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Preface

This report presents the findings and recommendations from three Pilot Projects on Cape Cod; each
addressing the watershed nitrogen load conditions affecting water quality impairment for three estuaries:
Popponesset Bay (Mashpee, Barnstable, and Sandwich, MA); Three Bays (Barnstable, Sandwich, and
Mashpee, MA), and Pleasant Bay (Chatham, Orleans, Brewster, and Harwich, MA). The outcome of these
case studies, including what was learned, and the actions taken and/or recommended for follow-up,
represent several years of dialogue among the towns sharing land use jurisdiction of the affected
watersheds.

Each estuary had been designated by the Commonwealth as a nitrogen impaired estuary - in violation of
the state water quality numerical standards and its designated uses (recreational fishing, swimming and
boating and as habitat for sustaining eelgrass meadows as a breeding and nursery ground for important
commercial marine fisheries and shellfish).

Past wastewater planning elsewhere in the US and in New England are typically focused on end of pipe
point (NPDES) discharges to receiving surface waters. These case studies on Cape Cod address the fact
that wastewater impacts to coastal embayments are not from typical NPDES discharges but from nonpoint
source discharges to the ground from septic systems, stormwater runoff, large and small wastewater
treatment plants, and use of fertilizers by the towns sharing the watershed. These case studies utilized a
holistic, scientific approach by evaluating all nitrogen sources in the watershed for use in integrating a
broad range of infrastructure and management solutions into existing state permitting programs.

For an electronic version, please visit: < http://www.mass.gov/dep/water/resources/coastalr.htm>.
The digital copy includes numerous hyperlinks to websites.

For further information about these projects, please contact:

George A. Zoto, Ph.D.

Bureau of Resource Protection
Massachusetts Estuaries Project
Massachusetts Department of Environmental Protection
Cape Cod Office
973 lyannough Road
Hyannis, MA 02601
508-771-6055
Email: George.Zoto@state.ma.us

MassDEP does not necessarily agree with all the recommendations expressed in this document by persons
or groups that have participated in the project. Nor is MassDEP committing at this time to implement any
of the recommendations made by others.
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Chapter 1: Introduction

The significance of protecting estuaries is clear. Estuaries, as the boundary between land and sea, are also
the mixing zones where the freshwaters of the land and the salt waters of the ocean meet. This
mixing/transition zone, or ecotone, promotes the environmental conditions that make estuaries among the
earth’s richest and most productive ecosystems. Healthy, biologically diverse estuarine ecosystems are
able to sustain habitat, spawning grounds and nursery conditions to at least two-thirds of the Nation’s
commercial fisheries, while providing for the recreational and aesthetic enjoyment of the public.

Ironically, as the winter and summer coastal population grows, the estuaries that once attracted these
people as visitors are now under increased assault, as they are now attracted to live there year-round.
According to the National Oceanic and Atmospheric Administration (NOAA) “the coastal zone has
become the most developed in the nation. This narrow fringe—comprising 17% of the contiguous U.S. land
area is home to more than 53% of the nation's population. Furthermore, the coastal population is increasing
by 3,600 people per day, giving a projected total increase of 27 million people between now and 2015”
(see: http://www.epa.gov/owow/estuaries/aboutl.htm).

As a result of these growth pressures, ambient water quality at estuarine locations has been increasingly
under assault and at risk from human dominated land use changes within the coastal watershed. The water
quality impacts were primarily from:

o Expansion of urbanization and wastewater collection and disposal systems discharges that
collectively contribute 75-85% of the nitrogen load to southeastern Massachusetts’ coastal
estuaries;

e Loss of open space and the proliferation of impervious pavement (roof tops, sidewalks, parking
lots, and roadways) that contributed to the loss of groundwater recharge from rainfall events and
the increase in stormwater runoff discharges to coastal waters;

o Expansion of stormwater collection and disposal systems that discharge untreated to inland and
coastal waters and the excess nutrient contamination from its many sources;

e Higher volumes of urban nonpoint runoff;

e Noticeable increases in nitrate levels in drinking water

The accompanying decline in water quality, primarily from nitrogen discharges from residential on-site
septic disposal systems, residential lawn fertilizer use, and stormwater discharges has detrimentally
affected the biological richness and productivity of these ecosystems that once supported spawning
grounds and nursery for a vast array of shellfish and commercially important fisheries. This decline has
also affected tourism, property values, and the economy of affected coastal areas. (see:
http://oceanservice.noaa.gov/education/pd/estuaries/welcome.html).

1.1 Nitrogen Pollution

It is well established that nitrogen is essential to living organisms and its availability is critical to
functioning estuarine ecosystems. However, unlike freshwater ecosystems where phosphate is the limiting
nutrient, marine ecosystems are limited by nitrogen. This means that freshwater and marine ecosystems
have all the nutrients needed for growth — except for phosphate and nitrogen. When either nitrogen or
phosphate concentrations exceed natural background levels, the affected marine or freshwater ecosystems
undergo eutrophication (http://www.town.barnstable.ma.us/PublicWorks/nutrients1.pdf), with an explosive
growth of undesired phytoplankton (blooms) and algal mats that overwhelm and degrade the ecological
functioning of these inland and coastal waters. However, it must also be understood that eutrophication is
a natural process that occurs over a long period while cultural eutrophication, the dynamic affecting this
and other coastal embayments, is a human influenced acceleration of this natural process.

Massachusetts Department of Environmental Protection

Massachusetts Estuaries Project, Boston, MA 02108 Page 14 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm



http://state_of_coast.noaa.gov/bulletins/html/pop_01/pop.html�
http://www.epa.gov/owow/estuaries/about1.htm�
http://oceanservice.noaa.gov/education/pd/estuaries/welcome.html�
http://www.town.barnstable.ma.us/PublicWorks/nutrients1.pdf�
http://www.town.barnstable.ma.us/PublicWorks/nutrients1.pdf�

Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

The collapse of the affected coastal ecosystems soon follows. During the day the algal blooms
supersaturate the water column with oxygen and at night, this oxygen is depleted by biological respiration.
Finally, when the algal bloom undergoes decay and microbial decomposition most of the dissolved oxygen
in the water column is consumed leaving very little for the affected ecosystem to sustain itself.

Figure 1.2 A view of Shoestring Bay from the Santuit River with algal mats throughout much of the
surface waters of the Bay (Photo by Ed Baker)

Eutrophication also results in the buildup of carbon rich bottom sediments resulting from the fallout of this
algal and plant biomass from the water column. This bottom settlement buildup can have long-term
changes in benthic habitat, animal populations, and community structure — collectively with the potential to
affect biogeochemical cycles, living resources, and biodiversity.

It is important to understand the connection between nitrogen pollution and the decline of eelgrass beds.
When the water column is overwhelmed by an algal bloom, it is no longer transparent to sunlight
penetration. The shading that results from these algal blooms and the attached epiphytic algae is such that
the eelgrass beds are no longer receiving sufficient sunlight to fuel their photosynthetic needs on the
seafloor (Kemp et al., 1983). The subsequent loss of these eelgrass beds soon has a domino effect on the
ecosystem it had sustained, with the loss of its dependent plant and animal community; including habitat,
breeding ground, and nursery to its dependent commercial fisheries and shellfish.

Increases in estuarine nitrogen levels have also affected the health and functioning of the saltwater marshes
that had been dominated by Spartina alternafolia (seagrass). The introduction of nitrogen to these
ecosystems will over time result in a community dominated by Phragmites australis. Phragmites thrives in
nitrogen enriched estuaries and easily out competes Spartina for both sunlight and nutrients as it spreads its
dense growth of underground stems (rhizomes). Collectively, this dense growth pattern and slow rate of
winter decomposition of its rhizomes and leaves, results in a degraded habitat that no longer sustains
preexisting wetlands function when these thick stands become elevated and fill in the previous open
waters.

Nitrogen enrichment from groundwater and stormwater can have a profound affect on the functioning of
estuarine ecosystems. When present at levels that exceed its capacity to function, it will have a damaging
and catastrophic effect on its dependent plant and animal communities. This report focuses on three tidally
restricted coastal embayment systems on Cape Cod that have been affected by elevated nitrogen
concentrations resulting from increases in housing, population densities, and septic system discharges.
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1.2 Case Studies on Watershed-Based Permitting: Massachusetts
Roadmap for Regulatory Change

The need for these case studies is clear. The discharge of untreated, nonpoint source discharges of
wastewater continues unchecked from population growth and land use development from many of the
communities on the south shore of Massachusetts. Seasonal homes have become year-round, undeveloped
land has continued to be lost with the development of year-round residences, road networks, businesses
and municipal buildings. The loss of open space with each new development has collectively contributed
to the decline in water quality; primarily from the discharges of nitrogen from septic systems, lawn
fertilizers, and stormwater runoff. This decline in water quality is especially noticeable in the small upper
sub-embayments where septic system load discharges have increased steadily with land development in a
small sub-embayment system that has a limited capacity to exchange its nutrient laden waters with clean
seawater during each tidal cycle.

At some point, the untreated wastewater discharges will need to be managed to reduce the impacts to these
nitrogen impaired embayments. The degradation of water quality to these embayments has frequently been
from more than one community sharing the affected coastal watershed resource. The driving force for this
study has been to learn how towns sharing a coastal watershed resource would address their load
reductions. Would they do it alone or in collaboration? It is clear that the resolution of these questions
will not be easy as the priorities may not be the same for all towns sharing the watershed to an impaired
embayment. MassDEP faces the difficult challenge of promoting watershed wide, inter-municipal
planning and coordination to achieve these reductions while integrating the management of town-specific
and watershed-wide, inter-municipal CWMPs into the existing NPDES and groundwater discharge
permitting framework.

Unlike past wastewater facilities planning that historically focused on the mitigation of NPDES point
discharges within a community or within one of its villages, a watershed-wide, inter-municipal approach
was being pursued to promote shared planning and responsibility for reducing nonpoint source loads of
nitrogen to a nitrogen sensitive estuary. The goal of this project was to identify the issues that would
define each study and how they would be resolved.

It was for this reason, with funding provided by an US Environmental Protection Agency (EPA) Water
Quiality Cooperative Agreement that this project was undertaken to address the pathways the towns and the
state would take when two or more municipalities share responsibility for restoring water quality to a
nitrogen impaired embayment. Also of interest was how the towns, county, and the MassDEP would
resolve any zoning, regulatory or permitting issues that address the watershed-wide nitrogen load
reductions. Other issues addressed were: (1) inter-municipal strategies towns could engage in for the
restoration of water quality from the land use impacts they collectively share responsibility for its
restoration and (2) identifying barriers in local zoning, regulations, state statutes, regulation or policies and
recommending ways these barriers could be overcome.

In sum, the major nutrient management issues of concern pertained to inter-municipal collaboration and
allocation of responsibility, including actions taken and recommendations for the future. This project also
focused on identifying barriers in local zoning, regulations, state statutes, regulations and polices and
recommending how they could be overcome.

1.2.1 Selection of Coastal Watersheds

The coastal watersheds were selected using the following criteria: a) at least two or more communities
sharing jurisdiction of a coastal watershed; and b) a signed agreement with a commitment to attend and
participate at regular scheduled meetings. Case study participants, referred to as the Pilot Project Team,
would use the findings of the MEP Technical Report and the EPA approved TMDL to define the watershed
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nitrogen loads and load reductions needed to restore eelgrass or the shellfish benthic habitat - the ultimate
compliance criterion for deciding if water quality restoration had been achieved; even if the nitrogen water
quality standard had not been met.

In addition, the teams were also tasked to identify and develop creative decision-making, nutrient
management solutions. Ultimately, this information would be shared with other coastal communities. The
three coastal watersheds from Cape Cod and the towns sharing land use jurisdiction for these case studies
were:

» Popponesset Bay — Towns of Mashpee, Sandwich and Barnstable
» Three Bays — Towns of Barnstable and Sandwich
» Pleasant Bay — Towns of Chatham, Harwich, Orleans, and Brewster

Each of the affected embayments has been designated by the Commonwealth of Massachusetts as nitrogen
impaired - a violation of the state’s surface water quality standards for its designated uses (recreational
fishing, swimming, boating and a habitat for sustaining eelgrass meadows as a breeding and nursery
ground for important marine fisheries and shellfish).

This project was initiated with the goal of promoting watershed-based, inter-municipal planning and
coordination. However, this would need to overcome the Commonwealth’s history of strong local home
rule and municipal authority. Few examples exist in the Commonwealth for guiding inter-municipal
wastewater management planning and implementation. It was the hope that these case studies would
define some of the issues of concern and how they would be resolved when two or more towns share
responsibility for reducing nitrogen throughout a watershed to a nitrogen-impaired embayment. The
lessons learned and the recommendations presented in these case studies are, at best, a first step to a
lengthy, deliberative planning and implementation process that encompass the steps that have been defined
in Figure 1.3.

CWA 303(d)
Requires States to
Identify & List
Impaired
Waters

Comprehensive MassDEP
(Watershed) Develops
Wastewater Pilot Project TMDL

Management Plan Case Studies Report

2004-2008

Figure 1.3 Diagram Defining the Pilot Project Case Studies Role in the Implementation of a TMDL
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1.2.2 Watershed and Embayment Characteristics

The estuaries and ground-watersheds that defined each of the three case studies are dissimilar in land use,
population/housing density, proximity of discharges to the coast, the role of natural attenuation to denitrify
nitrogen loads, the number of towns sharing the watershed, and its tidal flushing cycle (the embayment
inlet’s capacity to exchange its waters within a tidal cycle). Any one or more of these characteristics define
the uniqueness of these embayment systems and the mitigations required for reducing nitrogen loads.

As a result, an understanding of these watershed/subembayment differences is critical to the management
decisions affecting the selection of any nitrogen load reduction scenario that achieves the threshold
concentration at a sentinel station. Further discussion on Cape Cod’s embayments can be found at:
http://www.capecodgroundwater.org/groundwateredpage/embayment.pdf

1.2.3 Pilot Study Team Recruitment

Recruitment of communities for the project required:

e Astrong lead town —a commitment to participate in advance, prior to any particular outcomes.

e Each town designate a primary contact or “point person” who would solicit input from a broad
range of municipal and nongovernmental citizen groups. However, the work of the Pilot Team
required a commitment to attend meetings and contribute to the ongoing dialogue.

e Participation in and support of an inter-municipal team through informal meetings, problem
solving, and the shared responsibility to reduce nitrogen loads either jointly or alone through the
formal CWMP planning process.

e Interest in promoting inter-municipal watershed-wide cooperative planning.

MassDEP also enticed participation by covering the cost of the Linked Model runs to evaluate the effect of
proposed watershed nitrogen reductions by the Pilot Study Team on the threshold concentration at the
sentinel station(s).

MassDEP’s Case Study Project Manager, as team leader, was responsible for team recruitment; the
scheduling/coordination of team meetings; educating stakeholders about the MEP process and the
applicable state and federal regulatory rules; presenting/discussing wastewater treatment options; and
defining/resolving issues of concern for follow-up by local, regional, and state policy makers.

1.2.4 Pilot Project Team Guiding Principles

Participating Pilot communities understood that the lessons learned would guide them with the planning
and implementation of their Comprehensive Wastewater Management Plans. Likewise, MassDEP would
evaluate how its policies and regulations could be enhanced to promote a state regulatory framework that
facilitates local and regional watershed efforts that are consistent with the restoration of estuarine water
quality.

The following facts guided case study meeting discussions:
o Wastewater discharges to the watershed are the dominant sources of nitrogen pollution affecting
estuarine water quality;
e Most estuaries require nitrogen load removals of nearly 75% to achieve water quality restoration at
their designated embayment sentinel station;
¢ Identify the most cost-effective and environmentally appropriate restoration scenario
Sewering is key, but towns must first evaluate the many technical and institutional options;
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e Solutions will cost many millions of dollars and take many years;

e Towns sharing a coastal watershed should work together to define optimal solutions that are:
0 Watershed-wide
o0 Environmentally-sound
0 Cost effective

Equally important, the towns understood the importance of examining all nitrogen reduction options,
including:
e Land use alternatives that reduce the need for sewering,
o Evaluating creative, nontraditional ways to solve the nitrogen problem beyond the typical
wastewater treatment focus of Comprehensive Wastewater Management Planning,
e Aguaculture that provides habitat, water quality, and community benefits.

Team meetings also discussed wastewater infrastructure, management and regulatory practices for

reducing nitrogen loading from existing and proposed land uses at build-out, including the following:
o Better wastewater treatment: sewers, small systems, onsite septic disposal

Stormwater runoff and fertilizer use controls

Embayment flushing improvements

Natural attenuation

Water reuse

Wastewater management districts

Watershed-wide cooperative arrangements

Land use controls

Nitrogen offsets and trading

1.2.5 Team Meetings

The Pilot Project Team consisted of town officials and representatives of environmental organizations from
the participating towns and environmental organizations sharing the watershed, with support from the Cape
Cod Commission, MassDEP, and SMAST. Team meetings varied but on average were held monthly.

Each Case Study involved the following:
¢ An in-depth understanding of the Technical Report and use of the Linked Model;
e A review of the nitrogen reduction scenario described in the MEP Technical Report (Chapter
VIIL3);
e Team proposals for three model runs by SMAST, based on nitrogen reduction options to determine
if the threshold concentration at the sentinel station is achieved; and
e Discussion of local and state management and regulatory issues.

Case study meetings identified a number of issues for improving the CWMP and TMDL implementation
process and the recommendations for adoption of a broad range of infrastructure and management practices
by local, county, and state polices and regulations. The lessons learned from the Pilot Projects are
combined and presented in detail in Chapter 6, under the heading “Recommendations”.
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1.3 The Massachusetts Estuaries Project (MEP)

1.3.1 MEP History

In 2000, the Massachusetts Executive Office of Environmental Affairs and the University of Massachusetts
signed a cooperative agreement to collaborate on environmental projects. The idea was to give the
Commonwealth access to the talent pool at UMass campuses, while giving students the opportunity for
hands-on study. This agreement led to the launching of the Massachusetts Estuaries Project (MEP) in 2002
(see: http://www.oceanscience.net/estuaries/about.htm) with partial funding provided by the Massachusetts
Legislature to address the pollution from excess nitrogen loading in 89 estuaries in southeastern
Massachusetts (http://www.oceanscience.net/estuaries/progress.htm ). As a multiyear $13 million dollar
project, financed by federal, state, municipal, and private funds, this project involved the collaboration of
the University of Massachusetts at Dartmouth's School Marine Science and Technology (SMAST), the
Massachusetts Department of Environmental Protection (MassDEP), the Executive Office of Energy and
Environmental Affairs (EOEEA), the MEP coastal communities in southeastern Massachusetts, the Cape
Cod Commission, the US Environmental Protection Agency (EPA), Applied Coastal Research and
Engineering, and the U.S. Geological Survey.

The estuaries and embayments of southeastern Massachusetts extend from the Town of Duxbury to the
City of Fall River, encompassing all of Cape Cod and the Islands, Buzzards Bay and Mt. Hope Bay. Many
of these estuaries are at risk of, or are experiencing degraded water quality and habitat loss from
watershed-based nitrogen load impacts. With local communities dependent on the preservation of water
quality for sustaining their fishing, shellfishing, and tourism industries, the degradation of these estuarine
water resources has serious economic consequences; including reductions in property values, local
commerce, and tax revenues. Given the synergy among these interests, embayment protection and
restoration is of paramount importance to the Commonwealth and its coastal communities.

1.3.2 MEP Linked Watershed Embayment Model

The MEP uses a model developed at the University of Massachusetts Dartmouth School of Marine Science
and Technology (SMAST). Input parameters required for modeling include physical, chemical and
biological data. Collectively these model inputs calculate the capacity of an embayment to assimilate
nitrogen and run predictive scenarios for use in planning water quality restoration through nitrogen
reductions throughout an impacted subwatershed.

The complexity of the nitrogen flows to the estuary from subwatershed discharges (septic systems,
fertilizer use, strormwater runoff, atmospheric deposition, and benthic flux) and its interaction with the
environment (natural attenuation, tidal flushing, and benthic regeneration) is reflected in the results
generated by the MEP Linked Watershed Embayment Model (Appendix B). At best, the model is a
guantitative estimate of an embayment's: (1) N sensitivity, (2) N threshold loading levels (TMDL) and (3)
response to changes in nitrogen loading. The Linked Model approach, after it is fully field validated, and
calibrated accounts for all sources of nitrogen loads, the reduction by natural attenuation, nutrient
recycling, and the variations in an embayment’s water quality resulting from a bay’s hydrodynamics
(current, tidal range, bathymetry) (Figure I-2 of each Technical Report). In short, the Linked Model
approach integrates the water quality monitoring results from the field with the data collected on its
hydrodynamics, as listed below:
e Water Quality Monitoring - multi-year, 3-year minimum, embayment nutrient sampling
e Hydrodynamics
0 Embayment bathymetry (depth contours throughout the embayment)
o0 Site-specific tidal record (timing and height of tides)
o Water velocity records (in complex systems only)
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