastructure costs associated with wastewater management and increasing aquatic resources
associated within the watershed and upper estuarine reaches.

Although the above modeling results provide one manner of achieving the selected
threshold level for the sentinel site within the estuarine system, the specific example does not
represent the only method for achieving this goal. However, the thresholds analysis provides
general guidelines needed for the nitrogen management of this embayment.

Table VIII-2.  Comparison of sub-embayment watershed septic loads
(attenuated) used for modeling of present and threshold
loading in one possible load reduction scenario for the Three
Bays system. These loads do not include direct atmospheric
deposition (onto the sub-embayment surface), benthic flux,
runoff, or fertilizer loading terms.

present threshold threshold
sub-embayment septic load septic load septic load %
(kg/day) (kg/day) change

Cotuit Bay 17.022 13.618 -20.0%

West Bay 15.490 12.392 -20.0%

Seaptuit River 2.921 2.921 0.0%

North Bay 24.978 0.000 -100.0%

Prince’s Cove 11.192 0.000 -100.0%

Warren’s Cove 6.975 0.000 -100.0%

Prince’s Cove Channel 4.767 0.000 -100.0%

Marstons Mills Crescent 3.573 0.000 -100.0%

Surface Water Sources

Marstons Mills River 10.071 7.553 -25.0%

Little River 3.203 3.203 0.0%
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Table VIII-3. Comparison of sub-embayment total watershed loads
(including septic, runoff, and fertilizer) used for modeling of
present and threshold loading in one possible load reduction
scenario for the Three Bays system. These loads do not
include direct atmospheric deposition (onto the sub-
embayment surface) or benthic flux loading terms.

present threshold
sub-embayment load load (}/hrss::li
(kg/day) (kg/day) > chang

Cotuit Bay 21.778 18.374 -15.6%

West Bay 19.068 15.970 -16.2%

Seaptuit River 3.767 3.767 0.0%

North Bay 29.447 4.468 -84.8%

Prince’s Cove 13.362 2170 -83.8%

Warren’s Cove 12.027 5.052 -58.0%

Prince’s Cove Channel 5.537 0.770 -86.1%

Marstons Mills Crescent 7.293 3.721 -49.0%

Surface Water Sources

Marstons Mills River 14.518 12.000 -17.3%

Little River 3.962 3.962 0.0%

Table VIII-4. Threshold sub-embayment and surface water loads used for total

nitrogen modeling of the Three Bays system under one possible
scenario, with sub-watershed N loads, atmospheric N loads, and

benthic flux
direct .
watershed load atmospheric benthic flux
sub-embayment s net
(kg/day) deposition (kg/day)
(kg/day) giday
Cotuit Bay 18.374 5.786 -45.788
West Bay 15.970 4.233 3.469
Seaptuit River 3.767 0.452 -5.371
North Bay 4.468 3.953 45.202
Prince’s Cove 2.170 1.230 0.323
Warren’s Cove 5.052 - 6.225
Prince’s Cove Channel 0.770 - 1.541
Marstons Mills Crescent 3.721 - -
Surface Water Sources
Marstons Mills River 12.000 - -
Little River 3.962 - -
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Table VIII-5. Comparison of model average total N concentrations from present
loading and the threshold scenario (reduction in septic effluent
discharge only), with percent change, for the Three Bays system.
Loads are based on atmospheric deposition and a scaled N benthic
flux (scaled from present conditions).

Sub-Embayment mcs)?a:’;%';]ng Fz:ﬁ;;?)t th(:ﬁZ?l?)ld % change
Prince’s Cove - south TB2 0.695 0.460 -33.8%
Prince’s Cove - north TB3 0.639 0.446 -30.1%
Warren’s Cove TB4 0.595 0.433 -27.2%
North Bay - north TBS 0.518 0.400 -22.9%
North Bay - south TB6 0.500 0.392 -21.7%
North Windmill Cove TB7 0.511 0.396 -22.5%
West Bay - north TB8 0.363 0.326 -10.1%
West Bay - west TB9 0.327 0.307 -6.1%
Eel River TB10 0.486 0.427 -12.2%
Seapuit River TB11 0.295 0.287 -2.6%
Cotuit Bay - north TB12 0.414 0.346 -16.5%
Cotuit Bay - south TB13 0.321 0.298 -7.1%
South Windmill Cove TB15 0.402 0.364 -9.5%
Mellon Cove TB16 0.392 0.367 -6.2%
Dam Pond TB17 0.523 0.402 -23.3%
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Figure VIII-1.  Contour plot of modeled total nitrogen concentrations (mg/L) in the Three Bays system,
for threshold conditions (0.38 mg/L at the narrows between North Bay and Cotuit Bay).
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Figure VIII-2.  Same results as for Figure VIII-1, but shown with finer contour increments for emphasis.
Contour plot of modeled total nitrogen concentrations (mg/L) in the Three Bays system,
for threshold conditions (0.38 mg/L at the narrows between North Bay and Cotuit Bay).
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IX. ALTERNATIVES TO IMPROVE TIDAL FLUSHING AND WATER
QUALITY

IX.1 DREDGING OF COTUIT BAY INLET

An investigation of water quality impacts resulting from a proposed widening of Cotuit Bay
inlet was performed using the existing calibrated hydrodynamic and total nitrogen model of the
Three Bays system. For this dredging scenario, the inlet to Cotuit Bay is widened by 300 feet,
and to a depth of 8 feet NGVD. This would be achieved by removing the western tip of
Sampsons Island (attached to Dead Neck), which is an accreting sand spit, supplied with sand
from the updrift (eastern) portion of the island. Widening the inlet would alleviate erosional
pressure on the western shore of the inlet, while returning the inlet to conditions that existed in
the 1960’s. It was also considered possible that the proposed dredging would benefit tidal
exchange between Three Bays and Nantucket Sound, and therefore improve water quality in
the system.

To quantitatively assess the water quality impacts resulting from dredging the inlet, the
Three Bays hydrodynamic model was modified to include the improvements at the inlet and
then re-run with the same offshore tidal boundary conditions as was used for the model runs of
present conditions. A comparison of hydrodynamic model output for present and post-dredge
model output is presented in Table IX-1. The resulting changes to the Three Bays system
hydrodynamics due to dredging are very small. As an example, the tide prism of the entire
Three Bays system increases only by 0.1%, while its mean volume is essentially unchanged.
The resulting changes to computed flushing rates are similarly small.

Table IX-1. Comparison of modeled hydrologic conditions in the Three Bays
system for present conditions and the Cotuit Bay Inlet dredging
scenario. Computed residence times are shown to three decimal
places in order to show the change resulting from the proposed
dredging at the inlet.

Mean Tide Prism Local System
Embayment Volume Volume Residence Residence
(ft%) (ft%) Time (days) | Time (days)
PRESENT

Three Bays System 429,117,000 | 140,570,000 1.580 1.580

North Bay 139,666,000 | 45,824,000 1.577 4.846

Marstons Mills River 25,236,000 | 10,834,000 1.205 20.497

Prince’s Cove 13,007,000 4,553,000 1.478 48.774

Warren’s Cove 5,047,000 3,614,000 0.723 61.447

Dam Pond 2,798,000 1,200,000 1.207 185.057

Eel River 4,035,000 1,702,000 1.227 130.475

DREDGED COTUIT INLET

Three Bays System 429,149,000 | 140,747,000 1.578 1.578

North Bay 139,655,000 | 45,887,000 1.575 4.840

Marstons Mills River 25,236,000 | 10,850,000 1.204 20.469

Prince’s Cove 13,007,000 4,560,000 1.476 48.703

Warren’s Cove 5,047,000 3,619,000 0.722 61.366

Dam Pond 2,797,000 1,202,000 1.204 184.763

Eel River 4,034,000 1,706,000 1.224 130.179
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The small changes in total system tidal volume flux, resulting from widening the inlet, are
not unexpected considering that the analysis of tidal energy distribution in the Three Bays
system (section V.2.1) showed that there is very little tidal attenuation between the two inlets to
Nantucket Sound and even in the most distant reaches of the system, in Prince’s Cove. The
small degree of tidal attenuation indicates that the system presently flushes efficiently, and
therefore increasing the size of either inlet could not significantly increase tidal exchange with
Nantucket Sound.

Although the total system-wide tidal volume does not change by a significant amount,
there is a quantifiable change in how tidal flows are distributed within the Three Bays system.
The distribution of tidal fluxes computed in the model at the two outlet channels from North Bay
to West Bay (that the Little Island draw bridge) and Cotuit Bay (at the Narrows) are presented in
Table IX-2. For present conditions, 63% of North Bay’s total tidal exchange is through the
Narrows to Cotuit Bay, for both ebb and flood tides. The remaining 36% is via the channel to
West Bay. For the dredging scenario, tidal exchange between North Bay and Cotuit Bay
increases further, to about 67% for both the ebb and flood portions of the tide.

A change in flow distribution can also be seen at the inlets to the Three Bays system. As
shown in Table IX-3 for present conditions, the total tide exchange between the Three Bays
system and Nantucket Sound is evenly split between the two inlets. Dredging of the Cotuit Bay
entrance increases the flow through Cotuit inlet to approximately 55% of the system total.
Because the total flow in and out of the system remains constant, the flow though West Bay
inlet must decrease to 45%. Additional changes occur in the Seapuit River. Based upon the
model results, dredging of Cotuit Bay inlet would cause the flow through the Seapuit River to be
reduced by approximately 35%, which also means that the maximum velocities in the river
channel would be reduced. Model results indicate that maximum channel velocities would be
reduced be approximately 25% in the dredged inlet scenario.

Table IX-2.  Comparison of the distribution of tidal flows ebbing from and
flowing to North Bay (to Cotuit Bay and West Bay) for present
conditions and for the Cotuit Bay inlet dredging scenario.
Percentages are based on the total hydraulic flux entering or
exiting North Bay .

Present Dredged Cotuit Bay Inlet
Flow Pathway Flood Ebb Flood Ebb
North Bay via Cotuit Bay 62.5% 65.2% 65.9% 68.1%
North Bay via West Bay 37.5% 34.8% 34.1% 31.9%

Table IX-3.  Comparison of the distribution of tidal flows ebbing from and
flowing to the Three Bays system (via Cotuit Bay inlet and
West Bay inlet) for present conditions and for the Cotuit Bay
inlet dredging scenario. Percentages are based on the total
hydraulic flux entering or exiting the entire Three Bays

system .
Present Dredged Cotuit Bay Inlet
Flow Pathway Flood Ebb Flood Ebb
Cotuit Bay Inlet 49.9% 51.3% 55.41% 54.65%
West Bay Inlet 50.1% 48.7% 44.59% 45.35%
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Changes in the Three Bays system resulting from widening Cotuit Bay were further
quantified by modeling TN using the modified hydrodynamics. The dredging scenario was
modeled using the nitrogen loading distribution and model parameters determined previously for
present conditions (Table VI-2). In Figure IX-1, a contour plot is presented that shows TN
changes between the dredging scenario and present conditions.

difference
d-p {mgiL})

Figure 1X-1. Contour plot of total nitrogen concentration change between present hydrodynamic
conditions and the dredging scenario where Cotuit Bay inlet is widened to by
approximately 300 ft to a depth of 8 ft NGVD. The difference is computed as dredged
minus present (d-p) concentrations. Therefore, minus values indicate nitrogen
concentration reductions associated with Cotuit Inlet dredging.

Similar to the hydrodynamic model results, changes to nitrogen concentrations throughout
the Three Bays system are relatively small, with a maximum range of +0.004 to -0.002 mg/L, as
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a result of Cotuit Inlet dredging. Pre- and post-dredge TN concentrations at each of the water
quality monitoring stations are shown in Table I1X-4. The largest increase in modeled TN
occurs in the eastern end of the Seapuit River, near West Bay Inlet; however, this slight
increase would not cause any type of ecological shift for this region. The greatest decrease in
TN occurs in the southeastern extent of Cotuit Bay, specifically in Treasure Cove and near the
western mouth of the Seapuit River. Generally, water quality improvements are seen in the
main basin of Cotuit Bay, as well as in North Bay, Prince’s Cove, and Warren's Cove. Small
increases in average modeled TN concentrations are seen in West Bay, the Seapuit River, and
the southeastern portion of North Bay. None of the changes are large enough to substantially
impact water quality, either in a positive or negative way. However, it should be noted that
dredging of the Cotuit Bay Inlet would return the system to similar conditions to the 1950s (the
basis for the eelgrass restoration target). During this time period, Cotuit Inlet was the dominant
inlet to the Three Bays estuarine system. Due to the larger overall volume and depth of Cotuit
Bay relative to West Bay, it is beneficial from a water quality perspective to have the dominant
inlet be the Cotuit Bay entrance. Based upon information from the Town of Barnstable,
navigation and safety also remain concerns at the existing Cotuit Bay Inlet. These factors,
along with the quantifiable improvements to Cotuit Bay water quality, may prove to be viable
reasons for moving forward with Cotuit Inlet dredging.

Table IX-4.  Comparison of model average total N concentrations from present
loading and the threshold scenario, with percent change, for the
Three Bays system. Loads are based on atmospheric deposition
and a scaled N benthic flux (scaled from present conditions).
monitoring present threshold o
Sub-Embayment station (mg/L) (mg/L) % change
Prince’s Cove - south TB2 0.695 0.695 0.0%
Prince’s Cove - north TB3 0.639 0.638 -0.2%
Warren’s Cove TB4 0.595 0.594 -0.2%
North Bay - north TBS 0.518 0.518 -0.2%
North Bay - south TB6 0.500 0.501 +0.2%
North Windmill Cove TB7 0.511 0.511 0.0%
West Bay - north TB8 0.363 0.363 0.0%
West Bay - west TB9 0.327 0.328 +0.3%
Eel River TB10 0.486 0.485 -0.2%
Seapuit River TB11 0.295 0.298 +1.0%
Cotuit Bay - north TB12 0.414 0.415 +0.2%
Cotuit Bay - south TB13 0.321 0.320 -0.3%
South Windmill Cove TB15 0.402 0.402 0.0%
Mellon Cove TB16 0.392 0.393 +0.3%
Dam Pond TB17 0.523 0.523 -0.2%
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