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TARGETED-INTEGRATED PLAN FOR WATER  

RESOURCES MANAGEMENT 

TOWN OF WESTPORT, MA 

 

 

1 EXECUTIVE SUMMARY 

 ____________________________________________________________________________  

Project Purpose 
 
Water defines and influences much of the character of the Town of Westport.  It establishes 
boundaries  (Westport Harbor and Buzzards Bay); it provides the basis for a significant segment 
of the local economy (commercial fishing and shell fishing); it provides compelling recreational 
resources (boating, fishing and swimming); and along with rolling farmlands it is a defining feature 
of the landscape in the form of wetlands, coastal beaches, brooks and the Westport River.  Local 
groundwater serves as the potable water supply for the private wells that predominate, and 
virtually all of the Town is serviced by septic systems which ultimately discharge to local waters.  
Preserving the quality of the water resources in the community, and therefore much of the quality 
of life in the community, is the objective pursued by the Town through this Integrated Plan 
(hereafter the ñPlanò or ñIPò) development and implementation.    
 
The Town recognizes an array of challenges to local water quality, and the variable sources which 
contribute to those challenges.  Westport was motivated to undertake this effort at this time, 
however, in large part due to the regulatory obligation associated with the April 2017 Total 
Maximum Daily Load (TMDL) for nitrogen.  This limit was established by the Massachusetts 
Department of Environmental Protection (MassDEP) specific to the East Branch of the Westport 
River.  The TMDL is the threshold concentration of a pollutant in water above which that receiving 
water can no longer achieve the beneficial uses (e.g. boating and fishing) for which it is classified 
under the Commonwealth water quality standards.   As such, nitrogen reduction, and mitigation 
of impairments caused by nitrogen, is a project priority.  The TMDL report cited agricultural land 
uses and septic effluent as the two primary controllable sources of nitrogen to the East Branch of 
the Westport River. 
 
At a public meeting to kick off the project, residents were asked to identify additional concerns 
with respect to water resources within the community. Issues related to the local economy, 
environmental stewardship, public health and social equity were all noted. This Plan seeks to 
acknowledge all of these goals, and most urgently the public health risks associated with 
contaminated wells and the environmental health risks attributable to nutrient enrichment. In order 
to achieve this, the Town is seeking an action plan employing successive steps that advance the 
stated goals and do so in an affordable, practical and equitable manner.  

 
The project was conducted with the assistance of a citizen stakeholder group. Over the course of 
three workshops, this advisory group provided essential input that informed the direction of the 
Plan and allowed the team to test certain assumptions about practicability and implementation.  
The team was guided by the Townôs Project Steering Committee, all of whom contributed 
significant technical and local expertise on water quality and environmental issues pertinent to 
the project purpose. 

http://www.kleinfelder.com/
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Project Approach 
 
There are substantial existing data related to nutrients and other pollutants in local Westport 
waters, and many of the data sources available now are more current than that employed by 
MassDEP to model impacts and establish the TMDL.  In order to fully understand the nature and 
scale of the challenges, the first project task re-evaluated the model inputs for updated local 
sources of nitrogen loading. The team utilized foundational data derived from the Massachusetts 
Estuaries Project (MEP) Report which informed the TMDL.  In addition, the team used updated 
data from the Townôs Board of Health and Agricultural Commission, and direct water quality 
sampling results provided by established non-governmental organizations and environmental 
advocacy groups, to update the current nitrogen loadings to, and concentrations in, the Westport 
River. The major conclusions from the analysis are as follows: 
 

¶ The respective percent contribution of nitrogen from various land use sources 
has changed primarily due to changes in land use practices and new 
development; 

¶ Overall nitrogen load has been reduced; 

¶ Overall nitrogen concentration at downstream/in stream sampling locations has 
been reduced; and, 

¶ Private well contamination hotspots were identified that correlate with denser 
development and/or non-compliant cesspool locations. 

 
This data supports the local perception that ongoing Town initiatives and other outside regional 
factors have contributed to progress toward nutrient concentration reductions.  Nonetheless, 
trends in population growth, land use transition, and climate change pose a threat to continued 
progress and further actions are warranted to advance the multiple objectives of the IP. 
 
These initial tasks allowed the team to focus potential solutions on the most impactful contributing 
factors.  This IP considered multiple solution categories to address identified challenges. Within 
these categories, alternatives were composed of capital projects, programs and public policies. 
Categories included: 
 

¶ Wastewater Treatment 

¶ Innovative Technology/Resource Management 

¶ System Alteration 

¶ Stormwater/Green Infrastructure 

¶ Source Control 

¶ Policy/Regulation 

¶ Public Infrastructure  
 
Agricultural land use, and runoff from these uses, is the overall greatest locally controllable 
contributor of nitrogen loads to the Westport River.  It is noteworthy, however, that the updated 
baseline task demonstrated that contributions from this sector have been substantially reduced 
since the original MEP Report was issued.  Proposed solutions to address this source focus 
primarily on stormwater management techniques, public policy initiatives and education and 
outreach.   
 
While agricultural loadings have decreased, septic effluent is a growing component of the nitrogen 
load and is a reflection of the Townôs population growth and residential development over the past 

http://www.kleinfelder.com/
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decade.  Proposed solutions to address this source were varied and reflected the degree of 
difficulty in implementing wastewater solutions where there is no current public infrastructure nor 
municipal administrative framework to operate and maintain it.  Privately owned infrastructure is 
problematic due to the historic land development patterns in the community.  Many of the parcels 
along both branches of the Westport River are small and these areas are densely developed.  In 
many instances, properties rely upon cesspools or other legacy wastewater disposal practices 
that fail to meet current minimum Title V requirements for septic operation. Site constraints related 
to parcel size, private well locations, soil conditions, and groundwater depth make standard 
upgrades challenging, and advanced de-nitrification system installations even more so. 
 
Initial brainstorming of potential solutions, and consideration of previously proposed solutions, 
generated a list of possible alternatives that could be implemented in phases, and varying scales 
(pilot to town-wide) over a prescribed duration.  These solutions provide geographic distribution 
across the watershed and address one or more of the multiple objectives identified by 
stakeholders. Phasing of alternatives provides for potentially more affordable investments and 
allows monitoring of results to determine if the desired improvements are being measurably 
achieved.  This approach is the hallmark of adaptive management and an integral element of a 
dynamic action plan.  Initial recommended tasks are executed; results are evaluated; and 
subsequent actions are re-prioritized on the basis of realized progress and/or failure to achieve 
anticipated goals.  
 
The final list of identified alternatives (shown without prioritization), to be implemented for short 
term as well as long term impact, is as follows: 
 

Table ES.1. List of Alternative Projects and Programs 

Category Alternative 

Benefits 

Nitrogen 

Reduction 

Public 

Health 

Benefits 

Other 

(Economic, 

Resilience, 

Aesthetic, 

etc.) 

Wastewater Treatment Title V Upgrades Ű Ű  

Public Infrastructure Sewer: Phase 1A Ű Ű Ű 

Public Infrastructure Sewer Phase 1B Ű Ű Ű 

Wastewater Treatment Cluster System with Denitrification Ű Ű  

Wastewater Treatment 

Cluster System with Denitrification 

and Reclamation 
Ű Ű Ű 

Innovative Technology 

Permeable Reactive Barriers 

(PRB): Pilot 
Ű   

Policy, Wastewater 

Denitrification Incentives for 

Existing Systems 
Ű Ű  

Stormwater/Green 

Infrastructure 
Vegetative Buffer Strips  Ű  Ű 

Source Control  Fertilizer Reduction   Ű   

Outreach Public Education Initiatives   Ű 

Policy, Wastewater 

Denitrification for New 

Construction (Rural Services 

District) 
Ű Ű  

http://www.kleinfelder.com/
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Category Alternative 

Benefits 

Nitrogen 

Reduction 

Public 

Health 

Benefits 

Other 

(Economic, 

Resilience, 

Aesthetic, 

etc.) 

Innovative Technology Barrages/Constructed Wetland Ű Ű Ű 

Public Infrastructure 

Public Water Supply Development, 

the Let 
Ű Ű  

Policy 

Regulation, Nutrient Reduction 

Overlay District 
Ű Ű  

Public Infrastructure Sewer and Water (Phases 2-4) Ű Ű Ű 

Wastewater Treatment 

Additional Treatment Systems 

(Cluster, PRBs, etc.) 
Ű Ű  

 
The list of alternatives reflects local concerns and objectives. The implementation approach 
described below recognizes the resource constraints and practical implementation challenges 
inherent in the effort. It also recognizes that any positive action contributes to incremental 
improvement in the Westport River water quality and as such should be encouraged and 
supported by the community. Significant highlights include: 
 
¶ While nitrogen reduction is one of the major goals of this report, the Plan was developed 

with a focus on achieving multiple goals - nitrogen reduction, public health benefits, 
economic growth, sustainability, and other secondary benefits; 

¶ In addition to multiple goals, the Plan also emphasizes implementing a variety of 
alternatives to distribute the load reductions both in terms of geography and methodology; 

¶ The recommended tiered approach gives Westport the flexibility to adapt to projects that 
are the most well suited to the character of the Town; 

¶ A focus on monitoring and assessment will inform future implementation stages of the 
Plan; and, 

¶ While there are areas of uncertainty or potential for projects to not perform as anticipated, 
the wide range of potential projects built into the implementation approach aims to reduce 
these inherent risks.  

  
Recommended Plan 
 
Implementation of this Plan is recommended in tiers: 

- Tier 1: initial recommendations based on alternatives that garnered stakeholder support 
and have sufficient data to support pilot implementation in the near term (defined as 
Years 1 ï 10).  

- Tier 2: expansions/modifications of select Tier 1 alternatives based on monitoring results 
from Tier 1 implementation, carried through the planning horizon (assumed to be 20 ï 40 
years). 

- Contingency Tier: alternatives that are held as backup options in the event that projects in 
Tier 1 and Tier 2 do not perform as expected. 

 
The proposed approach allows the Town to maximize benefits achieved by highly performing 
alternatives, or re-allocate resources to new alternatives in the event specific recommendations 
either cannot be executed (e.g. cannot achieve political support, or are determined technically 

http://www.kleinfelder.com/
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infeasible), or upon execution have proven to be less successful than anticipated.  Figure ES.1 
below diagrams the process. 
 
 
 

 

 

Figure ES.1. Decision Diagram 

 
Based on literature reviews, discussions with stakeholders, preliminary geographic 
considerations, and cost effectiveness, the specific projects for each tier are organized as follows: 
 

Table ES.2. Tiered Alternative Projects and Programs 

Tier Alternative 

1 Sewer: Phase 1A 

1 Sewer: Phase 1B 

1 Cluster System with Denitrification: The Let 

1 

Cluster System with Denitrification and Reclamation: Cadmanôs 

Neck 

1 Nutrient Reduction Regulatory Overlay District 

1 Vegetative Buffer Strips, Pilots 

1 Public Education & Outreach 

1 Denitrification for New Construction (Rural Services District) 

2 Sewer and Water (Phases 2-4) 

2 Additional Treatment Cluster Systems 

2 Additional Vegetative Buffer Strips 

Contingency Permeable Reactive Barriers (PRB): Pilot 

Contingency Barrages and Constructed Wetlands 

Contingency Public Water Supply Development, the Let and Route 6 

Contingency Enhanced MS4 Program, Green Infrastructure 

 
Tier 1 recommends specific project installations or program implementation throughout the Town. 
The team evaluated sites for location-specific alternatives and predicted the success rates of 
more policy and Town-wide alternatives to develop more specific estimated benefits for each 
alternative. Combined, the Plan aims to estimate the short-term benefits of the recommended 
suite of Tier 1 alternatives across the entire East Branch. The team estimated projected nitrogen 

http://www.kleinfelder.com/
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load-based reductions for each of the Tier 1 alternatives in sequence, showing the predicted initial 
nitrogen reduction across the East Branch as compared with the TMDL. The estimates are 
illustrated in Figure ES.2 below. Tier 1 is just the initial (often pilot scale) implementation of this 
Plan; therefore, it is not meant to achieve the TMDL alone. The initial progress demonstrated here 
ï projected for the first five to ten years ï lays the groundwork for the Town to continue 
implementing projects moving forward, continually addressing remaining loads as the plan 
progresses over the next 20-40 years.  

 

 

Figure ES.2 Estimated Nitrogen Load Reduction for Tier 1 Alternatives (Initial 5-10 Years) 

 
These first steps allow the Town to make subsequent decisions based on the observed 
effectiveness of these initial actions. It is possible that not all alternatives will perform as 
estimated, and that observed effectiveness may vary from assumptions.  This tiered plan aims to 
address these uncertainties, allowing the Town to flexibly choose subsequent paths of action that 
align with its goals and with the measured effectiveness and affordability of this first tier of 
implementation. Although not specifically quantified as part of the Townôs action plan, there are 
other non-locally controlled factors that influence total nitrogen loading. Among these are 
atmospheric deposition directly to water bodies or to the ground surface, and actions taken by 
upstream communities.  In-stream water quality monitoring over time will provide additional 
important data that will figure into future (Tier 2 and contingency) implementation strategies. 
 
In addition to the nitrogen benefits, Tier 1 alternatives have significant impacts on the public health 
concerns through mitigating contaminated wells. Table ES.3 provides a summary of the public 
health benefits that can be achieved through this same suite of alternatives. These alternatives 
can address known wells with bacteria/nitrate contamination in various ways; sewering and 

http://www.kleinfelder.com/
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cluster systems will remove septic systems from service, which will remove the risks associated 
with poorly performing septic systems or septic systems situated too close to water supplies.  
Septic upgrades ï both to compliant Title V or to denitrification, will ensure that remaining septic 
systems are performing adequately and minimize contamination from in-service septic systems 
into drinking water sources.   
 
 

Table ES.3. Summary of Public Health Benefits 

Alternative 

Estimated Number of 

Contaminated Wells 

Addressed (in Tier 1) 

Sewer: Phase 1B 78 

Cluster Systems (Cadmanôs Neck; The Let) 24 

Denitrification Overlay District 55 

Title V Upgrades  20 

Total (without Sewer: Phase 1B) 99 

Total (with Sewer: Phase 1B) 177 

Current Number of Contaminated Wells 200 

 
An integral component of this Plan is the framework for quantitatively measuring the actual 

impacts of each of these alternatives to determine their real effectiveness.  The success of this 
Plan hinges upon realized in-stream water quality benefits, not just the modelled benefits. In order 
to determine if implemented alternatives are achieving the anticipated benefits, a monitoring 
program must be designed to track and evaluate success of respective projects/programs. The 
Plan recommends the following strategies for monitoring the actual benefits of each Tier 1 project, 
which is largely built off existing monitoring efforts: 
 

¶ In-stream sampling: continue to partner with existing groups such as the Westport River 
Watershed Alliance (WRWA) and Buzzards Bay Coalition (BBC) to continue established 
river monitoring at existing sampling stations for parameters of concern. 

¶ Private well monitoring: continue reviewing private well monitoring reports to track 
changes of bacteria and nitrogen presence in private wells.  

¶ The Town may also choose to install and monitor groundwater monitoring wells 
proximate to known contaminated well ñhot spotsò for long-term monitoring of 
groundwater quality. Groundwater sampling downstream of cluster systems (if 
constructed) is also recommended. 

¶ Targeted sampling: develop programs to sample nitrogen levels directly up- and 
downstream of vegetative filter strips and other treatment installations to derive more 
updated values for their removal efficiencies in Westport.  

 
Over time, the Town will be able to track the progress of nitrogen reduction in the river, as well as 
estimated contributions from individual or categories of the implemented projects.  This data will 
inform Tier 2 of the Plan, which will continue to make progress in reducing nitrogen and mitigating 
public health concerns. Figure 7.3 demonstrates an example path for Tier 2 implementations, 
representing the later years of this Plan. The framework presumes that successful Tier 1 
alternatives at the initial implementation levels ï sewering, vegetative filter strips, clusters, etc. ï 
are expanded across more of the Town, and larger benefits are realized over the 20 ï 40 year 
planning horizon. The cumulative benefits from Tier 1 are included, and Figure ES.4 shows how 
continued implementation will increase benefits.  

http://www.kleinfelder.com/
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Figure ES.3. Estimated Nitrogen Load Reduction for Tier 2 Alternatives (20-40 Years) 

 
Similar analyses were conducted to envision future impacts of build-out.  The Plan recommends 
evaluating policies to address new construction and updated zoning that reflects any changes or 
growing character of the Town. While many sources of buildout are still unknown, Westport can 
be proactive in addressing projected buildout loads by incorporating policies in line with Tier 1 
plans regarding septic maintenance and denitrification. Mandating or encouraging denitrification 
for new construction is one proactive step the Town can take to address new loads as they are 
introduced into the system.  
 
Beyond Tier 2 projects, the Plan also designates some projects as ñcontingencyò level projects. 
This means that they may not build directly off the results of Tier 1; however, they can fit into the 
decision tree in Figure ES.1 if initial projects do not perform as anticipated.  The following projects 
are categorized as contingency projects: 

¶ Permeable Reactive Barriers (PRB): Pilot 

¶ Barrages/Constructed Wetlands 

¶ Public Water Supply Development, the Let and Route 6 

¶ Enhanced MS4 (Stormwater Management) Program and Green Infrastructure 
 
Conclusion 
 
The Town of Westport is committed to improving and preserving the water quality of the resources 
that surround and define the community. Through this IP, the Town has created an actionable 
plan of near-term practical strategies to sustain the momentum of recent documented 
improvements in the water quality of the Westport River East Branch.  It also provides a longer 
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term framework for prioritizing future actions based on measurable outcomes and realistic 
implementation schedules.  It relies upon a partnership between community residents and local 
Town officials to establish a strategy for governance of the recommended capital, programmatic 
and policy initiatives that can jointly advance the stated goals for water resource management in 
Westport.   
 
The Plan provides a significant opportunity for the Town to: 

¶ Implement a plan that addresses the most urgent needs created by densely developed 

near-river neighborhoods through the introduction of regulatory controls (overlay district) 

that mitigate existing and future nitrogen impacts to receiving waters and private wells; 

¶ Provide recourse to logistically constrained properties through shared/cluster system 

program development and new governance mechanisms; 

¶ Advance economic development, environmental protection and public health goals 

through initiation of early phase sewer extensions in targeted areas; and 

¶ Mitigate impacts from non-point source stormwater run-off from agricultural land uses.    
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2 BACKGROUND 

 ___________________________________________________________________________________  

 

2.1 WESTPORT AND ITS WATER INITIATIVE 

The Town of Westport in Southeastern Massachusetts has organized a committee reporting to its 
Planning Board, and a supporting group of active stakeholders, to collaborate with a consultant 
team in the development of an Integrated Plan (hereafter ñthe Planò or ñIPò) for Water Resources 
in the community.  This Plan is aimed at making progress in solving problems that have long 
affected the residents and businesses in Westport, as well as the very character of the Town.  
Westport is a coastal community with a multigenerational heritage as well as new or seasonal 
residents who appreciate the coastal climate and amenities.  Westport is also a ñRight-To-Farmò 
community, and supports numerous agricultural interests, also with a long heritage.  Portions of 
the Townôs primary transportation corridors support small and moderately sized businesses, 
although much of the Town is characterized by a desirable rural charm. The Integrated Planning 
framework allows the Town to address the many competing interests and uses of the Westport 
River, as well as other key issues in a coherent and prioritized fashion.  
 
All of these people and enterprises both rely upon, and affect, the waterways that flow through 
the Town.  Specifically, the East and West Branches of the Westport River, its tributaries and 
ultimately its estuary, as well as the groundwater that flows into the system have long been 
integral aspects of daily life in Westport.  The river and estuary offer a scenic backdrop from many 
points of view in the community, and also provide opportunities for swimming, boating, and fishing.  
Portions of the estuary have been used for shellfish harvesting.  Residents, farms, and businesses 
draw their water from private wells and dispose of waste through onsite septic systems, which 
means that the groundwater serves as both the drinking water supply for the Town, and also its 
primary means of waste disposal.  In addition to posing human health hazards via contaminated 
well water in certain areas, the groundwater and tributaries also convey organic and inorganic 
matter to the river and estuary, and this can create organic growth in the form of algae. This algae 
growth contributes to loss of eelgrass and saltmarsh habitat. 
 
The Town was led in this effort by the Planning Board, and its designated Steering Committee.  
That core committee included James Hartnett, Westport Town Planner, James Whitin, Chair of 
the Planning Board, Robert Daylor, Vice-Chair of the Planning Board, David Cole, and Philip 
Weinberg, Chair of the Board of Health.  A citizen stakeholder group (roster provided in Appendix 
B) participated in multiple workshops and Town Citizens expressed views in public meetings at 
multiple venues. This broad array of stakeholders agreed that now is the time to improve the water 
environment in Westport.  For the health of the people, the quality of the environment, and 
continued opportunities for farms, land-based and water-based businesses to thrive, the Town of 
Westport developed this Plan collaboratively, with the team at Kleinfelder/Pare (the team) leading 
the technical analysis for this work.  Its aim is to address nutrient enrichment of the waterways, 
well contamination, and the Townôs economic potential in a fair and cost-effective manner.     

 

2.2 WATERSHED OVERVIEW  

The Westport River system flows in two branches through the Town of Westport and surrounding 
communities, as illustrated in Figure 2.1.  A recent report entitled ñWestport River Estuarine 
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System Total Maximum Daily Loads for Total Nitrogen,ò (Massachusetts Executive Office of 
Energy and Environmental Affairs, and Massachusetts Department of Environmental Protection, 
April 2017) cites:  

 
ñThe Westport River Estuarine System is located in southeastern Massachusetts on the 
Massachusetts- Rhode Island state boundary.  The system is comprised of two river valley 
estuaries (east and west branches), a coastal lagoon (Westport Harbor) and a relict tidal 
inlet (The Let).  Westport Harbor is situated at the confluence of the east and west 
branches and exchanges tidal waters with Buzzards Bay through a single tidal inlet to the 
southwest.  The Westport River Estuary and much of its watershed are located primarily 
within the town of Westport.ò 
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Figure 2.1. Westport River Watersheds 

 
The watershed is dominated by semi-rural development patterns, with significant acreage devoted 
to agriculture as illustrated in Figure 2.2. Without public sewerage, residents and businesses 
dispose of waste via on-site septic systems, with a few exceptions in which private businesses at 
the Narrows pump wastewater to a neighboring community for treatment.  Bacteria and nitrates 
from failing septic systems have contaminated numerous drinking water wells in the community.  
Likewise, nutrients, in the form of phosphorus and nitrogen, from both failing and operable septic 
systems flow via groundwater into the tributaries and river system, creating the potential for 
enrichment that can cause algae growth and loss of eel grass beds (important aquatic habitat and 
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part of the aesthetic appeal of Westport).  The nutrient loads are compounded by fertilizers and 
animal wastes associated with agricultural land use. 
 
To address the nutrient issue, the above cited report, referred to as the ñTMDLò, for ñTotal 
Maximum Daily Loadò, estimated the amount of nitrogen that would need to be eliminated in order 
to reduce the risk of nutrient enrichment to tolerable levels. The TMDL identified targets for the 
watershed as a whole, as well as its subcatchments, and asserts that compliance will be 
determined when concentrations at downstream sampling stations reach target levels.  While it 
recommended load reductions in the areas draining to the East Branch, it did not recommend 
load reductions in the West Branch. This planning enterprise, therefore, focuses on the East 
Branch for two reasons: 
 

1. The East Branch represents a significant portion of the Town, and is a good trial space 

for this type of collaborative planning ï in the future, work can certainly expand into the 

West Branch as needed; and, 

2. The East Branch, by virtue of the TMDL, has specific numeric targets for nitrogen 

reduction, and as such, offers a measurable platform for water management. 

 
During the roughly fifteen years between the time that data were collected to support the 2017 
TMDL and today, the water quality in the Westport River system has exhibited improvements as 
measured by in-stream reductions in nitrogen concentrations.  This is partially attributable to shifts 
in agricultural practices, which is recognized in a more current baseline assessment of the 
watershedôs environmental health offered later in this report. The Board of Health has also 
facilitated continual upgrades of old septic systems and cesspools, which has an impact on water 
quality. It may also be attributable in part to reductions in atmospheric deposition of nitrogen from 
man-made sources (such as the combustion of fossil fuels), tracked through measurements of 
dissolved inorganic nitrogen (DIN) as shown in Section 4.2. Although relevant to the overall health 
of the watershed, this latter trend is not specifically addressed nor incorporated into this planning 
effort. As it is essentially outside of the Townôs control, this category of load reduction is 
acknowledged, but is not the target of any Town actions proposed in plan recommendations. 
 
The analyses to date represent current and historic land use practices but do not necessarily 
account for future development or land use shifts.  This Plan will discuss the adaptability of its 
recommendations to help accommodate future changes in development patterns or 
environmental conditions (e.g. climate change impacts) within Westportôs East Branch watershed. 
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Figure 2.2. Westport River Watersheds with Land Use 
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2.3 ISSUES TO ADDRESS 

This plan seeks to address both the public health risks associated with contaminated wells and 
the environmental health risks attributable to nutrient enrichment.  Its aim is expanded into what 
is commonly known as the ñTriple Bottom Lineò framework, in which decisions are aimed at 
improving the Environmental, Social, and Economic health of a community or region.  The 
following objectives were voiced by citizens of Westport during a public meeting early in this 
planning process, and helped guide decisions from that point forward: 
 
INTEGRATED PROGRAM GOALS: 
 
Environmental 
Å Satisfy TMDL requirements for nitrogen loads into receiving waters 
Å Influence measurable reduction in nitrogen concentrations at sampling points 
Å Increase resiliency to climate change and sea level rise 

Social 
Å Promote public health with clean, secure water supply and stormwater practices 
Å Promote recreation on and in the Westport River and Estuary  
Å Maintain the high quality of life  

Economic 
Å Promote economic development 
Å Promote cost equity 
Å Increase agricultural output with environmental responsibility 
Å Reduce risk to shellfish economy 

Implementation 
Å Identify a phased suite of solutions that vary in scale and in timing 
Å Consider regional opportunities and benefits 
Å Develop an implementable plan 

 

2.4 OTHER FACTORS AND CONSIDERATIONS 

In addition to the explicit goals outlined in Section 2.3, the citizens and stakeholders recognized 
and emphasized the following as important factors for this plan: 

¶ The agricultural community has made significant progress in reducing its contribution of 

nitrogen, by changing fertilizer use and farming practices.  The Plan recognizes these 

improvements as part of a new set of baseline conditions. 

¶ An ongoing initiative sponsored by the Massachusetts Association of Conservation Districts 

consists of a collaborative effort with local farmers to identify and implement conservation 

practices that may contribute to this trend in agricultural-sourced nutrient and/or bacteria 

reduction. Where possible, the Town would like to leverage these efforts for additional benefit. 

¶ No constituency of the Town, either by geography or by demographic, will be unduly burdened 

by implementation of Plan recommendations. 
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Likewise, no constituency of the 

Town will be absolved of 

participating in the solution simply 

because the subwatershed in 

which they may be located has 

not been identified as needing 

reductions in nitrogen ï in other 

words, the nitrogen reduction 

targets in the TMDL will be 

applied to the entire East Branch 

watershed, and not simply piece 

by piece. 

¶ While nitrogen reduction is an 

important goal, this Plan is 

intended to address more than 

just TMDL compliance.  Rather, it is an integrated plan that will help the Town to make 

significant and measurable progress toward the TMDL goals, while also addressing critical 

public health concerns that are not considered to be secondary in importance. 

¶ The Plan will acknowledge and accentuate the fact that water quality in Westport has 

improved during the past fifteen to twenty years, as evidenced in subsequent sections of 

this report. Given this, the Plan represents a continuation of public and environmental 

stewardship, not a starting point. 

¶ The Plan is adaptive and not overly prescriptive ï that is, it does not simply schedule a 

series of investments and policy initiatives.  Rather, it recommends a broad array of near-

term technological, educational, and policy alternatives in measured doses, the 

performance of which will inform future adaptation to growth, climate, and environmental 

needs.  Alternatives that perform well in the near term may be continued or expanded, 

while those that do not meet expectations, or which are applied to their maximum practical 

extent, can be substituted with other contingency actions. 

¶ It is understood that each recommendation in this Plan is part of a larger integrated 

program aimed at providing multiple benefits and working together as a whole.  However, 

implementation of the Plan is likely to be piece by piece, with individual measures 

approved or rejected by the Town and its voters.  For this reason and the reason directly 

above, contingency alternatives will be just as important to identify as near-term 

alternatives for implementation. 

¶ The Plan will provide the foundation for a partnership-oriented action plan that promotes 

private action and investment through complementary public policy, financial incentives, 

and program administration capacity that supports successful implementation and 

sustained progress.  

 

2.5 FUNDING AND SUPPORT FOR THIS PLAN  

This planning process was jointly funded by the Commonwealth of Massachusetts and Town of 
Westport.  $150,000 of the project was funded by a State Revolving Fund (SRF) planning loan, 
while the balance of $30,000 was allocated by the Town of Westportôs Community Preservation 
Funds specifically for public outreach and engagement.  While the plan is not intended to 
constitute an official TMDL compliance plan (because it targets investments and policies at a 

Figure 2.3.The Townôs challenges and solutions are 
unique to Westport 
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broader range of goals), it is intended to take measured but significant steps toward TMDL 
compliance, and provide a roadmap for future decisions that will ultimately be aimed at full 
compliance.   
 
For these reasons, the Massachusetts Department of Environmental Protection (MassDEP) was 
consulted at the outset of the planning process and will review this report.  MassDEP agreed that 
this plan is not a Comprehensive Water Management Plan (CWMP); while the Plan is extensive 
and comprehensive in scope, it is not a CWMP in the regulatory meaning, and as such it is not 
subject to the specific approval process of a typical CWMP. Instead, it is a progressive plan that 
integrates environmental and public health issues to support community well-being and regulatory 
compliance, but not necessarily prescribe a compliance plan or schedule.  It was agreed by the 
Town and by MassDEP that this plan should be adaptive, and that reasonable contingencies 
should be identified up front for alternatives whose feasibility and/or performance is marked by 
uncertainty as the Town continues its efforts to improve public and environmental health. 
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3 DATA COLLECTION SUMMARY 

 ____________________________________________________________________________  

3.1 INTRODUCTION 

The Town of Westport considers its waterways as significant recreational, aesthetic, scenic, 
historic, economic, and ecological assets to the community and the region. The Townôs 2016 
Master Plan cites that water quality is one of the top issues facing the Town, and as such, there 
is a significant amount of data and relevant reports related to water quality in Westport. Drinking 
water, stormwater, and wastewater concerns are described in the Master Plan with a description 
of plans to address issues in the future based on the alternatives recommended in recent water 
quality reports. 
 
This Section presents the collective body of available water quality information referenced for the 
Plan, allowing the team to identify relationships between the causes of documented impairments 
and their impacts, and evaluate the findings and recommendations of prior reports relative to 
current conditions in the watershed. The needs analysis in Section 4 describes results of this 
evaluation. The team specifically looked at the Massachusetts Estuaries Project (MEP) Report, 
which presented an estimated nitrogen load for each of the Westport Riverôs subwatersheds (see 
Figure 2.1). This report was the basis for the established Total Maximum Daily Load (TMDL) for 
nitrogen for the East Branch of the Westport River.  
 
The team used more current data to update the nitrogen loading calculations developed in the 
MEP Report, which was published in 2013 and relied upon data from years prior to that. These 
calculations were used to update the baseline nitrogen load in the watershed. This nitrogen-
loading baseline is paired with in-stream water quality data to provide a more current depiction of 
the current quality of Westportôs waterbodies (see Section 4).  
 

3.2 PRIOR STUDIES 

Multiple sustained efforts to collect data related to the water quality and ecological health of the 
East Branch of the Westport River have been on-going since the early 1990s. Some of the more 
recent water quality data collection studies are shown in Figure 3.1, along with the year the 
corresponding data was collected. The methods and findings of major studies are described in 
more detail below. 
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Figure 3.1. Water Quality Reports for the East Branch of the Westport River 

 

3.2.1 Massachusetts Estuaries Project (MEP) 

The MEP Report is the key report for the Westport River Estuary and was published in 2013. Data 
from this report informed several later reports. A hydrodynamic water quality model, called the 
ñLinked Model,ò was developed to estimate nitrogen loading from each of 14 subwatersheds 
delineated in the Westport River Estuary. There are multiple key parameters used in this model, 
some of which are dynamic. Some of these key variables are described below: 
 

¶ Land use ï This report used land use data from 2005 to 2010. 

¶ Septic system locations and type ï The MEP Report used readily available data from 
the involved towns to estimate the location of septic systems.  

¶ Loading rates ï The MEP Report states the pollutant mass per unit of land area by land 
use type. 

¶ Fate and transport of pollutants ï the MEP Report incorporates assumptions about how 
pollutants move through the watershed.  

¶ In-stream concentration of pollutants ï Surface water quality data was used to calibrate 
the MEP model. These data were based on the results of Buzzards Bay Coalition (BBC) 
and Westport River Watershed Alliance (WRWA) water quality samples taken from 2003-
2009.  

¶ Target nitrogen load and threshold nitrogen concentration - The MEP Report states 
the loading rate, by subwatershed, to support overall ecological health. In general, the 
watershed was ñsupportive of many habitatsé and shows signs of moderate to low 
impairment.ò However, eelgrass coverage in the region was not observed in more recent 
surveys. Values were developed to restore habitat for ñeelgrass and infauna communitiesò 
and the values of these threshold nitrogen concentrations were based on the assimilative 
capacity of this system.  
 

The MEP Report provides an estimate of the anthropogenic causes of nitrogen loading in the East 
Branch of the Westport River by source. The largest controllable contributions were listed as 
from agricultural runoff (57%) and wastewater (34%). 
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3.2.2 Streamflow and Water Quality Monitoring in Bread and Cheese Brook, 2012-2014 (Bread 

and Cheese Report) 

This report further investigates Bread and Cheese Brook (subwatershed 3 in Figure 2.1), which 
was calculated in the MEP Report as having the largest contribution of nitrogen to the East Branch 
Watershed. In this study, stream flow and water quality measurements were collected from 2012-
2014 at four sampling locations in Bread and Cheese Brook (WRWA-1, 2, 3, and 4) and three 
locations in the Upper Westport River (WRWA-6, 7, and 8). Figure 3.2 shows the study area. Note 
that sampling location WRWA-1 is upstream of WRWA-2 and sampling locations WRWA-2 and 
WRWA-4 are both upstream of WRWA-3. Sampling location WRWA-5 and 6 (not pictured) are 
both upstream of WRWA-7 and are on a separate stream path from the other sampling locations 
in Bread and Cheese Brook. 

 

Figure 3.2. Land areas contributing runoff to each monitoring station (Source: Bread and 
Cheese Brook Report, Figure 19) 

Analyses of forty in-stream sampling events from stations within Bread and Cheese Brook 
included nitrogen species (NH4, NOX, DIN, DON, PON), total nitrogen (TN), total phosphorus 
(TP), orthophosphate (PO4) and particulate organic carbon (POC). This report summarized an 
estimated nitrogen loading rate from the subwatershed areas of each sampling site, based on 
average measured nitrogen concentration and measured stream flow. The estimated total 
nitrogen loading rate, normalized for upstream subwatershed area, is presented in Table 3-1 
along with the average TN concentration and measured stream flow. Note the bolded entries 
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represent the ñpick upò nitrogen load between gauge locations as opposed to considering all area 
upstream of a gauge location.  

Table 3-1. Average Total Nitrogen Concentration and Loading by Station 

Station Gauge 
Location 

Station Name 

Average TN 
Concentration at 
Gauge Location1 

(mg/L) 

Flow1 
(m3/year) 

Area 
(acres) 

Estimated TN 
Loading Rate1 

(kg/ac/year) 

WRWA-1 (all upstream) 
Old Bedford 

Road 
0.774 4,488,794 1868 1.713 

WRWA-2 (b/w WRWA-
2 and WRWA-1 only) 

Route 6 1.055 4,761,728 1082 5.089 

WRWA-2 (all upstream) Route 6 1.055 9,250,522 2950 2.951 

WRWA-4 (all upstream) 
Gifford Road 

(Hemlock 
Gutter) 

2.431 3,166,011 2506 1.932 

WRWA-3 (b/w WRWA-
2, WRWA-4 and 
WRWA-1 only) 

Route 177 1.353 5,353,956 557 22.964 

WRWA-3 (all upstream) Route 177 1.353 17,770,489 6013 4.380 
1Note: Values presented are for the November 2012 to November 2013 hydrologic year 

 
The Bread and Cheese Report recommends specific targeted areas to implement strategies that 
can reduce nitrogen loading. Namely, the areas upgradient of WRWA-3 (Rt. 177) between 
WRWA-2 (Route 6) and WRWA-4 (Gifford Road) and between WRWA-1 and WRWA-2 were 
calculated as generating the highest total nitrogen loading rate by land area at 22.964 kg/ac/year 
and 5.089 kg/ac/year, respectively, with aging septic systems as the leading potential contributor. 
In Figure 3.2 these are the areas in orange and blue, respectively, with nitrogen loads expressed 
in kg/ac/d.  
 

3.2.3 Total Maximum Daily Load (TMDL) Reports: 

A TMDL is a watershed plan that states the maximum contaminant loading a water body can 
receive and still achieve its designated water quality goals. States are required to develop a TMDL 
as a federal requirement of the Clean Water Act. Communities are required to take steps that 
achieve the goals stated in the Plan at a ñreasonable pace,ò and MassDEP has enforcement 
authority through ñthe Massachusetts Clean Waters Act, the Massachusetts Water Quality 
Standards, and through point source discharge permits.ò The Westport community is closely tied 
to its water resources, using the Westport River for activities like fishing and swimming. Therefore, 
its water quality goals are tied to specific designated uses, including ñfishing, swimming, or 
protection of aquatic biota.ò These uses drive the nutrient and pollutant concentrations the 
waterbody can support. 
 

3.2.3.1 TMDL for Nitrogen 

The TMDL for nitrogen, published in April 2017 by MassDEP, is one of the watershedôs major 
planning documents and outlines the steps necessary to reduce ñnitrogen loadings and 
subsequently the nitrogen concentrations in the waterò to a level that would protect the estuarine 
system. This TMDL uses the MEP Reportôs "Linked Model" to attribute the sources of nitrogen 
loading. Despite reporting 34% of nitrogen loading from septic systems and 57% from agriculture 
(excluding non-controllable loads such as atmospheric deposition), the TMDL notes an 
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apparent consensus from the Westport Town Agricultural Committee that the agricultural 
contribution is less than reported here. TMDL implementation plans discuss a recommended 
reduction of 71% of septic loading and 10% reduction from agriculture to achieve a target nitrogen 
concentration of 0.49 mg/L in the East Branch. Several alternatives are listed in this TMDL Plan, 
including installing sewers in portions of the Town.  
 

3.2.3.2 Buzzards Bay Pathogen TMDL  

While the focus of the Integrated Plan is on water quality related to nitrogen-loading, it is important 
to note that some of Westportôs surface waters are also impaired for fecal coliform. Westport 
directly sees the upstream impacts of these impairments in their contaminated drinking water 
wells. Based on the 2014 Integrated List of Waters (303d list), Bread and Cheese Brook, Snell 
Creek, and the East Branch of the Westport River are all impaired for fecal coliform. To improve 
the quality of water entering Buzzards Bay, MassDEP also developed a TMDL with respect to 
bacteria and pathogens.  
 
The pathogen TMDL is applicable for 52 waterbody segments in the Buzzards Bay 
watershed.  Data from 2009 and earlier was used to compile information on the land use (1999), 
potential sources (animals, sewer leakages, failing septic systems), as well as develop the TMDLs 
for each segment. The East and West Branches of the Westport River, as well as Snell Creek, 
are included in this TMDL. 
 

3.3 DATA COLLECTION 

Tables 3.2 and 3.3 summarize the water quality data reviewed for this Integrated Plan. 
 

Table 3-2. Literature Sources 

Document Name Date of Publication 

Westport Master Plan 2016 

Stream Flow and Water Quality Monitoring in Bread and Cheese Brook (2012-
2014) 

Dec 2014 

Westport River Estuarine System TMDL for Total Nitrogen Apr 2017 

MEP Final Report May 2013 

Municipal Vulnerability Preparedness (MVP) Workshop Summary of Findings Jun 2018 

Drift Road Stormwater Plans Jun 2014 

Buzzards Bay Comprehensive Conservation and Management Plan Nov 2013 

Westport Noquochoke Village Study Jun 2016 

Archaeological Study Dec 2013 

MS4 Notice of Intent Sep 2018 

MassDEP Bacteria Source Identification Reports Multiple (2008-
onwards) 
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Table 3-3. Tabular and Spatially-Related Data 

Document Source Description Format 
Date Range 

of Data 

Surface Water 
Sampling Data 

Buzzards Bay 
Coalition 

Data for 15 sampling locations Excel 1992-2017 

Surface Water 
Sampling Data 

Board of Health 
and MassDEP 

(Jennifer 
Shepard) 

Multiple Locations on Dunham 
Brook (bacteria/pathogens) 

Excel 
2007, 2014, 

2017 

Surface Water 
Sampling Data 

WRWA 20 locations Excel 2000-2017 

Nitrogen 
Loading Model 

and 
Calculations 

MEP 
Excel-based model and 

assumptions for nitrogen loading 
rates 

Excel 2011 

Public and 
Private 

Drinking Water 
Well 

MassDEP 
Locations of reported wells and 

their date of installation 
GIS 1991-2018 

Drinking Water 
Test Results 
for Public / 

Private Wells 

Board of Health 

Approximately 400 letters 
documenting the results of private 
well sampling data when results 
exceeded maximum contaminant 

limits (results were geocoded 
based on address) 

Word 
documents 

1991-2018 

Drinking Water 
Test Results 
for Public / 

Private Wells 

Board of Health 

Approximately 270 Analytical 
Laboratory results documenting 

the results of private well 
sampling data 

pdf 1991-2018 

Septic System 
Activity 

Board of Health 
Record of repairs, variances, and 
small repairs by address and date 

Excel 2000-2016 

Cesspool 
Maintenance 

Records 
Board of Health 

Record of repairs and 
maintenance of cesspools by 

address and date 
Pdf 2008-2018 

Land Use Data: MEP 
Land use assumptions used in 
the MEP Report organized by 

subwatershed 
Excel 2009 

Land Use Data: 
Agricultural 
Inventory 

Westport 
Agricultural 
Commission 

Letter to authors of the MEP 
Report describing land use on 

agricultural parcels, fertilizer use 
and associated dataset. 

Word 
Document & 

Excel 

June 11, 
2013 

Land Use Data: 
Agricultural 
Inventory 

E. M. Eichner 
Response from Eichner regarding 
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Collection efforts focused on water quality data as well as historic and current land use (agriculture 
and septic). Data was collected from a variety of sources, primarily including the Town of 
Westportôs Board of Health, Planning Department, and publicly available data from MassDEP. 
Additionally, water quality data was provided by multiple watershed organizations, including 
WRWA and BBC. 
 

3.4 LAND USE DATA COLLECTION 

For the Towns of Westport and Dartmouth, which make up a majority of the East Branch 
watershed, the team collected the most updated land use data from the MassGIS Standardized 
Assessorsô Parcels database.  The latest tax parcel data available for Westport and Dartmouth 
were from 2012 and 2018, respectively. Before retrieving updated land use parcel data for the 
remaining towns in the watershed, the team investigated the buildout analysis performed in the 
MEP Report to determine the significance of updating those adjacent towns. Both Fall River and 
Freetown to the north consist of largely undevelopable land, and the two Rhode Island towns 
(Tiverton and Little Compton) drain to the West Branch of the Westport River, which is not the 
focus of this IP. The land use data provided in the MEP Report was therefore used.  Fall River 
and Freetown assessorôs database information is from 2005, and the MEP Report used Rhode 
Island land use codes from 2009, supplemented with aerial imagery, for Tiverton and Little 
Compton. For consistency, the MEP Report manually converted these Rhode Island codes into 
corresponding Massachusetts codes, which this Plan also uses. 
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4 NEEDS ASSESSMENT 

 ___________________________________________________________________________________  

 

4.1 UPDATING LAND USE AND PRACTICES  

The MEP Report employed land use-based loading rates to quantify the nitrogen loads to each 
of the East Branch subwatersheds. The MEP Report authors applied nitrogen loading estimates 
(factors) based on the land use types, with assumptions for lawn sizes, impervious area, septic 
contributions, etc. based on a review of current practices, literature, and discussions with 
Westport and the neighboring towns.  The IP sought to replicate the MEP Reportôs methodology 
such that current data for land use, agriculture, and septic systems could be accurately 
incorporated into an updated baseline. All nitrogen loading rates, assumptions, and calculations 
from the MEP Report were kept constant when updating to the current baseline to maintain 
consistency between the reported values.  

 
Wastewater effluent from septic systems is a major contributor of nitrogen to the Westport River. 
The MEP Report estimated nitrogen loads from septic systems using a water-use approach that 
aims to account for the seasonality of many of the neighborhoods within Westport.  The team 
collected water and wastewater information on the parcel level to identify the parcels within the 
watershed that utilize septic systems.  The team used this data set as a starting point, and then 
updated with additional Board of Health septic permit data from 2006 through 2016. Septic system 
counts were updated to account for newly constructed septic systems that were not included in 
the MEP Report. Keeping with the methodology of the MEP Report, parcels identified as 
containing a septic system were assigned a nitrogen loading rate for wastewater as well as the 
MEP-derived nitrogen loading rates for impervious roof and driveway area and for fertilized lawn 
area. 
 
In addition to updating data on septic contributions, another goal of this effort was to update the 
data on agricultural practices, since Westport has a large agricultural community. The MEP 
Report included specific data on agricultural practices for some farms, including details of known 
crop types, livestock types and counts and information on fertilizer use. For these farms, nitrogen 
loading was calculated based on the specific data. Where specific data on agricultural practices 
was not available, parcels designated with an agricultural land use were assigned a standard 
nitrogen loading rate based on parcel area. The Westport Agricultural Commission provided 
updated specific data on the current agricultural practices for some farms, which were used to 
supersede the MEP Report where possible. The primary agricultural loading changes realized 
through this effort, and incorporated into the updated baseline, were: 
 

¶ Reductions in fertilizer use, based on actual practices; 

¶ Reductions in active agricultural land use for growing crops, based on actual practices; 
and, 

¶ Changes in the number and type of livestock, which was driven by economic changes. 
 
Note that there is a current program underway sponsored by the Massachusetts Association of 
Conservation Districts collaborating with several local farming interests. The program assists in 
the identification and implementation of conservation practices, which may result in further loading 
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reductions.  Projects are expected to be constructed in winter 2020. Potential benefits of those 
practices have not been incorporated into this analysis. 
 
Nitrogen loads from landfill/solid waste sources and from atmospheric deposition on water body 
surface area were assumed to remain constant from the time of the MEP Report. Atmospheric 
deposition on water is a significant source of the overall load to the River. As noted previously, 

observed regional trends
1
 show significant reduction in atmospheric deposition of nitrogen over 

the past decade and consequently this ñconstantò figure represents a conservative calculation.  
Nitrogen loads from natural surfaces increased slightly as agricultural area formerly used for 
growing crops or applying fertilizer was reclassified to ñnaturalò area. Nitrogen loads from 
wastewater, lawn fertilizers and impervious surfaces all increased slightly due to new 
development from the time of the MEP Report, and nitrogen loads from agriculture decreased 
due to the updates explained above. Figure 4.1 presents the changes in nitrogen load by source 
between the original MEP analysis and the updated baseline. Refer to Appendix A ï Updated 
Baseline Nitrogen Loads for tabulated values of nitrogen loads by source and subwatershed. 

 

 

Figure 4.1. Comparison of Nitrogen Loads by Source from MEP to Updated Baseline 

*Nitrogen loads in the MEP Report for lawn fertilizer and agriculture were modified 
slightly from published values. Some of the nitrogen load from agriculture was 
incorrectly classified as a nitrogen load from lawn fertilizer in subwatershed 8. 
Additionally, the data provided from MEP reported a higher nitrogen load from 

 
1
 Detenbeck, N., M. You and D. Torre. Sources and Trends of Nitrogen Loading to New England Estuaries. New England Association 

of Environmental Biologists (NEAEB) Annual Conference, Devens, MA March 13 ï 15, 2018. 
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agriculture in subwatershed 11 than was published in the MEP Report. This larger 
value for nitrogen load was used in this analysis. 

 
These calculated loads are predictive, meaning that they rely on available data to estimate 
nitrogen loadings that will theoretically reach the water each year. In practice, the resulting 
nitrogen concentrations actually measured in the river are the primary indicator of water quality, 
improvement of which is the ultimate objective of the Plan. As loads predicted by the model 
decrease, nitrogen concentrations measured in-stream are anticipated to decrease as well. The 
model is seen as a surrogate to predict trends in water quality, and a tool to test certain export 
reduction or mitigation techniques. The updated baseline shows that the water quality should be 
improving on the basis of reduced pollutant loads, as in fact it has (see Section 4.2). However, 
the model estimates and in-stream water quality are not one in the same. The following section 
describes the important trends that the Westport River has seen since the MEP Report data was 
collected, and how that compares to the load changes described here.  
  

4.2 UPDATED POLLUTANT LOADS AND IN-STREAM CONCENTRATIONS 

The Buzzards Bay Coalition (BBC) provided in-stream water quality sampling results dating 
between 1992-2017 for multiple monitoring stations in the Westport River. A subset of this data, 
from 2003 to 2009 was used in the MEP Report to calibrate the Linked Model. The locations of 
BBCôs sampling stations in the East Branch are shown in Figure 4.2.  
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Figure 4.2. Buzzards Bay Coalition Westport River East Branch Sampling Stations 

In Figure 4.3, total nitrogen sampling results from each station were compared during the MEP 
Report period (2003-2009) and a more recent period of the same duration, (2011-2017). 
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Figure 4.3. Comparison of Total Nitrogen Concentrations at East Branch Sampling 
Stations for MEP Report (2003-2009), Present (2011-2017), and Target (TMDL 

Concentration for the East Branch of 0.49 mg/L Total Nitrogen) 

 
The mean concentration of total nitrogen decreased from the MEP Report to the Present dataset 
at each of the East Branch monitoring locations except for at upstream stations N2 (12.3% 
increase), N4 (10.8% increase), and N1 (2.4% increase). The stations with the largest percent 
decrease of mean nitrogen concentrations were E26 (17.1% decrease), E30 (15.5% decrease), 
N0 (12.9% decrease), and E33 (12.6% decrease). The most recent data for E33, the sentinel 
sampling station for the TMDL, shows continued decrease in total nitrogen concentration (0.51 
mg/l). There are likely multiple factors contributing to the observed changes, some of which are 
due to local actions (ñcontrollableò sources such as improved land management practices, active 
stormwater management for water quality, and continuous septic system upgrades driven by 
standard Title V requirements) and other regional factors such as partial sewer installation 
upgradient in the Town of Dartmouth or reduced atmospheric deposition based on air quality 
improvement (see further discussion below). Apart from the land use practice changes discussed 
in Section 4.1, most of these factors are not captured through the re-modeled baseline, but will 
be demonstrated through water quality sampling. This study did not attempt to quantify or attribute 
any portion of the observed pollutant concentration reductions to specific actions.  
 
The highest mean concentration of total nitrogen from both the MEP and Present was located at 
station N0, which at current mean concentrations remains greater than double the target 
concentration. Each of the five stations in the Upper section of the East Branch (N0-N4) are 
furthest away from achieving target concentrations. These relatively high concentrations could be 
attributed to the relatively low flow rates at the headwaters of this branch, and the higher loads 
that are predicted in the Bread and Cheese Brook subwatershed. The mean present 
concentrations at E26 and E30 are closest to achieving water quality targets for nitrogen.  
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Data from the East Branch sampling stations over the full time period of record was aggregated 
by year and presented in the boxplot in Figure 4.4. In this figure, the mean total nitrogen 
concentrations across all sampling stations is shown as the horizontal line for each year. Outliers 
are shown as a red asterisk. This figure shows the results of approximately 960 samples for total 
nitrogen. 
 

 

Figure 4.4. Boxplot of Total Nitrogen Concentration Compared to TMDL Target (0.49 
mg/L) 

The average concentration of total nitrogen exceeded the target concentration for the watershed 
(0.49 mg/L) in each year dating back to 1993. The year with the highest average concentration 
was 2006 at 1.25 mg/L. In the following years, the mean observed concentration ranged between 
0.81 mg/L (multiple years) and 1.04 in 2013. An analysis of variance (ANOVA) was used to assess 
whether the observed differences between the most recent three years of data were significantly 
different than the prior years. The team used 2014 as the comparison year for this analysis 
because it represents a recent year with relatively low nitrogen values with which to compare the 
recent data. Table 4.1 shows the results of pairwise comparisons of the mean concentration of 
total nitrogen in each of the years 2015-2017 to 2014.  

Table 4-1. Mean and Median Concentrations of Nitrogen 2014-2017 

Year Average Concentration of 
Total Nitrogen (mg/L) 

Mean Difference 
Compared to 2014 

2014 1.04 - 

2015 0.66 0.32 
 

2016 0.65 0.34 
 

2017 0.70 0.27 
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BBC provided in-stream water quality sampling results in terms of total organic nitrogen (TON), 
dissolved inorganic nitrogen (DIN) and total nitrogen (TN) which is the sum of total organic 
nitrogen and dissolved inorganic nitrogen. TON consists of carbon-based nitrogen compounds 
from organic sources including septic system effluent, farm animal wastes and organic fertilizers. 
DIN consists of inorganic compounds such as ammonium, nitrate and nitrite. DIN can originate 
from gaseous nitrogen compounds generated from fossil fuel burning that are deposited into water 
bodies through atmospheric deposition. Additionally, DIN can originate from inorganic fertilizers 
or organic nitrogen that is converted to inorganic nitrogen by bacteria or fungi through the process 
of ammonification. 

 
Water quality sampling results from BBC show a regional decrease in DIN concentration since 
2015. DIN concentration for East Branch sampling station E33 over the full time period of record 
is presented in Figure 4.5. The reason for this decrease may be due to several factors. Reduced 
fossil fuel emissions resulting from Clean Air Act requirements or local power station closures 
have likely contributed to the decrease in DIN. A 2018 report on sources and trends of nitrogen 
loading in New England estuaries suggests that decline could be as much as 33% (see Section 
4.1 footnote 1). Without further investigation, other possible influencing factors such as the 
astronomical tide cycle or tidal flushing due to increased sea level rise (SLR) cannot be quantified. 
Neither of these factors is realistically controllable by the actions of the community. Additionally, 
a decrease in the use of inorganic fertilizers for agriculture or residential lawns may also be 
contributing to the decrease in DIN concentration. It is unclear to what extent the decrease in DIN 
and overall TN concentration is due to uncontrollable factors and what is due to actions taken 
within the community and within the subwatershed boundaries. The general decreasing trend of 
TN concentration is a positive sign. The alternatives outlined in this plan are designed to continue 
this downward trend to further improve water quality and work towards achieving the TMDL 
through actions within the control of the community. 
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Figure 4.5. Dissolved Inorganic Nitrogen Concentration for Sampling Station E33 

 

4.3 IDENTIFICATION OF CONTAMINATED WELLS  

The proximity of private wells to cesspools and septic systems within Westport has resulted in 
private wells experiencing contamination from bacteria (E. coli), nitrates/nitrites or both 
contaminants. Private well contamination forces residents to install additional treatment measures 
or rely on bottled water for drinking and cooking. Private well testing data indicating wells 
experiencing contamination were provided by the Board of Health for the years from 2005-2018. 
Contaminated wells were mapped spatially to determine ñhotspotsò of contamination and assess 
the proximity of contaminated wells to known cesspool locations (Figure 4.6). Several ñhotspotò 
areas were identified including portions along Route 6 and State Street as well as areas around 
Cadmanôs Neck, Westport Point, The Let and Pettey Lane. Many of the private wells with 
contamination are near a known cesspool location or in areas that are densely developed with 
many residential units and septic systems confined to a small area. Overall, 200 private wells with 
contamination issues from bacteria (E. coli), nitrates/nitrites or both contaminants have been 
identified based on Board of Health data. 
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Figure 4.6. Private Well Contamination Issues in Westport
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4.4 REVISIONS TO BUILDOUT POTENTIAL 

Full buildout potential was estimated as part of the MEP Report analysis. Buildout is an analysis 
of the maximum capacity for future development in an area ï it is typically seen as an upper bound 
to all future development. The buildout assumptions from the MEP Report were aggressive in 
terms of the number of units that could be developed on certain parcels as well as which parcels 
could potentially be developed. This buildout analysis overestimated the potential number of new 
dwelling units that would be feasible with current land use and wetland regulations, constraints 
based on shape and access of parcels, and the use of Community Preservation Act and Westport 
Land Trust funds to acquire public open space. A revised buildout analysis was conducted in 2015 
for the Town to produce a more accurate estimate of buildout. Additionally, newly constructed 
dwelling units that had not previously been counted as part of the MEP Report or 2015 buildout 
analysis were removed from buildout counts to reflect the most recent available data (i.e. avoid 
double counting). The number of developable dwelling units within the watershed in Westport 
decreased approximately 23% from 2349 units in the MEP Report to 1809 units after incorporating 
the 2015 buildout estimate and accounting for newly constructed units. Consequently, the total 
watershed-wide nitrogen loading from buildout (including the West Branch) decreased 
approximately 9% from 57,205 kg/year in the MEP Report to 51,977 kg/year in the updated 
baseline. Nitrogen loading for residential buildout was calculated per new dwelling unit using the 
same methodology as the MEP Report with new nitrogen loads assigned for wastewater (septic), 
lawn fertilizer and impervious area (roof and driveway) and an adjustment applied for ñnaturalò 
area converted to lawn and impervious area to avoid double counting. Figure 4.7 shows the 
breakdown of nitrogen loading by source for each subwatershed for both the MEP Report and the 
updated baseline compared to the TMDL threshold nitrogen loading. 
 

 

Figure 4.7. Comparison of Nitrogen Loads by Source for Each Subwatershed from MEP 
to Updated Baseline 

http://www.kleinfelder.com/
http://www.kleinfelder.com/


 

Project 20191827.001A Page 42 January 17, 2020 
© 2019 Kleinfelder  www.kleinfelder.com 

4.5 SUMMARY 

This IP utilized foundational data derived from the MEP Report, and direct water quality sampling, 
to update the current nitrogen loadings and concentrations in the Westport River. The major 
conclusions from the analysis were as follows: 

¶ The respective percent contribution of nitrogen from various land use sources 
has changed due to changes in land use practices and new development; 

¶ Overall nitrogen load has been reduced; 

¶ Overall nitrogen concentration at downstream/in stream sampling locations has 
been reduced; and, 

¶ Private well contamination hotspots were identified that correlate with denser 
development and/or non-compliant cesspool locations. 
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5 CONSENSUS-BUILDING PROCESS  

 

5.1 PUBLIC ENGAGEMENT 

Infrastructure plans are an extension of a broader shared vision of what a community wants to 
preserve or enhance with respect to quality of life and their daily local experience. That is 
frequently equated with a healthy environment, an affordable cost of living, robust economic 
activity and a collective appreciation of a communityôs unique character. An integrated 
(infrastructure) plan is designed to support and advance the vision and cannot stand alone without 
that framework to guide it.  The consensus-building effort for this Integrated Plan, therefore, began 
with an effort to confirm the communityôs vision about the future of Westport, and residentsô goals 
for a water resource-based approach to get there. With that as the foundation, defining how and 
to what extent infrastructure, public policy or best water management practices could advance 
those goals was the purpose.    
 
The team referenced existing documents, including master plans, economic development studies 
and conceptual infrastructure plans to initially define the community framework. Then the team 
conducted a public meeting which focused on soliciting additional thoughts about appropriate 
objectives for the IP.  Responses from the crowd of approximately 50 residents fell primarily into 
four categories which were also referenced in Section 1 of this report: 

 
Environmental 
Å Satisfy TMDL requirements for nitrogen loads into receiving waters 
Å Influence measurable reduction in nitrogen concentrations at sampling points 
Å Increase resiliency to climate change and sea level rise 

Social 
Å Promote public health with clean, secure water supply and stormwater practices 
Å Promote recreation on and in the Westport River and Estuary  
Å Maintain the high quality of life  

Economic 
Å Promote economic development 
Å Promote cost equity 
Å Increase agricultural output with environmental responsibility 
Å Reduce risk to shellfish economy 

Implementation 
Å Identify a phased suite of solutions that vary in scale and in timing 
Å Consider regional opportunities and benefits 
Å Develop an implementable plan 

 
People attending the meeting represented a variety of neighborhoods and interests. Figure 5.1 
shows a map of Westport on which many attendees placed a pin marking the general location of 
their home or business. The distribution reflected the diversity of voices in the room and the goals 
identified captured the concerns of the majority of those participating.  These goals were revisited 
throughout the project to ñcalibrateò progress and focus solutions on those which could meet one 
or more of these objectives effectively.   
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Figure 5.1. Distribution of attendees at the project kick-off public 
meeting. 

 
Notes summarizing the public meeting and copies of the press release 
advertising the meeting, the PowerPoint presentation, and the 
attendance sign-in sheet are provided in Appendix B ï Public Meeting 
and Workshop Information. 
 

5.2    PUBLIC OUTREACH APPROACH 

An Integrated Plan is particularly suited to managing multiple objectives 
spanning several water resource infrastructures (built or natural).  The 
foundation of a successfully implemented plan is consensus around 
the challenges to be addressed, the ñsolutionsò proposed, and the 
manner of their execution (phases, cost, etc.).  The public meeting 
feedback clearly suggested that there were multiple challenges that 
needed attention.  While there were several areas of common interest, 
there was not consensus around what was most important or most 
urgent.  As in all public planning enterprises, some compromise is 
necessary. Compromise, much less consensus, cannot be achieved if 

all stakeholders are not represented at the table where decisions are made. The initial outreach 
task was to get people to that table. 
 
The team worked with a Steering Committee (See Section 2) to identify and recruit stakeholders 
across the spectrum of town residents, businesses, environmental interests and local political 
jurisdictions.   
 
The recruited stakeholder group included some individuals representing specific organizations, 
such as the Westport River Watershed Alliance or Buzzards Bay Coalition.  Others, generally well 
known in the community, were invited to represent loosely affiliated groups with which they 
identified, such as farming and agricultural concerns or commercial fishermen.  Yet others were 
invited to participate based on their respective roles with Boards or Departments wielding 
authority or responsibilities for public health, environmental protection or related areas. Finally, 
interested individuals operating ñat largeò were also welcomed.  
 
This stakeholder group was invited to participate in multiple workshops scheduled at intervals 
during the planning process.  Individuals were asked to speak on their own behalf, but also to 
consider the broader interests of the group (if any) with which they were affiliated or aligned. A 
roster of individuals who ultimately attended one or more of the workshops, and the interests they 
represented, is provided in Appendix B. The overall approach to the project execution, and the 
manner in which public involvement was incorporated into the project is illustrated in Figure 5.2. 
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Figure 5.2. Integrated Planning Process to build consensus. 

 

5.3 OUTREACH PROCESS AND FEEDBACK 

Following the first public meeting, three stakeholder workshops were conducted.  These were 
augmented by several working sessions with the Townôs project Steering Committee, and 
meetings with a local business association and a neighborhood association.  Participant feedback 
at these meetings contributed to the development and finalization of the proposed plan. The 
stakeholder workshops were as follows: 

¶ Workshop No. 1 (March 20, 2019):  Review the proposed technical approach; present 

current conditions based on existing data review and analysis; and, allow open 

discussion for questions and comment. 

¶ Workshop No. 2 (May 29, 2019): Update on data development; present information on 

preliminary alternatives in development; and allow open discussion for questions and 

comment. 

¶ Workshop No. 3 (September 25, 2019): Present preliminary Integrated Plan for 

discussion and comment. 
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All of the material from each of the workshops, including sign-in attendance sheets, presentations, 
and notes summarizing meeting outcomes is provided in Appendix B. 
 

5.4 SUMMARY OF STAKEHOLDER PROCESS  

The consultant team provided technical expertise; the stakeholder process was designed to 
access local knowledge, promote local vision, and amplify local voices in a manner that results in 
a recognizably consensus-based plan.  Such a plan ultimately is more likely to be adopted and 
supported by a broad swath of the local citizenry.  The relative success of that process was tested 
at Workshop No. 3 at which time the preliminary plan was presented to the stakeholders.  
 
Feedback from attendees at the third workshop indicated that clarifying information to more fully 
present benefits and costs of the alternatives both for the East Branch watershed on which the 
plan focuses, but also in town-wide terms, would be helpful to the community. There was general 
agreement with the types of alternatives proposed and the framework of adaptive management 
as the guiding principle. Scale of implementation and phasing of different alternatives, however, 
was still unresolved among attending stakeholders.  This feedback provided specific guidance to 
the team regarding refinements to the proposed program. These modifications and/or 
elaborations on certain alternatives were then addressed in the draft plan. 
 

5.5 FINAL PUBLIC MEETING 

A public meeting to present the draft plan was held on November 13, 2019.  The process to 
understanding the challenges, identifying alternatives, and formulating the draft plan was 
described to Town residents.  The proposed suite of solutions, and the implementation framework 
for adaptively managing the program over time was presented.  There was general agreement 
that the approach reflected the Townôs multiple objectives, and some support for various 
alternatives identified for near term implementation.  There was also notable concern about 
obtaining adequate support to enact some of the regulatory alternatives, or sufficient incentives 
or authority to enforce others. The team understands that the step by step implementation will 
provide for some forward progress and some necessary re-routing.   
 
Ultimately, the final program as proposed is the culmination of the technical analysis augmented 
by the public process and publicly expressed objectives. 
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6 ALTERNATIVES ASSESSMENT 

 ____________________________________________________________________________  

 

6.1 ALTERNATIVES DEVELOPMENT 

The team compiled a list of alternatives representing actions that could be implemented to 
address the primary goals expressed by the community, including improved public health 
protections (e.g. mitigate well contamination), and decreased nitrogen concentration in the East 
Branch of the Westport River. Other secondary benefits considered included economic 
development, climate resiliency, public education, and ecological and/or aesthetic improvements. 
The initial list of alternatives was meant to be an inclusive inventory, unconstrained by potential 
costs. Alternatives included known technologies and practices that have been implemented with 
measurable benefit in similar communities in the past. Alternatives comprise programs, policies 
or capital projects, and are classified generally into the following categories: 
 

¶ Wastewater Treatment 

¶ Innovative Technology/Resource Management 

¶ System Alteration 

¶ Stormwater/Green Infrastructure 

¶ Source Control 

¶ Policy/Regulation 

¶ Public Infrastructure  
 

Figure 6.1. Sample wastewater treatment alternative: 
cluster systems 

 
Wastewater treatment alternatives address septic systems 
that contribute nitrogen and bacteria to groundwater and have the potential to contaminate nearby 
private wells and affect river (or other surface body) water quality.  
 
Innovative technology and resource management alternatives, such as Permeable Reactive 
Barriers (PRB), attempt to remove nitrogen that has already been introduced into the environment 
from multiple sources.  
 
System alteration alternatives include changes to the hydrology or hydraulics within a watershed, 
such as channel dredging or inlet alteration, to achieve nitrogen removal benefits or nitrogen 
concentration reductions.  
 
Stormwater and green infrastructure alternatives address stormwater runoff from impervious and 
non-impervious areas which can carry pollutants and impair water quality of receiving water 
bodies.  
 
Source control alternatives attempt to eliminate sources of pollutants (nitrogen, bacteria) to the 
environment or reduce the amount of pollutants introduced to the environment.  
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Policy and regulation alternatives attempt to address public health and nitrogen issues through 
the creation of new Town bylaws or other regulatory mechanisms.  
 
Finally, public infrastructure alternatives address public health and nitrogen issues though the 
design and construction of new drinking water or wastewater infrastructure owned and operated 
either by the community or a group of cooperating property owners.  
 
The initial list of alternatives generated through the preliminary evaluation is summarized in Table 
6.1. It includes some alternatives identified in the TMDL, but it was not exclusive to that. The team 
summarized objectives, limitations, applicability and documented successes of each of these 
alternatives.   
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Table 6-1. List of Alternatives Considered for Implementation as Part of Integrated Plan 

Alternative 
Category 

Alternative 
Public 
Health 

Benefits 

Nitrogen 
Removal 
Benefits 

Other 
Benefits 

Wastewater Treatment Innovative/Alternative (I/A) incentives ṉ ṉ  

Wastewater Treatment Denitrification incentives  ṉ ṉ  

Wastewater 
Treatment/Policy 

Denitrification requirement for new 
construction 

ṉ ṉ  

Wastewater Treatment Cluster treatment system ṉ   

Wastewater Treatment Cluster treatment system with denitrification ṉ ṉ  

Wastewater Treatment 
Cluster treatment system with denitrification 
and irrigation reuse  

ṉ ṉ ṉ 

Public Infrastructure/ 
Wastewater Treatment 

Public sewer infrastructure ṉ ṉ ṉ 

Public Infrastructure Public water infrastructure ṉ  ṉ 

Innovative/ Resource 
Management 

Permeable reactive barriers (PRBs)  ṉ  

Innovative/Resource 
Management 

Aquaculture  ṉ ṉ 

Policy/ Regulation Zoning ṉ ṉ  

Policy/ Regulation Regulatory overlay district ṉ ṉ  

System Alteration Channel dredging  ṉ  

System Alteration Inlet alteration  ṉ  

System Alteration Culvert design and improvements  ṉ  

System Alteration Tributary water improvements  ṉ ṉ 

System Alteration Constructed wetland in river tributary   ṉ ṉ 

System Alteration 
Constructed wetland in river tributary with 
barrages/permeable reactive barriers 

 ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Stormwater wetland, detention/retention pond   ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Bioretention, rain gardens for existing 
impervious area runoff 

 ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Bioretention, rain gardens for new impervious 
area runoff 

 ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Porous pavement for existing impervious 
area runoff 

 ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Vegetative buffer strips, swales for existing 
impervious area runoff 

 ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Vegetative buffer strips for agricultural land 
use 

 ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Agricultural stormwater management 
practices 

 ṉ ṉ 

Stormwater/ Green 
Infrastructure 

Other agricultural practices  ṉ ṉ 

Source Control Fertilizer reduction (Agricultural)   ṉ ṉ 

Source Control Fertilizer reduction (Residential)   ṉ ṉ 

Source Control Reduce Water Use  ṉ ṉ 

Policy/ Regulation N Trading within sub-watersheds  ṉ  

Policy/ Regulation Open Space Planning ṉ ṉ  

Policy/ Regulation Growth/Development Planning ṉ ṉ  

Policy/ Regulation Nitrogen Credit Land ṉ ṉ  
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6.2 STAKEHOLDER-SCREENED LIST OF ALTERNATIVES  

The initial list of alternatives was updated following a stakeholder workshop where alternatives 
were discussed and vetted. Some original alternatives were eliminated (e.g. cluster systems 
without denitrification, aquaculture, dredging, inlet alteration). Others were added or modified (e.g. 
various zoning initiatives).  Alternatives were screened based on their potential effectiveness in 
terms of providing one or multiple benefits and their applicability within Westport. In general, 
alternatives which posed significant regulatory or permitting challenges such as system alteration, 
were eliminated due to practicality. Others, such as cluster systems without de-nitrification were 
determined unsuitable for the water quality purpose of the Plan. Alternatives were not screened 
based on their estimated implementation costs. The screened alternative list is presented below: 

¶ Title V upgrades 

¶ Denitrification incentives for existing systems 

¶ Denitrification regulatory overlay 

¶ Denitrification for new construction (rural services district) 

¶ Cluster system with denitrification 

¶ Cluster system with denitrification and irrigation reuse 

¶ Public sewer infrastructure 

¶ Public water infrastructure 

¶ Permeable reactive barriers (PRB) 

¶ Barrages/constructed wetland 

¶ Vegetative buffer strips for agriculture 

¶ Green infrastructure (in coordination with MS4 requirements) 

¶ Fertilizer reduction  

¶ Public education initiatives  
 
The team acknowledged the Townôs likely incremental implementation approach, and 
subsequently broke these alternatives out into tiers representing prioritized implementation 
actions.  Further description of the tiered approach is provided in Section 7. 
 
6.3 POTENTIAL NITROGEN REMOVAL EFFECTIVENESS OF ALTERNATIVES 

The MEP Report calculated nitrogen loading rates based on land use for individual 
subwatersheds. The team updated nitrogen loading rates using current land use, agricultural 
practices, septic records and buildout estimates as described in Section 4. Estimates of nitrogen 
removal efficiencies of screened alternatives were determined from research, published values 
and relevant case studies. Bacteria removal efficiencies to compare to existing bacteria TMDLs 
referenced in Section 3.2.3.2 are not as easily estimated within the MEP model framework; 
therefore, alternatives that address the bacteria and public health concerns are quantified in later 
sections based on the number of contaminated wells that can be mitigated, with the assumption 
that these alternatives  produce bacterially safe effluent that discharges to the waterbodies. This 
section will focus on the nitrogen removal efficiencies calculated through the model. 
 
Estimated feasible implementation levels for alternatives were determined based on engineering 
judgement and practicable goals for the Town of Westport. These implementation levels are not 
meant to be binding target values but were chosen to determine a realistic estimate of potential 
nitrogen removal benefits that could be achieved. For alternatives related to wastewater 
treatment, implementation levels were determined to ensure that the same septic systems were 
not addressed by multiple wastewater treatment alternatives which would cause an 
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overestimation of nitrogen removal benefits. Table 6.2 summarizes the estimated nitrogen 
removal efficiencies and recommended implementation levels for selected alternatives used to 
estimate potential nitrogen removal benefits. As a conservative assumption, areas of the 
watershed in other towns (Dartmouth, Freetown, Fall River, Tiverton, Little Compton) were not 
considered applicable for implementation of alternatives as these areas are not controllable by 
the Town of Westport. 

Table 6-2. Estimate of Nitrogen Removal Benefit and Recommended Level of 
Implementation for Potential Alternatives 

Alternative 

Nitrogen Removal Effectiveness 

used for Evaluation of Nitrogen 

Removal Benefits 

Recommended Level of 

Implementation used for 

Evaluation of Nitrogen Removal 

Benefits 

Title V upgrades* 

Å 25% removal of wastewater nitrogen 

load, corresponds to anticipated effluent 

nitrogen concentration of 26.25 mg/L 

Å as implemented by regulation as 

older systems fail, property 

ownership changes 

Denitrification incentives for 

existing systems 

Å 66% removal of wastewater nitrogen 

load, corresponds to anticipated effluent 

nitrogen concentration of 11.81 mg/L 

Å as implemented through existing 

loan program 

Denitrification regulatory 

overlay district 

Å 66% removal of wastewater nitrogen 

load, corresponds to anticipated effluent 

nitrogen concentration of 11.81 mg/L 

Å convert all septic systems 

installed prior to 1995 that 

intersect the overlay district zone  

Denitrification for new 

construction (rural services 

district) 

Å 66% removal of wastewater nitrogen 

load, corresponds to anticipated effluent 

nitrogen concentration of 11.81 mg/L  

Å100% of new developments 

south of Route 177 

Cluster treatment system 

with denitrification 

Å 66% removal of wastewater nitrogen 

load, corresponds to anticipated effluent 

nitrogen concentration of 11.81 mg/L  

Å 36 septic systems in The Let 

area 

Cluster treatment system 

with denitrification and 

irrigation reuse 

Å 66% removal of wastewater nitrogen 

load, corresponds to anticipated effluent 

nitrogen concentration of 11.81 mg/L 

Å 51 septic systems in the 

Cadman's Neck area 

Public sewer infrastructure 

Å 95% removal of wastewater nitrogen 

load, accounting for some exfiltration to 

groundwater 

Å Phase 1 sewer implementation 

from 2004 CDM report 

Permeable reactive barriers 

(PRBs) 

Å 80% removal of wastewater, lawn 

fertilizer and impervious nitrogen load 

within capture zone 

Å three pilot implementation areas 

Barrages/constructed 

wetland 

Å nitrogen removal could be highly 

variable and would require additional 

hydraulic/hydrologic analysis 

Å preliminary concept developed 

for implementation within 

Brookside Conservation Area 

Vegetative buffer strips  
Å 50% removal of agricultural nitrogen 

load from fertilizer, livestock 

Å 50% of agricultural properties, 

including crop and animal loads  

Fertilizer reduction  
Å 95% removal of fertilizer load by 

eliminating source 
Å 50% of residential properties 

*Septic systems within the MEP watershed model are assumed to be functioning Title V systems within an 

effluent nitrogen concentration of 26.25 mg/L. No additional nitrogen removal benefit is assumed for 

upgrading cesspools, failing systems or non-compliant systems to Title V systems as these upgrades are 

already incorporated by the assumption of the watershed model. As noted previously, this represents a 

divergence from the practical effect of improved septic system operation with respect to in-stream pollutant 

concentrations. 
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The team calculated the potential effectiveness of various alternatives using updated nitrogen 
loads from the re-baselined MEP Report, estimated nitrogen removal efficiencies and estimated 
implementation levels. As stated above, these implementation levels are used as a suggested 
implementation target for initial benefits calculations. These assumptions were continually refined 
through the planning process to achieve targets that are attainable in Westport. More detail on 
the methodology for calculating these benefits is included in Appendix C ï Nitrogen Removal 
Benefits Calculation. Note that all septic systems in the original MEP model were assumed to be 
functioning Title V systems with an effluent concentration of 26.25 mg/L based on a study 
conducted by the Buzzards Bay Project National Estuary Program where influent nitrogen 

concentrations were approximately 35 mg/L.
1
 This assumption was maintained when determining 

the updated baseline nitrogen loads. As a result, the nitrogen removal benefits from updating 
failing septic systems and cesspools to Title V systems are already accounted for in the updated 
baseline nitrogen values and no additional nitrogen removal credit is assigned to these upgrades 
in the MEP model. In general, nitrogen removal percentages for various septic treatment systems 
can vary widely depending on the influent nitrogen concentration and the operations and 
maintenance of the systems. Evaluating septic alternatives in terms of effluent nitrogen 
concentration achieved instead of percent nitrogen removal allows for equal comparison for 
alternatives. 
 
Based on the feedback from the stakeholder workshop, the team updated some of the 
implementation assumptions and goals to reflect potential for implementation in Westport. For 
example, based exclusively on a desktop analysis, the team identified a few viable locations for 
cluster systems in areas of greatest need. Feasibility was based on preliminary data for soils and 
parcel land use, as well as density of the proximate neighborhood (contributing households). It 
did not entail an evaluation of the administrative and operating governance issues that will arise. 
Initial benefits are based on these pilot locations and then scaled up to a Town-wide estimate, 
assuming that comparable areas of development density and compromised groundwater quality 
would be candidate locations. Individual septic-based alternatives ï Title V upgrades, 
denitrification for existing and new construction ï are further developed with the goal of 
maximizing benefits while creating programs that are likely to be successful. Since there are many 
septic systems in Town that are from before 1995, and not Title V compliant, one alternative 
involves developing a regulatory overlay to sunset these outdated systems to include 
denitrification. Due to the immediacy of nitrogen impacts associated with systems proximate to 
the river (i.e. shorter period of time for nutrient groundwater transport), the overlay is designed to 
achieve near term results for purposes of measuring in-stream benefits of the program that would 
be assessed through the adaptive management approach. Further information regarding 
formulation of the overlay zone is provided in Section 8. 

 

6.4 FUTURE DEVELOPMENT OF DENITRIFICATION TECHNOLOGY 

At the time this Plan was prepared, MassDEP has issued General Use Certifications for the 
following technologies to achieve Denitrification to varying levels of Effluent Total Nitrogen Load: 
 

¶ Recirculating Sand Filter (non-proprietary) 25 mg/L TN 

¶ Ruck up to 2,000 GPD 19 mg/L TN 

 
1
 Costa, J.E, G. Heufelder, S. Foss, N.P. Millham, and B. Howes. 2002. Nitrogen removal efficiencies  

of three alternative septic technologies and a conventional septic system. Environment Cape Cod 5(1):15-24 
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¶ Advantex 19 mg/L or 25 mg/L TN 

¶ MicroFAST up to 2,000 GPD 19 mg/L or 25 mg/L TN 

¶ Singulair DN 19 mg/L or 25 mg/L TN 
 
MassDEP, Buzzards Bay Coalition and Barnstable County have been working together on a new 
non-proprietary Layer-Cake denitrification leaching area. The system utilizes a sand and wood 
chip mixture beneath a standard Title V leaching area to provide a carbon source in the anoxic 
zone beneath the leaching area to promote further nitrogen removal. A timed dose pressure 
distribution system is added to the leaching area to evenly disperse wastewater. In general, costs 
to construct these systems are less than most proprietary systems. 
 
Preliminary results have shown a strong performance in denitrification. Supporters are hoping 
that these new alternative systems may be approved for General Use by MassDEP once the 
required testing is completed. 
 
Recent installations in the Town of Westport have been approved by the Board of Health and are 
being monitored. The Town should continue to support construction of piloting technologies to 
advance the field of denitrification to provide better effluent quality and more cost-effective 
methods.  
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7 PLAN FORMULATION 

7.1 APPROACH 

The process of reviewing discrete potential projects and formulating a comprehensive plan to 
address Westport's broad ranging goals requires a multi-pronged planning approach. Through 
stakeholder engagement, the team aimed to learn which alternatives are relevant, feasible, and 
supported, and which are not. Through investigating associated benefits, the team looked for the 
alternatives that address multiple goals ï targeting not only nitrogen reduction, but also 
addressing the public health concerns by focusing on contamination in private wells.  An important 
feature of the plan is that it does not necessarily aim to distribute load reductions precisely as 
prescribed by the TMDL.  Rather, it seeks to provide an equivalent end result by distributing load 
reductions more evenly throughout the community to achieve the in-stream target goals, while 
focusing on certain areas of known criticality.  Selected alternatives are varied in project type as 
well; in addition to purely structural alternatives, this plan looks at alternatives that would increase 
community engagement and public education, and that were focused on economic growth and 

long-term sustainability.  
 
There are many alternatives that can achieve the Town's goals with varying levels of potential 
effectiveness and cost. The team wanted to be cognizant of the uncertainty inherent in any 
pollution reduction measure by developing a plan that can be adaptively managed and updated 
with new information as it becomes available.  The resulting proposed plan is organized into a 
tiered approach. Projects that fit the goals and framework stated above, that make progress 
toward the TMDL load levels, and that garnered stakeholder support, are recommended as a 
suite of alternatives to implement in the near term.  Through monitoring the results of those first 
implemented alternatives, the Town will be equipped with a more detailed understanding of the 
benefits, limitations, and costs for each.  The Town will use this information to inform future 
phases of the implementation plan, ensuring that the resulting plan will yield cost-effective results, 
and that it will continue to be well suited to meeting Westportôs goals. 

 

7.2 INITIAL ARRAY OF ALTERNATIVES  

Section 6 summarizes the evaluated alternatives. The team reviewed the feasibility of all the 
alternatives and screened out, or de-prioritized, less technically or administratively feasible 
alternatives. Stakeholder engagement guided an understanding of how the Town of Westport 
would implement each project. Using this information, the team developed a final list of potential 
projects that merited further evaluation. These are listed in Table 7-1. 
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Table 7-1. Condensed List of Alternative Projects and Programs 

Category Alternative 

Benefits 

Nitrogen 

Reduction 

Public 

Health 

Benefits 

Other 

(Economic, 

Resilience, 

Aesthetic, 

etc.) 

Wastewater Treatment Title V upgrades Ű Ű  

Wastewater Treatment 
Denitrification incentives for 

existing systems 
Ű Ű  

Wastewater Treatment 

and Policy 

Denitrification regulatory overlay 

district 
Ű Ű  

Wastewater Treatment 

and Policy  

Denitrification for new construction 

(rural services district) 
Ű Ű  

Wastewater Treatment 
Cluster system with denitrification: 

The Let 
Ű Ű  

Wastewater Treatment 

Cluster system with denitrification 

and irrigation reuse: Cadmanôs 

Neck 

Ű Ű Ű 

Wastewater Treatment 
Additional cluster systems with 

denitrification 
Ű Ű  

Public Infrastructure Sewer: Phase 1A* Ű Ű Ű 

Public Infrastructure Sewer Phase 1B* Ű Ű Ű 

Public Infrastructure Sewer and Water (Phases 2-4) Ű Ű Ű 

Public Infrastructure 
Public water supply development: 

The Let and Route 6 
Ű Ű  

Innovative Technology 
Permeable reactive barriers (PRB), 

pilot installations 
Ű   

Innovative Technology Barrages/constructed wetland Ű Ű Ű 

Stormwater/Green 

Infrastructure 

Vegetative buffer strips, pilot 

installations 
Ű  Ű 

Stormwater/Green 

Infrastructure 
Additional vegetative buffer strips Ű  Ű 

Source Control Fertilizer reduction Ű   

Outreach Public education initiatives   Ű 

* Note: CDM Sewer concept split into two sub-components. Details on Phase 1A and 1B in Section 8.2. 

 
In prior reports focusing on the nitrogen impairments in the East Branch (and specifically the MEP 
Report), wastewater and agriculture were the two major contributors to the high nitrogen loading.  
Widespread sewering was cited as one possible solution. While sewering would significantly 
reduce or remove nitrogen load from sanitary wastes, there are both cost concerns and 
development implications associated with that approach that presented significant concerns to 
the community.  This Plan aimed to look beyond just sewering to determine if other, more cost-
effective alternatives were feasible, and even more so, to recommend a wide range of alternatives 
that could have varying multi-benefits.   

 
Similarly, there are many agricultural practices that contribute to lower nitrogen runoff levels.  The 
Environmental Protection Agency (EPA) recommends some including innovative fertilizer 
management, livestock best practices, infiltration systems, and more. The stakeholders have 
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made it clear, however, that many of these recommended practices are already in use in 
Westport, and that making recommendations to further alter agricultural practices would be 
redundant.  All this information was crucial in developing the narrowed-down list shown in Table 
7-1. Alternatives that both reflected the current state of Westport, and that were wide ranging in 
their benefits, made it into this list for continued evaluation.   
 

7.3 GEOGRAPHIC SCREENING OF ALTERNATIVES 

Developing an implementation plan required determining not only what alternatives could be 
feasible and supported by the Town of Westport, but also where these alternatives could 
reasonably be incorporated in the Town. The team evaluated each of the alternatives in the 
condensed list of those supported by the stakeholders and/or identified by the Town as desirable 
and mapped each one to specific geographic locations in the Town.  Alternatives that had 
compounding benefits for public health and eliminating contaminated wells were proposed for 
locations that had a high density of contaminated wells. Alternatives that intercepted groundwater 
discharges were sited in watersheds with high predicted loads.  Where there seemed to be a 
geographic gap, the team evaluated what alternatives could fill those gaps and how they would 
work in concert with the other alternatives already mapped.  Policy alternatives, like Title V 
upgrades and denitrification incentives, were initially proposed to be Town-wide to share the 
responsibility of reaching the water quality goals across the entire Town.  
 
Figure 7.1 shows an interim work product which illustrates the geographic distribution of 
alternatives that were initially evaluated through this process. Not all of the alternatives in this 
figure were ultimately included in the recommended Tier 1 program.   
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Figure 7.1  Map of Geographical Distribution of Potential Alternatives 

 
While most alternatives on this map ï sewer, PRBs, and cluster systems ï are confined to very 
specific locations, the agricultural vegetative buffer strips are visualized here across the Town, 
anywhere where there is agricultural land.  In principle, these buffer strips could be constructed 
at any agricultural land use boundary transition, and here, potential locations are shown in both 
the East Branch and West Branch watersheds.  The proposed tiering and implementation plan 
shows that initial locations for this alternative should be selected from the areas in Figure 7.1 
based on proximity to the River or other at risk water bodies. Benefits begin with pilot-level 
implementations, and then these assumptions are scaled up to more Town-wide implementations 
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shown here. Since specific farms have not been selected for pilots at this time, Figure 7.1 
maintains a high-level evaluation. 
 
This diverse set of alternatives, in both geographic location and in type of project, addresses water 
quality issues throughout the Town and across all reaches of the East Branch. Those that made 
it onto this map were carried forward through the cost screening phase.  
 

7.4 COST-SCREENING OF ALTERNATIVES 

The alternatives above vary widely in scale, location, and potential levels of implementation, so 
understanding and comparing the costs of each is critical.  The cost information in Table 7-2 is 
used to compare the projects in terms of both absolute dollars and how effective each is at 
achieving the nitrogen reduction and public health goals. Unitized costs are for comparison only. 
These planning level costs are benchmarked to the time period the costs were developed using 
the Engineering News Record (ENR) 20-City Construction Cost Index (CCI) for November 2019. 

Table 7-2. Alternative Projects and Programs Cost Summary* 

Alternative Costs1 Cost Units 

Unitized 

Costs ($/ kg 

N Removed) 

Unitized Costs ($ / 

contaminated well 

Removed) 

Title V upgrades $18,000 Individual system $11,700 Variable 

Denitrification for 

existing systems $21,000 Individual system $11,400 Variable 

Denitrification for new 

construction (rural 

services district) $34,000 Individual system $10,000 Variable 

Cluster system with 

denitrification $1,100,000 Implementation  $8,800 $52,400 

Cluster system with 

denitrification and 

irrigation reuse $1,300,000 Implementation  $7,200 $260,000 

Sewer: Phase 1A $2,510,000 Implementation  $12,000 N/A 

Sewer: Phase 1B $15,990,000 Implementation  $2,700 $204,000 

Permeable reactive 

barriers (PRB), pilot 

installations $6,700,000 

Pilot 

implementation  $15,000 N/A 

Vegetative buffer 

strips2 $300 

Cost per acre-ft per 

year $20 N/A 

Public education 

initiatives Negligible N/A N/A N/A 
1Cost of policy alternatives, such as a nitrogen reduction overlay district, is not reflected in the table as 

a separate element, but cost to individual property-owners is reflected under the denitrification costs for 

individual systems. Administration of the program (discussed elsewhere) would create costs to the Town 

directly. 
2Negligible implementation costs compared to other alternatives; therefore, vegetative buffer strip costs 

are represented as an annual maintenance cost. 
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The non-unitized costs are important for understanding what the Town, either in common cause 
under tax-payer financed projects or individually for private systems, might expect in the near 
term.  However, with such varying levels of implementation, unitized costs, on the basis of cost 
per kg nitrogen removed, were also critical for comparing and selecting projects. This allowed the 
team to compare larger scale alternatives, like sewering, to smaller pilot-scale projects like PRBs. 
While PRBs are generally promoted as a low-maintenance, easily implementable alternative, they 
are shown to have very high upfront costs, and therefore, at this stage, they may not be well 
suited to implementation in Westport. Additionally, PRBs require a sufficient drainage area of 
nitrogen-rich groundwater to intercept, and with the highly developed waterfront along most of the 
East Branch, there are not many ideal locations for implementation. This analysis helped to focus 
Tier 1 alternatives on options that were affordable, allowing for a deemphasis on more logistically 
challenging and/or less cost-efficient projects like PRBs. PRBs consequently were re-prioritized 
as a contingency alternative. 

 
Table 7-2 also presents unitized costs for mitigating public health concerns. While these costs are 
much higher due to the more targeted levels of impact, the role of many of these projects in 
removing contaminated wells cannot be understated.  The compounding benefits of both nitrogen 
and bacteria removal from the East Branch watershed goes beyond the simple dollars per unit of 
impact; it highlights the importance of creating a program that addresses all of the concerns of 
the Town.  
 

7.5 TIERED IMPLEMENTATION OF ALTERNATIVES 

Implementation of this Plan is recommended in tiers: 
- Tier 1: initial recommendations for the Town based on alternatives that garnered 

stakeholder support and have sufficient data to support pilot implementation in the near 
term.  

- Tier 2: expansions/modifications of select Tier 1 alternatives based on monitoring results 
from Tier 1 implementation, carried through the planning horizon. 

- Contingency Tier: alternatives that are held as backup options in the event that projects in 
Tier 1 and Tier 2 do not perform as expected. 

 
The purpose of these tiers, as described earlier, is to allow for a flexible and adaptable program 
that can use the results of early stages to inform future projects. Based on literature reviews, 
discussions with stakeholders, preliminary geographic considerations, and cost effectiveness, the 
specific projects for each tier are organized in Table 7-3 below. 
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Table 7-3. Tiered Alternative Projects and Programs 

Tier Alternative 

1 Sewer: Phase 1A 

1 Sewer: Phase 1B 

1 Cluster System with Denitrification: The Let 

1 

Cluster System with Denitrification and Reclamation: Cadmanôs 

Neck 

1 Nutrient Reduction Regulatory Overlay District 

1 Vegetative Buffer Strips, Pilots 

1 Public Education & Outreach 

1 Denitrification for New Construction (Rural Services District) 

2 Sewer and Water (Phases 2-4) 

2 Additional Treatment Cluster Systems 

2 Additional Vegetative Buffer Strips 

Contingency Permeable Reactive Barriers (PRB): Pilot 

Contingency Barrages and Constructed Wetlands 

Contingency Public Water Supply Development, the Let and Route 6 

Contingency Enhanced MS4 Program, Green Infrastructure 

 

7.6 ASSESSMENT OF EFFECTIVENESS 

7.6.1 Current Conditions ï Water Quality Goals and Public Health Improvements 

Tier 1 recommends specific project installations or program implementation throughout the Town. 
The team evaluated sites for location-specific alternatives and predicted the success rates of 
more policy and Town-wide alternatives to develop more specific estimated benefits for each 
alternative. Combined, the Plan aims to estimate the short-term benefits of the recommended 
suite of Tier 1 alternatives across the entire East Branch. Figure 7.2 estimates projected nitrogen 
load-based reductions for each of the Tier 1 alternatives in sequence, showing the predicted initial 
nitrogen reduction across the East Branch as compared with the TMDL. Tier 1 is just the initial, 
pilot scale, implementation of this Plan; therefore, it is not meant to achieve the TMDL alone. The 
initial progress demonstrated here ï projected for the first five to ten years ï lays the groundwork 
for the Town to continue implementing projects moving forward, continually addressing remaining 
loading as the plan progresses.  
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Figure 7.2  Estimated Nitrogen Load Reduction for Tier 1 Alternatives (Initial 5-10 Years) 

 
While Figure 7.2 above and the other waterfall charts in this section show a remaining load to be 
removed, that should not be interpreted that the incremental measures are ineffective or 
insufficient. The remaining load is, of course, a function of how much is accomplished to reduce 
the load, but it is also a function of the model and the original MEP analysis that set the baseline 
condition. As we can see from Figure 4.3, at 8 of 11 sampling stations where MEP data is 
available, the riverôs TN concentrations are already below the MEP data. The 2018 and 2019 
sampling at critical stations show that trend to continue. In fact, in the lower estuary the TMDL 
target is being met today. These water quality results demonstrate the success of the current 
regulatory environment administered by the Board of Health, Planning Board and Conservation 
Commission pertaining to wetland regulations, stormwater management, and Title V.  Continued 
support of these regulations is contributing to development of actions making a measurable 
difference in river water quality.  
 
Also, the inherent model characteristics may always produce a shortfall when we itemize potential 
load reduction benefits from given measures, because in the East Branch only 56% of the 
watershed is within the town of Westport so nothing being generated from the 44% is being 
affected by the actions the Town can take. While that 56% of the watershed produces 66% of the 
load, the model will always show a shortfall even if the entire 66% were addressed. Further, based 
upon current work by Woods Hole Oceanographic Institute and the Marine Biological Laboratory 
on Cape Cod water bodies regarding reduced nitrogen deposition from air sources, it is likely that 
the atmospheric nitrogen deposition is reducing here as well. That also contributes to the apparent 
discrepancy between the model output and the river observations. 
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In short, the use of the original MEP model allows direct comparison of forecasted benefits. 
Measures recommended in the report have proven effectiveness and should be implemented 
despite the resulting forecasted TMDL goal shortfall. As the recommendations get implemented 
river quality must continue to be measured to quantify the actual in stream benefits. 

 
Figure 7.2 breaks out the first recommended phase of sewering into two components: a 
preliminary first action step, Phase 1A, and then the rest of the recommended Phase 1 sewer 
concept as introduced in the 2004 CDM Report. That balance of Phase 1 is hereafter referred to 
as Phase 1B to distinguish it from Phase 1A. More detail on what is included in the Phase 1A 
sewer concept is included in Section 8.2. 
 
These first steps allow the Town to make subsequent decisions based on the observed 
effectiveness of these initial actions. It is possible that not all alternatives will perform as 
estimated, and that observed effectiveness may vary from assumptions.  This tiered plan aims to 
address these uncertainties, allowing the Town to flexibly choose subsequent paths of action that 
align with its goals and with the measured effectiveness and affordability of this first tier of 
implementation.  

 
In addition to the nitrogen benefits, Tier 1 alternatives have significant impacts on the public health 
concerns through mitigating contaminated wells. Table 7-4 provides a summary of the public 
health benefits that can be achieved through this same suite of alternatives. These alternatives 
can address known wells with bacteria/nitrate contamination in various ways; sewering and 
cluster systems will remove large quantities of septic systems from service, which will remove the 
risks associated with poorly performing septic systems or septic systems situated too close to 
water supplies.  Septic upgrades ï both to compliant Title V or to denitrification, will ensure that 
remaining septic systems are performing adequately and minimize contamination from in-service 
septic systems into drinking water sources.   
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Table 7-4. Summary of Public Health Benefits 

Alternative 

Estimated Number of 

Contaminated Wells 

Addressed (in Tier 1) 

Sewer: Phase 1B 78 

Cluster Systems (Cadmanôs Neck; The Let) 24 

Denitrification Regulatory Overlay District 55 

Title V Upgrades  20 

Total (without Sewer: Phase 1B) 99 

Total (with Sewer: Phase 1B) 177 

Current Number of Contaminated Wells 200 

 

7.6.2 Monitoring and Tier 2 Phasing 

An integral component of this Plan is the framework for quantitatively measuring the actual 
impacts of each of these alternatives to determine their real effectiveness. Initial alternative 
evaluations and program development have been based primarily on modelled presumption of 
benefits from reduced nitrogen export. While the projected benefits in Figure 7.2 and Table 7-4 
are compelling, the success of this Plan hinges upon actual realized in-stream water quality 
benefits, not just the modelled benefits. In order to determine if implemented alternatives are 
achieving the anticipated benefits, a monitoring program must be designed to track and evaluate 
success of respective projects/programs. The plan recommends the following strategies for 
monitoring the actual benefits of each Tier 1 project: 

¶ In-stream sampling: continue to partner with existing groups such as the Westport River 
Watershed Alliance (WRWA) and Buzzards Bay Coalition (BBC) to continue river 
monitoring at existing sampling stations for parameters of concern. 

¶ Private well monitoring: continue reviewing private well monitoring reports to track 
changes of bacteria and nitrogen presence in private wells.  

¶ The Town may also choose to install and monitor groundwater monitoring wells 
proximate to known contaminated well ñhot spotsò for long-term monitoring of 
groundwater quality. Groundwater sampling downstream of cluster systems (if 
constructed) is also recommended. 

¶ Targeted sampling: develop programs to sample nitrogen levels directly up- and 
downstream of vegetative filter strips and other treatment installations to derive more 
updated values for their removal efficiencies in Westport.  

 
A finalized sampling and analysis plan for the comprehensive program should be developed to 
specify analytical parameters based on receiving waters, sampling frequency and other elements. 
Through these recommended monitoring strategies, the Town will collect valuable information on 
the performance of implemented alternatives. Over time, the Town will be able to track the 
progress of nitrogen reduction in the river, as well as estimated contributions from individual or 
categories of the implemented projects.  This data will inform Tier 2 of the Plan, which will continue 
to make progress in reducing nitrogen and mitigating public health concerns. Figure 7.3 
demonstrates an example path for Tier 2 implementations, representing the later years of this 
Plan. The framework presumes that successful Tier 1 alternatives at the initial implementation 
levels ï sewering, vegetative filter strips, clusters, etc. ï are expanded across more of the Town, 
and larger benefits are realized over the 20 ï 40 year planning horizon. The cumulative benefits 
from Tier 1 are included, and Figure 7.3 shows how continued implementation will increase 
benefits.  
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Figure 7.3 Estimated Nitrogen Load Reduction for Tier 2 Alternatives (20-40 Years) 

 
The values shown here are just one path for reaching the Townôs goals and getting closer to the 
TMDL. The path for making these decisions is described below.  

 

7.6.3 Buildout Conditions - Water Quality Goals and Public Health Improvements 

One goal of Tier 2 is to build off the successes and possible shortcomings of Tier 1, continuing to 
address both nitrogen loads into the river and any outstanding public health concerns.  Another 
is to target buildout and future loads. The Plan recommends evaluating policies to address new 
construction and updated zoning that reflects any changes or growing character of the Town. 
While many sources of buildout are still unknown, Westport can be proactive in addressing 
projected buildout loads by incorporating policies in line with Tier 1 plans regarding septic 
maintenance and denitrification. Mandating or encouraging denitrification for new construction is 
one proactive step the Town can take to address new loads as they are introduced into the 
system. Figure 7.4 is a modification of the potential Tier 2 benefits in Figure 7.3 to include buildout 
and this one prescribed buildout-focused alternative.  
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Figure 7.4 Estimated Nitrogen Load Reduction for Tier 2 Alternatives Including Buildout 

(20-40 Years) 

 
The blue bar represents the maximum projected buildout in line with the buildout strategies 
discussed previously. Directly to the right, the new alternative labeled ñDenitrification for New 
Constructionò addresses 39% of this projected buildout load in the East Branch subwatersheds, 
which is a significant portion to mitigate with one proposed alternative. This reduction percentage 
is not as large as the nitrogen removal percentage achievable for an individual system partially 
because some of the buildout in the East Branch subwatersheds is outside of Westport and also 
because buildout loads include nitrogen loading from new impervious area and fertilized lawn 
area which is not addressed by denitrification systems. The remaining load not addressed by 
buildout or any of the Tier 1 alternatives, depicted as the red difference labeled ñremaining,ò will 
be addressed with further implementations from Tier 2. The red bar of the remaining extra nitrogen 
load is larger in this figure than Figure 7.2 since it includes the unaddressed buildout load. 
However, this strategy allows the Town to be proactive, while also taking the time to determine 
best practices and the scale of buildout over a given timeframe before implementing projects. 
Note as well that the ñbuildoutò load in reality will not be created in its totality at a single point in 
time.  There is no timeframe associated with achieving full buildout, and it may never even be fully 
realized, since it is an upper limit. There are many variables associated with the development and 
buildout process that cannot be predicted, and this analysis of buildout loads aims to just show 
the capacity for this new construction denitrification alternative to address a portion of any future 
buildout that does occur. 
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7.7 FUTURE ADAPTATION AND CONTINGENCY PLANS 

The following subsections review anticipated adaptations in the Plan.  There are many decision 
points where the Town will have the flexibility to adjust the current framework to address actual 
conditions.  This Plan does not contain prescribed steps for Tier 2 implementation; it instead 
recommends potential paths forward based on the data collected through monitoring Tier 1 and 
based on buildout developments.  Potential alternatives to implement in Tier 2 are summarized in 
Table 7-5. 

Table 7-5. Tier 2 Projects/Program Summary 

Tier Alternative 

Benefits 

Nitrogen 

Reduction 

Public 

Health 

Benefits 

Other 

(Economic, 

Sustainability, 

Resilience, 

Aesthetic, etc.) 

2 Zoning (further development controls)  ṉ ṉ ṉ 

2 Sewer and Water (Phases 2-4) ṉ ṉ  

2 

Additional Treatment Systems 

(Cluster systems, etc.) 
ṉ ṉ 

 

2 Additional Vegetative Buffer Strips Ű  Ű 

 
These recommendations are largely built off Tier 1.  Depending on the success of Tier 1 cluster 
systems and scale or failure to implement sewering, the Town may continue to sewer more of the 
Town or continue to expand cluster implementations.  Tier 2 will be largely implemented as a 
decision tree, like the one shown in Figure 7.5, by selecting subsequent projects based on the 

progress the Town makes in Tier 1. 
 

 
Figure 7.5. Decision Tree for Implementation Plan 

 
Beyond Tier 2 projects, the Plan also designates some projects as ñcontingencyò level projects. 
This means that they may not build directly off the results of Tier 1; however, they can fit into the 
decision tree above if initial projects do not perform as anticipated.  The following projects are 
categorized as contingency projects: 

¶ Permeable Reactive Barriers (PRB): Pilot 

¶ Barrages/Constructed Wetlands 

¶ Public Water Supply Development, the Let and Route 6 
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The following sections summarize how each of these contingency projects could be incorporated 
into the Plan based on monitoring results from Tier 1 and Tier 2. 
 

7.7.1 Permeable Reactive Barriers (PRB): Pilot 

PRBs likely represent the alternative with the most uncertainty in this Plan.  While they have been 

successfully implemented in several communities on Cape Cod
2
 and the surrounding areas, there 

are still questions of cost, efficiency, and applicability in Westport. Depending on the successes 
of the other projects in Tier 1, PRB pilots can be considered for similar data collection. If they 
prove to be successful, and cost effective, then they can be expanded and implemented more 
widely.  
 

7.7.2 Barrages and Constructed Wetlands 

Barrages and constructed wetlands work to enhance natural attenuation of nutrients like nitrogen 
and would be a feasible alternative to address high nitrogen loads already in the river system. 
Barrages are dams or shallow dikes in tributary streams that divert low flows into constructed 
wetlands for treatment. If the nitrogen and bacteria sources have been significantly mitigated, but 
there are still high in-stream concentrations measured, the Town can turn to projects like barrages 
and constructed wetlands to improve nitrogen attenuation and processing. For example, 
tributaries like Bread & Cheese Brook, which have high nitrogen concentrations, could be a good 
candidate for this type of project. 

 

7.7.3 Public Water Supply Development, the Let and Route 6  

The overarching goals of this plan are to address nitrogen and bacteria concerns in the East 
Branch of the Westport River. Sewering has been identified as one way to address both of these 
concerns.  Past sewer investigations also included the simultaneous introduction of a public water 
system to the same areas.  However, this is not explicitly recommended here because it does not 
directly achieve any of the targeted goals of the Plan.  Introducing a public water supply to areas 
that see high contamination levels in their drinking water wells could alleviate some of the resulting 
public health issues; however, sewering those areas, and therefore removing the septic loads that 
cause the well contamination, also achieves this goal.   
 
While introducing public water and sewer have redundant benefits, this Plan recommends 
evaluating the future economic and resilience benefits of public water along Route 6 during sewer 
construction in that area.  The economic benefits realized by sewering will likely be magnified by 
also including water.  Similarly, over time, coastal climate change impacts including flooding and 
saltwater intrusion could put wells near the waterfront at risk. The introduction of public water 
could mitigate these future climate impacts. Therefore, the Town should consider taking the steps 
to set up this connection and relationship at the same time as sewer construction; that way, if 
public water becomes more desirable in the future, the Town will be ready to implement without 
needing to tear up its streets again. 

 
2
 CDM Smith. ñTechnical Memorandum No. 5b: Preliminary Design for the Three Potential Sites Selected 

for the Permeable Reactive Barrier (PRB) Demonstration Project ï FINAL.ò Falmouth, MA, PRB 

Committee, 16 Dec. 2013. 
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There may also be significant economic benefits to introducing a public water supply to the Let, 
which is an area currently recommended for implementing a Tier 1 cluster system.  This water 
supply contingency plan is aimed also to mostly address public health concerns in that part of 
Town; depending on how the cluster system performs, introducing public water to the Let could 
contribute additional benefits. These could be smaller capacity community wells with water district 
management, not cross-town water main extensions from adjacent communitiesô public supplies. 
 

7.7.4 Enhanced MS4 Program, Green Infrastructure 

Only a small portion of the Town is technically subject to jurisdiction under the National Pollutant 
Discharge Elimination System (NPDES) Municipal Separate Storm Sewer System (MS4) General 
Permit.  Nevertheless, the benefits associated with elements of that program, particularly with 
respect to public education and outreach, can be leveraged within the broader IP program and 
implemented Town-wide.  Other elements of the program, such as those relating to new and re-
development design standards and development of policies to optimize green infrastructure and 
low-impact design, are entirely compatible with the objectives of the IP. These issues will be 
further evaluated by the Town in the course of MS4 program implementation.  

 

7.8 BENEFITS AND UNCERTAINTIES OF THE PLAN 

This tiered implementation plan affords Westport the flexibility to select alternatives and 
implementation levels that are best suited to progressing towards the TMDL, while also 
addressing public health concerns.   The focus on monitoring, data collection, and phased 
implementation aims to create a more affordable plan that has support from the Town and its 
stakeholders and is not just focused on single-stream or common solutions. 
 
To maintain flexibility, and to ensure that implemented alternatives remain relevant to Westport, 
the Planôs framework focuses on using current conditions and implementation success to select 
future actions. This strategy grants the Town the flexibility to reflect upon monitoring data results 
and continue implementing strategies that are producing the best results. This path to find the 
best solutions for Westport may not always be straightforward; however, with the built-in flexibility, 
and the varying array of alternatives, the intent is to have the resources and the wide berth of 
options to address any level of success realized in the early stages of this Plan. 

 

7.9 SUMMARY 

There are a few key takeaways that should be noted from the development of this proposed plan: 
¶ While nitrogen reduction is one of the major goals of this report, the plan was developed 

with a focus on achieving multiple goals - nitrogen reduction, public health benefits, 
economic growth, sustainability, etc.; 

¶ In addition to multiple goals, the Plan also emphasizes implementing a variety of 
alternatives to distribute the load reductions both in terms of geography and methodology; 

¶ The tiered approach gives Westport the flexibility to adapt to projects that are the most 
well suited to the character of the Town; 

¶ A focus on monitoring and assessment will inform future implementation stages of the 
Plan; and, 
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¶ While there are areas of uncertainty or potential for projects to not perform as anticipated, 
the wide range of potential projects both in Tiers 1 and 2, and also in the Contingency 
category, aims to reduce any of these inherent risks.  
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8 CONCEPTUAL DESIGN 

8.1 DESIGN DEVELOPMENT  

In addition to the longer term program to address nutrient reduction, this IP will serve as a near 
term action plan around which complementary tasks can be enacted to incrementally advance 
overall community objectives. The purpose of this section is to provide preliminary thoughts with 
respect to several of the most likely near-term actions recommended in this plan.  Specifically, 
the section outlines the following: 
 

¶ Initial phase of sewer extensions in the northern business district (Phases 1A and 1B)  

¶ The potential extent of the nutrient reduction overlay district; 

¶ Possible cluster septic system for Cadmanôs Neck and The Let 

¶ Recommended locations for vegetative buffer strips  
 

8.2 SEWER PHASE 1A AND PHASE 1B 

The Town commissioned an engineering consulting firm (CDM) to perform a preliminary 
evaluation and feasibility study of sewering a portion of the northern part of the community.  That 
plan was completed by CDM in 2004.  Phase 1 of the plan encompassed the Route 6 area from 
South Watuppa Pond to Westport Factory as well as a short section of Route 177 east of Bread 
and Cheese Brook.  
 
In late 2019, the Town was provided with a $50,000.00 state grant to be used for infrastructure 
improvement.  In consideration of critical concerns for wastewater management along the Route 
6 corridor from the Fall River line to Route 88 in Westport (a portion of the Phase 1 area and 
hereafter referred to as Phase 1A) the Town is moving forward to determine the feasibility of using 
existing infrastructure to accelerate construction of a preliminary Phase 1A sewer extension.  This 
would provide sanitary sewer service to businesses currently constrained from growth due to 
inadequate wastewater disposal options. It is a necessary first step in the realization of more 
comprehensive sewering options for the areas in northern Westport as provided for in this Plan. 
 
The Phase 1A scope of work (to be completed in Winter 2020) includes the following tasks:  
 

1. Preliminary design of: 
a. Approximately 5,000 feet of gravity sewer from the Fall River line along Route 6 

southeasterly to the Route 88 interchange. 
b. A pumping station (and force main) near Route 88. 
c. Capacity upgrade of the pumping station near the Fall River line (if necessary). 

2. Capacity evaluation of the existing private pumping station near the Fall River line.  
3. Gravity sewer will be sized for future flows to the extent practicable. 
4. Pumping stations will be sized for near term flows. 
5. The preliminary design will be based upon the April 2004 Route 6 and Route 177 Water 

and Sewer Concept Plan study by CDM and subsequent Route 6 Sewer Extension and 
Economic Development Analysis dated April 2018 by SRPEDD.  

The Town intends to pursue various grants or loan opportunities to bring the design to 100% 
bidding documents and ultimately construction.  In the course of that effort, the Town will also be 
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exploring the challenges of long-term administration, operation and maintenance of this sewer 
and potential sewer extensions as proposed in the IP. 

Phase 1B is the balance of the plan described by CDM as Phase 1. This complete phase is 
recommended for implementation within the first 5 ï 10 year period of program execution.  Further 
detail on schedule will be considered upon successful completion of Phase 1A. Figure 8.1 
presents the approximate areas encompassed in Phase 1A and 1B. 

Figure 8.1. Phase 1A and Phase 1B Sewer Boundaries 
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8.3 NUTRIENT REDUCTION OVERLAY DISTRICT 

The nutrient reduction overlay district is a defined area where cesspools and septic systems 
installed prior to 1995 will be required to upgrade to denitrification septic systems within a certain 
timeframe, preliminarily proposed to be 5-10 years. Septic systems installed prior to 1995 are 
non-Title V compliant and are more likely to be failing or towards the end of their useful life. These 
systems should be prioritized for improvements. In recommending a boundary for this overlay 
district, we considered the following: 

1. The boundary should not include areas that may be addressed by other wastewater 
alternatives such as public sewer.  

2. The boundary should be set to prioritize areas where septic system improvements are 
anticipated to result in significant reductions to in-stream nitrogen concentrations in a 
reasonably short amount of time.  

3. The boundary should be set to include a significant number of cesspools and aging septic 
systems while not placing an unnecessary and unrealistic burden on individual 
homeowners.  

 
To address the first item, the team removed all of the areas north of Route 177 in Town, as these 
areas are candidates to receive public sewer extensions in the future. In addition, the overlay 
district is envisioned to accommodate neighborhoods or discrete geographic areas that opt to 
communally address wastewater disposal needs through implementation of a cluster or shared 
system (see Section 8.4). The overlay may serve, in fact, as an incentive to encourage a 
communal approach which is generally less expensive per household, and more logistically 
practicable given the small lots and development density along the River. 
 
Estimating in-stream nitrogen improvements over time requires an understanding of groundwater 
travel and transport rates in the areas surrounding the River. Septic systems discharge nitrogen 
into groundwater that travels eventually to the Westport River or its tributaries causing increases 
in the nitrogen concentration within the River. Several factors impact the speed at which 
groundwater travels towards a receiving water body, including the hydraulic conductivity of the 
soil it is traveling through and hydraulic gradient of groundwater which drives the flow. 
Groundwater travels faster through soils with higher hydraulic conductivity which is a physical 
property that measures the ability of the material to transmit fluid through pore spaces. Nitrogen 
discharged from septic systems located far away from a receiving water body will generally take 
longer to reach the receiving water body, but this is not always the case depending on the 
hydraulic gradient and hydraulic conductivity of subsurface soils.  
 
The team used the USGS data reference depicted in Figure 8.2 to evaluate subsurface soil 
deposits in Westport. This reference indicates several areas within Westport where soils have 
higher hydraulic conductivity, including areas of northern Westport and areas along the East and 
West branches of the Westport River. The areas directly adjacent to the East and West branch of 
the Westport River are recommended as the areas where septic improvements should be 
prioritized through a nutrient reduction overlay district. These areas are not only located closer to 
the River resulting in shorter travel distances to the receiving water body and less opportunity for 
natural uptake/attenuation, but also have the most transmissive soils indicating faster travel of 
groundwater and subsequent impact to water quality in the River. Septic improvements in these 
areas are anticipated to show a measurable reduction in river nitrogen concentrations in a short 
amount of time.  
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Figure 8.2. Subsurface Soil Conditions with Colored Areas Indicating the Most 
Transmissive Soils Reference 

 
Finally, an important goal of this overlay is to reduce the hazards with contaminated drinking water 
wells; Table 8.1 shows a comparison of the varying benefits for the various offset distances 
evaluated, including the number of private wells with contamination issues that would be protected 
by this overlay. Starting at the 1,000 ft buffer distance, a significant number of wells are 
addressed. There are significantly diminishing returns after the 2,500 ft distance.  
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Table 8-1. Potential Benefits for Varying Offset Distances for Denitrification Overlay 
District* 

Offset 
distance 

from River 
edge (feet) 

Total septic 
system 
parcels 

intersecting 
offset zone 

Estimate of 
pre-1995 

septic system 
parcels 

intersecting 
offset zone 

N removal assuming 
denitrification for 

estimate of pre-1995 
septic system 

parcels intersecting 
offset zone (kg/year) 

Private wells 
with 

contamination 
issues 

intersecting 
offset zone 

Existing 
Cesspools 

intersecting 
offset zone 

100 543 294 1125 0 3 

500 985 534 2043 39 17 

1000 1444 779 2976 71 55 

2000 1946 1044 3957 79 69 

2500 2108 1132 4277 84 77 

5000 2901 1555 5763 92 97 

*Note: Benefits calculated are inclusive of the proposed cluster system pilots discussed in Section 8.4 which 

otherwise fall within this delineated overlay.   
 
Based on investigations into future wastewater disposal options, soil transmissivity, and private 
well impacts, a 2000-ft offset buffer from the edge of the East and West branches of the Westport 
River is recommended as the overlay district boundary. This encompasses areas of Westport with 
the most transmissive soils and the greatest proximity to the impaired receiving water body. Figure 
8.3 compares the proposed overlay district (left) with locations of the most transmissive soils 
indicated by colored areas (right). It also shows that the nutrient reduction overlay district 
encompasses many private wells with documented contamination from bacteria or nitrates that 
could potentially be mitigated by septic system improvements.  
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Figure 8.3. Proposed Denitrification Overlay District (left) Compared to Subsurface Soil 
Conditions with Colored Areas Indicating the Most Transmissive Soils (right) 

 
This proposed overlay district is a recommendation that may be modified to reduce or increase 
the proposed offset distance from the edge of the River. Table 8.1 summarized the potential 
benefits in terms of number of septic systems, cesspools and private wells potentially addressed 
for varying offset buffer distances from the River. This proposed 2,000 ft buffer district would 
encompass an estimated 1044 septic systems installed prior to 1995 and 69 existing cesspools, 
and it would protect 79 contaminated private wells. This is a proposed framework; development 
of the specific regulatory language, administrative organization and potential variances, etc., must 
be further developed. For instance, the Town may choose to amend criteria for mandatory 
upgrades if system inspection demonstrates adequate performance meeting Title V effluent 
requirements. The manner in which the overlay is administered in tandem with cluster system 
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