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Executive 
SUMMARY 

The goal of this plan is to mitigate water quality 
impairments, restore marine habitats, and bring the coastal 
waters associated with Wellfleet Harbor into compliance 
with the Clean Water Act. The plan is the product of over 
twenty years of planning and engineering studies and 
integrates the approaches developed by the Cape Cod 208 
Water Quality Plan Update. It is based upon a hybrid 
approach that integrates both traditional and non-traditional 
technologies to reduce excessive nitrogen loads. The plan 
prioritizes those technologies that have lower costs, quicker 
results, provide local co-benefits (including jobs), and 
minimize climate impacts. It includes an adaptive 
management plan that provides for a full evaluation of 
emerging nature-based technologies backed up with 
conventional wastewater treatment systems. 

 
The plan includes four phases (five years each) over a 20-year 
period. The first phase includes a downtown sewer, installation 
of a new generation of innovative & alternative (I&A) septic 
systems, the development of a permeable reactive barrier (PRB) 
pilot project along Commercial Street, salt marsh restoration, 
the development of a sustainable shellfish habitat program, 
stormwater retrofits at the Main Street and Route 6 intersection, 
and the construction of a neighborhood-scale wastewater 
treatment plant to facilitate an affordable housing project at 95 
Lawrence Road that will connect to neighboring municipal 
facilities. 

 
The second and subsequent phases call for expansion of these 
strategies based upon performance during the first pilot phase. 
Contingent upon MADEP's approval of the I&A septic technologies 
for "general use" these systems could be installed for all upgrades, 
expansions, new construction, and possibly with real estate 
transfers. The hybrid plan includes contingencies for the 
construction of traditional sewers and a wastewater treatment plant 
to supplement the earlier phases of the plan to meet water quality 
goals. 
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1.0 PURPOSE 
 
Water quality in Wellfleet Harbor is impacted by excessive nitrogen inputs from sewage, 
fertilizers, and stormwater runoff as well as ecosystem losses. This has caused eutrophication of 
coastal waters and the loss of native eelgrass habitat and an increase in what has been locally 
termed “black custard” which represents a threat to the shellfish industry. Precipitation and 
natural sources also contribute nitrogen to the ecosystem. The purpose of this report is to 
identify and evaluate options to manage the nitrogen inputs and to develop a plan to restore 
water quality in the Wellfleet coastal waters. 
 
The Targeted Watershed Management Plan is intended as a planning document to assist the 
town on prioritizing nutrient management strategies and to provide a framework for an 
adaptive management plan as a   guide to developing more site-specific options for the 
implementation of individual projects.    This Plan incorporates both traditional wastewater 
collection and treatment and non-traditional strategies.   It relies upon existing documents and 
past studies and does not include any new field investigations. The document is intended to 
guide the need for additional site investigations and engineering designs. 
 
The overall goals of the plan are as follows: 

• Restoration of Ecosystems & Water Quality Compliance with Clean Water Act 

• Quicker Results Reduced Costs 

• Promote Affordable Housing 

• Maximize Local Co-Benefits Minimize Climate Impacts 
 
The specific objectives of this Targeted Watershed Management Plan are to: 
 

• Compile prior plans and to update them in accordance with the findings of the recent 
Massachusetts Estuary Project (MEP) report, 

• Compare the proposed nitrogen removals against the required threshold levels for Wellfleet 
Harbor established by the MEP report, 

• Identify gaps and overlaps in the collective plans for nitrogen removal, 

• Identify actions that may be helpful in improving the cost-effectiveness of the combined plans, 
Document consistency with the Cape Cod Commission’s 208 Plan Update, and 

• Provide the foundation for a Watershed Permit to be issued by the Massachusetts Department of 
Environmental Protection (DEP). 
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2.0 DATA SOURCES AND METHODS 
This plan is modeled after the approaches and strategies outlined in the Cape Cod 
Commission’s 2015 Cape Cod Area-Wide Water Quality Plan Update (referred to in this report 
as the 208 Plan).  The 208 Plan was certified by the Governor of Massachusetts and approved 
by the U.S. Environmental Protection Agency. 
 
It is vital to acknowledge that this plan is the result of over 10 years of prior work, novel 
demonstration projects and local data collection, without which, many alternative options 
would not have been possible. The plan was developed in coordination with the Wellfleet Clean 
Water Advisory Committee (including members Curt Felix, Richard Wulsin, Fred 
Vanderschmidt, and John Cumbler), and with valuable input from Nancy Civetta (Shellfish 
Constable), Hillary Greenberg-Lemos (Health and Conservation Agent), and Ryan Curley 
(Selectboard Chair) and in consultation with the public and many relevant boards in Town.  It is 
also important to acknowledge the past efforts of prior Comprehensive Wastewater 
Management Committee members and town staff, the pioneering work of George Heufelder of 
the Barnstable County Department of Health and Environment and founder of the 
Massachusetts Alternative Septic System Test Center, and the cooperative assistance provided 
by the Massachusetts Department of Environmental Protection, Provincetown Center for 
Coastal Studies, UMass Boston, USDA and NOAA. 
 
Valuable technical assistance including GIS analyses, Watershed Decis ion Support  
Tool  (MVP) modeling, and advising was provided by the Cape Cod Commission and the 
Massachusetts Alternative Septic System Test Center (MASSTC).  The nitrogen loading 
analyses and estimated reductions are based upon the Cape Cod Commission's Technology 
Matrix that was developed and peer reviewed by representatives of USEPA, MADEP, Cape 
Cod Water Protection Collaborative, The Nature Conservancy, Woods Hole Oceanographic 
Institution, Marine Biological Laboratory, Massachusetts Alternative Septic System Test 
Center, Barnstable County Department of Health and Environment, Buzzards Bay Coalition, 
Cape Cod Commission, and others.  
 
The Town of Wellfleet prepared a Comprehensive Wastewater Management Plan – Interim 
Needs Assessment and Alternatives Analysis Report (2001) and a Draft Comprehensive 
Wastewater Management Plan; Phase II – Alternatives Analysis (2014). The Town of Eastham 
has completed a Needs Assessment (2012). The Town of Truro undertook an Integrated Water 
Resources Management Plan (2012). The Massachusetts Estuary Project (MEP) completed a 
linked model for Wellfleet Harbor including an assessment of existing and threshold nitrogen 
loading rates (2017). Additionally, the Cape Cod Commission formulated a Watershed 
Report for Wellfleet Harbor and the three towns that incorporates the findings of the MEP 
report. Both the Draft Comprehensive Plan and Cape Cod Commission Report contain 
potential traditional and non-traditional strategies for reducing the nitrogen loads that 
are the primary cause for water quality problems. Most recently the Town of Wellfleet 
commissioned GHD to conduct a hydrogeologic evaluation of the town’s transfer site as a 
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potential wastewater treatment and disposal site (2020). 
 
This analysis incorporates information from the Wellfleet Harbor portion of each town’s 
wastewater management and planning reports and more recent watershed plans prepared by 
the Cape Cod Commission. The nutrient loading and load reduction information is based 
on the analyses generated by the Massachusetts Estuaries Project (MEP) and analyzed by 
the Cape Cod Commission as part of the 208 Plan Update efforts. The MEP report is based 
upon water quality data collected during the period 2003 – 2011 and land use analysis as of 
2010. 
 
This report also incorporates the results and findings of several recent and on-going studies 
on Cape Cod and      Long Island, New York. These include evaluations of various shellfish 
propagation and permeable reactive barriers (PRBs) by the towns of Wellfleet, Orleans, 
Eastham, Mashpee, and Falmouth and performance data on a new generation of enhanced 
innovative & alternative (I&A) septic systems by the Barnstable County D e p a r t m e n t  
o f  Health and Environment, the Massachusetts Alternative Septic System Test Center 
(MASSTC) and the Center for Clean Water Technology at Stony Brook University, New York. 
 
Recent performance data and costs associated with the traditional and non-traditional 
technologies were derived from pilot projects in the towns of Wellfleet, Orleans, 
Eastham, Barnstable, and Falmouth as well as Long Island, New York. 
 
3.0 BACKGROUND 
Wellfleet Harbor is the largest coastal embayment on Cape Cod. It is a state-designated 
Outstanding Resource Water (ORW) associated with the Cape Cod National Seashore. It has 
also been designated as an Area of Critical Environmental Concern (ACEC) by the 
Commonwealth of Massachusetts. According to the Cape Cod Commission, the water 
surface of the Bay covers nearly 11,647 acres and approximately 12,322 acres of land 
surface are within the watershed. 
 
According to the 2018 Watershed Report prepared by the Cape Cod Commission the watershed 
is comprised of 5009 parcels, 75% of which are residential.  The average density is 2.5 
acres/parcel.   For modeling purposes, the system has been delineated into seven separate 
subembayments. The land area contributing groundwater and, thus, nitrogen load to each 
subembayment is identified as a separate subwatershed. 
 
The MEP study determined that the water quality in most Wellfleet Harbor subembayments is 
moderately or significantly impaired. So called “controllable” or anthropogenic nitrogen has 
been identified as the principal contaminant from the following sources: septic systems (78%) 
stormwater runoff (9%) lawn and golf course fertilization (9%) landfill (2%), and farm animals 
(2%). 
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It is also interesting to note that when considering all sources of nitrogen (controllable 
and non-controllable) to the estuary, wastewater comprises 42% and direct precipitation 
40% of the total nitrogen loads to the system. Recent research suggests that nitrogen 
concentrations (and loads) from precipitation have been declining (see Figure 1). If these 
reductions in nitrogen loads from precipitation can be maintained via continued 
enforcement of the Clean Air Act (restricting nitrous oxide emissions) this may assist in 
the restoration efforts. 
 
In another study by Agnes Mittameyer from the Provincetown Center for Coastal Studies, the 
nitrogen content of “black custard” sediments, a eutrophic by-product, contained 85% nitrogen 
from phytoplankton and 15% nitrogen from marine vegetation.  Therefore, it is clear the Plan 
must include and does include options for in-estuary nutrient reduction strategies to achieve 
compliance.  This further supports the Plan’s balanced approach using a variety of options so 
that the monitoring results drive the process, ensuring protection of taxpayer resources and 
ensuring that Plan options ultimately resolve the problem in the most cost-effective manner. 
 
Overall, the MEP determined that 31.2% of the nitrogen loads in 2010 (when the MEP analysis 
was conducted) must be removed to restore water quality. When   considering   future buildout 
conditions as much as 50% of the future nitrogen load must be removed. Individual sub-
embayments have variable nitrogen removal needs. 
 
Each of the three towns in the Wellfleet watershed actively participated in the Cape Cod 
Commission’s 208 planning process and contributed to the development of various watershed 
plans for nitrogen removal for Wellfleet Harbor. These plans were incorporated into the Cape 
Cod Commission’s Watershed Report (2017). 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1 - Declining nitrogen concentrations in precipitation (Lloret and Valiela, 2016) 
 



               

 8 

4.0 Nitrogen Loads, Thresholds, and Removal Requirements 
 
The existing, buildout, and threshold (target) nitrogen loads are identified in the Massachusetts 
Estuaries Project (MEP) report (2017).  Table VIII-3 of the MEP report identifies “present” daily 
loads as of 2008-2010 when the land use and water quality analyses were conducted.  
Converting these values to annual loads indicates that controllable loads for the entire Wellfleet 
Bay system total 29,105 kg/year.   
 
To update these figures to current (2022) we compiled building permit data from the 2011 – 
2020 period and applied the MEP nitrogen loading coefficients.  This analysis indicates that 247 
additional septic systems (and associated lawns and impervious surfaces) were added during 
this period resulting in an estimated current nitrogen load of 30,180 kg/year (see Table 1 and 
Figures 3 and 4).   
 
Table 1 - Nitrogen Thresholds and Required Reductions (kg/year) 

 
 
 
An additional nitrogen loading analysis was prepared for the twenty-year planning period 
(2022 – 2042) as part of this project.  This analysis is based upon a projection of building permits 
and presented in Section 9 of this report. It indicates that the projected future nitrogen load in 
2042 is estimated at 31,878 kg/year requiring a reduction of 11,493 kg/year or 39%. 
 
The buildout analysis conducted by MEP indicates the potential addition of 1517 new 
residential homes within the watershed and a total controllable load of 40,639 kg/year. 
Controllable loads include wastewater (septic systems), stormwater, and fertilizers. The annual 
total threshold (target) load is 20385 kg/year. Thus, the required reduction from future potential 
buildout conditions is 20,254 kg/year or 50%. This underscores the fact that the watershed plan 
should focus on managing growth to prevent some of the increased loads associated with future 
development. 
 
It is important to remember that in addition to meeting the overall (total) nitrogen reduction 
requirements that individual reductions for each subembayment must also be met to restore the 
whole ecosystem. The individual “threshold changes” indicate the degree of reduction for each 
subembayment. Table 1 and Figures 2 and 3 provide summaries of loading reductions required 
to meet MEP thresholds for each subembayment under present (2021), 2042, and buildout 
conditions. 
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Figure 2 - Required Nitrogen Loads and MEP Thresholds 
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Figure 3 - MEP subwatersheds and required nitrogen loading reductions (at buildout) 
 
 
 
5.0 ALLOCATION OF RESPONSIBILITY FOR NITROGEN LOAD REMOVALS 
 
Nitrogen load allocations were calculated as part of the 208-planning process. The 
approach for calculating allocation of responsibility is documented in chapter 8 of the 208 
Plan and a complete breakdown of nitrogen load responsibility by town is provided in 
appendix 8C of the 208 Plan.   According to the 2018 Cape Cod Commission’s Watershed 
Report for Wellfleet Harbor the allocated loads are as follows:  Wellfleet 87%, Eastham 11% 
and Truro 2%.  Memoranda of Understanding currently exist between the three towns.  
Every indication is that they have an excellent working relationship and that we can be 
optimistic that there will be a cooperative effort and agreement in participating in the 
implementation of this plan. 
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6.0 DESCRIPTION OF TOWN PLANS FOR WELLFLEET HARBOR 
 
The Town of Wellfleet has undertaken or participated in three prior projects in the last 
twenty years to study wastewater needs and potential solutions including downtown 
wastewater collection options (see figures 4 and 5). 
 
In 2001 Woodard and Curran conducted a comprehensive analysis of water supply and 
wastewater needs throughout the town. This project analyzed water quality in private wells, 
evaluated Title 5 compliance, provided a detailed analysis of four study areas. This 
analysis provided a lot-by-lot analysis within these study areas and identified locations of 
high nitrates in wells and limitations for compliance with minimum setbacks from 
wetlands and/or wells. A public water supply system was recommended (and ultimately 
constructed) to service the downtown area and resolve drinking water quality issues in 
private wells (see figure 6). The project also identified potential wastewater sewer collection 
areas in the downtown area and evaluated treatment and disposal sites. As a result a 
public water system was recommended to alleviate private well water quality issues in the 
downtown area of Wellfleet.  This system was constructed and currently serves the downtown 
area (see figure 6). 
 
In 2014 Environmental Partners (EP) conducted an updated analysis of potential methods to 
reduce nitrogen loading. It evaluated a range of technologies including aquaculture, shellfish, 
I&A septic systems, and central wastewater collection and treatment options. The EP report 
provided comparative cost estimates for these various technologies on a cost per nitrogen 
reduction basis ($/kilogram). This analysis suggested that several non-traditional technologies 
were likely to be most cost effective at reducing nitrogen loads.  
 
In 2014-2015, Cape Cod Commission staff undertook a two-year study of potential nutrient 
management solutions and identified a broader range of potential solutions including both 
traditional and non-traditional technologies. More recently the Massachusetts Estuaries Project 
(MEP) published a detailed assessment of Wellfleet Harbor and has identified specific nutrient 
reduction targets throughout the town. 
 
7.0 COMPARISON OF PRIOR TOWN PLANS WITH REMOVAL REQUIREMENTS 
 
The prior wastewater engineering studies by Woodard and Curran and Environmental 
Partners were conducted before the completion of the Massachusetts Estuaries Project 
(MEP) published in 2017. These studies were undertaken without specific nitrogen load 
reductions as goals.  Instead, they focused on lot   sizes, private well water quality data, and 
Title 5 siting requirements as criteria for identifying potential sewer collection areas. 
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Figure 4 - Potential Sewer Collection Areas (Environmental Partners, 2018) 
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Figure 5 - Potential Sewer Collection Areas (Woodard and Curran, 2001



 

 
17 

 

 
 
Figure 6 - Public Water Supply Distribution System 
 
 
 
 
 
 



 

 
18 

 
 
8.0 CHOICE OF TECHNOLOGIES 
 
Preliminary traditional and non-traditional plans to reduce nitrogen loads to Wellfleet Harbor 
were developed as part of the Cape Cod 208 Water Quality Plan Update using the Cape Cod 
Commission’s (CCC) MVP tool, CCC Technologies Matrix and incorporating prior work 
completed by the Town of Wellfleet. Several public meetings were held during 2014 – 2015 as 
part of the 208 process to discuss a broad range of 43 nitrogen reduction strategies and to 
incorporate input from residents and local officials. Additional public meetings were conducted 
as part of this study to evaluate technology options. 
 
This report incorporates findings from recent in-field studies and reports regarding a new 
generation of innovative and alternative (I&A) septic systems, permeable reactive barriers and  
shellfish restoration pilot projects conducted by the towns of Barnstable, Eastham, Falmouth, 
and Orleans and on-going studies of enhanced I&A septic technologies by the Coalition for 
Buzzards Bay, Barnstable County Department of Health and Environment, Town of Barnstable, 
the Barnstable Clean Water Coalition, U.S. Environmental Protection Agency Office of Research 
& Development, The Nature Conservancy and the Massachusetts Septic System Technology 
Center. 
 
As part of this study three possible approaches to compliance with the MEP thresholds were 
considered: 1) a traditional approach relying on conventional wastewater collection systems and 
treatment plants, and 2) a non-traditional approach relying on a range of nature-based solutions 
including a new generation of enhanced innovative and alternative (I&A) septic systems, 
permeable reactive barriers, shellfish, ecosystem restoration, stormwater management, and 
fertilizer reductions and, 3) a hybrid plan incorporating both traditional and non-traditional 
technologies. 
 
8.1. TRADITIONAL TECHNOLOGIES 
 
Centralized Wastewater Collection and Treatment: The traditional technologies include sewer 
collection areas, treatment plant and disposal site.  The town’s prior reports prepared by 
Woodard and Curran and Environmental Partners. identified potential sewer service areas and 
treatment plant/wastewater disposal locations.  The current Transfer Station was identified as 
the recommended wastewater disposal area by Environmental Partners in their March 2014 
Comprehensive Wastewater Management Plan, Phase II, Alternatives Analysis (see figure 1). 
The Town of Wellfleet Transfer station is a 28.1- acre parcel located at 266 Coles Neck Road. The 
parcel is currently used as a landfill and transfer station. 
 
To determine the required capacity of the disposal site to accept treated wastewater, an analysis 
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was performed by the Cape Cod Commission staff. This analysis translated the required 
nitrogen reductions to wastewater flows to meet the MEP thresholds. It also incorporated 
collection and treatment of a portion of the Herring River watershed as an offset for the 
potential addition of nitrogen from the wastewater treatment plant effluent. This analysis 
suggests that the design flow capacity for the wastewater treatment plant at this location would 
be approximately 340,000 gallons per day (based upon nitrogen loads existing at the time of the 
MEP report) and 780,000 gallons per day according to the MEP buildout. 
 
In 2020 GHD was retained by the Town of Wellfleet to conduct a hydrologic evaluation of the 
Transfer Station as a potential wastewater treatment and disposal location.  The evaluation 
included the installation of a monitoring well, determination of depth to water table, percolation 
tests and a hydraulic loading test. The results of this evaluation indicate that the site can 
assimilate 780,000 gallons per day.  A leaching area of 133,000 square feet was identified at a 
hydraulic loading rate of 7 gallons/square foot-day. 
 
 
Neighborhood/Cluster Wastewater Systems: Another traditional treatment option is multiple 
smaller-scale wastewater treatment systems that can be targeted to specific neighborhoods. 
These can include smaller shared Title 5 systems that service multiple properties using 
enhanced innovative & alternative (EIA) technologies (up to 10,000 gallons/day) or small-scale 
wastewater treatment plants (10,000 gallons/day and greater). 
 
An affordable housing project located at 95 Lawrence Road has been identified as a location for 
a neighborhood-scale wastewater treatment plant (see figure 7). The site is located within the 
Duck Creek watershed where a significant nitrogen reduction is required. Utilizing funding 
provided by the Commonwealth of Massachusetts Department of Housing and Community 
Development’s District Local Technical Assistance program through the Cape Cod 
Commission, On-Site Engineering evaluated wastewater options for the site. This evaluation 
considered three options: 1) an innovative and alternative septic system for the housing project 
alone, 2) a wastewater treatment plant  to  service  the housing development and the three 
adjacent municipal buildings, and 3) a larger wastewater treatment plant to service the housing 
development, the municipal buildings and a  number  of  residential  homes  in  the 
neighborhood. The results of the evaluation indicated that option 3 would provide the most 
significant nitrogen reduction benefit to Duck Creek and would provide a cost-effective 
solution.  This approach was supported at Wellfleet Town Meeting 2021 at which funding was 
appropriated for the design and permitting of the wastewater treatment facility. 
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Figure 7 - 95 Lawrence Road project - Neighborhood Wastewater 
 
Additional neighborhood/cluster systems could be utilized in other higher-density areas 
throughout the town. The 2001 Woodard and Curran report identified several study areas 
where limitations for on-site septic systems were analyzed. These include the Wellfleet Center 
downtown, South Wellfleet, and South of Wellfleet Center areas (see figure 8). These areas 
included elevated nitrate concentrations in private wells and small lot areas where Title 5 
setback variances were required. 
 

 
 
 
Figure 8- Wastewater Study Areas (Woodard & Curran, 2001)
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8.2 NON-TRADITIONAL TECHNOLOGIES 

 
A broad range of non-traditional technologies were identified and evaluated as viable nitrogen 
reduction tools as part of the Cape Cod Commission’s Cape Cod 208 Water Quality Update 
(2015). These technologies were presented to Wellfleet stakeholders and residents as part of the 
208-planning process at a series of public meetings. 
 
The non-traditional strategies discussed at the public meeting included shellfish restoration, 
aquaculture, permeable reactive barriers, innovative and alternative (I&A) septic systems, 
stormwater management, fertilizer management, inlet widening, and coastal ecosystem 
restoration. These technologies have been vetted by two independent technical review panels as 
part of the 208 Plan development and more recently by The Nature Conservancy and a panel of 
experts convened by the Cape Cod Commission (CCC). Performance data on each technology is 
documented and referenced in the CCC Technology Matrix (2020), Barnstable County 
Department of Health and Environment (2019), and an on-going research project conducted by 
the U.S. Environmental Protection Agency, Office of Research and Development (USEPA ORD), 
The United States Geological Survey (USGS), Barnstable Clean Water Coalition, and The Nature 
Conservancy (TNC) in the Town of Barnstable. The Town of Orleans has provided performance 
results from several pilot projects including an aquaculture project in Lonnie’s Pond and a 
permeable reactive barrier. The Town of Eastham has also installed a permeable reactive barrier 
and is currently evaluating the performance of that system. 
 
Enhanced Innovative & Alternative (I&A) Septic Systems: Like most Cape Cod towns, 
Wellfleet has relied upon on-site wastewater disposal systems throughout its history. Over the 
last twenty years 158 innovative and alternative (I&A) septic systems have been installed to 
reduce nitrogen impacts. However, these I&A systems have provided only marginal benefits. 
According to research conducted by the Barnstable County Department of Health and 
Environment (BCDHE) these I&A systems reduce the nitrogen load on average by 
approximately 27% - not enough to address the required nitrogen loading reductions to the 
embayments. 
 
However, a new generation of I&A technologies have been developed and are providing 
significantly better results (see figures 9, 10, and 11).  These systems were identified as 
“enhanced” I&A (EIA) systems in the Cape Cod Commission’s Cape Cod 208 Water Quality 
Plan Update. They include both proprietary and non-proprietary systems.  Recent test data 
provided by third-party organizations (including MASSTC and NYS Stony Brook) indicate the 
current performance of the wood chip-based septic technologies is in the range of 5 - 8 mg/liter 
(75 – 90% removal). 
 
According to a recent report by BCDHE (2019) a series of non-proprietary woodchip-based 



 

 
22 

systems have been producing average removal rates of 75% or more with effluent 
concentrations at less than 8 mg/liter. Additional advantages of these new designs are that they 
are more passive, requiring less pumps and mechanical systems and they are easily maintained 
with accessible ports to replace the reactive media on a periodic basis (once every ten years is 
estimated). 
 
The woodchips provide a carbon source for naturally-occurring bacteria to break down the 
nitrogen to harmless nitrogen gas (a process called denitrification). At least two proprietary 
technologies (Nitrex and NitROE) also utilize a woodchip-based system and have gained both 
pilot and provisional approvals from MADEP as part of their I&A permitting program. Both of 
these systems have tested at the Massachusetts Alternative Septic System Test Center 
(MASSTC) and been installed at multiple locations on Cape Cod and are currently available for 
installation in Wellfleet. 
 

  
Figure 9 - Enhanced I&A Septic System 

 
 
 
 
 



 

 
23 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 10 – Non-proprietary woodchip "layer cake" septic system design (MASSTC)
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Figure 11 - On-Site Septic System Nitrogen Removal Performance Trend 
 
Additionally, several non-proprietary I&A septic systems using the woodchip bioreactor 
technology have been developed by the Massachusetts Septic System Test Center (MASSTC) on 
Cape Cod and the Center for Clean Water at Stony Brook University on Long Island, NY. These 
include a system referred to as the “layer cake” technology that introduces a layer of woodchips 
beneath the septic leaching field. Several modifications of this system have been developed by 
MASSTC and are producing excellent results (Heufelder, 2019). 
 
These technologies are also being researched in Long Island, New York. Stony Brook University 
has published a study that demonstrates 80 – 90% removal of nitrogen using three non-
proprietary designs similar to those developed at the Massachusetts Septic System Test Center 
(MASSTC). This study also demonstrated greater than 90% removal efficiencies for organic 
chemicals including pharmaceuticals, personal care products, DEET, and other compounds that 
are being identified in wastewater (Gobler, et al., 2021). Gobler also indicates that these 
woodchip-based systems have higher removal rates than traditional wastewater treatment 
plants for some of these organic compounds due to their higher hydraulic retention time with 
the reactive media (days instead of hours.) 
 
Another study of these enhanced I&A septic systems is underway in the Town of Barnstable 
and has completed a detailed review of available performance data. Project partners include 
U.S. Environmental Protection Agency, Office of Research & Development, The Massachusetts 
Septic System Technology Center, The Nature Conservancy, and the Barnstable Clean Water 
Coalition.  Approximately twenty of these systems are being installed in a high-density 
neighborhood near Shubael’s Pond. Extensive monitoring of influent, effluent, and 
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groundwater quality is being conducted by USEPA.  These systems will also be testing the use 
of remote sensors to monitor both their operation (pumps) and performance (nitrogen tests).  
The success of these remote monitoring devices may lead to reduce operation, maintenance, and 
monitoring costs associated with these systems in the future. 
 
This new generation of I&A systems may reduce the required footprint (area) required for 
installation. Test data on these systems indicate that in addition to nitrogen reductions the total 
suspended solids (TSS) is substantially less. MADEP allows for smaller leaching facilities 
associated with wastewater treatment systems that have lower solids loading. Therefore, it may 
be possible for some of these new I&A systems to qualify for reduced size leaching facilities. 
This would further reduce their cost and would ease siting requirements on smaller parcels. 
 
Another important component of an enhanced I&A septic system program is the development 
of a Responsible Management Entity (RME). The RME will be responsible for compiling and 
reporting the monitoring data to determine the overall effectiveness of these systems in 
removing nitrogen. They may also be responsible for oversight of operation and maintenance to 
ensure that they systems are property functioning. Currently the Barnstable County Health and 
Environment Department is evaluating the possibility of providing some of these RME services. 
The Cape Cod Commission has organized an RME working group and is in the process of 
developing options for communities looking to establish an RME. It is likely that an RME can 
reduce annual operation and maintenance costs by integrating remote sensing of air pump 
operations and economies of scale in providing coordinating sampling services. 
 
Permeable Reactive Barriers: Permeable Reactive Barriers (PRBs) are subsurface filters that 
intercept and treat nitrogen-enriched groundwater before it discharges to coastal waters. PRBs 
may provide a cost-effective solution for Wellfleet Harbor. Recent pilot project results in the 
towns of Orleans and Eastham suggest that high attenuation rates (90%) are achievable. A PRB 
installed adjacent to Waquoit Bay has also demonstrated high removal rates. This project is also 
providing some indication of the probable lifespan of the woodchip bioreactor. The project has 
been in place for over 15 years with little appreciable decay of the bioreactor materials (Ken 
Foreman, Woods Hole Marine Biological Laboratory). 
 
According to the Cape Cod 208 Plan there are two types of PRBs available to communities. 
These include the trench method where woodchips are backfilled into an excavation to intercept 
groundwater and the use of injection wells to introduce a carbon-based fluid to provide the 
carbon source for the native soil bacteria (see figures 12 and 13). 
 
A third option bulkhead PRB that incorporates the woodchip bioreactor into a coastal 
engineering structure such as a bulkhead. A bulkhead PRB was installed on Long Island and 
was studied by the Center for Clean Water at Stony Brook University (see figures 12-16).  
Preliminary monitoring of this system has shown a nitrogen attenuation rate of greater than 
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80%. This approach has the potential benefit of cost sharing the installations for multiple 
purposes including shoreline stabilization restoration and nitrogen attenuation. Installations 
could be coordinated and timed with on-going shoreline stabilization projects, significantly 
reducing costs. 

 
To evaluate the potential nitrogen reduction associated with the installation of PRBs the Cape 
Cod Commission's MVP model was utilized to delineate contributing areas and associated 
nitrogen loads for a PRB project along Commercial Street within the Duck Creek and Cove sub 
watersheds. An estimated nitrogen removal rate of 75% was applied to these loads. 
 
A town-owned parcel (111 East Commercial Street) at the corner of Bank Street and Commercial 
Street provides a possible pilot location for a PRB (see figure 17). Commercial Street is oriented 
perpendicular to groundwater flow directions and could intercept groundwater and attenuate 
nitrogen loads from the high-density downtown center. Its location near the shoreline discharge 
area provides an optimal location to capture upgradient nitrogen loads and a relatively thin 
groundwater lens that may enable a trench-method PRB at reduced costs.  Funding of $50,000 
was appropriated at the 2021 Wellfleet Town Meeting to conduct a preliminary hydrological 
and engineering evaluation of a pilot project.  However, because the town is currently 
considering a downtown collection system that would treat this same area the pilot PRB project 
is on hold.  Alternative locations are being considered. 
 
 
 
 

  Figure 12 - Permeable Reactive Barrier (Trench Method) 
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  Figure 13 - Permeable Reactive Barrier (Injection Well Method) 
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Figure 14 - Permeable Reactive Barrier (Bulkhead Method) 
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Figure 15 - Permeable Reactive Barrier (bulkhead under construction) 
 

Figure 16 - Completed Bulkhead PRB 
 



 

 
30 

 
 
 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17 – Potential PRB Pilot Project Location (117 East Commercial Street) 
 
Shellfish/Aquaculture: Shellfish are filter feeders and naturally assimilate nitrogen in the water 
column as a food source.  Shellfish productivity is an effective means of mitigating excess 
nitrogen loading.  It provides quick/immediate results, provides local jobs, and local food. 
 
The Town of Wellfleet has focused on shellfish restoration and aquaculture research over the 
past several decades. Inherent in this approach is a belief that the marine ecosystem must be 
restored to enable it to metabolize and assimilate both natural and anthropogenic nutrient 
loads.  The Cape Cod Commission’s 208 Plan Update identified shellfish productivity as one of 
the most cost-effective methods to attenuate nitrogen loading.  It also provides significant local 
jobs.  A pilot project conducted by the town in conjunction with University of Massachusetts 
and the Center for Coastal Studies reported significant water quality improvement in the inner 
harbor area. 
 
Recent updates to the Cape Cod Commission’s Technology Matrix (2017) indicate a range of 
potential nitrogen mitigation associated with shellfish and aquaculture ranging from 52 – 300 
kg/acre-year for these projects (see Table 2). These analyses are based upon harvesting of 
shellfish and removal of the nitrogen-laden tissue. They are also based upon assumed shellfish 
densities. 
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Table 2 - Nitrogen Uptake Rates – Shellfish (Source:  Cape Cod Commission, Technology Matrix, 2017) 
 

 
According to data reported by the Massachusetts Department of Marine Fisheries (DMF) 
shellfish harvests (landings) have increased over the past decade since the MEP study was 
conducted (see figures 18 and 19).  The growth in shellfish landings over the 2010 – 2019 period 
increased from 1.5 million pounds to 2.5 pounds.  Converting this to nitrogen attenuation this 
represents an increase from 3050 kg/year (2010) to 5000 kg/year (2019) for a net increase of 1950 
kg/year over the ten-year period.   
 
The DMF data is reported by shellfish classification areas.  There are four designated 
classification areas in Wellfleet (see figure 20.  According to these data most of the growth in 
landings over the last ten years has occurred in CB14.  This growing area includes Loagy Bay, 
Blackfish Creek/Drummer Cove, and a portion of Wellfleet Harbor.  The increased landings in 
CB14 translate to a net reduction in nitrogen load of 1350 kg/year over the ten-year period.  
Growing area CB11 has also demonstrated significant growth in landings with an associated 
load reduction of 600 kg/year.   
 
These data are conservative representations for two reasons.  First, they do not include 
recreational shellfish landings that are estimated at approximately 25% of the commercial 
landings (personal communication Nancy Civetta and John Mankevetch).  Secondly, they 
represent only two species (oyster and hard clam) for which DMF data is available in the 
growing areas.  It is known that additional harvests for blue mussels, scallops, and blood arc 
clams exist but these are not accounted for in these data. 
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Figure 18 – Shellfish Landings 2010 – 2019 
 

 

 
 
Figure 19 – Nitrogen Attenuation by Shellfish 2010 - 2019 
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 Figure 20 –Shellfish Classification Areas (MADMF) 
 

There is evidence that additional nitrogen attenuation (beyond removal rates associated with 
uptake and harvest) occur in the benthic zone associated with shellfish ecosystems. This 
includes research in the Chesapeake Bay region and more recently on Cape Cod in the towns of 
Wellfleet, Falmouth and Orleans.  A study conducted in Wellfleet by the University of 
Massachusetts identified significant water quality improvements in the Duck Creek embayment 
(Frankic, 2015).  A recent publication prepared by University of Massachusetts SMAST (2019) 
reports denitrification rates referred to as “oyster effect” of 24 – 36% (as additional attenuation 
to the harvest removal rates) during the first two years of a study in Lonnies Pond in Orleans 
associated with the biodeposits.  While these additional nitrogen attenuation benefits are not 
directly accounted for by tracking the harvest data they may contribute to improved water 
quality conditions at the sentinel monitoring station. 
 
To support sustainable management and the potential for continued growth of the shellfishery 
several meetings were conducted with the Shellfish Constable and the Shellfish Advisory 
Committee.  As a result, a five-year plan was developed that includes several “no take” 
propagation areas and moderate increases in seed purchase and distribution (see Appendix). 
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Coastal Ecological Restoration: Coastal ecological restoration includes restoring natural flow 
(including tidal flushing) conditions and ecological functions that support nutrient recycling. 
The Town of Wellfleet has identified numerous potential restoration projects that will restore 
lost large areas of salt marsh. These include Herring River, Mayo Creek and others. Most of 
these projects are intended to restore tidal flow into areas that have been historically blocked by 
water control structures such as dams, dikes, clapper valves, culverts, etc. Salt marshes have 
been well documented to provide nitrogen attenuation processes. 
 
The two habitat restoration projects that are underway in Wellfleet (Mayo Creek and Herring 
River) will likely result in significant water quality and habitat improvements. However, these 
projects are very site-specific and the resulting nitrogen reductions are difficult to estimate. We 
recommend that they are included in the overall strategy and that their corresponding nitrogen 
reduction credits be established through monitoring as part of the adaptive management 
program. 
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Figure 21 - Mayo Creek Restoration Project (Woods Hole 
Group, 2016) 

 
 

 
To estimate the nitrogen 
attenuation benefits of the 
Mayo Creek project flow data 
was obtained from a Woods 
Hole Group report (2011) and 
water quality data (2017 – 
2018) was provided by the 
Center for Coastal Studies (see 
Figure 19).  Existing nitrogen 
loading data for the Mayo 
Creek watershed was obtained 
from the Cape Cod 
Commission’s MVP model.  
Based upon this data and 
applying the MEP default 
value of 40% nitrogen removal 
associated with salt marsh an 
estimated nitrogen attenuation 
of 317 kg/year was derived. 
 
Several other potential 
restoration projects have been 
identified and can provide 
additional nitrogen mitigation 
(Curley, 2019).  The Herring 
River restoration project is the 
largest example. These 
supplemental projects can be 
monitored and credits can be 
provided as part of the 
adaptive management 
approach. 
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Stormwater Management: Nitrogen reductions can also be achieved through the 
implementation of stormwater retrofit projects (including mitigation of the Route 6 drainage) 
and fertilizer reductions. Credits of 25% reductions are allowed on an interim basis as part of 
the 208 Plan. These reductions will be required to be documented as part of the monitoring and 
adaptive management program. 
 
The Town of Wellfleet constructed a stormwater infiltration project along Commercial Street in 
2012 (see figure 22).  The project was funded with a grant provided by the USDA Natural 
Resources Conservation Service and included a series of infiltration structures beneath the 
roadway.  This project provides significant water quality benefits with expected reductions in 
both pathogens and nutrients. 
 

 
Figure 22 – Stormwater Infiltration Project – Commercial Street 
 
A current stormwater project is under study by the MADOT at the intersection of Route 6 and 
Main Street (Figure 23).  Two meetings were conducted with town officials and MADOT staff.  
We provided recommendations to eliminate direct discharges and to integrate green 
infrastructure practices into the project and are awaiting a response from MADOT to discuss 
these in more detail.  During discussions with MADOT about the project the the use of 
stormater infiltration systems was favored.  We also discussed the possibility of modifying 
infiltration structures by adding woodchip media to encourage enhanced denitrification.  
According to a report prepared by Offshoots and Horsley Witten Group, Inc. infiltration 
practices may provide total nitrogen (TN) attenuation in the range of 40 – 65% (see Table 3).  
Figure 24 shows subsurface infiltration chambers that are widely used in stormwater projects 
throughout Massachusetts. 
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Figure 23 – Stormwater Retrofits – Route 6/Main Street (MADOT) 

 

 
 
Figure 24 – Stormwater Infiltration with Subsurface Chambers 
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Table 3 – Pollutant Attenuation – Stormwater Management Practices 

 
Source:  Offshoots and Horsley Witten Group (2016) 
 
Fertilizer Reduction/Fertigation Wells: The MEP model assumes that approximately half of the 
lawns are fertilized with a weighted loading rate of 1.08 pounds (0.5 kg) N/year-lawn.  MEP 
also assumes that 20% of the applied fertilizer load leaches to groundwater and ultimately 
contributes to coastal waters.  Overall, the report indicates that fertilizers represent 
approximately 9% of the controllable nitrogen load to the embayments.   
 
As part of the 208 Plan Update towns are allowed to propose a 25% nitrogen load reduction for 
fertilizer management as part of a watershed plan.  Management measures can include a local 
bylaw restricting use and/or public education programs designed to reduce fertilization.   
 
Whereas the majority of Wellfleet residents have on-lot private wells for water supply this 
represents an opportunity to recycle nitrogen entrained in groundwater as a fertilizer source for 
lawns along with irrigaiton.  This process was identified in the Cape Cod Commission’s 208 
Plan and is referred to as “fertigation wells” (see Figure 25).  The MEP model assumes that 
eighty percent of the applied fertilizers are assimilated by the lawn. 
 
The Woodard & Curran report identified areas throughout the town with elevated nitrogen 
concentrations in the range of 2 – 4 mg/liter.  Assuming a 12-week irrigation period, an 
application rate of one inch/week, and nitrate-nitrogen concentrations in the range of 2 - 4 
mg/liter a fertigation well could achieve 0.25 - 0.5 kg/year reduction per home.  This would 
require a public education program to utilize existing wells as a source of both irrigation and 
fertilization (fertigation) and reduce the amount of supplemental commercial fertilizers.  The 
public education plan could be coupled with on-site water quality measurements of the nitrate 
concentrations of the fertigation water applied. 
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Figure 25 -  Irrigation (Fertigation) Well Recycling Nitrates in Groundwater
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8.3. HYBRID PLAN 
 
To integrate both traditional and non-traditional approaches to nitrogen reductions we have 
prepared a hybrid plan and a conventional contingency plan (see Tables 4 and 5). The hybrid 
plan prioritizes those technologies that have lower costs, quicker results, provide local co-
benefits (including jobs), and minimize climate impacts. The hybrid plan provides flexibility 
and choices for the town. It includes an adaptive management plan to provide for a full 
evaluation and pilot testing of emerging technologies that were identified in the Cape Cod 
Commission’s 208 Plan with traditional technologies provided as a contingency/backup plan. 
 
As discussed earlier in this report the continued use of conventional Title 5 systems for on-
going, future development and redevelopment poses significant challenges to meeting the MEP 
thresholds. The proposed plan recommends the use of currently available enhanced I&A septic 
systems to minimize and mitigate these increasing impacts. This recommendation is consistent 
with the recent lawsuit filed by the Conservation Law Foundation against other Cape Cod 
towns. 
 
The plan includes four phases (five years each) over a 20-year period. The first phase includes 
both traditional and non-traditional technologies. It includes the construction of a downtown 
wastewater collection and treatment system that would service approximately 200 properties.   
It also contains the installation of enhanced I&A septic systems, the development of a permeable 
reactive barrier pilot project, and a shellfish propagation management program.  
 
The second and subsequent phases call for expansion of these strategies based upon 
performance during the first phase and choices made by the town. Depending upon the test 
results, subsequent phases could include the construction of a full-scale permeable reactive 
barrier. The PRB’s proximity to the shoreline will result in immediate improvements in coastal 
water quality. 
 
Contingent upon the test results of the enhanced I&A systems during the first phase and 
MADEP’s approval of them for “general use” these systems could be required in all upgrades, 
expansions, new construction, and possibly real estate transfers. By timing the implementation 
of these systems with individual property owners needs this will provide for improved social 
acceptability and minimizes construction costs.  System upgrades can be made based upon the 
property owners’ proposed construction schedules and/or property transfers. Costs are 
minimized by timing the installation of the treatment unit coincident with the construction of a 
new or larger septic system. 
 
Recent data provided by the Wellfleet Board of Health (2017-2019) shows the number of new 
and upgraded (expanded) septic systems has averaged 52 per year. According to a recent 
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housing analysis by the town approximately half of these systems are associated with “tear 
downs” and expansions of existing homes (Town of Wellfleet, 2017).  The Board of Health is 
currently considering a regulation that would require additional upgrades where cesspools are 
still in use.   Upgrades could also be triggered by real estate transactions.  It is anticipated that 
these drivers would result in a sufficient number of upgraded (enhanced) I&A systems to meet 
the MEP target reductions over the planning period. 
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Figure 26 illustrates the components of the hybrid plan. It shows the locations for downtown 
sewers, the 95 Lawrence Road wastewater treatment system, a permeable reactive barrier, 
ecological restoration projects at Mayo Creek and Herring River, and the Route 6 stormwater 
restoration project.  The plan also shows enhanced I&A septic systems and shellfish throughout 
the town. 
 

 
Figure 26 -Watershed Strategy Overview 

 
 

GHD has prepared alternative sewer collection areas based upon the MEP nitrogen thresholds 
and required reductions.  Two “bookend” plans were prepared (see Figures 27 and 28).  
Scenario A includes a targeted downtown sewer collection area within the Duck Creek and 
Cove watersheds.   This plan was designed as part of a hybrid approach that utilizes both 
traditional and non-traditional technologies to achieve the MEP targets.  It also includes a 
potential alternative location for a smaller scale treatment plant at the town hall parcel.  
According to available site data provided by the Wellfleet Health Department this site may have 
adequate capacity for the smaller downtown sewer service area.  Additional test pits and 
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groundwater mounding analysis is required to verify the capacity of this site. 
 
Scenario B identifies a contingency plan with a more extensive sewer collection area that would 
meet these same MEP targets without the non-traditional technologies.  It is supplemented only 
with those innovative & alternative (I&A) septic systems that currently have General Approval 
and have a nitrogen effluent concentration of 19 mg/liter.  Scenario B would utilize the town 
transfer station as the wastewater treatment and disposal location. 
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Figure 27 – Downtown Sewer Areas for Hybrid Plan (Scenario A) 
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Figure 28 – Town-Wide Sewer Areas for Conventional Contingency Plan (Scenario B)
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Tables 4 and 5 – Hybrid and Conventional Contingency Plans 
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Sensitivity Analysis:  To evaluate the potential outcomes of this hybrid approach we have 
conducted sensitivity analyses for several possible scenarios.  These analyses included a range 
of potential performance for enhanced I&A septics and a range of sustainable growth of the 
shellfish industry. 
 
The first sensitivity analysis included a range of three possible performance scenarios associated 
with the treatment performance of the enhanced innovative and alternative (I&A) septic system. 
The effectiveness of the enhanced I&A systems to meet the identified MEP thresholds were 
evaluated at 5 mg/liter, 8 mg/liter, and 11 mg/liter performance levels (see Figure 29). These 
scenarios also include conservative estimates of nitrogen attenuation performance of the other 
associated technologies including the 95 Lawrence Road wastewater treatment facility, limited 
downtown sewers, stormwater management, and ecological salt marsh restoration).  No future 
nitrogen reduction credits were assumed for shellfish/aquaculture or permeable reactive 
barriers. 
 
Actual performance data for these systems is provided by the Massachusetts Alternative Septic 
System Test Center (MASSTC). According to their recent report the non-proprietary I&A 
systems are achieving an average effluent concentration of 6.5 mg/liter (Heufelder, 2019). 
MASSTC also provides performance data on proprietary I&A septic systems. Two of these 
systems (NITROE and NITREX) have reported median effluent concentrations of 5.1 and 6.2 
mg/liter respectively. 
 

 
 
Figure 29 – Sensitivity Analysis for Enhanced I&A Septic Systems 
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The results of the sensitivity analysis are summarized in Figure 28 and indicate that the MEP 
thresholds can be achieved in all of the subwatersheds using the enhanced I&A septic systems 
for the 20-year (2042) planning period with performance at 5 mg/liter, 8 mg/liter levels, and 11 
mg/liter.  

 
A second sensitivity analysis was conducted to evaluate a range of potential future scenarios 
regarding the town’s shellfish resources.  Recognizing it is difficult to predict future conditions 
with this resource area and its inherent variability three scenarios were evaluated.  These 
include a continued growth of the resource and industry based upon the last ten-year landings 
records which demonstrated increased nitrogen reductions of 1950 kg/year.  If the shellfish 
industry continues to grow at this rate the nitrogen reductions would increase by approximately 
2000 kg/year above existing conditions.  A second scenario assumes that this growth rate is 
reduced by half of the current rate and would increase by 1000 kg/year over the twenty-year 
planning period.  The third scenario is the most conservative and assumes no growth of the 
industry over the next thirty years.    
 
To provide an estimate of the potential costs savings associated with these growth scenarios I 
have calculated the equivalent reduction of innovative I&A septic systems that would be 
required to achieve the MEP thresholds at lifecycle cost of $667/kilogram removed (see figure 
30 and table 6).  The results of this analysis suggests that if the shellfish industry continues to 
grow at the existing rate (scenario 1) until 2042 it may reduce the costs associated with I&A 
septic conversions by approximately $1.3 million/year ($26 million for the twenty-year 
planning period).   If the industry grows at a rate of half of the existing rate (scenario 2) the costs 
savings are estimated at approximately $670,000/year ($13 million over twenty years).    
 
The proposed hybrid plan assumes no growth of the shellfish industry.  However, actual 
expansion that may take place over the twenty-year plan period can be accounted for and 
applied as nitrogen reduction credits through adaptive management as part of the proposed 
Watershed Permit. 
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Figure 30 Sensitivity Analysis – Shellfish Projections 
 
Table 6 – Sensitivity Analysis – Shellfish Projections and Cost Benefits 

 
 
 
 
9.0 MANAGING GROWTH 
 
Like other Cape Cod communities Wellfleet faces continued growth pressures which will 
exacerbate existing water quality problems if unchecked. The potential growth also presents 
potential significant cost increases associated with required treatment costs to the town.  This 
report provides options to manage growth under two scenarios: 1) a twenty-year planning 
period (2022 - 2042) and 2) buildout conditions. 
 
Twenty-Year Growth Projection (2022 – 2042): To provide a projection for future growth 
during the 30-year planning period building and septic system permits during the last 20 years 
(2000 – 2019) were reviewed.  This data suggests a average annual growth rate of 29.4 new and 
upgraded septic systems per year (590 new and upgraded septic systems) over the 20-year 
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planning period.  The Wellfleet Housing Needs Assessment and Action Plan (2017) provides 
construction data during the 2000-2016 period (see figure 31) and indicates that approximately 
half of these permits represented new homes, the other half were expansions of existing homes. 
 
To estimate future increases in nitrogen loading associated with this growth during the 20-year 
period 295 new homes were added at nitrogen loading rates of 4.73 kg/year-home. Nitrogen 
load increases associated with the 295 housing expansions was estimated at one-third of this 
rate at 1.58 kg/year-home. This assumes an increase of one person per household in addition to 
the existing occupancy rate of 1.98 persons/household (Wellfleet Housing Study). 
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Figure 31 - Housing Growth 2000 - 2016 (Wellfleet Affordable Housing Plan, 2017) 
 
Several other recommendations were made in the Housing Plan that can be integrated into this 
plan. These include the following: 

 
• Integrate affordable housing into the Cluster Residential Development Bylaw.  The Town will 
investigate amending its zoning to provide mandates and incentives for including affordable 
housing in its Cluster Residential Development by-law that promotes a smarter way of 
developing land besides the traditional subdivision and suburban sprawl. 
 
•  Allow more diverse housing types in more areas 
 
• The Town should consider where somewhat denser housing development might be added, 
scrutinizing its zoning districts for opportunities to weave more diverse housing types, 
including multi-family housing, into neighborhoods. 
 
These affordable housing recommendations could also provide additional benefits regarding 
cost-effective wastewater treatment options. Clustering and integrating future housing with 
existing development enable the application of shared or neighborhood wastewater systems 
including both enhanced I&A septic technologies and neighborhood wastewater treatment 
plants (such as the 95 Lawrence Road project). 
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Buildout: A buildout analysis provides a theoretical maximum level of development that could 
occur based upon the number of existing developable parcels and zoning restrictions. The 2017 
MEP report provided an estimated buildout condition assuming that every developable lot was 
built to its full capacity in accordance with zoning laws. The MEP buildout is relatively 
straightforward and is generally completed in four steps: 1) each residential parcel classified by 
the town assessor as developable is identified and divided by minimum lot sizes specified in 
town zoning and the resulting number of new residential units is rounded down, 2) parcels 
classified as developable commercial and industrial parcels by the town assessor are identified, 
3) residential, commercial and industrial parcels with existing development and areas greater 
than twice zoning’s minimum lot size are identified, divided by the minimum lot size and the 
resulting number of new units is rounded down, and 4) results are discussed with town staff 
and/or planning board members and the analysis results are modified based on local 
knowledge. The MEP report also states that, “it should be noted that the initial MEP buildout 
approach is relatively simple and does not include any modifications/refinements for lot line 
setbacks, wetlands, road construction, frontage requirements, parcel shape requirements, or 
other more detailed zoning provisions”.  This buildout analysis suggests that anthropogenic 
nitrogen loads could increase by  40%  with  individual  subwatershed increases of 30% - 71% 
 
Growth Management Options:  In general, there are three potential options to manage this 
future growth from a water quality perspective. They include: 
 
1. Best available technology to accommodate growth 
2. Transfer of Development Rights to re-focus growth to less sensitive areas 
3. Open space land acquisition to reduce buildout 
 
Best Available Technology at Full Buildout:  The first option is to provide adequate 
wastewater treatment technology to accommodate growth by providing the necessary 
wastewater infrastructure.  This could be achieved by providing state-of-the-art, on-site septic 
technology (enhanced innovative and alternative systems) and/or connection to the downtown 
sewer collection and treatment systems.  
 
Transfer of Development Rights (TDR): Another approach to address the water quality 
implications of the full buildout impact would be to re-direct future growth to those watersheds 
that have higher assimilative capacity for additional nitrogen. This could be accomplished using 
a transfer-of-development rights (TDR) regulatory mechanism. TDR is a growth control option 
that can be adopted as part of the town’s zoning bylaw.  TDR provides the option (and 
incentive) to trade or transfer development rights from those watersheds that are most 
threatened by excessive nitrogen from future development to those areas of town that have 
more capacity. 
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Density bonuses can be provided to property owner as incentives. According to the sensiviity 
analyses TDR could be applied to meet MEP thresholds using enhanced I&A septic systems 
under buildout conditions by redirecting growth from three sub watersheds (The Cove, 
Drummer Cove and Blackfish Creek, and Loagy Bay) to the Herring River sub watershed. It is 
also possible that the Herring River restoration project would provide additional assimilative 
capacity within that subwatershed. 
 
Open Space & Land Acquisition: A third option is to moderate growth is to reduce the 
buildout by acquiring developable land as part of an open space/land conservation program. 
The Wellfleet Conservation Trust has been active in acquiring open space and developing 
conservation restrictions. The town’s 2005 Open Space Plan identified 524 vacant acres which 
could be protected for conservation/recreation. The Plan identifies Wellfleet Harbor water 
quality as a key goal. Current and near future land acquisition funding will come largely 
through Community Preservation Act (CPA) funds. The Plan recommended that, “the town 
should continue to work in conjunction with land trusts (i.e. the Wellfleet Conservation Trust, 
The Compact of Cape Cod Conservation Trusts, Inc. etc.) to acquire conservation restrictions on 
all unprotected municipal lands even if they are currently designated as conservation and 
recreation land and on any privately owned land that exhibits conservation values including 
wetland resource areas”.   
 
Ideally, a combination of these three approaches may reduce the burden associated with future 
potential growth and the associated increases in nitrogen loading. 
 
10.0 COSTS 
 
Preliminary cost estimates for sewer collection and treatment systems have been provided by 
GHD (see Appendix). To estimate costs associated with innovative and alternative (I&A) septic 
systems. I have compiled actual cost data from two projects on Cape Cod in the towns of 
Barnstable and Falmouth. These studies were conducted by two third-party organizations – 
Barnstable Clean Water Coalition and Buzzards Bay Coalition. Assistance was also provided by 
the Massachusetts Alternative Septic System Test Center (MASSTC) in both projects. 
 
A total of sixteen I&A septic systems (eight in each study) were installed and are being 
monitored for performance. Reported costs include engineering design and construction 
(including nitrogen attenuation technologies and installation). Half of the systems (6) required 
full upgrades including new septic tanks and leaching facilities. The other half (6) were 
retrofitted by adding the nitrogen attenuation technology and in some cases with partial 
upgrades including either a new septic tank or leaching facility. 
 
The average costs for construction were reported at $22,372 for retrofits, $27,981 for partial 
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upgrades, and $34,172 for full replacement upgrades. The overall average construction cost was 
$27,668.  To account for recent inflation costs in my analysis I have increased this to $35,000 per 
system. 
 
To estimate the overall costs of the hybrid and conventional plans I have applied the cost 
estimates provided by GHD for the centralized sewering, the costs associated with the 95 
Lawrence project provided by Bohler Engineering, and the I&A septics at cost of $35,000 
(including engineering design of $5000 per system).   Table 7 provides a summary of these costs. 

 
Table 7 – Costs ($ Millions) 

 
 
Cost estimates for other portions of the plan and for operation, maintenance, and monitoring 
are under preparation.   The costs associated with the permeable reactive barrier (PRB) will be 
estimated associated with the pilot project investigation and design study that has been 
approved by the recent town meeting.  It is interesting to note that these costs could be reduced 
by as much as $26 million with continued growth of the shellfish industry. 
 
To estimate the cost efficiency of the enhanced I&A septic systems and the centralized sewering 
options a lifecycle analysis was performed using a project period of twenty years (Table 8).  The 
analysis includes a range of performance (nitrogen removal) for the enhanced I&A septic 
systems (5 – 11 mg/liter) and the centralized wastewater treatment plant (3 – 5 mg/liter).   
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Table 8 – Comparative Costs – Enhanced I&A Septics and Conventional Wastewater Collection 
and Treatment 

 
 
 
11.0 IMPLEMENTATION SCHEDULE 
 
The proposed plan is organized into a 20-year implementation framework, consisting of four, 
five-year periods (see Table 9). Each phase identifies specific project implementation elements 
for each subwatershed.  As stated earlier in this report Phase 1 includes a downtown sewer 
collection and treatment system, a neighborhood cluster wastewater treatment system, 
development of an RME, implementation of enhanced I&A septic systems, and a pilot 
permeable reactive barrier.  Phase 1 also includes the Mayo Creek restoration project, continued 
growth of the shellfish industry, and stormwater remediation projects.   
 
Subsequent phases include the continued deployment of enhanced I&A septic systems, 
implementation of stormwater retrofits and fertilizer management.  An adaptive management 
process will be used to guide detailed decision-making in each subsequent phase.  Ultimately. 
the plan is designed to achieve the MEP thresholds and the required nitrogen loading 
reductions.  The plan includes nitrogen loading reductions that have occurred since the MEP 
analysis in 2010 (including the upgrade of the Harborside Village wastewater treatment plant 
and increases in shellfish harvest). 
 
The implementation of enhanced I&A systems can be linked to property owner initiatives 
including new construction, expansions of buildings, repairs to failing systems, and real estate 
transactions.  A proposed Health Regulation (and possibly a Wetlands Regulation) could 
provide these triggers that would direct conversion to the more effective septic system 
technologies over the twenty-year planning timeframe. 
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       Table 9 – Targeted Watershed Plan Implementation Schedule 
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12.0 OPPORTUNITIES FOR NITROGEN TRADING 
 
The towns of Truro and Eastham share smaller portions of the Wellfleet Harbor watershed. 
Their options to participate in the reduction of nitrogen loads include both source controls and 
nitrogen trading. Source controls include the conversion of existing septic systems to enhanced 
I&A systems. Nitrogen trading could include financial contributions towards the 
implementation of strategies within the Town of Wellfleet at locations closer to receiving waters 
where the benefits might be realized in a shorter timeframe and for less cost. 
 
Nitrogen trading could also be applied to support potential growth management strategies such 
as a transfer-of- development-rights (TDR) zoning initiative. Nitrogen credits could be linked to 
development rights and could be used to calculate incentives to redirect potential growth to 
areas of the town that are either served by sewers or have the assimilative capacity to accept 
additional nitrogen loading. 
 
13.0 PUBLIC PARTICIPATION 
 
The Town of Wellfleet has conducted dozens of public meetings regarding wastewater and 
nutrient management over the last twenty years.  These have included meetings during the 
prior engineering studies (Woodard & Curran and Environmental Partners). The Cape Cod 
Commission conducted eight public meetings during the Cape Cod 208 Water Quality planning 
process. 
 
During the last two years the Wellfleet Comprehensive Wastewater Committee has conducted 
dozens of public meetings, several in conjunction with other local boards including Select 
Board, Planning Board, Natural Resources Board, Shellfish Advisory Committee, and the 
Finance Committee. Based upon input from the Shellfish Advisory Committee the name of the 
Comprehensive Wastewater Committee was changed to the Clean Water Advisory Committee 
reflecting a broader focus on nutrient management recognizing that nitrogen is a critical food 
source for coastal ecosystems. 
 
Most recently, three articles were prepared to begin work on the primary elements of the 
recommended hybrid plan, were presented and discussed at the June 26, 2021 town meeting.  
These articles included funding for three pilot projects: 1) enhanced I&A septic systems, 2) 
permeable reactive barrier, and 3) neighborhood wastewater treatment system for the 95 
Lawrence affordable housing project. All three of these articles were passed with unanimous or 
super majority votes and were subsequently endorsed at the town referendum vote on June 30, 
2021.  
 
A series of webpages have been developed and are posted on the town’s website at 
https://www.wellfleet-ma.gov/clean-water-advisory-committee. This website provides 
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descriptions of the plan and the recommended technologies. Background reports and other 
relevant documents are also provided at this location 

 
14.0 MONITORING 

 
Water quality monitoring will be conducted in the receiving waters (at the MEP sentinel station) 
and within each subwatershed at the locations of the nitrogen reduction strategies.  Monitoring 
protocols will be developed based upon Cape Cod Commission’s “Preliminary Guidance for 
Piloting, Monitoring, and Evaluating Non-Traditional Water Quality Improvement 
Technologies on Cape Cod” (2016) and MADEP protocols. 
 
Effluent water quality and flow will be measured at the wastewater treatment facilities 
(including the 95 Lawrence Road project). Enhanced I&A septic systems will be monitored in 
accordance with MADEP requirements.  Permeable reactive barriers will be evaluated using 
upgradient and downgradient wells. Shellfish landings will be tracked in accordance with MA 
Division of Marine Fisheries protocols. Ecological restoration projects (including Mayo Creek) 
will be evaluated using pre- and post-project water quality monitoring data. Stormwater retrofit 
projects (including Route 6) will be documented. 
 
Water quality monitoring will also be conducted at the Sentinel Station in Wellfleet Harbor to 
assess ecosystem health improvements over time. 
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15.0 ADAPTIVE MANAGEMENT 
 
The hybrid plan is designed based upon the Cape Cod Commission’s 208 approach to be 
implemented using an adaptive management approach (see figure 32). The first phase of the 
plan includes several pilot projects including installation of enhanced I&A septics, a permeable 
reactive barrier, and construction of a wastewater collection and treatment system. 
At the end of each five-year phase the effectiveness of the plan at achieving nitrogen loading 
reductions will be evaluated. Accordingly, adjustments will be made to the plan as needed. 

 
 

Figure 32: Adaptive Management 
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16.0 CONSISTENCY WITH 208 PLAN UPDATE (CAPE COD COMMISSION) 
Wellfleet Harbor has been identified by the Cape Cod Commission as a priority watershed for 
the development of a Targeted Watershed Nutrient Management Plan (TWMP). Among the 
purposes of the TWMP is to demonstrate consistency with the 208 Plan Update and provide a 
basis for watershed permitting that includes both traditional and non-traditional technologies. 
Specific guidance on the requirements for 208 Plan Update consistency has been provided by 
the Cape Cod Commission in Appendix G of the 2017 Addendum to the Water Quality 
Management Plan. 
 
17.0. FINANCING 
 
17.1  SHORT-TERM RENTAL TAX  
Legislation was signed into law in December, 2018 which expands the room occupancy excise, 
G.L. c. 64G, to short-term rentals of property for more than 14 days in a calendar year, starting 
July 1, 2019 for which a rental contract was entered into on or after January 1, 2019. The town of 
Wellfleet recently raised this tax rate from 4% to 6% at 2021 town meeting.  It is estimated that 
the additional rooms tax generated from this category of rental property will provide an 
additional $1 million per year.  Over the next 30 years it is estimated this fund could generate in 
excess of $30 million. 
 
17.2 CAPE COD & ISLANDS WATER PROTECTION FUND  
Preliminary projections for revenue to be generated by the Cape Cod & Islands Water 
Protection Fund (CCIWPF) amount to $18 million annually. A tax rate of 2.75% is applied to 
stays in hotels, motels, B&B’s, other lodging establishments as well as short-term rental 
properties rented in excess of 14 days in a calendar year. The revenue will be awarded to 
communities in the form of principal subsidies on loans issued through the State Revolving 
Loan Program. It is estimated that lodging establishments in the town of Wellfleet could 
contribute 400,000 per year to this fund once it matures. Over the next 20 years it is estimated 
this fund could generate in excess of $8 million.  
 
17.3.  AMERICAN RESCUE PLAN ACT  
In 2022 the United States Congress passed legislation authorizing funding to assist states and 
local goverments with inftrastructure funding.  Current discussions at the Barnstable County 
Commissioners suggest that these funds will be available to subsidize the Cape & Islands Water 
Protection Fund and the Barnstable County Septic Loan Program. 
 
17.4  BARNSTABLE COUNTY SEPTIC LOAN PROGRAM 
Historically this loan program has been administered by the Barnstable County Department of 
Health & Environment and assists homeowners to upgrade hydraulically failed septic systems.  
Recent discussions with the Barnstable County Commissioners indicate that this program is 
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likely to be expanded to include upgrades to enhanced I&A septic systems with lower interest 
rates and potentially loan forgiveness. 
 
17.5   STABILIZATION FUND  
A new Stabilization Fund could be established to dedicate a portion of this new revenue stream 
to the comprehensive management of the town’s water and wastewater needs and none of the 
revenue will be credited to the General Fund.  
 
17.6  SEWER ASSESSMENTS  
Chapter 83 of the General Laws allows for the issuance of assessments to property abutters for a 
proportional share of the cost for a common sewer. The town will make every effort to 
maximize the number of property abutters on a specific sewer project to keep the proportional 
share of the costs to the least amount possible. The town could set an upper limit on the sewer 
assessments and subsidize them depending upon the amount of principal subsidies received 
from the CCIWPF and tax revenue generated from meals and rooms taxes. A reasonable upper 
limit may be defined as the average cost to replace a septic system.  
 
Property owners have the option to pay the sewer assessment in full or apportion the cost to 
future tax bills for up to 30 years under Chapter 83 of the General Laws. The interest rate 
applied to the apportioned assessments is either 5%, or by vote of the Selectboard, can be at a 
rate up to 2% above the net rate of interest chargeable to the town for the project to which the 
assessment relates.  
 
17.7  SYSTEM DEVELOPMENT CHARGES  
This is a fee in the utility industry that is charged to new customers of a utility system to pay for 
the investments made into the “backbone” of a system. There are three (3) methods that could 
be used to calculate the charge:  
•  Historical buy-in method – typically used when the existing system has sufficient capacity to 
serve new development now and into the future  
•  Incremental cost method – typically used when the existing system has limited or no capacity 
to serve new development and new facilities are needed to serve the next increment of new 
development  
•  Combined approach – typically used where some capacity is available in parts of the existing 
system, but new or incremental capacity will need to be built in other parts to serve new 
development in the near future  
The financing plan includes a system development charge that would be paid at the time of 
connection to the sewer system  
 
17.8  DEBT ISSUANCE  
When debt is necessary to finance capital improvements, the town either issues General 
Obligation Bonds through the capital markets or obtains loans through state agencies such as 
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the Department of Environmental Protection’s Massachusetts Clean Water Trust (MCWT) that 
offers municipal infrastructure financing programs at low interest rates, occasional principal 
subsidies, and with attractive repayment terms.  
 
The MCWT offers 0% loans for projects that contribute to nutrient enrichment reduction; 1.5% 
loans for Housing Choice Communities and 2% loans as a standard option. The loans can be 
amortized for up to 30 years provided the asset has a useful life exceeding that time period.  
 
Project costs that are not financed through the MCWT will be financed with a General 
Obligation Bond issue in the capital market. The town’s current bond rating is AAA and should 
result in 20 year loan rates of approximately in the 4% to 6% range under current market 
conditions.  
 
17.9  FEDERAL & STATE GRANTS  
Most grants available from state and federal agencies for sewer infrastructure require target 
pilot projects and innovative or “green” projects. Grants are typically not available for standard 
utility infrastructure needs such as replacing sewer mains or building of pump stations to meet 
on-going demand. Federal and State assistance has been directed to the MCWT to date which 
has allowed for the favorable borrowing conditions mentioned previously. This financing plan 
assumes this method of assistance will continue.  
 
17.10  PROPERTY TAXES  
The financial plan can include property taxes as a funding source for the program. They may be 
in the form of an operating override dedicated for a capital or debt exclusion to cover some or 
all of a project’s cost, or a reprioritization of the existing tax levy for this purpose.  
 
17.11 RESPONSIBLE MANAGEMENT ENTITY (RME) 
A significant portion of the proposed watershed plan includes numerous enhanced septic 
systems throughout the town.  These systems will be best managed through a coordinated 
responsible management entity (RME) that can coordinate operational visits, inspections, and 
monitoring requirements.  The RME can be the organization that calculates the resulting 
nitrogen reductions and reports to MADEP.  It can be supported through a fee structure paid 
for by property owners and/or the Town of Wellfleet.   
 
The U.S. Environmental Protection Agency (USEPA) has developed guidance on various RME 
structures and approaches.  They include an alternative models that include both private and 
public (municipal) ownership of septic systems and a range of services (USEPA, 2003).  At this 
point, this plan recommends EPA model 4 in which private ownership of septic systems and on-
site treatment technologies supported by a town-wide RME that would provide the operation, 
maintenance, and monitoring services.  These services would be paid for by a fee to property 
owners. 
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1. Introduction

The Town of Wellfleet, Massachusetts (Town) is undertaking a Targeted Wastewater Management 
Planning (TWMP) process to develop strategies for addressing wastewater needs and nutrient impacts to 
the Town’s coastal estuaries. 

This memorandum summarizes the evaluation that was completed to assess the approximate extent of 
centralized sewer infrastructure required to meet the Town’s nitrogen reduction strategies under two 
scenarios—the Massachusetts Estuaries Project (MEP) Hybrid Threshold Compliance Plan and MEP 
Traditional Threshold Compliance Plan. 

2. References, Datasets, and Design Guidelines

The references, datasets, and guidelines listed below were used to develop this memorandum. Documents 
are referred to by the abbreviation indicated in parenthesis for the remainder of the memorandum. 

References: 

– ‘Wellfleet Harbor Targeted Watershed Management Plan – Draft Final Report’, prepared by Scott
Horsley, Water Resources Consultant and dated June 15, 2022 (2022 Draft Wellfleet TWMP)

– ‘Groundwater Modeling Evaluation of Treated Effluent Recharge to Groundwater Wellfleet Transfer
Station – Final Technical Memorandum’, prepared by GHD and dated April 27, 2021. (2021 GHD
Wellfleet Transfer Station Evaluation)

– ‘Massachusetts Estuaries Project – Linked Watershed-Embayment Model to Determine Critical
Nitrogen Loading Thresholds for the Wellfleet Harbor Embayment System Town of Wellfleet,
Massachusetts Final Report – March 2017’, prepared by the University of Massachusetts Dartmouth
School of Marin Science and Technology and Massachusetts Department of Environmental Protection.
(Wellfleet Harbor MEP Report)

– ‘Comprehensive Wastewater Management Plan: Phase II – Alternatives Analysis Draft Report’
prepared by Environmental Partners, dated March 2014. (2014 Environmental Partners Alternatives
Analysis Draft Report)
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– ‘Comparison of Costs for Wastewater Management Systems Applicable to Cape Cod – Guidance to 
Cape Cod Towns Undertaking Comprehensive Wastewater Management Planning,’ prepared by the 
Barnstable County Wastewater Cost Task Force, updated by AECOM – April 2010 (Updated April 
2014 v2) (2010 CCC Cost Comparison Report) 

– ‘Zoning Map Wellfleet, MA – April 2004’ 
– ‘Water Supply & Wastewater Disposal Study, Wellfleet MA’ prepared by Woodard & Curran & 

Lombardo Associates, Inc., dated October 2001. (2001 Woodard & Curran & Lombardo Associates 
Wastewater Study) 

Datasets: 

– 2018 – 2020 public water system usage data, provide by the Town of Wellfleet. 
– Town of Wellfleet standardized assessor’s parcel mapping data set, last edited May 13, 2013. 

Guidelines: 

– ‘Guidelines for the Design, Construction, Operation and Maintenance of Small Wastewater Treatment 
Facilities with Land Disposal’, prepared by MassDEP and revised in July 2018 (2018 MassDEP Small 
WWTF Guidelines). 

3. Preliminary Sewer Analysis 

3.1 Centralized Sewer Areas 
An analysis was conducted to identify potential areas for centralized sewer infrastructure as part of the 
Town’s MEP Threshold Compliance Approaches development. Areas targeted for sewering were 
developed based on a review of previous evaluations that have been completed as part of the Town’s 
nitrogen management planning process (2001 Woodard & Curran & Lombardo Associates Wastewater 
Study and 2014 Environmental Partners Alternatives Analysis Draft Report). 

Previous evaluations identified Wellfleet’s “Central District” for potential sewering due to the density of 
parcels in this area. The Central District is shown on Wellfleet’s Zoning Map as portions of Kendrick 
Avenue, Commercial Street, Main Street, Bank Street, and Briar Lane. The Central District is located 
primarily in the Duck Creek and The Cove sub-watersheds of Wellfleet Harbor.  

Centralized wastewater treatment nitrogen reduction targets were established for two MEP Threshold 
Compliance Approaches by Water Resources Consultant Scott Horsley as part of the 2022 Draft Wellfleet 
TWMP. Both approaches are outlined in Section 3.4. Centralized sewers areas were identified to meet the 
established nitrogen reduction targets in each sub-watershed based on a wastewater flow estimate 
analysis, described in Section 3.3.  

3.2 Centralized Wastewater Treatment and Treated Effluent 
Recharge 

During the TWMP process the Wellfleet Transfer Station Parcel (266 Coles Neck Road) was identified as a 
potential site for the infiltration of treated wastewater effluent from a potential future wastewater treatment 
facility. This evaluation presumes that centralized wastewater treatment and treated effluent recharge are 
located on the Wellfleet Transfer Station Parcel.  

Field investigations (groundwater monitoring well installation, soil boring and hydraulic load testing) 
conducted by GHD in 2020 indicate a high infiltration rate at the site for treated effluent recharge. 
Conceptual layouts, developed during this evaluation, indicate adequate available area for treated effluent 
recharge up to 0.79 mgd average annual flow (based on a design hydraulic loading rate of 7 gpd/sf during 
maximum month conditions).  

As part of the Transfer Station parcel evaluation, a local-scale groundwater flow model based on the USGS 
regional groundwater flow model (Masterson, 2004) was developed by GHD for the lower Cape Cod aquifer 
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system. Effluent recharge simulation results provided by the local-scale model indicate that treated effluent 
discharge migration in groundwater to surface water is within the Herring River sub-watershed of the 
Wellfleet watershed.  

Due to its location in a sub-watershed with a MEP nitrogen threshold target, this evaluation assumes that 
centralized treatment at the site will achieve an effluent Total Nitrogen concentration of 5 mg/L in order to 
minimize the re-introduction of nitrogen to the sub-watershed through treated effluent recharge. Each MEP 
Threshold Compliance Approach outline in Section 3.4 includes an increased septic nitrogen reduction goal 
in the Herring River sub-watershed to offset nitrogen re-introduced to this sub-watershed through treated 
effluent recharge. 

3.3 Wastewater Flow Estimate Development 

3.3.1 Parcel with Available Water Use Data 
Water usage data for 261 parcels for the years 2018 through 2020 within the Town of Wellfleet was 
provided by the Wellfleet Water District. This data was used to develop estimated wastewater flows for 
parcels within the Town connected to the Public Water Supply system. Two hundred and twenty (220) of 
the 261 parcels in the dataset had water usage (values greater than zero). The 41 parcels listed on public 
water supply with no apparent water usage during the study period were taken out of the dataset and 
assigned average water usage data based on MEP assumptions, as outlined in Section 3.3.2. 

The water use information was joined to the most recent Assessor’s data (May 13, 2013) by account 
numbers using GIS. A 90% conversion factor (which is consistent with the conversion factor used in the 
MEP reports) was used as an estimate to convert water usage to wastewater flow. 

Table 1 summarizes average daily wastewater flows for properties with water use data. The relatively low 
per property single family residential wastewater flows are indicative of the seasonal nature of these 
properties, typically trending with higher water usage in the summer and lower water usage in the winter. 
Three-year average daily wastewater flows were used to calculate average per parcel nitrogen loads for 
this analysis. Peaking factors from regional wastewater treatment facilities of similar sizes were used to 
accommodate for the seasonality of the water usage in conceptual wastewater treatment facility sizing. 

Table 1 Average Wastewater Flows for Parcels Connected to the Public Water Supply 

Type of Parcel Wastewater Flow1 

Single Family Residential 82 gpd 

Commercial  375 gpd 

1. Wastewater flow was calculated using water usage data, provided by the Wellfleet Water District, for the years 
2018 through 2020, and a 90% conversion factor from water usage to wastewater flow.  

3.3.2 Parcels with No Available Water Use Data 
MEP assumptions were used to estimate water usage for parcels not connected to the Public Water 
Supply. A 90% conversion factor was used to convert water usage to wastewater flow (allowing for an 
estimated outdoor water usage of 10%). MEP assumptions used in this analysis are summarized in Table 
2. Wastewater flow assumptions were joined by land use code to the Town’s most current available parcel 
data (May 13, 2013) through GIS. 

Table 2 Wastewater Flow Assumptions for Parcels with No Available Water Use Data 

Type of Parcel Wastewater Flow  

Single Family Residential1 145 gpd x 0.9 = 131 gpd/property 

Multi-Family Residential2 290 gpd x 0.9 = 261 gpd/property 

Commercial1  180 gpd / 1,000 SF of building 
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Type of Parcel Wastewater Flow  

Industrial1 44 gpd / 1,000 SF of building 

References: 
1. “Massachusetts Estuaries Project – Linked Watershed-Embayment Model to Determine Critical Nitrogen Loading 

Thresholds for the Wellfleet Harbor Embayment System Town of Wellfleet, Massachusetts Final Report – March 
2017”, prepared by the University of Massachusetts Dartmouth School of Marin Scient and Technology and 
Massachusetts Department of Environmental Protection – Table IV.2 

2. “Massachusetts Estuaries Project – Linked Watershed-Embayment Model to Determine Critical Nitrogen Loading 
Thresholds for the Wellfleet Harbor Embayment System Town of Wellfleet, Massachusetts Final Report – March 
2017”, prepared by the University of Massachusetts Dartmouth School of Marin Scient and Technology and 
Massachusetts Department of Environmental Protection – Section IV.1.2. Multi-family dwellings are classified as 
land use codes 109 or 111. 

3.4 MEP Threshold Compliance Approaches 
Two alternate MEP Threshold Compliance Approaches were developed by Water Resources Consultant 
Scott Horsley as part of the Wellfleet Targeted Watershed Management Plan project to meet the Town’s 
anticipated MEP Nitrogen Thresholds. Both compliance approaches are outlined in this section. Each 
compliance approach includes growth assumptions, developed by Scott Horsley, for a 20-year planning 
horizon through 2042.  

3.4.1 Wellfleet MEP Hybrid Threshold Compliance Approach 
The Wellfleet MEP Hybrid Threshold Compliance Approach (Table 3) incorporates multiple nitrogen 
management strategies to meet the Town’s anticipated MEP Nitrogen Thresholds, including promising pilot 
technologies that the Town is currently investigating. Conceptual sewer areas for the municipal centralized 
wastewater collection system included in the Hybrid Approach is outlined in Figure 1. 

Table 3 Wellfleet MEP Hybrid Threshold Compliance Approach  

Nitrogen Management 
Strategy  

Anticipated Nitrogen Reduction (kg/yr) 

Herring 
River 

Duck 
Creek 

The 
Cove 

Drummer / 
Blackfish 

Hatches Wellfleet 
Harbor 

Loagy 
Bay 

Total 

I/A Systems Installed for New 
Construction (Treated Effluent 
TN = 8 mg/L)1 

307 65 147 113 153 239 43 1,069 

Conversion of Existing Title 5 
Systems to I/A Systems 
(Treated Effluent TN = 8 mg/L)1 

632 397 1,729 403 147 2,634 0 5,941 

Fertilizer Mitigation (25% of 
Fertilizer Load)1 

151 37 107 54 47 133 20 549 

Stormwater Reductions (25% of 
Stormwater Loads1 

164 42 108 55 45 104 16 534 

Aquaculture / Shellfish Harvest1 0 0 0 675 0 600 675 1,950 

Ecological Restoration1 0 0 317 0 0 0 0 317 

Permeable Reactive Barrier1 0 0 0 0 0 0 0 0 

Centralized Collection and 
Treatment – Private1  

0 88 0 0 0  146 0 234 

Centralized Collection and 
Treatment – Municipal1 

0 879 458 0 0 0 0 1,337 

Treated Effluent Nitrogen Load 
Recharge to Watershed 
(Treated Effluent TN = 5 mg/L)1 

-255 0 0 0 0 0 0 -255 
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Nitrogen Management 
Strategy  

Anticipated Nitrogen Reduction (kg/yr) 

Herring 
River 

Duck 
Creek 

The 
Cove 

Drummer / 
Blackfish 

Hatches Wellfleet 
Harbor 

Loagy 
Bay 

Total 

Total Anticipated N Reduction 
(2042)1 

999 1,509 2,866 1,300 392 3,856 755 11,677 

Anticipated N Reduction 
Required to Meet MEP 
Thresholds (2042)1 

999 1,509 2,866 1,300 392 3,856 571 11,493 

References: 
1. ‘Wellfleet Harbor Targeted Watershed Management Plan – Draft Final Report’, prepared by Scott 

Horsley, Water Resources Consultant and dated June 15, 2022. 

3.4.2 Wellfleet MEP Traditional Threshold Compliance Approach 
The Wellfleet MEP Hybrid Threshold Compliance Approach (Table 4) provides a conservative estimate of 
additional centralized wastewater collection and treatment that would be required if the pilot projects 
included in MEP Hybrid Threshold Compliance Approach did not perform as anticipated. Conceptual sewer 
areas for the municipal centralized wastewater collection system outlined in Traditional Approach is outlined 
in Figure 2.  

Table 4 Wellfleet MEP Traditional Threshold Compliance Approach  

Nitrogen Management 
Strategy 

Anticipated Nitrogen Reduction (kg/yr) 

Herring 
River 

Duck 
Creek 

The 
Cove 

Drummer / 
Blackfish 

Hatches Wellfleet 
Harbor 

Loagy 
Bay 

Total 

I/A Systems Installed for New 
Construction (Treated Effluent 
TN = 19 mg/L)1 

106 24 47 40 61 80 14 371 

Conversion of Existing Title 5 
Systems to I/A Systems 
(Treated Effluent TN = 19 
mg/L)1 

625 0 1 241 331 374 1 1,573 

Centralized Collection and 
Treatment – Private1 

0 88 0 0 0 146 0 234 

Centralized Collection and 
Treatment – Municipal1 

2,460 1,397 2,819 1,019 0 3,256 556 11,507 

Treated Effluent Nitrogen 
Load Recharge to Watershed 
(Treated Effluent TN = 5 
mg/L)1 

-2,192 0 0 0 0 0 0 -2,192 

Total Anticipated N 
Reduction (2042)1 

999 1,509 2,866 1,300 392 3,856 571 11,493 

Anticipated N Reduction 
Required to Meet Watershed 
TMDL (2042)1 

999 1,509 2,866 1,300 392 3,856 571 11,493 

References: 
‘Wellfleet Harbor Targeted Watershed Management Plan – Draft Final Report’, prepared by Scott Horsley, Water 
Resources Consultant and dated June 15, 2022. 
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3.5 Conceptual Cost Estimates 

3.5.1 Basis of Design – Conceptual  
Table 5 outlines the conceptual basis of design that was used to develop conceptual cost estimates for this 
project. 

Table 5 Preliminary Centralized Infrastructure Basis of Design 

 MEP Hybrid Threshold Approach MEP Traditional Threshold 
Approach 

Approximate Number of Properties 
Connected to Centralized System1 

278 2,385 

Average Annual Raw Wastewater 
Flow (gpd)2 

37,000 gpd 318,000 gpd 

Maximum Day Raw Wastewater 
Flow (gpd)2,3 

59,000 gpd 1,004,700 gpd 

Assumed Centralized Treatment 
Effluent Total Nitrogen 
Concentration (mg/L) 

5 mg/L 5 mg/L 

Net Nitrogen Removal (kg/yr)4 1,082 kg/yr 9,315 kg/yr 

Notes: 
1. Approximate number of properties connected to the centralized system was calculated based on removal of an 

average per parcel nitrogen load of 4.73 kg/yr/property through sewering (equivalent to an average single family 
residential wastewater generation rate of 131 gpd/property). This number will be refined once a collection 
system technology is selected and the conceptual layouts outlined in Figures 1 and 2 are refined based on that 
technology.  

2. Flow estimates include only flow from wastewater generation. An estimate for infiltration and inflow (I/I) will need 
to be incorporated into the flow estimate once a collection system technology is selected and a preliminary 
layout for that technology is developed.  

3. Maximum day flows were estimated using peaking factors of other regional wastewater treatment facilities 
(WWTFs) of a similar size for each Compliance Approach.   

4. Net nitrogen removal = Raw wastewater nitrogen removed from groundwater minus treated effluent nitrogen 
recharged to groundwater 

The following assumptions were used to develop the conceptual cost estimates: 

– Centralized Collection System (gravity/low pressure collection system, raw wastewater pump stations, 
and force main systems) 
x Recent Cape Cod construction bids from Chatham, Barnstable and Falmouth were used to 

develop an average per parcel construction cost for the collection system. Construction bids used 
for the analysis included a range of low pressure and gravity main lengths, force main lengths, 
and number of pump stations in the system, and is intended to estimate an average cost of these 
types of systems.  

x Anticipated costs to acquire any privately owned land for pump stations was not included in the 
conceptual cost estimates. 

x The construction cost estimate includes estimated costs for linear infrastructure only within the 
road right-of-way, not on private property. 

x An allowance of $11,550 (2022$) was carried for sewer lateral installations from the property line 
to the house for each anticipated connection. The allowance was developed based on regional 
average costs for single-residential house lateral installations. Lateral installation costs are 
typically incurred by a property owner (not the Town) – a lateral allowance was included in this 
analysis to allow for comparison of anticipated costs for centralized treatment versus other 
nitrogen management strategies. 
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x Procurement and installation of grinder pumps required for a low-pressure system are not 
included in the cost estimate.  

x Estimated costs assume that no hazardous materials or other materials that require special 
handling are encountered. 

– Centralized Wastewater Treatment and Effluent Recharge 
x Cost estimates assume that raw wastewater is pumped to a centralized wastewater treatment 

facility at the Wellfleet Transfer Station Parcel for treatment and treated effluent recharge through 
open sand beds at the same site.  
– Since the Wellfleet Transfer Station Parcel is located within the Herring River sub-watershed, 

which has an MEP Nitrogen Threshold, a facility capable of meeting a TN effluent 
concentration of 5 mg/L is the basis for this analysis.   

– Effluent recharge through open sand beds. 
x Wastewater Treatment Facility (WWTF) cost estimates were developed based on the planning 

values outlined in the ‘Comparison of Costs for Wastewater Management Systems Applicable to 
Cape Cod – Guidance to Cape Cod Towns Undertaking Comprehensive Wastewater 
Management Planning,’ prepared by the Barnstable County Wastewater Cost Task Force – April 
2010, updated by AECOM (updated April 2014 v2). These costs were adjusted to 2022 dollars. 
Once a construction timeframe is known, project costs should be adjusted to the anticipated mid-
point of construction for the project.  WWTF cost estimates were compared to regional project 
cost estimates for similarly sized infrastructure to confirm appropriate order of magnitude.  

x Estimated costs assume that no hazardous materials or other materials that require special 
handling are encountered. 

3.5.2 Engineers Opinion of Probable Capital Costs for Centralized 
Treatment, Collection, and Recharge – Conceptual  

The Engineer’s opinion of probable capital costs for centralized collection, treatment, and recharge 
facilities, in 2022 dollars, is outlined in Table 6. The cost estimates represent total estimated project costs 
with allowances for construction costs for items identified in Section 3.5.1. These costs also include the 
following: 

– 30 percent construction contingency. Because of the conceptual nature of this evaluation, a 30 percent 
construction contingency is carried for planning purposes since no detailed design and no survey has 
been performed. As design progresses, a reduced contingency will be carried for variability in bidding 
climate, project changes before bidding, easements, and change orders due to unforeseen conditions 

– 10 percent engineering design allowance. 
– A 30 percent allowance for construction phase engineering services, 

legal/fiscal/permitting/administrative costs, survey and soil borings allowance, and police allowance for 
linear work (collection system installation) and a 20 percent allowance for construction phase 
engineering services and legal/fiscal/permitting/administrative costs allowance for wastewater 
treatment facility work. The allowance for construction phases services for linear work and wastewater 
treatment facility work are assigned based on the type of infrastructure and are additive in the cost 
estimate. 
A sewer lateral allowance to allow for comparison to the costs of other nitrogen management 
strategies (sewer lateral costs from a property line to an individual house are typically incurred by a 
property owner, not the Town).  

Project costs are presented in 2022 dollars. Once a construction timeframe is known, project costs should 
be adjusted to the anticipated mid-point of construction.  
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Table 6 Engineers Opinion of Probable Capital Costs (2022$)1,2 

 MEP Hybrid 
Threshold 
Approach 

MEP Traditional 
Threshold 
Approach 

Collection System Construction Total  $9.4 M $80.4 M 

Wastewater Treatment Facility Construction Total $10.9 M $32.7 M 

Municipal Centralized Infrastructure Construction Total  
(ENR March 2022 = 12791) 

$20.3 M $113.2 M 

Design Allowance $2.0 M $11.3 M 

Construction Phase Services, Legal, Fiscal & Engineering 
allowance, soil borings, survey, and police allowance for linear work 
plus Construction Phase Services, Legal, Fiscal & Engineering 
allowance for Wastewater Treatment Facility work3  

$5.0 M $30.7 M 

Sewer Lateral Allowance4 $3.2 M $27.5 M 

Total Municipal Centralized Infrastructure Capital Costs  
(ENR March 2022 = 12791) 

$30.5 M $182.7 M 

Notes: 
1. Total Capital Costs include allowances for construction costs such as: a 30% construction contingency; 10% 

engineering design allowance; 30% allowance for construction phase services, 
legal/fiscal/permitting/administrative costs, survey, soil borings, and police allowance for linear work; and a 20% 
allowance for construction phase services and legal/fiscal/permitting/administrative costs allowance for 
wastewater treatment facility work. 

2. GHD has prepared the preliminary cost estimate outlined in this memorandum using information reasonably 
available to the GHD employee(s) who prepared this report; and based on assumptions and judgments made 
by GHD based on previous Cape Cod bidding prices. The cost estimate has been prepared for the purpose of a 
preliminary evaluation of alternatives and must not be used for any other purposes. The cost estimate is a 
preliminary estimate only. Any effect on prices, costs, and other variables arising from the effects of the spread 
of COVID-19 and its impacts on the supply chain have not been factored into the cost estimate. 

3. A 30 percent allowance was included for construction phase engineering services, 
legal/fiscal/permitting/administrative costs, survey and soil borings allowance, and police allowance for linear 
work (collection system installation), and a 20 percent allowance was included for construction phase 
engineering services and legal/fiscal/permitting/administrative costs allowance for wastewater treatment facility 
work. 

4. An allowance of $11,550 (2022$) was carried for lateral installations from the property line to the house for each 
anticipated connection. The allowance was developed based on regional average costs for single-residential 
house lateral installations. Lateral installation costs are typically incurred by a property owner (not the Town) – a 
lateral allowance was included in this analysis to allow for comparison of anticipated costs for centralized 
treatment versus other nitrogen management strategies. 

 

4. Next Steps 

Once an MEP Threshold Compliance Approach is selected as part of the TWMP process, the following 
steps are recommended to refine the analysis presented in this memorandum: 

– Initiate design of the collection system in the identified proposed sewer areas. Conduct an analysis to 
identify potential pump station sites in the identified proposed sewer areas, and develop a SewerCAD 
model to evaluate the extent to which gravity sewer is feasible within each sewer area. Refine 
conceptual cost estimates based on selected technology. 

– Initiate design and permitting for a future centralized wastewater treatment facility. 
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5. Scope and Limitations

This technical memorandum has been prepared by GHD for the Town of Wellfleet, MA. The matters 
discussed in this memorandum are limited to those specifically detailed in the memorandum and are 
subject to any limitations or assumptions specially set out. 

Regards 

Anastasia Rudenko PE, BCEE, ENV SP 
Project Manager 
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