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Background 

Great Bay Total Nitrogen General Permit 

The Great Bay Estuary (Estuary) is a network of tidal rivers, inland bays, and coastal harbors that 

extends inland from the mouth of the Piscataqua River between Kittery, Maine and New Castle, New 

Hampshire to Great Bay proper and the Upper Piscataqua River. Over 52 New Hampshire and Maine 

communities are entirely or partially located within the watershed.  

 

The Estuary is protected in part by the operation of 17 publicly-owned wastewater treatment facilities 

(WWTFs), including 13 in New Hampshire and 4 in Maine. The various municipal owners operate these 

WWTFs to clean wastewater generated by and collected from residential households; businesses; 

educational institutions; federal, state and local government facilities; and other persons and entities in 

the watershed. For many years, various municipalities have invested funds collected through user fees on 

these sources of wastewater to increase the ability of their WWTFs to remove a particular pollutant, total 

nitrogen (TN).  

 

The U.S Environmental Protection Agency (EPA), in coordination with the State of New Hampshire 

Department of Environmental Services (NHDES), issued the National Pollutant Discharge Elimination 

System (NPDES) Great Bay Total Nitrogen General Permit for Wastewater Treatment Facilities in New 

Hampshire (No. NHG50A000) (General Permit) on November 24, 2020. The General Permit became 

effective beginning on February 1, 2021. It establishes TN effluent limitations, monitoring requirements, 

reporting requirements and standard conditions for the 13 eligible WWTFs in New Hampshire. The 

discharge of all pollutants other than TN from these WWTFs will continue to be authorized by each 

WWTF's respective individual NPDES permit. 

 

The General Permit consists of two main operative parts. Part 2 establishes “Effluent Limitations and 

Monitoring Requirements” representing a control regime for TN discharges from the covered WWTFs 

in accordance with specified rolling seasonal averages. Compliance must be confirmed through a 

rigorous program of weekly monitoring in accordance with EPA methods and certified reports to EPA 

on a monthly basis.   

 

Part 3 establishes an opportunity for the municipalities to advance the development of broader 

“Adaptive Management Framework” for the Estuary, which includes ambient water quality monitoring, 

pollution tracking, reduction planning, and review, as well as collaboration between EPA, the State of 

New Hampshire, and public, private, and commercial stakeholders. Part 3 of the General Permit is 

discussed further in the next section of this plan. 

 
By opting to be covered by the General Permit, the municipalities are supporting implementation of the 
General Permit as part of the next phase of appropriate water quality management approach for the 
Estuary.  
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Joint Adaptive Management Plan (AMP) 

As noted above in the Introduction, Part 3 of the General Permit provides an adaptive management 

framework to include ambient monitoring, pollution tracking, reduction planning, review, and timeline 

for a TN management threshold target. Implementation of adaptive management includes collaboration 

between EPA, the State of New Hampshire, and public, private, and commercial stakeholders.  
 

An adaptive management process is a valuable approach to refining and advancing watershed-level water 

quality protection programs, while continuing to develop a better understanding of the watershed to 

support appropriate investments. An effective adaptive management process is needed in the case of the 

Estuary to more precisely determine the desired ambient water quality conditions to support desired 

habitat and aquatic life. Notably, eelgrass is of significant interest due to its decline over the past few 

decades. The adaptive management process is a means to further TN control measures to improve 

scientific knowledge specific to the Great Bay Estuary and better understand the substantial scientific 

causes of the eelgrass decline (i.e., whether the eelgrass decline is caused primarily by TN levels or by a 

complex combination of factors in the Estuary).  Through an iterative process that ensures progress on 

nitrogen reductions supported by an ever increasingly robust data set to minimize uncertainty of the 

contributing environmental factors, the adaptive management process is intended to lead to the 

identification of an appropriate TN management threshold target.   

 

The General Permit and the decision of the municipalities to opt into coverage under it, represent an 

opportunity to advance water quality planning and implementation of management measures in the face 

of these uncertainties. This process enables work to proceed on important, inter-related fronts 

simultaneously. To realize these important benefits for the Great Bay Estuary, the municipalities have 

elected to work in collaboration with other units of government including EPA and NHDES to enhance 

their mutual efforts. Examples of the benefits of aligning the General Permit with a broader adaptive 

management effort include: 

 

 Continue improving and protecting water quality based on sound science and public policy; 

 Increasing collaboration and avoiding disputes and delays over uncertain and unanswered underlying 

scientific and issues related to management of the Estuary;  

 Aligning federal, state and local governments on near-term actions and investments;  

 Continuing WWTF TN removal, increasing stormwater TN controls, and enhancing ambient 

monitoring efforts and scientific understanding; and 

 Laying a better-informed foundation for any needed additional investments and improvements. 

 

The combination of the General Permit and the adaptive management framework promote effectiveness 

and cost-effectiveness of TN controls through a balance of wastewater and stormwater controls, while 

accommodating and strengthening the needed scientific effort to better understand what actions will 

best protect the Estuary in the long-term. In other words, by carrying out Part 2 (effluent limitations) 

and Part 3 (Adaptive Management Framework) of the General Permit in parallel, the General Permit 

advances reasonable further progress in the near-term and appropriately considers the complex technical 

issues that must be better understood before appropriate TN management thresholds can be 

determined. 
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This joint AMP describes and details the activities and measures that are currently being implemented 

and are planned for the future to achieve the terms and conditions of the General Permit.  Consistent 

with the concept of adaptive management and the annual budgeting process of municipalities, to 

advance TN controls this is a living document that is being updated at least annually during the permit 

term. 

 

Municipal Alliance for Adaptive Management (MAAM) 

In an effort to better understand and accomplish water quality monitoring and improvement in the Great 
Bay watershed, MAAM was formed in the winter and spring of 2021 in order to facilitate and enhance 
community collaboration, stakeholder input, resource sharing, expertise, and efficient use of investment.  
Currently, Rochester, Dover, Portsmouth, Exeter, Newington, Rollinsford, and Milton have joined as 
members of MAAM, representing seven communities and eight WWTFs (representing 827 lb/day of the 
1,024 lb/day total permitted effluent limitations in the General Permit, i.e., over 80% of the total 
permitted load).  MAAM is overseen by an Executive Board, composed of Rochester, Dover, 
Portsmouth, Exeter and Newington.  In addition, a Stakeholder Committee has been formed for MAAM, 
led by Conservation Law Foundation (CLF).  As background information, a copy of the MAAM 
agreement is included within Appendix E.   

 

Settlement Agreement By and Between Conservation Law 
Foundation and Cities of Dover, Rochester, and Portsmouth 
 
In March 2021, a Settlement Agreement was reached between Conservation Law Foundation and the 
Cities of Dover, Rochester, and Portsmouth.  The Settlement Agreement averted an appeal of the 
General Permit and aimed to enhance collaborative efforts in the watershed.  Pursuant to the Settlement 
Agreement, Dover, Rochester, and Portsmouth recognized and affirmed their commitment to 
undertaking the activities envisioned in Part 3 of the General Permit, all as an effort to make reasonable 
further progress on TN source reductions.  Like the MAAM agreement, the Settlement Agreement is 
included here for information because it, along with the General Permit, reflect a new era of collaborative 
efforts.  The Settlement Agreement specifically includes commitments of those three communities, 
reporting mechanisms, accountability mechanisms, and a shared vision of improved water quality 
through collaborative efforts.  A copy of the Settlement Agreement is included within Appendix G.  

 

Town and City Specific Backgrounds  

Dover 

The City of Dover is approximately 29 square miles, with a population of 32,000 and is considered one 

of the fastest growing communities in New Hampshire.  The city is bordered by tidal rivers and the New 

Hampshire Great Bay.  The City’s Wastewater Treatment Facility (WWTF), located on Middle Road, 

treats on average 2.5 MGD from approximately 2/3 of the community, while the remaining population 

continues to use private septic systems.  The city also owns and operates a complex citywide network of 

stormwater infrastructure.  The stormwater management is regulated by the NPDES MS4 program, 

however, the City of Dover has a long history of exceeding the minimum requirements and has invested 

heavily in Low Impact Development infrastructure and retrofits throughout the city.  Additionally, the 

city recently invested in a multi-million dollar investment at the WWTF to improve nitrogen removal 

discharging to the Great Bay.  The City is committed to continue to invest in water quality improvement 

projects as is outlined in Appendix D of this plan. 
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Milton 
The Town of Milton is a small community with a population of approximately 4,600 people within the 
Town’s total area of approximately 34.34 square miles.  Milton is a manufacturing, resort and 
residential town, and includes the village of Milton Mills which is the most densely populated area with 
a total of 575 people.  The community is located along the Salmon Falls River, just north of Route 75.   
The Milton Wastewater Facility services approximately 300 units in the town of Milton and treats 
annually approximately 22,593,000 gallons of sewerage at an average daily flow of 62,000 gallons. The 
facility operates at around 62% of plant design capacity allowing future growth within the community. 

 

Newington 

The Town of Newington is a small community with a population of approximately 800 people within the 

Town’s total area of approximately 12.5 square miles (8.2 square miles of land, 4.2 square miles of water).  

The Town includes a large commercial/industrial area, a large area encompassing the Pease International 

Trade port and NH Air National Guard (NHANG), and Great Bay National Wildlife Refuge.  The 

remaining areas of the Town are mainly slowly developing rural residential areas.  Future development and 

population growth shall be governed by the Town as identified in the Newington Master Plan (May, 2020).   

The Town’s urbanized area (+/- 3.5 square miles) includes very few homes and is almost entirely 

commercial, industrial, NHANG and Trade port properties.  The Town was granted an MS4 waiver in 

2013 based on the Town’s minimal urbanized area and potential impacts associated within this area. 

 

The Newington Sewer Commission, on behalf of the Town of Newington, owns and operates a 

wastewater collection, treatment and disposal system which serves the entire industrial, office and 

commercial zoned areas of Town, as well as a small number of residential users.  The 0.29-MGD 

wastewater treatment facility (WWTF) processes sewage as well as septage from residential users which 

are not connected to the collection system.  The collection system includes two pumping stations and 

approximately 11 miles of sanitary sewers. In anticipation of the Great Bay Total Nitrogen Permit, the 

Town proactively proceeded with an $8.2M WWTF & Pump Station upgrade project in 2016 to improve 

performance and provide nitrogen removal capabilities.  The WWTF upgrades have allowed the facility 

to consistently reduce nitrogen to < 3 mg/L ( < 2.5 lbs TN/day) during the growing season.  This 

improvement in effluent total nitrogen represents a significant reduction in total nitrogen loading to the 

Great Bay.  

 

Portsmouth 
The City of Portsmouth (City) is a historic community located in southeastern New Hampshire at the 
mouth of the Piscataqua River. The City has a population of approximately 22,000 people and is a 
frequently visited tourist destination due to its restaurants, historic past, geographic location, and other 
amenities. The overall land area of the City is approximately 16.8 square miles (15.6 square miles of land 
and 1.2 square miles of water). Downtown Portsmouth is densely developed with mixed commercial and 
residential properties with intermixed industrial development. Outside the downtown, land use is still 
urban in nature and primarily residential and multi-unit residential with mixed commercial zones. The City 
has within its boundaries the Pease International Tradeport and NH Air National Guard. The primary 
land area of the City is private property (~71%) with the remaining land area comprised of Department 
of Transportation roadway right-of-way (~6%), City roadway right-of-way (7%) and City owned 
properties (16%). Growth in the City is controlled through land use and zoning ordinances and approval 
of proposed development through the Planning Board, Zoning Board of Adjustment, Historic District 
Commission and Conservation Commission as applicable. The City is compliant with its MS4 permit 
effective July 1, 2018 and NPDES permits for its two wastewater treatment facilities, Pease Tradeport 
WWTF and Peirce Island WWTF.  
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The City’s Department of Public Works is organized into multiple utility groups overseeing the stormwater 
collection system, sewer collection system, combined sewer overflows, and water distribution system. The 
sewer group oversees the treatment of sewerage at the Pease Tradeport WWTF and Peirce Island WWTF. 
The water group oversees treatment at the Madbury Water Treatment Plant and the Pease Water 
Treatment Plant. This water group is primarily responsible for the day-to-day operations and long term 
projects associated with stormwater best management practices, points source discharge points of nitrogen 
(e.g. WWTFs), and water source protection and water conservation.  
 
The City has long been a regional leader in environmental stewardship and innovation. In 2007 the City 
Council voted on a resolution to become an Eco-Municipality and use the four principles of The Natural 
Step (https://thenaturalstep.org/approach/) to guide sustainable decision-making. The City’s 
commitment to sustainability and environmental stewardship shows up in its many proactive efforts to 
curb pollution, supports science, and minimize it impact on the Estuary.  These items cannot always be 
quantified as a specific nitrogen reduction but are important to support the nitrogen control and reduction 
efforts and include the following:  

 Professional Staffing and Organizational Structure: The City has developed a Stormwater 
Specialist Position and reorganized personnel to establish a Stormwater Division within the Public 
Works Department. At the Planning Department there are staff dedicated to site plan regulation 
compliance for private property and developments. The majority of the team has completed the 
Stormwater Management Certificate program offered by UNH Professional Development 
Training. Staff regularly hold tours or presentations of the innovative BMP's being implemented.  
Staff also regularly speak at conferences about technologies and particularly focus on maintenance 
and long-term performance. Wastewater operations staff are trained licensed professionals who 
participate in professional organizations including New Hampshire Water Pollution Control 
Association, New England Water Environment Association/WEF, and others. Staff participate 
in these associations to maintain training and stay in front of the most recent industry trends and 
to optimize treatment operations. 

 Incorporation of Stormwater BMPs: The City incorporates stormwater controls and other BMPs 
into City projects. Staff continue to work on developing new BMPs by working with consultants 
and the UNH Stormwater Center. Some examples include Community Campus Athletic Fields 
gravel wetland and bio retention stormwater treatment, State Street sand filtration and tree box 
filters, use of compost tea and incorporation of pervious pavement and other LID type projects 
within the City. The City has and will continue to work with private and public entities in the 
installation of rain gardens, tree box filters and other stormwater controls.   

 Consulting Services: The City has contracted with professional consultants to conduct past studies 
specific to stormwater and non-point source projects and planning. This work is ongoing and will 
incorporate an update to the City’s Stormwater Master Plan and a future discussion on 
implementing a storm utility funding option.  

 Regulations and Ordinance Adjustments: The City Site Plan Review Regulations promote the use 
of Low Impact Development to the maximum extent practical and sets limits more restrictive 
than the MS4 permit for redevelopment projects. Ordinance changes have increased wetland 
buffers with credit for going green projects that show added nitrogen removal. 

 Outreach and Education: City staff work with the Seacoast Stormwater Coalition to develop BMP 
implementation and regular operation and maintenance requirements for private properties. 

 Address the Future: Working with stakeholders, the City seeks to address stormwater, sea level 
rise, and coastal resiliency issues that impact Portsmouth.  This includes addressing the overlap in 
project needs to address coastal resiliency and impact of tidal changes on stormwater controls in 
areas like Prescott Park.  
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These are some of the efforts put forth by Portsmouth toward supporting improvement of water quality 
for the Great Bay Estuary. The greatest and most impactful, however, is the recently completed upgrade 
of the Peirce Island WWTF. Over the last 5 years the Peirce Island WWTF underwent a significant upgrade 
converting the once primary level treatment facility to a tertiary level nitrogen removal facility with 
biological treatment. This $92 Million project has decreased the amount of nitrogen discharged to the 
estuary by over 84%, total suspended solids by over 86%, and biochemical oxygen demand by over 90%.   
 

Rochester 
The City of Rochester, located in southeastern New Hampshire, is the one of the five largest 
municipalities in the state.  The City has a land area of 44.8 square miles, water area of approximately .6 
square miles and a population of 32,000.  The majority of land abutting the .6 square miles of water in 
the City is owned by private property owners. The City owns 213 parcels containing approximately 
1,668.5 acres, but also controls approximately 1,050 acres of right-of-ways.  The State of NH Department 
of Transportation also owns and controls approximately 42% of the right-of-ways (775 acres) located 
within the City.   The City owns and operates a wastewater treatment facility (WWTF) which discharges 
treated effluent to the Cocheco River.  The Cocheco River is within the Great Bay watershed and forms 
the Piscataqua River at the confluence of the Cocheco and Salmon Falls Rivers.  The City has listed 
planned projects along with associated, estimated capital budget costs in Appendix D. 
  

Rollinsford 
The Town of Rollinsford is a small community with a population of approximately 2600 people within 
the Town’s total area of approximately 7.6 square miles along the Salmon Falls River bordering 
Maine.  The Town is densely populated in about 20% of the area. The rest of the Town is mainly slowly 
developing rural residential areas and conservation land.  The Town is an MS-4 community and sweeps 
20 lane miles of roadway and cleans 115 catch basins annually, in addition to several outreach measures 
as a provision of the MS-4 permit. Rollinsford is currently working on a stormwater asset management 
loan program through NH DES to catalog and map stormwater assets in the Town. 
 
The Rollinsford Water Sewer District is governed by a Commission separate from the Town and provides 
water and wastewater services to the more densely populated area of Rollinsford. 
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a) Monitor Ambient Water Quality in Great Bay 

In accordance with Part 3-1.a. of the General Permit, this section of the joint AMP outlines the 

approach to monitor the ambient water quality and eelgrass in the Great Bay Estuary as part of the 

evaluation of factors affecting eelgrass health. 

 

a.1 Statement of Responsibilities 

The Piscataqua Regional Estuaries Partnership (PREP), part of the School of Marine Science and Ocean 

Engineering at the University of New Hampshire, is currently the organization relied upon by MAAM 

(and presumably other agencies and stakeholders given PREP’s existing responsibilities and capabilities) 

for ambient water quality monitoring. Through the MAAM, the members are addressing Part 3-1.a. of 

the General Permit by funding an equitable and proportional amount of the PREP ambient monitoring 

in the estuary.  To date, MAAM has approved funding of $492,102 towards this work and has 

committed to continue funding monitoring efforts through the 5-year permit term.  MAAM is also 

funding the work of its consultants, Brown & Caldwell, who have been working with the PREP team on 

the continued development of the monitoring program.  See Appendix E and Appendix F of this AMP 

for MAAM agreement and authorization to fund work. 

 

a.2 Summary of Plan 

This plan covers “ambient water quality” monitoring including potential physical and biological stressors 

that may be affecting eelgrass health in the estuary, including but not limited to nitrogen. All monitoring 

data described in this section, including the underlying information used to calculate nutrient loads, will 

be made publicly available. 

 

Data Collection 

- Nutrient load estimating 

o Calculated for point and non-point sources on an annual basis.  

- Water quality monitoring (e.g., dissolved oxygen, nutrient concentrations, total suspended solids 

(TSS), chromophoric dissolved organic carbon, etc. 1) in eight tributaries to Great Bay Estuary 

o Samples are taken between March and December for each year of the permit period. 

Results are generally available by summer of the following year. 

- Water quality monitoring at approximately 12 stations in the Great Bay Estuary, including the 

same parameters monitored in the rivers, as well as light penetration, plankton and chl-a. 

o Samples taken between April and December for each year of the permit period. In 

addition datasondes will automatically collect certain data every 15 minutes.)  Results 

are generally available by summer of the following year. 

- Eelgrass 

o Distribution 

 
1 The complete list of water quality analytes will be specified in related monitoring documents and will include 
factors that potentially cause or contribute to conditions that many affect eelgrass health as well as other general 
water quality parameters. 
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 Tier 1 aerial monitoring was originally planned to be assessed every two years, 

however, the MAAM communities have seen value in having more frequent 

data and are now funding an annual assessment.  

o Measures of eelgrass abundance and health (e.g., percent cover, canopy height, biomass, 

density, epiphyte load) 

 Originally Tier 2 assessments were planned to assess these parameters at 50 

sites throughout the estuary (25 sites for biomass), however, after an initial year 

of work it has been determined to only be practical to test 25 sites in June/July 

with 8 sites being sub-sampled in April and October. 

 
o Water quality and sediment monitoring associated with Tier 2 are described in 

Appendix C. 
 

o Green crabs 

 Measures of green crab abundance may be monitored in the future to 
assess potential eelgrass damage caused by this stressor. 

 

- River discharge measurements2 
o There are no river discharge measurements for 3 of 8 rivers that are used to estimate 

contaminant loads entering the Great Bay Estuary (i.e., the Bellamy, Great Works, and 
Salmon Falls rivers). Consider coordinating with the United States Geological Survey 
(USGS) or exploring other options for estimating or measuring river flow near the 
existing water quality sampling locations of these rivers to improve contaminant load 
estimates and provide input data for the hydrodynamic model. 

 

- Seaweed 

o Measures of abundance (e.g., percent cover, biomass, ID of species) are incorporated 

into the Tier 2 program mentioned above at all 25 sites. 

- Sediment 

o Percent organic matter and grain size are part of Tier 2 at 25 sites. 

 

Data Analysis and Accessibility 

- Data Analysis 

o The monitoring data described in the prior section is being evaluated to assess 

relationships between potential eelgrass stressors and the metrics of eelgrass health.  

The data will also be appended to prior monitoring data collected by PREP to 

contribute to the long-term data collection effort already underway.  Temporal trends in 

the data will be assessed as new data become available. 

 

- Data Accessibility 

o PREP provides broad access (see below) to all data collected, so that the data will be 

available to the municipalities, EPA, NHDES, and stakeholders for their own analyses. 

 

 
2 MAAM proposes considering additional river discharge monitoring as a proposed additional water quality 
monitoring effort, subject to MAAM review, approval and funding. 
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o PREP intends that all data will be accessible to the public through PREP’s new data 

management system. This system, (located at: http://data.prepestuaries.org:8510), is 

currently in “beta” phase; the public is welcome to use it and offer feedback to improve 

the user interface. PREP anticipates a broad release of the PREP Data Management 

System to coincide with the 2023 State of Our Estuaries Conference, currently planned 

for late May/early July, 2023. 
 

Stakeholder Engagement 

 
- The Piscataqua Region Monitoring Collaborative (PRMC), co-chaired by Steve Couture of 

NHDES and Jennifer Perry of the Town of Exeter, meets at least once a year to coordinate 

monitoring and science for the Great Bay Estuary. Participation in the PRMC is open to all 

municipalities in the Piscataqua Watershed. 

- Technical recommendations on science activities come from the PREP Technical Advisory 

Committee (TAC) process, which is open and transparent and consensus based.  

- MAAM has hired Brown & Caldwell to consult and advise MAAM on current and future PREP 

ambient water quality monitoring and to make recommendations for both short-term and long-

term efforts suited to informing the AMP and future efforts by the communities.  In particular, 

Brown & Caldwell will be advising on the studies necessary to broaden our review of the 

stressors on eelgrass beyond simply measuring nitrogen levels in the estuary. 

- A Stakeholder Committee has been convened by CLF to provide insight and recommendations 

on activities and efforts of MAAM, and to track progress on commitments made in the 

Settlement Agreement. The Stakeholder Committee includes technical experts as well as 

representatives from Dover, Portsmouth and Rochester. 

- MAAM and the respective municipalities invite and encourage broad participation by interested 

parties in the stakeholder engagement process to provide insight and recommendations on 

activities and efforts of MAAM.  MAAM meetings are publicly noticed and generally open to 

the public.  Public MAAM meetings provide an opportunity for public input by those in 

attendance.  

 

See Appendix B of this AMP for full PRMC prospectus. 
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b) Methods to track reductions and additions of 
total nitrogen 

In accordance with Part 3-1.b. of the General Permit, this section of the joint AMP  outlines the 

method(s) to track reductions and additions of TN loads over the course of the permit. 

 

b.1 Statement of Responsibilities 

The municipalities are coordinating with NHDES, UNHSC, EPA Region 1, other permitted 

communities and other stakeholders to participate in the Pollution Tracking and Accounting Program 

(PTAP).  The PTAP program has been developed by NHDES in response to the request for assistance 

by the regulated communities and is intended to provide a cost effective means by which communities 

can effectively address the tracking and accounting requirements of this General Permit while also 

providing the flexibility and ability to track other potential water quality stressors.  PTAP has been 

funded primarily by NHDES, with $50,000 approved from the MAAM communities intended to assist 

in one-on-one community technical assistance for any community in the watershed. In future years, 

additional appropriations would be needed to fund and operate this program.  To date, NHDES has 

been the lead on implementing PTAP using resources developed by EPA Region 1 for this purpose.  

The MAAM members intend to address Part 3-1.b. of the General Permit through continued 

participation and equitable funding of PTAP efforts through MAAM as well as implementing the 

tracking and accounting program within the municipality. As with other aspects of this AMP, the 

proposed tracking and accounting program, PTAP, or any comprehensive, suitable alternative method, 

will be reviewed annually and, if appropriate, updated to take into account the latest information. The 

PTAP program also has the ability to track other pollutants such as Total Phosphorus, Total Suspended 

Solids, metals and volume within the same program.   

 

b.2 Summary of Plan 

PTAP is a comprehensive sub-watershed based tracking system for quantifying the nitrogen load 
reductions and additions through implementation activities that include, but are not limited to: 
 

a. Land use conversions 
b. New or modified structural stormwater control measures  
c. New or modified non-structural activities 
d. New, modified or removed septic systems 

 
Tracking elements include parcel/treatment area identification information that document the 
municipality, land use, hydrologic unit code (HUC-10), hydrologic soil group or estimated infiltration 
rate, drainage area, and impervious cover area. 
 
Additional information regarding structural stormwater control measures collected from each 
community include structural control measure type, runoff volume storage at design capacity (also 
known as design storage volume), and runoff storage depth from impervious cover. 
 
Additional information regarding non-structural implementation measures for each community is also 
collected, including initially targeting catchbasin cleaning, street sweeping, leaf litter collection and 
fertilizer control programs.  Units and metrics to track these efforts more effectively are still under 
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development.  In the interim approximate drainage area of the nonstructural treatment practice will be 
used to generate total load from established nitrogen load export rate (NLER).   
 
Additional nonstructural practices for tracking include outreach and education, wetland buffer 
protection/conservation land, pet waste collection and oyster bed restoration along with other efforts, 
with the intent of identifying promising future water quality improvement activities. 
 
Finally, wastewater management approaches planned for tracking include installation of innovative 
septic systems and enhanced treatment technologies and connection of septic systems to public sewer. 
 

Accounting 

Preliminary accounting metrics that include changes in nitrogen, phosphorus and TSS loads attributable 
to changes in effective impervious area are currently included in the PTAP database.  NHDES along 
with UNHSC use the input information to import into the EPA Region 1 BMP Accounting and 
Tracking Tool (BATT).  The BATT provides automated reporting features to credit tracked structural 
and nonstructural implementation measures and provide reduction estimates consistent with the 
methodologies used to develop the reduction estimates presented in Appendix F of the MA and NH 
MS4 permits.  

 

https://www3.epa.gov/region1/npdes/stormwater/nh/2017-appendix-f-attach-3-sms4-nh-mod.pdf 

 

Long-term tracking of nitrogen loads from land use conversions 

In combination with local tracking and accounting, MAAM expects to track changes to TN loadings as 
well as other nutrient and pollutant changes due to land use, through Geographic Information Systems 
(GIS) analysis.  Thematic mapping of land is planned to be undertaken every 5 years in coordination 
with UNH GRANIT, New Hampshire’s Statewide GIS Clearinghouse. GRANIT collects the necessary 
GIS feature classes such as land use, hydrologic soil group (HSG), and impervious cover. Changes in 
one of ten categories of consolidated land uses will be tracked in addition to impervious cover. Changes 
to nitrogen loads associated with land use changes over the permit term will use EPA provided NLERs.  
A summary of land use changes is expected to be available to each participating community for each 
permit term.  Pollutant load reductions due to land use change will be treated as credits that can be 
balanced by increases in load, the details of which will be included in a final summary report provided to 
each participating community every five years. 

 

Alternative Tracking System Evaluation 
Notwithstanding the commitment to tracking pollutant load reductions that contribute to water quality 
improvement and the health of the Great Bay Estuary, the municipalities and MAAM may also evaluate 
alternative comprehensive tracking systems or tools that offer the same or similar transparent and 
consensus building approach to tracking, accounting, modeling, and mapping capabilities as the 
NHDES/EPA Region 1 PTAP model, but via “open source" software.   
 

Municipal Participation: Program Development and Technical Assistance for Tracking 
Activities 

Community participation in PTAP is supported through regular workgroup meetings to provide 
opportunities for end users to offer input on PTAP tracking database functionality, reporting units for 
tracking, accounting methods, and more. To date, the PTAP workgroup has met 20 times over the 
course of several years and has a strong record of collaborative PTAP tool development. MAAM 
member communities will continue to participate in these work groups.  Work group meetings are 
typically facilitated by UNHSC and NHDES staff and have clear outcomes that are intended to further 
PTAP tracking tool development. Additionally, UNHSC and NHDES  staff offer technical assistance 
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for PTAP database use, as needed. Assistance includes one-on-one trainings, focused workshops, expert 
panel reviews, and resources made available on the internet on UNHSC, GRANIT, and NHDES 
platforms.  

 

Tracking of activities is accomplished through the addition of PTAP filing as part of a land development 
permitting requirement. Much of these tracking elements are already part of both state and local 
permitting requirements for many land development projects, such as changes in impervious cover, land 
use conversion, area and volume treated, treatment measures, etc. PTAP is a central repository where 
this information can be uploaded by project permittees and stored for later use by the municipality for 
annual reporting requirements.   
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c) Overall Source Reduction 

In accordance with Part 3-1.c. of the General Permit, this section of the joint AMP provides an outline 

for overall source reductions of TN over the course of the permit. 

 

c.1 Statement of Responsibilities 

The MAAM members intend to address Part 3-1.c. of the General Permit by creating and maintaining an 

updated list of current and anticipated capital improvement projects, non-structural best management 

practices, stand-alone projects with structural best management practices, and municipally owned 

properties with high nitrogen removal potential, as well as diverse initiatives intended to address water 

quality improvement in the Great Bay Estuary.  

 

 

c.2 Summary of Plan  

The lists of projects, practices, properties and initiatives is intended as a non-binding statement of 

present intent by the MAAM members.  Completion of these projects is dependent on the continued 

validity of the General Permit, technical study and feasibility, purchasing approvals from governing 

bodies of the respective municipalities and/or other public officials, funding appropriations of the 

respective Municipalities (which funding appropriations are at the sole discretion of the governing body 

of the respective municipalities), any other requirements of law, potentially including federal/state/local 

permitting, and general public support.  The MAAM members may select projects that are likely to 

improve water quality, including those for which nitrogen removal is one of multiple benefits.   

 

Note that per some specific timing commitments made in the settlement agreement, annual updates to 

the project lists are planned for September of each year and therefore are not included in this July annual 

submission to EPA.  MAAM communities may resubmit the AMP to the EPA again in September so as 

to align the timing of the two annual updates. 

 

See Appendix D of this AMP for Current Source Reduction Plans for each MAAM member 

community. 



 

 

 

d) Process for Comprehensively Evaluating 
Significant Scientific and Methodological Issues 

In accordance with Part 3-1.d. of the General Permit, this section of the joint AMP outlines an inclusive 

and transparent process for comprehensively evaluating any significant scientific and methodological 

issues relating to the permit, including the choice of a load-based threshold of 100 kg/ha/yr versus any 
other proposed threshold, including a concentration-based threshold of 0.32 mg/L.3 This submission 

shall include detailed milestones culminating in submission of a report to EPA for inclusion in the 

administrative record for permit renewal. That report shall be completed prior to expiration of the 

permit term and shall indicate whether NHDES concurs with the findings. 

 

 

d.1 Statement of Responsibilities 

The municipalities participate in a collaborative process building upon the research efforts of PREP 

described above.  Both non-regulatory and regulatory monitoring components of this plan are being 

implemented. The regulatory component encompasses the monitoring activities that are required by the 

General Permit, whereas the non-regulatory competent encompasses all other monitoring described in 

this plan.  The non-regulatory components are facilitated by PREP through its Technical Advisory 

Committee and PRMC processes, both of which are open to the public, are transparent, and use 

consensus-based decision making. The municipalities expect that the threshold target will be developed 

cooperatively with NHDES, using data collected through this plan and will be accessible to all parties. 

An expert review panel is an element of this plan, most likely involving several meetings with 

stakeholders to understand the issues, review the data, and share preliminary and final recommendations.  

Currently, an expert review panel comprised of three external ecologists is advising PREP and partners 

with regard to the Research and Monitoring Plan (RAMP) as well as the State of Our Estuaries Report 

and the NOAA-funded “Eelgrass Resilience” Project. These three experts have been agreed on between 

PREP, DES and the MAAM and consist of Brian Howes, Jud Kenworthy and Simon Courtenay. It is 

important to acknowledge that this group may need to change when the focus shifts to the development 

of an appropriate TMDL or TMDL alternative, since these particular experts were not chosen with that 

particular objective in mind.” 

 

The MAAM members intend to address Part 3-1.d. of the General Permit by funding an equitable and 

proportional amount of the PREP work and other research initiatives through MAAM and by 

participating in both components individually or through MAAM representatives.  To date MAAM has 

funded $492,102 toward monitoring activities which will feed data into the modeling and analysis 

components of Section d.  See Appendix E and Appendix F of this AMP for the MAAM agreement and 

authorization to fund work. To fully implement the research initiatives, it is the hope that all regulated 

communities participate in proportional and equitable funding. 

 
 
 

 
3 Reference to these load based and concentration based threshold numbers are for example only and are not an 
endorsement or prediction of the final TN management target thresholds. 



 

 

 

d.2 Summary of Plan 

This plan evaluates potential eelgrass stressors in the Estuary to identify levels of potential stressors that 

are protective of water quality and eelgrass health. First, protective levels can be expressed as loads such 

as 100 kg/ha/yr (or any other level), or concentrations such as 0.32 mg/L (or any other level). 4  To 

support any load-based target threshold or a concentration-based target threshold, for the case of TN 

and potentially other stressors, loadings and concentrations are expected to relate to each other in 

different parts of the estuary.  Thus it is helpful to develop tools that can relate loads and concentrations 

in the estuary.  Second, to identify an appropriate TN target this plan includes an evaluation of latest 

scientific data and information described above in this AMP it is necessary to understand how various 

levels potential stressors affect eelgrass health and improve water quality.   

 

Therefore, the plan below outlines two main components: 1) creating a “translator” model to equate 

loads to concentrations at various locations throughout the estuary, and 2) improving understanding of 

potential eelgrass stressors, including TN loading/concentration levels, and the associated impacts on 

eelgrass health and resilience, and water quality standards in the estuary. 

 

Water Quality Model Translation between Concentrations and Loads 

 

Managing anthropogenic contaminants in an estuary requires an understanding of how changes in 

loading will affect concentrations in the waterbody. To address this issue, PREP plans to develop a 

detailed 3D hydrodynamic and chemical transport model to understand how loads relate to 

concentrations. The transport component of the model may also include exchange of materials between 

the sediment bed and water column to account for the potential of sediment to be a local source or sink 

of modeled constituents.  

 
A three-year proposal (See Appendix C) to develop the model described above has been successfully 
funded by the National Oceanic and Atmospheric Administration (NOAA) program. It is anticipated 
that the milestone of developing a load-concentration translator will be met by November 2024.  The 
project serves as the foundation for the “translator” but additional work will be necessary to take the 
project results and develop the translator model. Also, this model will most likely only work for Great 
Bay Proper. Further work will be required to extend this work to other portions of the Estuary. 

 

Once the transport and concentrations of relevant constituents throughout the estuary are better 

understood and the tools and information are developed to reliably translate loads to concentrations at 

numerous locations in the estuary, the work can begin to understand the potential impacts of nitrogen 

and other stressors on eelgrass health and water quality impairments in the Great Bay estuary.  MAAM 

anticipates that this work will contribute to developing a scientific consensus on the factors affecting 

eelgrass health in the estuary in order to establish appropriate water quality and target thresholds that 

promote eelgrass restoration and improved water quality. 

 

Determining appropriate TN management thresholds 

 

As noted in the 2014 peer review, setting guidance for nutrient levels will require several components. 

First, we will need to use the data referred to in previous sections to conduct stressor response analyses 

 
4 See footnote 3 above. 



 

 

 

and to move toward a process-based ecosystem model. This will enable our communities to understand 

how different parts of the Estuary are responding to the complex dynamics at work, and the role that 

nitrogen and other stressors play in eelgrass health. The tools and information will be available to all 

parties to evaluate on their own and/or as a collaborative group.  In addition, an expert review panel will 

review available information and provide recommendations regarding the studied stressors, eelgrass 
health in the estuary, and potential management actions or target thresholds. 
 
Originally, the tool for relating loads to concentrations in the estuary was expected to be 
complete no later than September 30, 2024. As the project has moved forward, it is clear that 
another year of work will be necessary after this date, working with the Expert Review Panel, to 
relate loads to concentrations in Great Bay Proper. More work needs to happen to consider 
extending this approach to other parts of the Estuary.   The work of moving from project 
results to translation of loads to concentrations will be led by NHDES. 
 
Using the information gathered in that project, MAAM plans to complete a report prior to the 
permit term as required by Part 3 of the General Permit. At this time, the MAAM members 
anticipate submitting a report to EPA for inclusion in the administrative. 
 

Inclusivity and Transparency 

 

The processes outlined above includes periodic discussion and review by MAAM members and/or its 

Executive Board.  MAAM continues to consult its members, non-MAAM members, state and federal 

regulators, and other stakeholders throughout the process for their input.  Additionally the MAAM’s 

Stakeholder Committee, led by Conservation Law Foundation, attends MAAM meetings to provide 

input, perspective, and any data or other information to be considered.  Finally, as outlined above, the 

technical work will be completed by PREP and will consider input from any interested party.  MAAM 

members also coordinate the work with NHDES periodically and at critical decision-making intervals, 

such that the NHDES will either concur with the submission entirely or to the maximum extent of 

possible consensus, with any areas lacking consensus called out and the parties’ respective views 

explained.  

 
  



 

 

 

e) Timeline for Completion of TMDL or TMDL 
Alternative 

In accordance with Part 3-1.e. of the General Permit, this section of the joint AMP outlines a proposed 

timeline for completing a Total Maximum Daily Load (TMDL) or TMDL Alternative for TN in Great 

Bay and for submitting it to EPA for review and approval. 

 

e.1 Statement of Responsibilities 

The MAAM members are strongly committed to supporting appropriate efforts to establish a 

scientifically-sound, cost-effective approach to determining appropriate TN threshold targets for the 

Great Bay Estuary and recognize that establishing a TMDL or a potentially more appropriate but 

effective alternative to a TMDL may be beneficial.  The currently proposed timeline for completion of a 

TMDL (or appropriate alternative plan) is set forth in section e.2. below. As with other aspects of this 

AMP, the proposed timeline will be reviewed annually and, if appropriate, updated to take into account 

the latest information.  Ultimately, NHDES will take the lead on the establishment of a TMDL (or 

appropriate alternative plan), and will dictate the final timeline. 

 

e.2 Summary of Plan 

As described in previous sections, this AMP includes new monitoring, pollution tracking, reduction 

planning, scientific investigation and analysis, and related decision-making elements for the Great Bay 

Estuary. These elements will improve our scientific understanding of the Great Bay estuary, the role of 

nitrogen, and the role of other stressors. Toward the end of the first permit term, it is anticipated that 

sufficient new information will become available to support thoughtful consideration of potential 

regulatory and non-regulatory applications, including potentially a TMDL or TMDL Alternative for TN 

to be completed over the subsequent permit term(s). 

  

Similarly, new information may support an alternative approach to addressing TN loading necessary for 

eelgrass protection taking into account the state of the science and various practical considerations that 

may favor other water quality management planning approaches supported by EPA and state agencies. 

An example would be a 5R plan that addresses multiple stressors and relies on iterative 

implementation/monitoring. In certain circumstances, these alternative approaches to planning for 

water quality protection may be preferable to a TMDL to leverage on-going restoration activities and 

adapt implementation to new information. 

   

With this background, and with the support of NHDES, the MAAM communities propose a TMDL or 

TMDL Alternative completion timeline of Year 5 of the Second Permit Term (or at the end of 10 years 

in the event that the EPA is delayed in issuing a second permit term). This is an expeditious timeline that 

supports municipal investment in data monitoring, data analysis, related studies, computer modeling, and 

long-term management plans. Pursuant to the General Permit and this AMP, TN reductions will occur 

in parallel with these important activities. Further background on the basis for the proposed timeline, 

and how the proposed timeline enables integration of the various major tasks under Part 3 of the 

General Permit and this AMP, is as follows. 

 



 

 

 

Consistent with the adaptive management outline elements specified by the General Permit, the 

proposed timeline assumes an initial focus on improved scientific understanding, followed by a decision 

point on the restoration planning approach. One of our priorities for 2021 is to work with the PREP 

Technical Advisory Committee, the PRMC workgroup and NHDES to develop a multi-year monitoring 

and data analysis plan to outline activities. This document would build on PREP’s existing’s Integrated 

Research and Monitoring Plan (RAMP – See Appendix A) to outline what monitoring data and models 

are needed over the next ~5 years to make key stressor linkages. This plan would help prioritize tasks and 

ensure that the associated expenditures are useful to making the linkages needed to determine the factors 

necessary to protect eelgrass. 

 

The proposed timeline accommodates data synthesis and interpretation in the last two years of the first 

General Permit term. At the end of the fourth year of the first permit term, we anticipate making a 

recommendation to either pursue a TMDL or TMDL Alternative, such as a 5R restoration plan. Our 

proposal would include a rationale and recommendations for technical approaches for developing the 

TMDL or TMDL Alternative plan. The proposed timeline for completion also accommodates elements 

for reaching consensus on the path forward in time to incorporate elements of the restoration planning 

process into the second General Permit. 

 

Regardless of which restoration planning approach is chosen, we anticipate that its development will be 

a major activity of the second permit term. The proposed timeline accommodates adaptation of data and 

tools for regulatory purposes, additional modeling, drafting of the TMDL or TMDL Alternative plan, 

and extensive stakeholder review/communications to achieve consensus. Because the proposed 

completion timeline aligns with the end of the second General Permit term, the results would be 

available in time to inform the permit renewal for the third term. This proposed completion timeline is 

subject to revision as appropriate based on future developments. 

 
Illustration of MAAM Anticipation Milestones Associated with Proposed Completion Timeline 

for Final Plan – Final timeline to be dictated by NHDES 

 
 

Activity 

First Permit Term Second Permit Term 

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Develop 5-year monitoring and data analysis plan             

Monitoring & scientific studies           

Synthesis and interpretation of first term monitoring            

Proposal: Restoration planning approach (TMDL vs. alternative)            

Reach consensus on restoration planning approach            

Modeling/technical analysis to support restoration plan            

Draft plan           

Final plan            
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INTRODUCTION 

The purpose of the PREP Integrated Research and Monitoring Plan (hereafter, “the Plan”) is to list and 
prioritize the most critical research and monitoring activities with the goal of tracking the status and 
trends of key biological resources as well as understanding the trends; “understanding” is critical for  
developing appropriate management actions. The plan is also intended to lead to increased integration 
of work and consolidation of resources. The scientific activities are driven by the goals of the PREP  
Comprehensive Conservation and Management Plan (CCMP). (The CCMP can be accessed at: 
https://scholars.unh.edu/prep/22/). 

The first Monitoring Plan for PREP was published in 2004 and last updated in 2008. (Accessible at: 
https://scholars.unh.edu/prep/71/). Since then, new data programs have been initiated; others have been 
terminated, and our understanding and questions about our estuaries have evolved.  PREP manages or 
supports some of these programs, but many are led and supported financially by state and federal 
partners or non-governmental organizations.  It is PREP’s role to facilitate these partnerships and regularly 
synthesize, analyze, and report on science activities relevant to the management of our estuaries. This 
new Plan provides an opportunity to re-engage scientists and stakeholders around its cooperative 
implementation. 

Rather than revise or polish the previous plan, PREP has elected to take a step back and approach the ew 
RAMP from a fresh perspective. Following examples from other successful estuary programs, this process 
starts with Goals, proceeds to Questions (both monitoring and research questions) and then to Methods. 
Finally, we include a Priorities step at the end so that new resources can be more efficiently allocated, and 
so we can tackle problems in a logical chronological order. 

This plan focuses on five foci that are strongly featured in the CCMP; however, not everything in the 
CCMP is represented in this Plan. Rather, we have chosen five subjects that have considerable 
“leverage,”: that is, to address these subjects necessitates addressing other issues of significant import. 
The five foci are: fish; shellfish; salt marsh; eelgrass; and humans. Issues and scientific activities not 
addressed by focusing on these five subjects are likely to be addressed in Plan addenda in the future. 

See the following page for an illustration of the phased approach with an approximate timeline and 
salient process notes. 
 

Process Notes for the May 2020 Draft 

The first four sections (Shellfish, Eelgrass, Salt Marsh and Fish) were all reviewed, voted on and approved 
by the PREP Technical Advisory Committee (TAC) at a virtual meeting held April 20. The “Humans” 
section is expected to be approved by the TAC by early July, either electronically via an additional virtual 
meeting. 
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RAMP APPROACH TO GOALS 

The CCMP (https://scholars.unh.edu/prep/22/) was published in 2010 after considerable stakeholder 
input. For the development of the RAMP, PREP has decided not to re-negotiate established goals, such 
as the goal to increase oyster abundance in the Great Bay Estuary to 10 million oysters; we do not feel 
that we have the data to justify increasing or decreasing established numerical goals. However, we do 
feel it’s appropriate to recommend additional goals needed to better restore and protect estuarine 
resources. Using oysters as an example, we recommend that some measure of oyster “productivity” be 
added as a goal so that we can then develop scientific questions and methods to address these goals. 
The theme of adding “productivity” as a central concern pervades many of the recommendations in this 
document. 

 

Overarching Goals 

The TAC co-chairs recommend that PREP articulate an “overarching goal” that is short, ambitious and 
easily understood. More detailed and nuanced goals can be added, both for the whole ecosystem as well 
as for each individual focus area (e.g., fish, salt marsh, etc.). After several meetings with technical experts 
with different specializations, several themes emerged around the overarching goal: 

• Although it seems arbitrary, the overarching goals and sub-goals need to reference a point in 
time in recent history; starting this period in the early 1970s made the most sense since many 
data collection programs began in the 70s and 80s. 

• Consider using multiple goal statements at various levels of scale, so the statements are more 
digestible. 

• The sub-goals need to recognize that some changes are inevitable; therefore, goals should be 
ambitious but recognize that some species shifts will occur no matter what management steps 
are taken. 

 

Draft Overarching Goal Statements 

Highest Level Goal 

We strive for a balanced, productive ecosystem of indigenous aquatic species and habitats. 

Sub-Goal 1 

We focus in particular on the following non-human resources: shellfish, eelgrass, salt marsh and fish. We 
strive for these resources to be as abundant and productive as they were at their respective peaks during 
the period beginning in the early 1970s and extending to the present day. 

 Sub-Goal 2 

We also focus on humans. In that regard, we strive to have fish and shellfish that are safe for human 
consumption as well as clean water that is safe for swimming. 

More specific goals for the five “resources”—shellfish, eelgrass, salt marsh, fish and humans—can be 
found in the specific resource sections that follow. 
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THE PLAN’S USAGE OF CONCEPTUAL AND ECOSYSTEM MODELS 

This plan will use general conceptual models and more detailed ecosystem models. These models serve 
several purposes, including: 

• Communicating to stakeholders which ecosystem components are under consideration and how 
they relate to each other; 

• Organizing and prioritizing data needs and gaps; 
• Providing a quantitative method for understanding potential impacts of certain management 

actions. In other words, when we have enough data, we can use quantitative models to better 
understand how different components could impact each other.  

*Note that using conceptual models doesn’t preclude other analytical tools (e.g., statistical modeling). 

Each of the five resources will have its own general and detailed models. The model below is the most 
general model, illustrating the five focus areas and major stresses upon those components. 

 

Figure 1. Conceptual model showing five focus areas of the RAMP. Blue arrows indicate an “increasing effect” 
while black arrows indicate a “decreasing effect.” (E.g., Humans can have a negative impact on eelgrass 
through pollution, while eelgrass has a positive effect on humans through storm buffering.) Not all 
relationships are indicated by arrows in order to minimize visual complexity. Note that stressors on the left 
and right of the model are less amenable to management. The stressors on the top and bottom of the model 
are the same and are considered more amenable to management. More detailed conceptual models will 
accompany each focus in this Plan—shellfish, eelgrass, salt marsh, fish and humans. 
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SHELLFISH 
This section focuses on the “Eastern Oyster” (Crassostrea virginica) in Great Bay Estuary and soft-shelled 
clam (Mya arenaria) in Hampton-Seabrook Estuary. Other species of shellfish, including mussels, different 
species of oyster and clam as well as lobsters and horseshoe crabs will be addressed in future addenda to 
the RAMP. 

Goals Specific to Oysters and Soft-Shell Clams 

- From CCMP 

1. Increase the number of adult clams in the Hampton-Seabrook estuary to 5.5 million 
clams by 2020. (In 2018, there were less than 2 million clams.) 

2. Increase the abundance of adult oysters at the six documented beds in the Great Bay 
Estuary to 10 million oysters and restore 20 acres of oyster reef habitat by 2020. (In 
2016, it was estimated that we had 2.8 million oysters. With regard to restoration, 
more than 20 acres of restoration “footprint” has occurred, but restoration activities 
have not all been successful. More monitoring is required to determine the amount 
of oyster reef currently present.) 

- Additional Goal Recommendations 

a) Add a productivity metric for both oysters and clams. The metric should encompass 
different aspects of productivity such as: larval production, settlement, survival to 
adult stage, with the goal that the resource is more self-sustaining. 

Reminder: Goals/metrics around safety for human consumption—which could 
include legacy and emerging toxic contaminants, biotoxins and bacteria—will be 
addressed in the “Humans” section. 

 

OYSTER MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Above Goals 

Management actions (e.g., modification of harvest regulations; restoration; aquaculture, etc.) are currently 
underway or under consideration. The key question is: Should current management actions be continued, 
discontinued, modified or added to? 

 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 = Monitoring questions catalyzed by simplest conceptual model (see Figure 2). 

Level 2 = Monitoring questions catalyzed by detailed conceptual model (see Figure 3).  

Level 3 = Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions; or, questions that call for time-limited, discrete research projects. 
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**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., harvest regulations, restoration, sediment management) versus factors 
that are less amenable to management (e.g., warming waters, acidification, etc.). Therefore, science 
activities need to consider both kinds of factors and how they relate to each other. 

 

Some current management actions include: 

- Oyster Restoration 

- Aquaculture (producing additional larvae) 

- Substrate Addition 

- Nutrient and Sediment Reduction (Non-Point and Point) 

 

Some potential management actions include: 

- Increased nutrient and sediment reduction efforts. 

- Increased restoration experimentation and monitoring. 

- More coordination with seagrass restoration efforts. 

- Improved shoreline management. 
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Figure 2. Simplest conceptual model of oyster abundance/health and stressors, catalyzing “Level 1” 
questions. 

 

 

 

“Level 1” Monitoring Questions for Oysters 

 

1. What is the maximum area that is habitable by oysters? 

 

2. Are oyster abundances at natural and restored sites increasing, declining, or remaining stable?  

 

3. Is oyster productivity increasing….? 

 

4. Is water temperature increasing…? 

 

5. Is acidification increasing….?  

 

6. Is the prevalence of relevant diseases (including aquacultured organisms) increasing….?  

 

7. Is sediment loading increasing…? (CROSS CUT WITH EELGRASS) 
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8. Is sedimentation increasing…? (CROSS CUT WITH EELGRASS) 

 

9. Are harvest rates increasing….?  

 

10. Is substrate availability increasing…?  
 

*”Cross Cutting” questions apply to more than just one of the five resources. 

 

Figure 3. Ecosystem/conceptual model for oyster sustainability, catalyzing “Level 2” and “Level 3” 
questions. 
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“Level 2” Monitoring Questions for Oysters 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. 

 

1) Are dissolved oxygen, salinity and bathymetry increasing, decreasing or remaining the same? 

 

2) Is phytoplankton (chl-a) increasing, decreasing or remaining stable? 

 

3) Are the types and sizes of phytoplankton changing or remaining stable? For example, could use 
“size fraction” as a metric here. (note the importance of the temporal/spatial component here) 

[These first three questions are all CROSS CUTTING.] 

4) Are areas of larval retention changing or remaining stable? 

 

5) Are TSS increasing, decreasing or remaining stable? (CROSS CUT WITH EELGRASS) 

 

6) Are the number and productivity of commercial aquaculture operations increasing, decreasing or 
remaining stable? 

 

7) Are bottlenecks at various stages of recruitment (larval production, settlement, survival, etc.) 
changing or remaining stable? 

 

8) Is disease tolerance increasing, decreasing or remaining stable? 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

- Lots of data exist; need only to check-in every few years to see if patterns have changed. 

- Less data exists; need to monitor annually at high temporal resolutions before backing off to 
the above level. 

 

 

 



 

10 
 

“Level 3” Questions/Activities for Oysters 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Also, spatial and temporal aspects for questions below need to be worked out. For each question, it will 
be important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 

- Understanding difference in productivity of sanctuaries versus “open for harvest” areas. 

- Consider experimenting with additional harvesting regulations. 

- Continue to develop and improve restoration plan for oyster habitat in Great Bay Estuary, 
building on Nature Conservancy work. 

- Continue to test and monitor best methods for restoration of oyster reefs (e.g., vertical profile, 
spat on shell, etc.). 

- Based on recruitment studies, investigate mechanisms that have the greatest impacts on key 
recruitment bottlenecks. 

- How do we include feedbacks from other bio resources (e.g., more oysters lead to less chl-a and 
less TSS; more fish leads to more grazing of epiphytes; more carbon from eelgrass feeds fish 
drivers, etc.) CROSS CUTTING! 

- Can we use hatchery-raised oysters to address disease-related bottlenecks? 

- How much of TSS involves resuspended sediments versus new sediments from riverine or ocean 
or wastewater sources? CROSS CUTTING! 

- Develop a nutrient budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH EELGRASS 

- Develop a sediment budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH EELGRASS 

- What do we know about the impact of green crabs and other predators on oyster reefs? CROSS 
CUT!  

- How can seagrass and oyster folks work better together to find common ground? (Use 
Kenworthy’s NC case study; Brad may also have some good ideas) 

- Lit review and follow up: what is the impact of toxic contaminants (including microplastics) on 
oysters? (Use GulfWatch to understand what concentrations might be.) 

- Is there an amount of recovery that creates a tipping point so that the recovery becomes self-
reinforcing? CROSS CUT! 

- Should we have a monitoring program for kelp due to its role as habitat for shellfish? CROSS CUT 
WITH FISH 
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Figure 4. Simplest conceptual model of clam abundance/health and stressors, catalyzing “Level 1” 
questions. 

 
 

“Level 1” Monitoring Questions for Clams 

** For all questions below, will need to discuss spatial and temporal aspects during the 
“Methods” phase.  

 

1) What is the maximum area that is habitable by clams? 

 

2) Is substrate availability increasing…? 

 

3) Is the location and size of clam flats changing and, if so, how? 

 

4) Are clam abundances at natural sites increasing, declining, or remaining stable?  

 

5) Is clam productivity (quality/sustainability) increasing….?  
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6) Is water temperature increasing…? CROSS CUTTING 

 

7) Is acidification increasing….? CROSS CUTTING 

 

8) Is the prevalence of relevant diseases (including aquacultured organisms) increasing….?  

 

9) Is sediment loading increasing…? CROSS-CUTTING 

 

10) Is sedimentation increasing…? CROSS-CUTTING 

 

11) Are harvest rates increasing (counts of clammers on flats, etc.)? 

 

12) Is clam predation (by green crabs and other animals) increasing…? 
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Figure 5. Detailed ecosystem/conceptual model of clam abundance/health and stressors, catalyzing  

“Level 2” and “Level 3” questions. 

 

 

“Level 2” Monitoring Questions for Clams 
** For all questions below, will need to discuss spatial and temporal aspects during the 

“Methods” phase.  

 
1) Are dissolved oxygen, salinity and bathymetry increasing, decreasing or remaining the same? 

 

2) Is phytoplankton (chl-a) increasing, decreasing or remaining stable? 

 

3) Are the types and sizes of phytoplankton changing or remaining stable? (note the importance of 
the temporal/spatial component here) 
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4) Are areas of larval retention changing or remaining stable?  

 

5) Are TSS increasing, decreasing or remaining stable? (CROSS CUT WITH EELGRASS) 

 

6) Are bottlenecks at various stages of recruitment (settlement, survival, etc.) changing or remaining 
stable? 

 

7) Include impacts of human harvesting of clams on the population (re-word later) 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

- Lots of data exist; need only to check-in every few years to see if patterns have changed. 
- Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

 

 

 

“Level 3” Questions/Activities for Clams 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 

- Beginning with modeling perhaps, consider experimenting with additional harvesting regulations 
and/or predator-exclusion/aquaculture a la Brian Beal. 

- Review Brian Beal recruitment studies. Do we need to investigate mechanisms that have the 
greatest impacts on key recruitment bottlenecks, for our estuary compared with his work in 
Southern Maine? 

- Sediment map/budget for H-S estuary 

- What is the age structure of the clams at H-S estuary? 
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- Experiment with different incentives/methods for removing green crabs. (talk to Gabby Bradt & 
Manomet Center in Massachusetts) 

- Lit review and follow up: what is the impact of toxic contaminants on clams? (use GulfWatch to 
understand what concentrations might be) 

 

EELGRASS 

Goals Specific to Eelgrass 

- From CCMP 

1. 2900 acres of eelgrass (greater than 10% cover.) 

The 2019 assessment indicated under 1700 acres of eelgrass. 

- Recommendation for New Goal Statements Related to Abundance/Health 

1. Establish goals for separate zones of the Great Bay Estuary:  

▪ Great Bay 

▪ Little Bay 

▪ Lower Piscataqua River 

▪ Upper Piscataqua River 

▪ Coastal Areas (inc. Portsmouth Harbor)* 

2. Establish an abundance (e.g., percent cover, density, biomass) benchmark and goal 
for these same areas** 

 

* These sections are based on hydrodynamic designations from Bilgili et al. 2005. Note that the zones 
penetrate up the tributaries roughly between 1 and 3 miles, depending on dams and head of tide 
locations. 

 

**Note: Use SeagrassNet sites at Portsmouth Harbor and Great Bay for more detailed causal 
investigations of patterns seen at the more spatially expansive scales. This approach reflects “Tiered 
Monitoring” approach from Neckles et al. 2012. 

 

EELGRASS MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Eelgrass Goals 

Management actions (e.g., nutrient and sediment reductions; restoration) are currently underway or 
under consideration. Understanding that we will need to make decisions without certainty*, the key 
question is: Should current management actions be continued, discontinued, modified or added to? 
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* The complex and dynamic nature of ecosystems stymie cause and effect certainty. The TAC 
recommends using multiple lines of evidence to create a suite of options indexed to how protective the 
Piscataqua Region wants to be with regard to estuarine ecosystems. 

 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 = Monitoring questions catalyzed by simplest conceptual model (see Figure 6). 

Level 2 = Monitoring questions catalyzed by detailed conceptual model (see Figure 7).  

Level 3 = Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions: or, questions that call for time-limited, discrete research projects. 

 

**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., nutrient reduction, shoreline protection) versus factors that are less 
amenable to management (e.g., warming waters, more frequent extreme storms, etc.). Therefore, science 
activities need to consider both kinds of factors and how they relate to each other. 

 

Some current management actions include: 

 

- Nutrient and sediment reduction efforts from point (improvements and upgrades) and non-
point sources (new stormwater practices, etc.) 

- Buffer protection.  

- Land conservation. 

 

Some potential management actions include: 

 

- Increased nutrient and sediment reduction efforts. 

- Pilot-scale eelgrass restoration efforts. 

- Improved shoreline management. 

- Improved invasive species (e.g., green crab, etc.) management. 
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Figure 6. Simple model of eelgrass abundance/health and stressors, catalyzing “Level 1” questions. 

 

 

“Level 1” Monitoring Questions for Eelgrass 

 

1. What is the maximum area that is habitable by eelgrass, based on bathymetry, light, etc.?  

 

2. Is eelgrass (and Ruppia) acreage overall and in each of the five areas of the estuary increasing, 
declining, or remaining stable? 

 

3. Is abundance (e.g., cover, biomass, density, deep edge) in each of the five areas of the estuary 
increasing, declining or remaining stable? 

 

4. Is water temperature in eelgrass beds in each of the five areas…? CROSS CUTTING 

 

5. Are wind (speed and direction), rain, air temperature patterns….? CROSS CUTTING 
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6. Is Sea Level Rise….? CROSS CUTTING 

 

7. Is nitrogen and phosphorus loading (total and for each sub-watershed) increasing, decreasing or 
remaining stable? CROSS CUTTING 

 

8. Is sediment loading increasing…? CROSS CUTTING 

 

- Make sure to account for/assess resuspension of estuarine sediments 

 

9. How is shoreline hardening changing in each of the zones? CROSS CUTTING 

 

10. Is wasting disease increasing…? 

 

11. Is Ruppia distribution increasing…? 

 

12. Is light penetration increasing…? (see next model) CROSS CUTTING 
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Figure 7. Detailed conceptual model of eelgrass ecosystem (adapted from Jarvis et al. 2014), catalyzing “Level 
2” and “Level 3” questions. 

 
 
“Level 2” Monitoring Questions (starting with forcing functions and then proceeding from the upper left 
corner of Figure 7 and moving right and downwards) 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. Some of these questions will only be answered for specific sites where more intense monitoring 
happens. 

 

1. Is incident light and light attenuation (PAR2 and PAR3) increasing, decreasing or remaining the 
same? CROSS CUTTING 

a. Need to get assessments of these parameters at different times of the year and in at least 
3 zones (great bay, little bay, Portsmouth harbor) 

 

2. Is phytoplankton (chl-a) increasing, decreasing or remaining stable? CROSS CUTTING 

a. Need to get assessments of this parameter at different times of the year and in at least 3 
zones (great bay, little bay, Portsmouth harbor) 
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3. Are dissolved inorganic nitrogen and phosphorus (both in water column and sediments) 
increasing, decreasing or remaining stable? CROSS CUTTING 

a. Need to get assessments of these parameters at different times of the year and in at least 
3 zones (great bay, little bay, Portsmouth harbor) 

 

4. Are TSS increasing, decreasing or remaining stable? CROSS CUTTING 

a. Need to get assessments of these parameters at different times of the year and in at least 
3 zones (great bay, little bay, Portsmouth harbor)  

 

5. Is epiphyte production and biomass increasing….? 

a. Need assessments…. 

 

6. Is seaweed production and biomass increasing…? CROSS CUTTING 

a. Need assessments… 

 

7. Is production and biomass (above and belowground) of eelgrass increasing…? 

a. Need assessments…(for repro factors, prob need to look each assessment zone…may 
need to specify for other questions, too, re: the zones) 

 

8. Are the number of reproductive shoots increasing…? 

a. Need assessments… 

 

9. Are the number and viability of seeds and seedlings increasing…? 

a. Need assessments… 

 

10. What is the burial depth of seeds? Increasing…? 

a. Need assessments… 

 

11. Is sediment organic matter increasing…? CROSS CUTTING 

a. Need assessments... 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 
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• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

“Level 3” Questions/Activities for Eelgrass 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Also, spatial and temporal aspects for questions below need to be worked out. For each question, it will 
be important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 
Synthesize existing data (water quality—both grabs and sondes—and SeagrassNet) in reference 
to the model to discern what info we have and what gaps remain. CROSS CUT WITH OTHER 
FOCI  

- Look at the data we have on CDOM (or FDOM) and chl-a to determine how these components 
should be included in the model: as forcing functions or as a state variable. 

- How can we include feedback mechanisms (e.g., loss of eelgrass increases sediment 
resuspension; biogeochemical) in our model and assessments? 

- How do we include feedbacks from other bio resources (e.g., more oysters leads to less chl-a and 
less TSS; more fish leads to more grazing of epiphytes; more carbon from eelgrass feeds fish 
drivers, etc.) CROSS CUTTING 

- Should we consider developing an optical model to provide higher resolution to the model? 

- Do we have the data we need to understand whether sediment and water column nutrient levels 
are impacted by regeneration of nutrients from previous years? If so, what is our assessment of 
the contribution from regeneration? (This will be different for each of the five zones.) 

- Develop a nutrient budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH OYSTERS 

- Develop a sediment budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH OYSTERS 

- What is the relationship between tributary inputs of nutrients, organic matter and TSS and 
estuarine biological response (phytoplankton, seaweed and eelgrass)? 

- Do eelgrass shoots (in 5 different zones) show signs of sulphur intrusion? (Note Fraser and 
Kendrick 2017, showing relationship between cadmium and Sulphur metabolism.) 

- How does eelgrass leaf tissue nitrogen and CNP ratios relate to nutrient loadings and 
concentrations? (benefits of using seaweed tissue over eelgrass?) 
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- Consider using the Short et al. Nutrient Pollution Index 

- How do carbon reserves in belowground biomass relate to other variables (carbon reserves being 
an indicator of stress)? 

- Can we use genetic markers for resilience—and perhaps link this to the hydrodynamic model—to 
better understand distribution patterns and add insight into restoration priorities? (see April TAC 
transcript.) 

- Based on existing and emerging data, should we prioritize particular zones as places to prioritize 
management action? 

- How can restoration pilot-projects help us answer these questions and others? 

- How much of TSS involves resuspended sediments versus new sediments from riverine or ocean 
or wastewater sources? CROSS CUT! 

- What do we know about green crabs, invertebrate grazers and fish for these different zones… 
CROSS CUT since we know that this can have a significant impact on eelgrass? Especially with 
regard to predation on seeds. 

- How do wind and precipitation relate to TSS and other light attenuators? 

- How does hardened shoreline patterns and wind combine to impact waves and resuspension? 

- How important is it to keep track of silica, because it drives diatoms and also because it can be 
taken up as a defense mechanism to heavy metal toxicity? 

- How does the location and magnitude of fresh and cold groundwater intrusion into the estuarine 
zone relate to other variables, such as: eelgrass distribution, health, nutrients, eelgrass health? 

- Should groundwater levels be tracked as research or more regularly? ( In particular, 
look at updating the Ballestero 2004 study?) CROSS CUT WITH SALT MARSH 

- How do changing patterns in Ruppia distribution relate to changes in temperature, wind, etc.? 

- What are the feedback consequences (e.g., sediments, sediment resuspension, etc.) of 
greater amounts of Ruppia? 

- Consider how model inputs can help feed a restoration/habitat suitability model 

- How can seagrass and oyster folks work better together to find common ground? (Use 
Kenworthy’s NC case study; Brad may also have some good ideas) CROSS CUTTING 
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SALT MARSH 

Goals Specific to Salt Marsh 

- From CCMP 

1. Develop and implement a restoration program to restore Saltmarsh Sparrows to five 
currently unoccupied sites by 2020. 

(Awaiting updates on these sites.) 

Consensus recommendation to change the goal to: “Increase overall percentage of 
sparrow breeding success,” because some sites may no longer be viable. 

2. Restore or enhance an additional 300 acres of salt marsh by 2020 through removal of 
tidal restrictions or invasive species management.  

(It’s estimated less than 50 acres of this goal has been achieved.) 

- Options for Additional Goal Statements 

1. Maintain current acreage of salt marsh, (with the understanding that some marshes 
will drown but others might be able to migrate). 

 

2. Use some goal around health (e.g., high marsh to low marsh, unvegetated to 
vegetated, etc.) for both Great Bay and Hampton-Seabrook Estuaries. (Actual goal 
can be decided in “Methods” phase.) 

 

3. Include a goal around usage by wildlife (e.g., birds, fish, etc.)? (not decided) 

 

SALT MARSH MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Above Goals 

Management actions (e.g., protecting migration pathways, etc.) are currently underway or under 
consideration. The key question is: Should current management actions be continued, discontinued, 
modified or added to? 

 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

 

Level 1 = Monitoring questions catalyzed by simplest conceptual model (see Figure 8). 

Level 2 = Monitoring questions catalyzed by detailed conceptual model (see Figure 9).  

Level 3 = Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions; or, questions that call for time-limited, discrete research projects. 
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**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., restoration, sediment management) versus factors that are less 
amenable to management (e.g., Sea Level Rise, storm surge, etc.). Therefore, science activities need to 
consider both kinds of factors and how they relate to each other. 

 

 

Figure 8. Simplest conceptual model of salt marsh abundance/health and stressors, catalyzing 
“Level 1” questions. 

 

“Level 1” Monitoring Questions for Salt Marsh 

**A high priority activity is extending intense monitoring from Great Bay Estuary to Hampton-Seabrook 
Estuary. 

 

1. Is salt marsh acreage increasing, decreasing, or remaining the same? (Note: We will need to keep 
track of where acres gained/lost are coming from: not just sum total of acreage.) 
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2. Is salt marsh acreage increasing, decreasing, or remaining the same? (Note: We will need to keep 
track of where acres gained/lost are coming from: not just sum total of acreage.) 

 

3. For both estuaries, is salt marsh health (metrics to be decided on later; could include veg vs 
unveg; high marsh vs low marsh; ecotone shifting, etc.) increasing, decreasing, or remaining the 
same? 

 

4. Is the rate of Sea Level Rise (for each estuary) increasing…? CROSS CUTTING 
 

5. Are storm and storm surge events increasing, decreasing or remaining stable? CROSS CUTTING 

 

6. Is development in areas that could become migration pathways (encompassing) tidal 
wetlands/brackish marsh) increasing, decreasing or remaining the same? 

 

7. Are migration pathways and migration barriers (encompassing tidal wetlands/brackish marsh) 
overall increasing, decreasing or remaining the same? (Note: this monitoring will need to be 
spatially explicit: not just sum total.) 
 

8. Is nutrient loading increasing, decreasing or remaining stable? CROSS CUTTING 

 

9. Is shoreline hardening increasing, decreasing or remaining the same? (CROSS CUT WITH 
EELGRASS, FISH, SHELLFISH) 

 

10. Are past experiments in active marsh restoration mapped, tracked, and being assessed? 
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Figure 9. Conceptual model of salt marsh ecosystem, from Cahoon et al. 2009, catalyzing “Level 2” 
and “Level 3” questions. 
 

 

 

 
“Level 2” Monitoring Questions (based on Figure 9 above) 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. Some of these questions will only be answered for specific sites where more intense monitoring 
happens. 

 

1) Are storm and storm surge events increasing, decreasing or remaining stable? 

 

2) Are freshwater and sediment delivery increasing, decreasing or remaining stable? CROSS CUT 
WITH EELGRASS 
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3) Are high tide extents increasing, decreasing or remaining stable? 
 

4) Are salt marsh sparrow populations increasing, decreasing, changing locations…or remaining 
stable? 

 

5) Is disturbance (from herbivory, etc.) increasing, decreasing or remaining stable? 

 

6) Is atmospheric CO2 increasing, decreasing or remaining stable? CROSS CUTTING 

 

7) Is flooding depth/duration increasing, decreasing or remaining stable? 

 

8) Is plant growth/turnover increasing, decreasing or remaining stable? 

 

9) Is sedimentation and erosion increasing, decreasing or remaining stable? CROSS CUTTING 

 

10) Is soil elevation increasing, decreasing or remaining stable? 

 

11) Is nutrient loading increasing, decreasing or remaining stable? CROSS CUTTING 

 

12) Are nutrient concentrations increasing, decreasing or remaining stable? CROSS CUTTING 

 

13) Is biomass accumulation increasing, decreasing or remaining stable? 

 

14) Is decomposition increasing, decreasing or remaining stable? 

 

15) Is subsidence increasing, decreasing or remaining stable? 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
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• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 
above level. 
 

 

“Level 3” Questions/Activities for Salt Marsh 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Also, spatial and temporal aspects for questions below need to be worked out. For each question, it will 
be important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 
- Continue to develop and improve salt marsh restoration plans for Great Bay Estuary 

and Hampton-Seabrook Estuary building on Nature Conservancy work. 

- What areas are most appropriate for site-specific and experimental management 
practices, such as: 

- thin-layer sediment addition (what are other ways to get sediment on marsh?) 

- tax easements for allowing overwash 

- lowering terrestrial border to create migration pathways 

- …and what are the impacts of these different techniques? 

- How do we include feedbacks from other bio resources (e.g., connections between 
salt marsh, eelgrass, fish, shellfish, etc.) CROSS CUTTING 

- What do we know about the impact of green crabs and other predators (some moving 
northward, such as: fiddler and purple marsh crabs) on salt marshes? CROSS CUTTING 

- Is it possible to get salt marsh sparrows to use a new site that’s perfect for them? 

- Should groundwater levels be tracked as research or more regularly? ( In particular, 
look at updating the Ballestero 2004 study?) CROSS CUT WITH EELGRASS 

- Develop a nutrient budget specific to salt marshes. 

- Develop a sediment budget specific to salt marshes. 

- Implement a sediment-oxygen-nutrient-exchange (SONE) study. 

- Can/should various measures be collected merged into a “resilience” index? 

- What is the ongoing/future impact and/or effectiveness of past management 
techniques, e.g., ditching, etc.? 

- Should we have a monitoring program for invasives (more broadly than just green 
crabs), perhaps partnering with the BioBlitz program.) 
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FISH 

Goals Specific to Fish 

- From CCMP 

1. Restore native diadromous fish access to 50% of their historical mainstem river 
distribution range by 2020, and improve habitat conditions encountered throughout 
their life cycle. 

(This is in the process of being determined.) 

2. Document existing populations of native Eastern brook trout and protect or restore 
the integrity of the sub-watersheds that support them.  

(A good amount of documenting has occurred but less has happened in terms of 
protection, with some exceptions.) 

 

- Recommendation for Additional Goal Statements 

1. Develop productivity (in addition to abundance) goals for key migratory indicator 
species (e.g., herring, trout). 

2. Develop abundance and productivity goals around sensitive estuarine species (e.g., 
smooth flounder) that use our estuaries as nursery habitat. (One option is to fashion a 
goal statement that is general and decide on particular species at a later time.) For 
example…“Restore/maintain the abundance and productivity of key indicator 
species that use estuaries at key stages during their life cycle.” 

 

FISH MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Fish Goals 

Management actions (e.g., conservation, water quality improvements, fishway improvements, etc.) are 
currently underway or under consideration. The key question is: Should current management actions be 
continued, discontinued, modified or added to? 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 Monitoring questions catalyzed by simplest conceptual model (see Figure 10). 

Level 2 Monitoring questions catalyzed by detailed conceptual model (see Figure 11).  

Level 3 Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions; or, questions that call for time-limited, discrete research 
projects. 
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**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., restoration, conservation) versus factors that are less amenable to 
management (e.g., warming waters, etc.). Therefore, science activities need to consider both kinds of 
factors and how they relate to each other. 

 

Figure 10. Simplest conceptual model of fish abundance/health and stressors, catalyzing “Level 1” 
questions. 

 

 

“Level 1” Monitoring Questions for Fish 

**Questions below apply to both Great Bay and Hampton-Seabrook Estuaries. 

 

1. Are migratory (diadromous) fish counts increasing, decreasing, or remaining stable? 

2. For some species, this question should be repeated for multiple stages in life cycle: spawning 
adults, post-spawn adults, fry, juveniles 

3. For diadromous fish…we’re focused currently on herring but we also have American eel, smelt 
and sturgeon and sea lamprey. Data exist for many of these species. Need to decide which 
species will be followed. 
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4. Is the health/productivity of diadromous fish (species TBD) increasing, decreasing, or remaining 
stable? 

 

5. Are smooth flounder counts increasing, decreasing, or remaining stable? 

 

6. Consider repeating for multiple stages in life cycle: spawning adults, post-spawn adults, fry, 
juveniles 

 

7. Is the health/productivity of smooth flounder increasing, decreasing, or remaining stable? 

 

8. Are estuarine indicator species (e.g., smooth flounder) increasing, decreasing, or remaining 
stable? 

 

9. Are water temperatures and measures of coastal acidification increasing, decreasing, or 
remaining stable? CROSS CUTTING 

 

10. Is the rate of Sea Level Rise (for each estuary) increasing….? CROSS CUTTING 

 

11. Are storm frequency and magnitude increasing…? CROSS CUTTING 

 

12. Are tidal crossings, dams and other migration barriers increasing, decreasing, or remaining 
stable? 

 

13. Is habitat fragmentation increasing, decreasing, or remaining stable? CROSS CUTTING 

 

14. Is shoreline hardening increasing, decreasing or remaining the same? (CROSS CUT WITH 
EELGRASS, FISH, SHELLFISH) 

 

15. Is stormwater volume increasing, decreasing, or remaining stable? 

 

16. Are nutrient (nitrogen and phosphorus) and sediment loading increasing, decreasing, or 
remaining stable? CROSSCUT WITH OTHER FOCUS AREAS 
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17. Is TSS increasing, decreasing, or remaining stable? CROSS CUTTING 

 

Figure 11. Ecosystem/conceptual model for diadromous fish and smooth flounder, adapted from 
Castro-Santos and Letcher (2010), catalyzing “Level 2” and “Level 3” questions. 

 
“Level 2” Monitoring Questions for Fish 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. Some of these questions will only be answered for specific sites where more intense monitoring 
happens. 

 

1) Are estuarine habitats (e.g., mudflats, oyster reefs, salt marsh, eelgrass) critical for diadromous 
fish and smooth flounder increasing, decreasing, or remaining stable? 

 

2) Are toxic contaminant concentrations in the sediment and water column increasing, decreasing, 
or remaining stable? CROSS CUTTING 
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3) Are estuarine predators (e.g., green crabs, great blue herons, cormorants) increasing, decreasing, 
or remaining stable? 

 

4) Are salinity patterns changing or remaining stable? CROSS CUTTING 

 

5) Are impervious surfaces, sources of cold groundwater and riparian buffers increasing, decreasing, 
or remaining stable? 

 

6) Are in-stream flows increasing, decreasing, or remaining stable? 
 

7) Are stream temperatures increasing, decreasing, or remaining stable? 
 

8) Are estuarine water temperatures increasing, decreasing, or remaining stable? CROSS CUTTING 

 

9) Is the fecundity of adults increasing, decreasing, or remaining stable? 

 

10) Are metrics for bioenergetics (size and condition of fish) increasing, decreasing, or remaining 
stable? 
 
- This should apply to fish in estuarine and freshwater portion of the cycle. 

 

11) Are returning diadromous fish (adults and juveniles) increasing, decreasing, or remaining stable? 
 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

“Level 3” Questions/Activities for Fish 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
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Spatial and temporal aspects for questions below need to be worked out. For each question, it will be 
important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 
- Continue to develop and improve fish habitat restoration plans for Great Bay Estuary 

and Hampton-Seabrook Estuary. 

- Important to track whether regional and marine dynamics are accounting for some of 
the year to year variability in fish abundance and condition. CROSS CUTTING 

- What areas are most appropriate for site-specific and experimental management 
practices, such as: 

o Bog and other wetland restoration to provide colder water habitat 
o Woody debris additions 
o Stream crossing reductions 
o Dam removal 
o Stock enhancement 
o Maintenance of minimum in-stream flows through management of withdrawal, etc. 

§ …and what are the impacts of these different techniques on fish abundance and 
health? 

- Based on recruitment studies, investigate mechanisms that have the greatest impacts 
on key recruitment bottlenecks for key species: herring, smelt, sturgeon, American eel, 
sturgeon, trout, sea lamprey. 

- Depending on resources, could include: eggs created; survival to juvie; survive 
downstream; survive to sexual maturity; etc. 

- How do we include feedbacks from other bio resources (e.g., connections between 
salt marsh, eelgrass, fish, shellfish, etc.) CROSS CUTTING WITH OTHER RESOURCES! 

- Should groundwater temperatures be tracked as research or more regularly? 

- Should we develop an index of biotic integrity specific to our estuaries? 

- Should we have a monitoring program for invasives (including but more broadly than 
just green crabs), perhaps partnering with the BioBlitz program.) CROSS CUT WITH 
SALT MARSH 

- We know green crabs are having an impact. What can we do to decrease their 
abundance? CROSS CUT WITH EELGRASS, SALT MARSH AND SHELLFISH 

- Should we have a monitoring program for kelp due to its role as habitat for fish and 
shellfish? CROSSCUT WITH SHELLFISH 
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HUMANS 

This section will focus on the following health issues: 

• Health concerns related to the consumption of shellfish, especially with regard to bacteria, 
biotoxins (from algae) but also including other toxic contaminants. 

• Health concerns related to the consumption of fish, especially with regard to toxic contaminants, 
such as mercury as well as contaminants of emerging concern. 

• Health concerns related to recreational water contact in the estuaries. 

Once these issues are addressed, it is possible that other human health issues will be tackled. 

 

Goals Specific to Humans 

- From CCMP 

1. Water quality in the Piscataqua region watersheds supports shellfish harvesting, 
recreation, wildlife, aquatic life, and drinking water consistent with the clean Water 
Act, and existing high-quality waters are maintained at 2010 conditions.  

(This is a general statement from the CCMP. It was not written to be specific to 
human health topics. For purposes of this discussion, it implies that metrics related to 
the three bullets at top of page should be no worse now than in 2010.) 

2. Improve water quality and identify and mitigate pollution sources so that additional 
estuarine areas meet water quality standards for bacteria for shellfish harvesting. 

(The “Shellfish Harvest Opportunity” metric encompasses this goal. Note, however, 
that the metric is also impacted by non-bacteria such as biotoxins. Overall, this 
metric has shown gradual improvement since 2010, with some short-term exceptions 
due to sewer infrastructure issues and/or harmful algal blooms.) 

3. Monitor and reduce loading of toxic contaminants and emerging contaminants to 
the estuaries and the ocean. 

(The above statement focuses on loading but most of PREP’s activities up to this 
point have focused on concentrations. The revised (as of 2020) CCMP notes that 
monitoring should include loading and concentration. Therefore, this plan should 
include plans to increase understanding of loadings. The CCMP also stipulates that 
monitoring will include better understanding sources of contaminants and will also 
include monitoring of shellfish tissue.) 

- Recommendation for Additional Goal Statements 

No recommendations for particular goal statements. However, the sub-group 
suggested that this section broaden its approach to the various organisms or pollutants 
that could impact human health. 
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For example, microplastics may or may not be a direct threat to humans, however, it is 
known that other contaminants adhere to the surface of microplastics. Therefore, 
microplastics should be included in this part of the Plan. 

Similarly, up to this point, biotoxins have been focused on only in terms of their 
concentration in shellfish tissue. However, some biotoxins such as cyanotoxins can harm 
human health simply through contact with water and, some studies indicate, through 
the air we breathe. 

 

HUMAN HEALTH MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Humans Goals 

Management actions (e.g., stormwater and wastewater treatment improvements, etc.) are currently 
underway or under consideration. The key question is: Should current management actions be continued, 
discontinued, modified or added to? 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 Monitoring questions catalyzed by simplest conceptual model (see Figure 12). 

Level 2 Monitoring questions catalyzed by detailed conceptual model 

 *Note: Due to the breadth of this focus area, the human health section does not have a more 
detailed conceptual model. Models for specific aspects of this focus area may be developed 
later. 

Level 3 Questions that require preliminary investigation before becoming monitoring or research 
questions; or, questions that call for time-limited, discrete research projects. 

**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., stormwater management) versus factors that are less amenable to 
management (e.g., atmospheric deposition of toxics, etc.). Therefore, science activities need to consider 
both kinds of factors and how they relate to each other. 
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Figure 12. Simplest conceptual model of the human health stressors focused on in this phase. This 
model will link to conceptual models for the other four focus areas. 

 

 

“Level 1” Monitoring Questions for Human Health 

**Questions below apply to both Great Bay and Hampton-Seabrook Estuaries. 

**Note that many of the questions below assume that we can quantify amounts so that we can assess if 
concentrations or loading are increasing. However, in some cases, we may only be able to measure 
presence/absence. In those cases, the question will need to be reworded appropriately, perhaps to say 
“increasing in distribution” or some other alternative. 

 

1. Are pathogenic and indicator microorganisms, biotoxins and toxic contaminants in shellfish 
increasing, decreasing, or remaining stable? 

 

2. Are pathogenic and indicator microorganisms, biotoxins and toxic contaminants in water or air 
increasing, decreasing, or remaining stable? 

- (For Questions 1 and 2) Monitoring approaches will change depending on the biotoxin. For 
some, monitoring the plankton will be more practical; for other biotoxins, monitoring the 
actual toxin itself may be more practical. 
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3. Are toxic contaminants concentrations in fish tissue (increasing….? CROSS CUTTING 

 

4. Are water temperatures increasing…? CROSS CUTTING 
 

5. Is coastal acidification in increasing…? CROSS CUTTING 

 

6. Are storm frequency and magnitude increasing, decreasing, or remaining stable? CROSS 
CUTTING 

 

7. Is the atmospheric deposition of toxic contaminants increasing…?  

 

8. Are oil and other hazardous spills—or, the amount of substance from these spills—increasing…? 
 

9. Are land uses trends changing in ways that would increase, decrease or stabilize toxic 
contaminants as well as pathogenic and indicator microorganisms? CROSS CUT WITH THE 
OTHER FOUR FOCUS AREAS  

 

10. Are loadings of pathogenic and indicator microorganisms, biotoxins and toxic contaminants from 
WWTPs and septic tanks increasing…? 

 

11. Are loadings of pathogenic and indicator microorganisms, biotoxins and toxic contaminants from 
agriculture and stormwater increasing…? 

 

12. Is domestic and public/sector application of toxic substances (e.g., PFAS; PAHs, microplastics, 
etc.) increasing…? 

 

13. Are industrial discharges of contaminants increasing…? 
 

14. Are loadings from sediment disturbance events (e.g., dredging, etc.) increasing…? 
 

15. Are sediment quality indices (Sediment Triad Approach) increasing…? 
 
- Triad approach involves sediment chemistry, benthic community analysis, and toxicity tests 

(using organisms such as Ampelisca abdita, or Leptocheirus plumulosus) 
- Note that the Triad Approach is also relevant to fish and less directly to shellfish and eelgrass 

(through impacting grazers) as well. CROSS CUT WITH FISH, SHELLFISH, AND EELGRASS 
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* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

“Level 3” Questions/Activities for Human Health 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Spatial and temporal aspects for questions below need to be worked out. For each question, it will be 
important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 

- Synthesize existing data in reference to the model to discern what info we have and what 
gaps remain. CROSS CUT WITH OTHERS 

- Monitoring and research around land use, and land use conversion should include 
population changes. CROSS CUT WITH OTHERS 

- What concentrations of microplastics are necessary to pose a threat to human health? 

- Which biotoxins (e.g., DSP, PSP, ASP, cyanotoxins) are posing the greatest threat to human 
health? Which should be monitored most closely? How can we better manage and contain 
risks associated with these biotoxins? 

- What’s the evidence for BMAA being aerosolized around the Great Bay Estuary? How about 
Hampton-Seabrook Estuary? 

- What do we know and need to know about synergistic effects between BMAA and mercury, 
and how should that influence management actions? Are there synergistic effects between 
other biotoxins and other toxic contaminants, either legacy or emerging? 

- Do we understand the relationship between ph and toxicity of heavy metals, such as 
cadmium? How will coastal acidification impact heavy metal toxicity? (note that cadmium may 
also interfere with Sulphur processing by eelgrass, leading to sulfide toxicity) 

- Build off of DES and Paula Mouser work to develop a source and loading report similar to the 
“Great Bay Nitrogen Non-Point Source Study,” focused on key and representative toxic 
contaminants. 

- What is the impact of changing storm frequency/magnitude on bacterial concentrations in 
the water column and in shellfish? (Note: Currently, we have random sampling for shellfish—
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go out in any weather—as well as some “dry-weather” sampling. During the “Methods” 
phase, this should be discussed.) 

- How does microbial source tracking fit into this monitoring and research approach? 
 

 

 

LIST OF CROSS CUTTING QUESTIONS 
 
Applicable to All Five Focus Areas 

1. Synthesize important existing data relevant to the focus area to discern what info we have 
and what gaps remain. 

2. Confirm that we’re adequately monitoring water temperatures at the right temporal and spatial scales. 

3. Are sediment loading and sedimentation increasing, decreasing or remaining stable? 

4. Is nutrient loading (both N and P) increasing, decreasing or remaining stable? 

5. Is TSS  increasing, decreasing or remaining stable? 

6. How much TSS involves resuspended sediments versus new sediments from riverine or ocean or salt 
marsh erosion or wastewater sources? 

7. How do we include feedbacks for each resource (e.g., more oysters leads to more oysters) as well as 
feedbacks from other resources (e.g., more oysters leads to less chl-a and less TSS, which can benefit 
eelgrass, which can benefit fish, etc.)? 

8. How can the UNH CCOM Hydrodynamics Model be used add insight to questions for each of the five 
focus areas? 

9. Are demographics, land use patterns and impervious cover changing or remaining stable? 

10. How are regional and marine dynamics accounting for some of the year to year variability in key metrics 
for each of the five focus areas? 

11. Are storm and storm surge events increasing, decreasing or remaining stable? 

 

Applicable to Four of the Five Focus Areas in this Draft Plan 
12. What do we know about the impact of green crabs (and other predators) on the four resources?  

13. We know that green crabs are having mostly a negative impact on all four resources. What can we do to 
decrease their abundance? 

14. Is there an amount of recovery that creates a tipping point (for each of the four non-human focus areas) 
so that the recovery becomes self-reinforcing? 

15. Are dissolved oxygen, salinity and bathymetry increasing, decreasing or remaining the same? 

16. Is phytoplankton (chl-a) increasing, decreasing or remaining stable? 

17. Are the types and sizes of phytoplankton changing or remaining stable? For example, could use “size 
fraction” as a metric here. (note the importance of the temporal/spatial component here) 

18. How is shoreline hardening changing in the different zones of each estuary? 

19. Is light penetration increasing, decreasing or remaining stable? 

20. Should we have a monitoring program for invasives (including but more broad than just green crabs), 
perhaps partnering with the BioBlitz program? 
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LIST OF CROSS CUTTING QUESTIONS (cont’d) 
 
Applicable to Three of the Five Focus Areas 

21. What is the relationship between tributary inputs of nutrients, organic matter and TSS and 
estuarine biological response (phytoplankton, seaweed and eelgrass)? 

22. Do we have the data we need to understand whether sediment and water column nutrient 
levels are impacted by regeneration of nutrients from previous years? If so, what is our 
assessment of the contribution from regeneration? (This will be different for each of the five 
zones.) 

23. Is seaweed production and biomass increasing, decreasing or remaining stable? 

24. Is acidification increasing, decreasing or remaining stable? 

 
Applicable to Shellfish and Fish 

25. Should we have a monitoring program for kelp due to its potential role as habitat for fish and 
shellfish? 

26. Is acidification increasing, decreasing or remaining stable? 

27. Is sediment organic matter increasing, decreasing or remaining stable? 

 
Applicable to Salt Marsh and Eelgrass 

28. Are freshwater and sediment delivery increasing, decreasing or remaining stable? 

29. Is sea level rise increasing, decreasing, or remaining stable? 

30. Should groundwater levels be tracked as research or more regularly? ( In particular, look at 
updating the Ballestero 2004 study?) 

31. Develop a nutrient and sediment budget relevant to salt marshes and eelgrass. 

 

Applicable to Eelgrass and Shellfish 
32. Develop a nutrient and sediment budget relevant to salt marshes and eelgrass. 

 
Applicable to Fish and Salt Marsh 

33. Develop nutrient and sediment budgets for both salt marshes and eelgrass. 

 

Applicable to Fish and Humans 
34. Are toxic contaminant concentrations in the sediment and water column increasing, 

decreasing, or remaining stable? 

35. Are toxic contaminants concentrations in fish tissue (increasing, decreasing or remaining 
stable? 

36. Are the Sediment Triad indicators increasing, decreasing or remaining stable? 
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NEXT STEPS 

• Vote to appove Humans section. 
• Begin the “Methods” phase, involving small-group meetings and then a large group meeting to 

review. 
• Then, move on to “Priorities” phase, involving small-group meetings and then a large group 

meeting to review. 
• Produce draft of final document and review. 
• Begin working on addenda, including issues around lobsters, horseshoe crabs and other 

components not covered by this version of the RAMP. 
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Research/Monitoring Prospectus 

 
Overview of Science Activities in Support of Estuarine Health 
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(This draft focuses on issues related to general water quality and other factors related to eelgrass. Later 
drafts will broaden focus to include shellfish, salt marshes, fish, and humans.) 
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Appendix C 
 

Resilience and positive feedbacks: Water quality management 
and eelgrass health in the Great Bay Estuary, NH/ME



 

 

 

 
 
 
 
 
 
 
 
 

Appendix D 
 

Overall Source Reduction Plan 
  



 

 

 

 

Dover 

Planned Structural BMPs – The following list includes projects that are already planned in CIP, design 

phase, etc.  

Year Project Description Estimated 

Load 

Reduction 

Potential 

(lbs TN/yr) 

Costs 

2021 Chesley Street 

BMP 

Add BMP at base of 

Chesley Street capturing 

runoff from Mt. Vernon 

and Chesley 

Neighborhood 

28 lbs TN/yr $80,000 

2018 Roberts Road Install new BMP’s and 

reduce impervious areas as 

part of roadway 

reconstruction 

4 lbs TN/yr $575,000 

2017 Keating and 

Birchwood 

Install new BMP’s and 

reduce impervious areas as 

part of roadway 

reconstruction 

22 lbs TN/yr $842,000 

 

2017 Richardson Drive Install new BMP’s and 

reduce impervious areas as 

part of roadway 

reconstruction  also 

remove 40 septic systems 

>736 lbs 

TN/yr 

$577,000 

 

2022-2026 Court, Union, and 

Middle Streets 

Capital Improvement 

work to improve drainage 

to include BMP’s 

43 lbs TN/yr $1,125,000 

2022-2024 Fifth and Grove 

Streets 

Capital Improvement 

work to improve drainage 

to include BMP’s 

26 lbs TN/yr $275,000 

2022-2025 Oak, Broadway, 

Central 

neighborhood 

reconstruction 

Capital Improvement 

work to improve drainage 

to include BMP’s 

412 lbs 

TN/yr 

$250,000 

(actual costs 

will be much 

higher) 

2026 Atlantic Avenue Capital Improvement 

work to improve drainage 

to include BMP’s 

17 lbs TN/yr $375,000 



 

 

 

2026 Horne St Capital Improvement 

work to improve drainage 

to include BMP’s 

35 lbs TN/yr $62,500 

2027 Tanglewood Capital Improvement 

work to improve drainage 

to include BMP’s 

47 lbs TN/yr $900,000 

2021 Climate Adaptation 

Grant 

As part of Climate 

Adaptation work with the 

SRPC, city committed to 

installing a new catch basin 

filtering device with a tree 

- similar to a tree-box filter 

but with improved 

maintenance capacity 

5 lbs TN/yr $10,000 

Planning Henry Law Park City is actively looking for 

funding opportunities to 

design and construct an 

innovative, Nitrogen 

focused Water Quality 

BMP in the Henry Law 

Park area.  This would be 

able to capture and 

provide treatment for 

approx. 120 acres of highly 

urbanized commercial and 

residential areas in the 

City’s Downtown. 

568 lbs 

TN/yr 

$6,000,000 

Planning Chapel Street 

Ravine 

Using NHDES SRF loan 

program to design a plan 

to incorporate water 

quality treatment and flood 

management downstream 

of substantial stormwater 

culvert 

TBD TBD 

 

 

 

 

 

 

 



 

 

 

 

Non-structural BMPs – The following list includes existing ongoing and future planned efforts: 

Anticipated Year of 

initial 

implementation 

(ongoing work) 

Project Description Estimated 

Load 

Reduction 

Potential 

(lbs TN/yr) 

Costs 

Ongoing  Street 

Sweeping 

Mechanically sweep 

downtown area (50 miles) 

once a week for 9 months 

of the year  

43 lb TN/yr - 

Ongoing Leaf Litter 

Management 

Leaf pick up for 6 weeks in 

the fall 

95 lb TN/yr - 

Ongoing Leaf Litter 

Management 

Provide location for 

residents to drop off leaf 

and yard waste year-round 

95 lb TN/yr - 

Ongoing Catch Basin 

Cleaning 

CB’s are cleaned in 

accordance with MS4 

requirements 

17 lb TN/yr - 

In Place Wetland 

Buffer 

Ordinance has increased 

wetland buffers (see credit 

for going green project) 

 - 

In Place Stormwater 

Regulations 

Site Plan Regulations 

include SWA 

recommendations for 

development and 

redevelopment (reduction 

= 0.012 * baseline) 

1,011 lb 

TN/yr  

0.012 * 

84,312 lbs TN 

- 

In Place Slow Release 

nitrogen 

requirement 

for all new 

projects 

As part of Site Plan 

approval, a maintenance 

plan shall be in place and 

"Best practices to minimize 

environmental impacts, such as 

the use of low-phosphorus 

fertilizer and slow-release 

nitrogen, shall be included in 

the management plan." 

350 lb 

TN/yr  

 

- 

Ongoing Atmospheric 

Deposition 

Assumes a 14% reduction 

off the baseline for TN 

11,803 lbs 

TN/yr 

 

Planning Leaf Litter 

Management 

Enhanced street leaf pick 

up - Assume 80% of areas 

adjacent to city roads 

would be picked up 

766 lbs 

TN/yr 

 

Ongoing City Organic 

Fertilizer 

Program 

The city is committed to 

using only organic, slow-

release fertilizers on city 

800 lb 

TN/yr 

 



 

 

 

owned and maintained 

properties (1,000,000 sf 

and 80% reduction). 

Ongoing Fertilizer Bans 

and 

Reductions 

Supporting a statewide ban 

of high nitrogen synthetic 

fertilizers 

  

Ongoing Fertilizer 

Outreach and 

Education 

Program 

Provide and promote 

landscaping for water 

quality initiatives and 

programs 

  

Ongoing Pet Waste 

Outreach and 

Education 

Program 

Provide pet waste 

management educational 

materials with every dog 

license. 

  

Ongoing Leaf and Yard 

Waste 

Outreach and 

Education 

Program 

Promote proper leaf and 

yard waste management. 

  

Ongoing Septic System 

Outreach and 

Education 

Program 

Participate and promote 

NHDES Septic Smart 

Week.  Send septic smart 

information to private 

septic system owners. 

  

Ongoing Outreach and 

Education 

The City outreach and 

education exceeds what is 

required by the MS4.  Staff 

regularly hold tours or 

presentations of the 

innovative BMP's being 

implemented.   

Additionally, we are 

working on a video for the 

installation of a filtering 

catch basin BMP.  Staff 

also regularly speak at 

conferences about 

technologies and 

particularly focus on 

maintenance and long-

term performance. 

  

Planning Septic System 

Performance 

Requirements 

Advocate for a state-wide 

requirement to remove 

nitrogen in septic systems. 

381 lbs 

TN/yr 

 

 

 



 

 

 

Municipal Lands with potential for pollutant load removal – The following list include municipally 

owned property derived by sorting hot spots data for parcels with high TN loads:  

Anticipated Year Project Description Estimated 

Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

N/A High School ? 277.1 ? 

N/A Arena & Pool ? 174.59 ? 

N/A Public Works ? 168.31 ? 

N/A Middle School ? 133.62 ? 

N/A Pine Hill 

Cemetery & F&G 

complex 

? 116.06 ? 

N/A River Street 

Pump Station & 

Old DPW lot 

with parking 

? 110.48 ? 

N/A Woodman Park 

Elementary 

School 

? 87.31 ? 

N/A Horne Street 

School 

? 78.82 ? 

N/A McConnell 

Center 

? 51.6 ? 

N/A Garrison 

Elementary 

School 

? 43.23 ? 

 

 

Other Efforts – The following list includes innovative efforts  

Anticipated 

Year 

Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

2021 and ongoing Inflow/Infiltration  Inflow and infiltration 

into the sewer collection 

system resulting elevated 

peak flows through the 

WWTP biological 

system which can affect 

the nutrient reduction 

capacity during those 

events. 

1,750 lbs TN/yr 

Assume a storm 

event causes an 

effluent peak of 

14 mg/l, seven 

times a year for 

24 hrs at a time.  

Assume the 

storm flow is 5 

mgd. 

$300,000/yr 



 

 

 

Planning Extending Sewer 

to Septiced areas 

Continually assessing 

opportunities 

  

Ongoing Commitment to 

exploring new 

BMP's and 

participating in 

innovative 

initiatives 

Berry Brook and the 

continuation of bringing 

new BMP's into urban 

redevelopment settings 

and working with 

UNHSWC to test the 

effect, Volunteering to 

work with the 

NHDES/Prep 

Fellowship team to 

investigate SAFE 

strategies for 

Stormwater Funding,  

Volunteer to work with 

SRPC to analyze urban 

trees and innovative tree 

box filters, Volunteer to 

work with SRPC to look 

at BMP's v/s 

socioeconomic 

disparities, participating 

in the PTAP program, 

participating in multiple 

credit for going green 

projects lead by PREP 

  

Ongoing Training and 

Commitment to 

Innovation 

Leadership in 

NEWEA/ Biological 

Nutrient Removal 

Classes - Our WWTP 

staff are at the forefront 

of discussions for 

WWTP practices.  Ray 

Vermette acts as 

president of NEWEA 

and has traveled around 

the world looking at 

innovative technologies 

and bring them to 

Dover. 

  

Ongoing Professional Staff The City has created an 

Environmental Project 

Manager Position.  This 

positions focus is 

dedicated entirely to 

  



 

 

 

environmental 

improvements, 

including a commitment 

to the protection and 

improvement of the 

Great Bay.  This person 

is taking an active role in 

organizing regional 

commitment and 

implementation of the 

MS4 permit and the new 

NGP permit.  Just this 

year, this person 

participated and was 

acceded through the 

NOFA Organic Land 

Care Program.  

Additionally, other staff 

members, particularly 

Bill Boulanger, is 

regularly recognized for 

contributions to 

innovative stormwater 

quality improvements 

and environmental 

stewardship. 

Ongoing Water Quality 

BMP's as standard 

practice for city 

reconstruction 

projects 

This is the language 

from our standard RFQ 

for design of 

reconstruction projects: 

"As part of the drainage 

improvements, the City 

wishes to enhance the 

drainage system and 

incorporate easily 

maintainable, low impact 

development strategies to 

provide conveyance, 

treatment, and infiltration 

where practical.  The 

Consultant shall make 

recommendations for an 

improved drainage system.“ 

The commitment to 

implementing the water 

quality work is 

  



 

 

 

demonstrated in several 

recent redevelopment 

projects. 

 

 

 

 

 

Pilot Projects – The following list includes pilot projects:  

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

2021 Stakeholder 

Committee 

Project  

MAAM communities 

fund $45,000 towards 

Great Bay water quality-

related project as 

selected by the 

Stakeholder Committee 

(CLF) 

? $15,000 (from 

Dover) 

Under 

Construction 

Catch Basin 

Spoils Facility  

Remove decant water 

from sump and treat at 

WWTF to 5-8 mg/l 

195+ lbs TN/yr $3,500,000 

 

Initiatives at WWTFs – The following list includes efforts aimed at reducing TN output from WWTFs 

during the eelgrass growing season.  Such efforts may include optimization of plants, projects aimed at 

reducing inflow/infiltration, facility upgrades, or similar measures. 

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

Nutrient Load 

Reduction 

Reductions below 

167 lb/day during 

growing season  

Assume the plant is 

running on average at 5 

mg/l or 104 lb/day 

22,512 lbs TN/yr $12,000,000 

upgrade cost 

in 2015 + 

added annual 

operating 

expenses.  May 

need 

additional 

$3,000,000 in 

the near future 

to offset lost 

capacity when 

switching 

system type. 



 

 

 

Nutrient Load 

Reduction 

Reductions below 

167 lb/day during 

non-growing 

season  

Assume the plant was 

operating at a 14 mg/l 

and city is currently 

operating at 10 mg/l or 

less.  Note that this is an 

extremely conservative 

estimate of actual 

reduction. 

12,517 lbs TN/yr $12,000,000 

upgrade cost 

in 2015 + 

added annual 

operating 

expenses.  May 

need 

additional 

$3,000,000 in 

the near future 

to offset lost 

capacity when 

switching 

system type. 

 

Co-Benefits of Nonpoint Source Reductions – Though beyond the scope of the submission called 

for in Part 3-1.c. of the General Permit, the MAAM communities feel it is important to plan and account 

for the removal of other pollutants or stressors of eelgrass coincident to the TN source reductions listed 

above.  This dovetails with the monitoring efforts undertaken by MAAM and its partners, which is 

expected to include study of confounding factors and stressors.   

 

Anticipated 

Year 

Project Description Estimated 

Reduction of 

TSS (lbs /yr) 

Estimated 

Reduction 

of 

Phosphorus 

(lbs /yr) 

2018 Roberts Road Install filtering 

catchbasins and 

reduce impervious 

area 

23 lbs TSS/yr 1 lbs TP/yr 

2020 Elm/Summer/Belknap Install filtering 

catchbasins and 

reduce impervious 

area 

1,156 lbs TSS/yr 3 lbs TP/yr 

2021 Chesley Street BMP Add BMP at base of 

Chesley Street 

capturing runoff 

from Mt. Vernon 

and Chesley 

Neighborhood 

1,446 lbs TSS/yr 3 lbs TP/yr 

 
  



 

 

 

Milton 

Planned Structural BMPs – The following list includes projects that are already planned in CIP, design 

phase, etc.  

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

- TBD - - - 

 

 

Non-structural BMPs – The following list includes existing ongoing and future planned efforts: 

Anticipated Year 

of initial 

implementation 

(ongoing work) 

Project Description Estimated 

Load 

Reduction 

Potential 

(lbs 

TN/yr) 

Costs 

Current Ordinance/Regulations Site Plan Regulations 
include SWA 
recommendations for 
development and 
redevelopment (reduction 
= 0.012 * baseline) 

413 TN/yr - 

Ongoing  Street Sweeping Mechanically sweep as 
required in MS4 

TBD - 

 Septic System Programs Advocate for and work with 
State RE: advanced septic 
system treatment for 
nitrogen and enforcement of 
connection to public sewer 
law within 100’ 

TBD - 

Ongoing Septic System Programs Mandate enhanced 
regulations for treatment 
systems beyond State 
requirements 

TBD - 

 

 

Municipal Lands with potential for pollutant load removal – The following list include municipally 

owned property derived by sorting hot spots data for parcels with high TN loads:  

Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

N/A - ? ? - 

N/A - ? ? - 

 



 

 

 

Other Efforts – The following list includes innovative efforts  

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

- - - - - 

 

Pilot Projects – The following list includes pilot projects:  

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

2021 Stakeholder 

Committee 

Project  

MAAM 

communities fund 

$45,000 towards 

Great Bay water 

quality-related 

project as selected 

by the Stakeholder 

Committee (CLF) 

? 
 

 

Initiatives at WWTFs – The following list includes efforts aimed at reducing TN output from WWTFs 

during the eelgrass growing season.  Such efforts may include optimization of plants, projects aimed at 

reducing inflow/infiltration, facility upgrades, or similar measures. 

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

-  WWTF 

management 

Continue to 

manage and test 

existing effluent 

TBD - 

 

Co-Benefits of Nonpoint Source Reductions – Though beyond the scope of the submission called 

for in Part 3-1.c. of the General Permit, the MAAM communities feel it is important to plan and account 

for the removal of other pollutants or stressors of eelgrass coincident to the TN source reductions listed 

above.  This dovetails with the monitoring efforts undertaken by MAAM and its partners, which is 

expected to include study of confounding factors and stressors.   

 

Anticipated Year Project Description Estimated 

Reduction of 

TSS (lbs /yr) 

Estimated 

Reduction of 

Phosphorus 

(lbs /yr) 

- - - - - 

 
  



 

 

 

Newington 

Planned Structural BMPs – The following list includes projects that are already planned in CIP, design 

phase, etc.  

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

- TBD - - - 

 

 

Non-structural BMPs – The following list includes existing ongoing and future planned efforts: 

Anticipated Year 

of initial 

implementation 

(ongoing work) 

Project Description Estimated 

Load 

Reduction 

Potential 

(lbs 

TN/yr) 

Costs 

Current Ordinance/Regulations The Town has a Stormwater Management 
section in their Site Plan Review 
regulations which references the NH 
Stormwater Management Manual and 
EPA Stormwater Regulations, including 
development and redevelopment 
regulations for stormwater, and mandated 
reductions in total nitrogen.   

383 TN/yr - 

 

 

Municipal Lands with potential for pollutant load removal – The following list include municipally 

owned property derived by sorting hot spots data for parcels with high TN loads:  

Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

N/A Newington 

Municipal 

Complex 

? ? - 

N/A Newington 

Public School 

? ? - 

 

Other Efforts – The following list includes innovative efforts  

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

- - - - - 

Pilot Projects – The following list includes pilot projects:  



 

 

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

2021 Stakeholder 

Committee 

Project  

MAAM 

communities fund 

$45,000 towards 

Great Bay water 

quality-related 

project as selected 

by the Stakeholder 

Committee (CLF) 

? $15,000 (from 

Dover) 

 

Initiatives at WWTFs – The following list includes efforts aimed at reducing TN output from WWTFs 

during the eelgrass growing season.  Such efforts may include optimization of plants, projects aimed at 

reducing inflow/infiltration, facility upgrades, or similar measures. 

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

Completed - 2016  WWTF Upgrade Nitrogen removal 

upgrades 

4,379 TN/yr $8.2M 

 

 

  



 

 

 

Portsmouth 

The following narratives and tables describe on-going and planned nitrogen reduction activities for the 
City of Portsmouth. This list represents a brief snapshot of the ongoing and planned activities that are 
funded through the City’s annual operating budget and Capital Improvement Plan (CIP). The City will 
update and adjust this list as needed based on changes in anticipated funding, adjustments to achieve the 
highest efficiencies for nitrogen reduction and other conditions or technical reasons that may not be 
known or anticipated at this time.  

Innovative WWTF Operations:  The City has recently completed and invested over $92 million in 
a major facility upgrade at the Peirce Island Wastewater Treatment Facility which has resulted in significant 
nitrogen load reductions based on the reported effluent data in 2020. The facility began startup in Jan 2020 
and the City anticipates that the treatments system will produce more stable and lower concentrations of 
total nitrogen in 2021. The load reduction calculations in the following paragraphs incorporate data from 
the Pease WWTF as well as the Peirce WWTF since the Great Bay Total Nitrogen General Permit limits 
nitrogen for the combined effluent.  

In 2020, the Peirce Island WWTF had a 7-month rolling average (April 1 - Oct 31) TN load of 204 lbs/day 
and the Pease WWTF had 37 lbs/day. This equates to a total of 241 lbs TN/day and is 100 lbs TN/d less 
than the permitted effluent limit of 341 lbs TN /day. This equates to a TN load reduction of 21,000 lbs 
for the 7-month growing season period. This calculation is considered conservative (low) given that the 
performance of the new biological treatment system at the Peirce Island WWTF was not optimized for 
nitrogen removal until mid-summer 2020 so the effluent nitrogen loads in 2020 are higher than what is 
anticipated for future growing seasons. Future years data are anticipated to equate to higher load 
reductions during the growing season.  

During the non-growing season, a conventional WWTF configured and properly sized for nitrogen 
removal would achieve a total nitrogen effluent concentration in the range of 10 to 12 mg/L. The Peirce 
Island WWTF is configured and will be operated in a manner to achieve concentrations that are likely to 
be less than 5 mg/L. This will result in additional reduction of nitrogen loads discharged to the Estuary. 
A concentration difference of 5 mg/L at the average flow for 2020 (3.81 MGD), results in an estimated 
daily reduction of nitrogen is 159 lbs/d or a total reduction approximately 23,800 lbs of TN for the entire 
5-month (150 day) non-growing season. This concentration decrease is consistent with data observed for 
the winter of 2020-2021 and another winter of data will be important to further refine this estimate.  

Even greater nitrogen load reductions have been achieved when comparing the observed average daily 
loads of 708 lbs. and 204 lbs. TN /day for the 7-month growing seasons of 2019 (prior to biological 
treatment) and 2020 (startup/operation of biological treatment), respectively, based on effluent data. This 
data represents pre and post conditions of the Peirce Island WWTF upgrade.  The observed 504 lbs. 
TN/day difference in the average daily loads between these two years translates to an overall annual 
nitrogen load reduction of approximately 106,000 lbs. It is anticipated that the data for 2021 growing 
season will be even lower as operations are further stabilized.  

Summary of WWTF Recent Nitrogen Load Reductions  

WWTF 
Facility Season Description 

Load 
Reduction 
(lbs TN) 

Peirce Island 
& Pease 

 7-month 
growing season 

Total Lbs. TN = Permitted Daily (341 lbs./d) – 
Observed (241 lbs./d) = 100 lbs./d x 210 days (Apr 1 
– Oct 31) 

~21,000 lbs. 

Peirce Island 
5-month non-
growing season  

Total Lbs. TN  = Ave Conc Decrease = 5 mg/L x ave. daily 
flow (3.81 MGD) x 8.345 x 150 days 

~23,800 lbs. 

  Annual Total  ~44,800 lbs.  



 

 

 

Stormwater and Other Nutrient Reduction BMPs 

The following describes several major drainage capital improvement projects where potential 
structural stormwater BMPs will be evaluated. Two structural BMPs were recently completed 
behind the DPW facility.  Various nonstructural measures are also highlighted including good 
housekeeping, regulation updates, organic fertilizer use, land protection efforts, and a proposed 
sewer extension, to name a few. The total annual nitrogen load reduction for these efforts is 
estimated to be greater than 5,700 lbs./year.  

Structural BMPs: The following projects are included in the City’s FY22-FY27 CIP  

Anticipated 
Year Project Description 

Approx. 
Load 

Reduction 
(lbs 

TN/yr) 

2022 
Islington Street 
Compete Streets 
– Phase II 

This project will include full roadway reconstruction (sidewalk, 
curb, grass strip, roadway and utilities) from the Dover Street 
intersection to the intersection with Congress/Maplewood 
Streets (5,000 linear feet). The work will include sewer 
separation with separated stormwater being redirected through 
water quality units upstream of the Brewster Street stormwater 
outfall to North Mill Pond. The project may cause a net 
increase in the volume of stormwater discharged to the North 
Mill Pond but will  reduce volume and # of combined sewer 
overflow events during wet weather. Nitrogen levels and overall 
loads are generally higher in CSO discharges than in 
stormwater. Opportunities to treat roadway runoff will be 
evaluated. The overall stormwater catchment area served by this 
project is approximately 6.4 acres.  

See Note 1 

2024 
Peverly Hill Road 
Reconstruction 

This project will include full roadway reconstruction from the 
intersection with Middle Road to the intersection with West 
Road (5,000 linear feet). The work will include construction of a 
new sidewalk from Middle Road to Mirona Road on the north 
side of the roadway (3,600 linear feet) and construction of a 
new 8 to 10-ft wide shared use path from Middle Road to 
Banfield Road on the south side of the roadway (3,400 linear 
feet). Curbs will be added to the roadway and stormwater will 
be re-routed through a planned stormwater gravel wetland that 
will discharge to the headwaters of Sagamore Creek. The overall 
stormwater catchment area served by this project is 
approximately 17 acres. 

See Note 1 



 

 

 

Anticipated 
Year Project Description 

Approx. 
Load 

Reduction 
(lbs 

TN/yr) 

2023 
Willard Ave 
Sewer Separation 

This project will include full roadway reconstruction (sidewalk, 
curb, grass strip, roadway and utilities) along Willard Avenue 
from the intersection with Marston Street to the intersection 
with Lafayette Road, Ash Street from the intersection with 
Willard Avenue to Orchard Street and Orchard Street (2,000 
linear feet). The work will include sewer separation with 
separated stormwater being redirected through water quality 
units near Parrott Avenue upstream of the stormwater outfall to 
South Mill Pond. The project may result in a net increase in 
overall stormwater discharge to the South Mill Pond but will 
reduce the volume and # of combined sewer overflow events 
during wet weather. Nitrogen levels and overall loads are 
generally higher in CSO discharges than in stormwater.  The 
overall stormwater catchment area served by this project is 
approximately 3.4 acres. 

See Note 1 

2023 
Union Street 
Sewer Separation 

This project will include full roadway reconstruction (sidewalk, 
curb, grass strip, roadway and utilities) along Union Street from 
the Middle Street intersection to the State Street intersection 
(1,000 linear feet). The work will include sewer separation with 
separated stormwater being redirected to the stormwater system 
on Middle Street that discharges through water quality units 
near Parrott Avenue upstream of the stormwater outfall to 
South Mill Pond. The project may increase the overall 
stormwater discharge to the South Mill Pond but will remove 
stormwater from the combined sewer collection system thus 
reducing combined sewer overflow events during wet weather. 
Nitrogen levels and potential overall loads are generally higher 
in CSO discharges than in stormwater.  The overall stormwater 
catchment area served by this project is approximately 1.9 acres. 

See Note 1 



 

 

 

Anticipated 
Year Project Description 

Approx. 
Load 

Reduction 
(lbs 

TN/yr) 

2023 
 

Fleet Street 
Sewer Separation 

This project will include full roadway reconstruction (sidewalk, 
curb, roadway and utilities) along Fleet Street from the Court 
Street intersection to the intersection with Hanover Street 
(1,000 linear feet). The work will include sewer separation with 
separated stormwater being redirected through a new outfall 
and water quality unit near Maplewood Avenue upstream of a 
new stormwater outfall to North Mill Pond. The project may 
result in a net increase in overall stormwater discharge to the 
North Mill Pond but will remove stormwater from the 
combined sewer collection system thus reducing combined 
sewer overflow events during wet weather. The overall 
stormwater catchment area served by this project is 
approximately 4 acres. 
 
The project limits may expand to include an area of Congress 
Street from Fleet Street to Maplewood Avenue (540 linear feet) 
and Vaughan Mall from Congress Street to Hanover Street (450 
linear feet). The scope of work and ultimate discharge of 
separated stormwater would be the same as described above for 
the Fleet Street work. The overall stormwater catchment area 
served by this additional area is approximately 1.6 acres. 

See Note 1 

2022 
Corporate Drive 
Road & Drainage 
Upgrade 

The City is working on two phases of work to improve drainage 
on Corporate Drive in Portsmouth. The first phase seeks to 
improve the drainage flow through swales adjacent to 
Corporate Drive in Portsmouth through swale improvements, 
culvert modifications and stormwater water quality unit 
installation. The second phase includes roadway reconstruction 
and selective drainage improvements along Corporate Drive 
from Rye Street to Grafton Road (6,000 linear feet). The overall 
stormwater catchment area served by this project is 
approximately 5 acres. 

See Note 1 

Complete 

Gravel wetland 
/Bioretention 
System at 
DPW/Recreation 
Fields 

New gravel wetland treating ~ 25 acres of 2021  existing IC 
area with WQv = 0.18” N Rem Eff = 33%;  Bioretention 
system w/ internal storage reservoir treating ~ 51.8 acres of 
existing IC  

406 

Estimated Annual N Load Reduction Total (lbs./yr.) >406 
Notes: 

1. Engineering design for these planned road/drainage system improvements are in the early phase or have not yet 
begun. As a result, the potential stormwater nitrogen discharge cannot be determined. The feasibility for stormwater 
treatment will be evaluated as part of the design efforts.   

Non-Structural BMPs: Annual nitrogen load reductions due to ongoing operation and maintenance 
activities and recent connected impervious (IC) area disconnection included in this plan. The effect of the 
program on homeowner or commercial applicator behavior could be measured through pre and post 
random surveys. 



 

 

 

Anticipated 
Year Project Description 

Approx. 
Load 

Reduction 
(lbs. 

TN/yr.)1 

Street 
Sweeping 

Ongoing 
Maintenance 

City sweeps all streets monthly, 8 months of the year 
with High Efficiency Regenerative Vacuum Sweeper 
on estimated 345 acres of area 

70 

Leaf Litter 
Management 

Ongoing 
Maintenance 

City provides curbside leaf litter pickup for Residential 
Areas (~80% of City) 250 

Catch Basin 
Cleaning 

Ongoing 
Maintenance City cleans approx. 25% of the total CB’s each year  80 

Regulations 
New Regulations 
adopted Jan. ‘21 

City adopted new stormwater treatment requirements 
for new & redevelopment disturbing 15,000 sq ft or 
more area 

215 

Impervious 
Disconnection 

Recent IC 
disconnection  

City has installed at least 18 tree filters, 4 rain gardens, 
converted ~ 0.5 mile of road shoulder and 0.3-acres of 
parking lot at Four Tree Island to porous pavement; 
IC disconnect ~ 3 acres  

45 

Organic 
Fertilizer 
Program 

Ongoing 
Maintenance 

City switched to an organic compost tea to fertilize its 
recreational fields; Results in an application rate of 0.7 
lbs. N /1000 sf or ~30% less than a more typical 
application rate of at least 1 lb. /1000 sf 

570 

 Estimated Annual N Load Reduction Total (lbs./yr.) 1,440 
Notes:   

1. The nitrogen load reduction values represent general estimates based on the methods and assumptions included in 
the generic load reduction template spreadsheet provided by the UNH Stormwater Center for municipal use in 
preparing Element C of the Adaptive Management Plan with some minor adjustments to reflect City specific 
conditions especially with respect to fertilizer use and IC disconnection.  



 

 

 

 Potential Future BMPs on Municipal Lands: The following is a list of potential BMP locations 
derived by analyzing hot spots data from the UNH Stormwater Center for parcels with high TN loads  

Anticipated 
Year 

Project Description Load 
Reduction 

(lbs TN/yr) 

By 2025 To Be Determined  To Be Determined  To Be Determined 
Notes:   

The City has initiated a City-wide analysis to identify potential feasible stormwater BMP retrofit locations on City owned property 
for planning purposes.  The results of this ongoing study will be used to assess the potential feasibility and cost-effectiveness of 
constructing stormwater BMP retrofits to achieve additional nitrogen load reductions as either standalone projects or as part 
future facility upgrades of municipal properties. This study may also review certain select private properties that have a high 
amount of impervious cover and available space. This information will be utilized for outreach as applicable to private property 
owners. 

Other Efforts: Summary of Other Innovative Efforts/Pilot Programs  

Anticipated 
Year Project Description 

Approx. Load 
Reduction 

(lbs. TN/yr.)1 

2022 
Sewer Extension to 
Sagamore Creek Area 
(approx. 88 homes) 

Assume 50% are connected in the planned 
extension  

2602 

Ongoing 

Atmospheric Load 
Reduction based on 
more current air 
quality data 

UNH SC/NHDES suggests atmospheric N load 
has decreased by ~14%; GBNNPS study 
estimated delivered atmospheric N Load for 
Portsmouth = 18,618 lbs/yr. 

2,610 

Current  
Land Protection in 
Bellamy Reservoir  

City purchased conservation easement for ~180 
acres of land adjacent to Bellamy Reservoir 
targeted for development – prevents additional 
stormwater and septic load from ~ 32 homes 

1,010 

 Estimated Annual N Load Reduction Total (lbs./yr.) 3,880 
Notes:  

1. The N load reduction values represent general estimates based on the methods and assumptions provided by the 
UNH Stormwater Center for municipal use in developing Element C of the Adaptive Management Plan.   

2. The City currently has plans to extend sewer to approximately 88 homes in the Sagamore Creek watershed area, 
which represents one of the last major developed areas in the City that utilize septic systems.  The table above 
presents anticipated N load reductions associated with this sewer extension based on an assumption that only half of 
the potential homes connect in the first 5 years.   

Outreach and education: In addition to using an organic compost tea produced from yard waste 
compost to fertilize City fields as well as updating the Site Plan regulations to include language that 
encourages new development to minimize the creation of new managed turf, the City would support a 
statewide or regional effort to ban or limit the use of lawn fertilizer and/or  a collaborative regional 
education and outreach effort that engages homeowners and commercial applicators to minimize its use 
and/or apply only when necessary.   The NHDES Great Bay Nitrogen Nonpoint Source Study 
(GBNNPSS) estimated an annual N load of just under 90,000 lbs/yr contributed from lawn fertilizer 
usage within the 12 communities subject to this GBTN GP, which represents approximately 25% of the 
total estimated N load from these communities.  Published data from the Chesapeake Bay Network 
suggests that developing a comprehensive education and outreach campaign designed to change 
homeowner behavior and commercial applicator practices could reduce fertilizer usage by anywhere 
from 5% to 15% depending in the program elements. If such a program could reduce fertilizer use by 
event 5%, this could result in a significant benefit relative to the load reduction estimates for the other 
activities  



 

 

 

Explore Long Term Sustainable Funding Mechanisms:  The City previously conducted a 
stormwater utility feasibility study that was completed in 2011 but it did not gain approval by City 
Council to move forward at that time. The City plans to revisit the feasibility of stormwater utility.  
Tracking Post-Development Stormwater Treatment BMP Inspection and Maintenance (I&M) 
Activity: The City is taking the lead in managing and administrating a project being funded by and in 
collaboration with various communities that are part of the Seacoast Stormwater Coalition to develop 
methods to assist communities in tracking post-development I&M activity for stormwater BMPs on 
private property that were approved through local site plan regulations and related ordinances. The goal 
is to ensure that the long-term stormwater treatment performance is maintained through I&M activity 
and the potential pollutant load reduction credits particularly for redevelopment projects can be tracked 
and accounted for perhaps through the NHDES/UNH SC PTAP system or an equivalent process. This 
project builds off an initial pilot study conducted as a student Capstone project done in conjunction with 
the UNH Engineering Department and UNH Stormwater Center.  The target completion date is 
December 2021. 
  



 

 

 

Rochester 

The City of Rochester reserves the right to update the project year/start dates, estimated load 

reductions, estimated costs or items listed as “TBD” in the columns below either annually or as 

appropriate. 

 

Planned Structural BMPs – The following list includes projects that are already planned in 

CIP, design phase, etc. 

Year Project Description Estimated 

Load    Reduction 

Potential 

(lbs TN/yr) 

Costs 

2021-22 Colonial Pines Sewer 
Extension - Phase 3 

Phase 3 of a 
neighborhood sewer 
extension project with 
drainage infrastructure 
improvements 

TBD $5,500,000 

2021-22 Strafford Square Roundabout New roundabout 
installation project with 
drainage infrastructure 
improvements including 
new BMPs 

3.59 TN/yr $6,000,000 

2022-23 Woodman Area Infrastructure 
Improvements 

Neighborhood Complete 
Streets project with 
drainage infrastructure 
improvements including 
improved outfalls and new 
BMPs 

TBD $7,000,000 

By 2025 Union Street Municipal 
Parking Lot 

Parking lot reconstruction 
with drainage 
infrastructure 
improvements including 
new BMPs 

7.14 TN/yr TBD 

By 2025 Wakefield Street 
Reconstruction 

Complete Streets project 
with drainage 
infrastructure 
improvements including 
new BMPs 

16.54 TN/yr TBD 

 
 
Non-structural BMPs – The following list includes existing ongoing and future planned efforts: 

 

Anticipated 

Year of  initial 

implementation 

(ongoing work) 

Project Description Estimated Load 

Reduction 

Potential 

(lbs TN/yr) 

Costs 

 Street Sweeping Sweep curbed streets 
monthly (Apr-Nov); 
sweep Downtown 
weekly (Apr-Nov) 

250 TN/yr TBD 



 

 

 

 Leaf Litter 
Management 

Collect leaf litter 
monthly (Apr-May, Oct-
Nov); collect bagged 
organic waste for 2 wks 
in spring and fall 

690 TN/yr TBD 

 Catch Basin 
Cleaning 

Ensure CB sumps are no 
more than 50% full at 
any time 

290 TN/yr TBD 

 Fertilizer Program Exclusively use slow 
release fertilizer on 
municipal property; 
advocate for and work 
with State RE: nitrogen 
fertilizer restrictions 

TBD TBD 

 
Municipal Lands with potential for pollutant load removal – The following list include 

municipally owned property derived by sorting hot spots data for parcels with high TN loads5: 

 
 
 
 

 

 
5 The City of Rochester has ongoing efforts to identify pollutant loadings from existing public and municipal 
properties related to compliance with the NH Small MS4 NPDES permit.  The City will update this information 
upon completion of this effort which is anticipated in 2022 and also listed as Nitrogen Source Identification Report 
in “Other Efforts” below.   The City will evaluate all City owned and right-of-way properties for retrofit 
opportunities to treat existing impervious cover. The evaluation will include a desktop review of soils, impervious 
cover, utilities, and topography, followed by an on-site evaluation to determine potential locations of structural 
stormwater BMPs. Utilizing this evaluation, the City can develop a list of conceptual BMPs that can be used in the 
capital improvement planning process, leverage grant funding or private development opportunities. This list will 
also include those municipally owned or controlled properties with potential for high TN loads, as well as other 
pollutants reductions that may be co-beneficial to health of the estuary.  This aligns Rochester’s compliance efforts 
under both the GB TN Permit and the NH Small MS4 Permit 
 

Anticipated 
Year 

Project Description Estimated Load 

Reduction Potential 

(lbs TN/yr) 

Costs 

By 2025 Union Street 
Municipal Parking 
Lot 

Parking lot 
reconstruction with 
drainage infrastructure 
improvements 
including new BMPs 

7.14 TN/yr TBD 

By 2023 Project List Evaluate all municipal 
properties for potential 
pollutant load removal 

TBD TBD 

 



 

 

 

Other Efforts – The following list includes innovative efforts 

Anticipated 
Year 

Project Description Estimated Load 

Reduction Potential 

(lbs TN/yr) 

Costs 

2021-22 Colonial Pines Sewer 
Extension – Phase 3 

Extension of public 
sewer collection system 
to connect homes on 
septic systems (Phase 3 
– 71 properties) 

364 TN/yr $5,500,000 

By 2022 Nitrogen Source 
Identification Report 

Identify catchment areas 
with potentially high 
nitrogen loading 

TBD TBD 

 Public Education/ 
Outreach 

Distribute messaging 
regarding grass 
clippings/fertilizer (Apr-
May), pet waste (Jun-
Jul), and leaf litter 
(Aug-Oct) 

TBD TBD 

Ongoing, June 
2021 

Private Development/ 
Redevelopment 

Enforce City’s updated 
Chapter 218 Stormwater 
Ordinance requiring 
treatment 

100-3006 TN/yr TBD 

 Staffing/Resources City has funded a third 
Assistant City Engineer 
position to focus on 
stormwater related 
projects and Ordinance 
enforcement 

TBD TBD 

 Septic System 
Programs 

Advocate for and work 
with State RE: advanced 
septic system treatment 
for nitrogen and 
enforcement of 
connection to public 
sewer law within 100’ 

TBD TBD 

 
Pilot Projects – The following list includes pilot projects: 

Anticipated 
Year 

Project Description Estimated Load 

Reduction Potential 

(lbs TN/yr) 

Costs 

2021 Pilot Septage 
Receiving Facility 
Upgrade 

Receive septage at the 
Headworks Facility 
observing process 
response; new location 
would add this 
additional carbon 
source to SND process 

TBD TBD 

 
6 The City’s estimates for load reductions of 100 to 300 lbs. N/year were estimated to occur as a result of structural 
BMP retrofits through redevelopment on commercial properties as required by revised City stormwater ordinance. 
These estimates were based on an assumption that 10 to 50 acres of impervious area are redeveloped and 
retrofitted with BMPs, which depends upon actual development activity. 



 

 

 

Initiatives at WWTFs – The following list includes efforts aimed at reducing TN output from WWTFs 

during the eelgrass growing season. Such efforts may include optimization of plants, projects aimed at 

reducing inflow/infiltration, facility upgrades, or similar measures. 

 

Anticipated 
Year 

Project Description Estimated Load 

Reduction Potential 

(lbs TN/yr) 

Costs 

2022 Septage Receiving 
Facility Upgrade 

Pending results of the 
pilot study, construct 
new septage receiving 
facility at a location 
more favorable for 
nitrogen treatment at 
the WWTF 

TBD $800,000+ 

2022 Carbon Storage and 
Feed Building 

Complete construction 
of a new building to 
facilitate storage and 
metered injection of a 
carbon source into the 
SND process 

TBD $3,300,000+ 

2022 Aeration Automation 
Project 

Complete construction 
of automation 
equipment for 
operation of aeration; 
optimize for nitrogen 
removal with Septage 
Receiving and Carbon 
Feed 

TBD $400,000 

2021-24 Sewer System Master 
Plan 

Evaluate sewer 
collection system for 
sources of I/I 

TBD TBD 

2024 Nitrogen Reduction 
Report 

Evaluate progress to 
date RE: nitrogen 
reduction and indicate 
any further action 
needed to ensure 
compliance with 
effluent limit 

TBD TBD 

 
Co-Benefits of Nonpoint Source Reductions – Though beyond the scope of the submission 

called for in Part 3-1.c. of the General Permit, the MAAM communities feel it is important to plan 

and account for the removal of other pollutants or stressors of eelgrass coincident to the TN 

source reductions listed above. This dovetails with the monitoring efforts undertaken by MAAM 

and its partners, which is expected to include study of potential eelgrass stressors. 

 

Anticipated 
Year 

Project Description Estimated 

Reduction of 

TSS (lbs/yr) 

Estimated 

Reduction of 

Phosphorus 
(lbs/yr) 

2021-22 Colonial Pines Sewer 
Extension - Phase 3 

Phase 3 of a neighborhood 
sewer extension project with 
drainage infrastructure 

TBD TBD 



 

 

 

improvements 

2021-22 Strafford Square 
Roundabout 

New roundabout installation 
project with drainage 
infrastructure improvements 
including new BMPs 

TBD TBD 

2022-23 Woodman Area 
Infrastructure 
Improvements 

Neighborhood Complete 
Streets project with drainage 
infrastructure improvements 
including improved outfalls 
and new BMPs 

TBD TBD 

By 2025 Union Street 
Municipal Parking 
Lot 

Parking lot reconstruction 
with drainage infrastructure 
improvements including 
new BMPs 

TBD TBD 

By 2025 Wakefield Street 
Reconstruction 

Complete Streets project 
with drainage infrastructure 
improvements including 
new BMPs 

TBD TBD 

 Street Sweeping Sweep curbed streets 
monthly (Apr-Nov); 
sweep Downtown weekly 
(Apr-Nov) 

TBD TBD 

 Leaf Litter 
Management 

Collect leaf litter monthly 
(Apr-May, Oct-Nov); 
collect bagged organic 
waste for 2 wks in spring 
and fall 

TBD TBD 

 Catch Basin 
Cleaning 

Ensure CB sumps are no 
more than 50% full at any 
time 

TBD TBD 

Ongoing, June 
2021 

Private Development/ 
Redevelopment 

Enforce City’s updated 
Chapter 218 Stormwater 
Ordinance requiring 
treatment 

TBD TBD 

 
  



 

 

 

Rollinsford 

Planned Structural BMPs – The following list includes projects that are already planned in CIP, design 

phase, etc.  

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

- TBD - - - 

 

 

Non-structural BMPs – The following list includes existing ongoing and future planned efforts: 

Anticipated Year 

of initial 

implementation 

(ongoing work) 

Project Description Estimated 

Load 

Reduction 

Potential 

(lbs 

TN/yr) 

Costs 

Current Ordinance/Regulations Site Plan Regulations 
include SWA 
recommendations for 
development and 
redevelopment (reduction 
= 0.012 * baseline) 

221 TN/yr - 

Ongoing Street Sweeping Mechanically sweep as 
required in MS4 

TBD 
 

Ongoing Catch Basin Cleaning Ensure CB sumps are no 
more than 50% full at any 
time 

TBD  

 

 

Municipal Lands with potential for pollutant load removal – The following list include municipally 

owned property derived by sorting hot spots data for parcels with high TN loads:  

Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

N/A Morton Park ? 17.53 ? 

N/A Fire Station ? 9.6 ? 

N/A Police 

Department 

? 4.7 ? 

 

 

 

 

 



 

 

 

Other Efforts – The following list includes innovative efforts  

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

- - - - - 

Pilot Projects – The following list includes pilot projects:  

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

2021 Stakeholder 

Committee 

Project  

MAAM 

communities fund 

$45,000 towards 

Great Bay water 

quality-related 

project as selected 

by the Stakeholder 

Committee (CLF) 

? 
 

 

Initiatives at WWTFs – The following list includes efforts aimed at reducing TN output from WWTFs 

during the eelgrass growing season.  Such efforts may include optimization of plants, projects aimed at 

reducing inflow/infiltration, facility upgrades, or similar measures. 

 

Anticipated Year Project Description Estimated Load 

Reduction 

Potential (lbs 

TN/yr) 

Costs 

-  WWTF 

management 

Continue to 

manage and test 

existing effluent 

TBD - 

 

Co-Benefits of Nonpoint Source Reductions – Though beyond the scope of the submission called 

for in Part 3-1.c. of the General Permit, the MAAM communities feel it is important to plan and account 

for the removal of other pollutants or stressors of eelgrass coincident to the TN source reductions listed 

above.  This dovetails with the monitoring efforts undertaken by MAAM and its partners, which is 

expected to include study of confounding factors and stressors.   

 

Anticipated Year Project Description Estimated 

Reduction of 

TSS (lbs /yr) 

Estimated 

Reduction of 

Phosphorus 

(lbs /yr) 

- - - - - 

 
  



 

 

 
 

 
  
 
 
 
 
 
 
 
 
 

Appendix E 
 

Municipal Alliance for Adaptive Management (MAAM) 
Intermunicipal Agreement 

 

  



 

 

 
 

 
 
 
 
 
 
 
 
 
 

Appendix F 
 

MAAM Funding Resolutions 
 

 

 

 

 
  



 

 

 
 

 
 
 
 
 
 
 
 
 

Appendix G 
 

Settlement Agreement By and Between Conservation Law 
Foundation and Cities of Dover, Rochester, and Portsmouth 

  



 

 

 
 

 
 
 
 
 
 
 
 
 

Appendix H 
 

Total Maximum Daily Loads (TMDLs) and 
Alternative Restoration Approaches 

 

 

 
  



 

 

 
 

Section e of the joint AMP proposes a timeline for completing a TMDL for total nitrogen for the 

Great Bay or an alternative restoration plan. According to that schedule, the participating 

communities will make a recommendation to either pursue a TMDL or a specific alternative such 

as a 5R restoration plan at the end of fourth year of the first general permit term. The development 

of the TMDL or alternative development will be a major activity of the second permit term. This 

appendix describes the TMDL process and alternative restoration planning approaches under the 

Clean Water Act framework. It also provides examples of TMDLs and alternative restoration 

planning approaches.  

  
Total Maximum Daily Loads 

The USEPA provides the following basic information on its webpage entitled “Overview of Total 

Maximum Daily Loads”7: 

“A TMDL is the calculation of the maximum amount of a pollutant allowed to enter a waterbody so 
that the waterbody will meet and continue to meet water quality standards for that particular 
pollutant. A TMDL determines a pollutant reduction target and allocates load reductions necessary 
to the source(s) of the pollutant. 

Pollutant sources are characterized as either point sources that receive a wasteload allocation (WLA), 
or nonpoint sources that receive a load allocation (LA). For purposes of assigning WLAs, point 
sources include all sources subject to regulation under the National Pollutant Discharge Elimination 
System (NPDES) program, e.g. wastewater treatment facilities, some stormwater discharges and 
concentrated animal feeding operations (CAFOs). For purposes of assigning LAs, nonpoint sources 
include all remaining sources of the pollutant as well as natural background sources. TMDLs must 
also account for seasonal variations in water quality, and include a margin of safety (MOS) to 
account for uncertainty in predicting how well pollutant reductions will result in meeting water 
quality standards. 

Expressed mathematically, the TMDL equation is: 

TMDL = ΣWLA + ΣLA + MOS 

Where WLA is the sum of wasteload allocations (point sources), LA is the sum of load allocations 
(nonpoint sources and background) and MOS is the margin of safety. 

Each pollutant causing a waterbody to be impaired or threatened is referred to as a 
waterbody/pollutant combination, and typically a TMDL is developed for each waterbody/pollutant 
combination. For example, if one waterbody is impaired or threatened by three pollutants, three 
TMDLs might be developed for the waterbody. However, in other cases, a single TMDL document 
may be developed to address several waterbody/pollutants combinations. Neither the CWA nor 
EPA’s regulations define or limit the scale of TMDLs. Some states have been developing TMDLs 
on a watershed-scale basis. Such state TMDLs may also cover multiple watersheds.” 

TMDLs are inherently quantitative, and developing TMDLs assumes the ability to identify in-stream 
water quality targets associated with use attainment and the pollutant loads to achieve those in-stream 
targets. Determining the appropriate water quality targets can be challenging if the stressors on uses are 

 
7 https://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls 



 

 

 
 

not well understood or cannot be expressed as quantitative targets. Similarly, determining appropriate 
pollutant reduction targets and load allocations is not always straightforward because there can be a 
variety of potential point and non-point sources of pollutants in watersheds. Because of this, the analysis 
of historic water quality data, collection of field data, scientific interpretation, and the use of various 
modeling techniques is often needed prior to establishing TMDLs.  

Under federal guidance (40 CFR § 122.44(d)(1)(vii)), water quality-based effluent limits in NPDES 
permits must be consistent with the assumptions and requirements of approved TMDL WLAs. After 
appropriate TMDL thresholds and allocations have been determined for a waterbody, an 
implementation plan can be developed to help jurisdictions or other stakeholders reach their numeric 
load reduction goals. Typically a plan achieves this by providing schedules, management goals, projects, 
partners, and priorities, as well as outlining monitoring and re-evaluation processes. The USEPA has 
developed guidance8 for developing watershed management plans, and this guidance identifies nine key 
requirements of such plans: 

1. Identify causes and sources. Identification of causes of impairment and pollutant sources that 
need to be controlled to achieve needed the needed load reductions. 

2. Pollution reductions needed. An estimate of the load reductions expected from the planned 
management measures, and the load reductions needed to meet water quality standards. 

3. Actions needed. A description of the management measures planned to achieve load reductions. 

4. Costs and authority. Estimate of the amounts of technical and financial assistance needed, 
associated costs, and/or the sources and authorities that will be relied upon. 

5. Outreach and education. An information and education component used to enhance public 
understanding of the project and participation. 

6. Schedule. A schedule for implementing the nonpoint source management measures identified in 
this plan that is reasonably expeditious. 

7. Milestones. A description of interim measurable milestones for determining whether 
management measures or other control actions are being implemented. 

8. Success indicators and evaluation: A set of criteria that can be used to determine whether 
loading reductions are being achieved over time and substantial progress is being made toward 
attaining water quality standards. 

9. Monitoring. A monitoring component to evaluate the effectiveness of the implementation 
efforts over time, measured against the criteria established under item 8 immediately above. 

Examples of TMDLs 

New Hampshire has 550 bacteria TMDLs, 31 lake phosphorus TMDLs, and statewide TMDLs 

that cover pH and mercury. These TMDLs not only include specific pollutant reduction targets, 

but also allocate necessary load reductions depending on the source. For stationary, point sources, 

allocations are characterized as a wasteload allocation (WLA) and for widely distributed, nonpoint 

sources, they are characterized as a load allocation (LA). Below are excerpts and summaries from 

several TMDL implementation plans developed for complex estuarine environments.  

 
8 U.S. Environmental Protection Agency. 2008. Handbook for Developing Watershed Plans to Restore and Protect 
Our Waters. EPA 841-B-08-002. 400 p. https://www.epa.gov/sites/production/files/2015-
09/documents/2008_04_18_nps_watershed_handbook_handbook-2.pdf 



 

 

 
 

 

Wild Harbor Total Nitrogen TMDL (Massachusetts) 

 

https://www.epa.gov/sites/production/files/2018-10/documents/wild-harbor-tn-tmdl-report.pdf 

 

The Wild Harbor estuarine system is located within Town of Falmouth on Cape Cod, Massachusetts. In 

order to restore and protect this estuarine system, N loadings, and subsequently the concentrations of N 

in the water, must be reduced to levels below the thresholds that cause the observed environmental 

impacts. This concentration will be referred to as the target threshold N concentration. It is the goal of 

the TMDL to reach this target threshold N concentration, as it has been determined for each impaired 

waterbody segment. The MEP has determined that a N concentration of 0.35 mg/L for this estuarine 

system at a sentinel station will restore eelgrass habitat in the main Wild Harbor basin. In addition, 

restoration of benthic habitat for infaunal animals will occur as management alternatives are 

implemented for eelgrass. To meet the TMDL, a 32% reduction of the total watershed nitrogen load for 

the entire system will be required. 

 

Chesapeake Bay Nutrient and Sediment TMDL (Maryland and Virginia) 

  

https://www.epa.gov/chesapeake-bay-tmdl 

 

The Chesapeake Bay receives drainage from 64,000 mi2 in six states. The Bay experiences “dead zones” 

of low dissolved oxygen and has also lost much of its historical coverage of submerged aquatic 

vegetation. In the early 2000s, the USEPA ad states developed Bay-specific water quality criteria and use 

definitions. In 2010, the USEPA and states developed a TMDL for nitrogen, phosphorus, and sediment 

loads to the Bay, intended to achieve the Bay-specific dissolved oxygen and water clarity goals. A 

sophisticated modeling framework was used to identify nutrient loads that are expected to achieve 

dissolved criteria. The states have since developed watershed implementation plans to guide restoration. 

 

Neuse River Basin Total Nitrogen TMDL (North Carolina) 

 

https://files.nc.gov/ncdeq/Water%20Quality/Planning/TMDL/FINAL%20TMDLS/Neuse/Neuse%

20TN%20TMDL%20II.pdf 

 

The Neuse River basin encompasses nearly 6,000 square miles over 19 counties in eastern North 

Carolina. At New Bern, the Neuse takes on estuarine characteristics as it widens but remains shallow, 

frequently resulting in minimal discharge and long hydraulic residence times. The Neuse River Basin 

TMDL seeks to address chlorophyll-a exceedances in the estuary by managing total nitrogen levels. A 

sophisticated modeling framework was employed to predicted nutrient reductions needed to attain the 

in-stream chlorophyll-a target. North Carolina has also adopted nutrient offset and credit trading 

program to support implementation. 

 

Alternative Restoration Approaches 

The TMDL is one approach for developing water quality restoration goals. However, EPA and New 

Hampshire recognize that other approaches are sometimes viable or even preferred under the Clean 

Water Act framework. USEPA has encouraged the use of “…alternative approaches, in addition to 



 

 

 
 

TMDLs, that incorporate adaptive management and are tailored to specific circumstances where such 

approaches are better suited to implement priority watershed or water actions that achieve the water 
quality goals of each state…”9 The EPA describes an alternative restoration approach as a “near-term 

plan, or description of actions, with a schedule and milestones, that is more immediately beneficial or 
practicable to achieving water quality standards [than a TMDL]”10. Because alternative plans are created 

and executed locally, they offer more flexibility for communities during the restoration process. They are 

especially well-suited for adaptive management efforts in which the understanding of stressors and 

responses is evolving based on iterative implementation and monitoring. 

 

Most TMDL alternatives fall into two categories within the Clean Water Act framework: 

 

 4b Plan. The designation “4b” refers to the category of the 303(d) list for impaired waters with 
enforceable pollution control programs already in place that are expected to solve water quality 
problems. A Category 4b plan allows states and EPA to recognize actions that provide a more 
appropriate and effective response to impairment than TMDL development. 

 5r Plan: The designation is derived from to the category 5 of the 303(d) list for impaired waters 
(impaired waters needing a TMDL or alternative restoration plan), and from the word 
“restoration”. A 5r plan will usually include USEPA’s nine minimum elements for watershed 
management plans, including the identification of needed pollutant reductions and management 
actions. From this perspective, 5r plans share many of the characteristics of TMDL-based 
implementation plans, but can be more flexible and adaptive. 

Like TMDLs, alternative watershed-based plans are subject to review and approval by EPA. If the water 

quality restoration activities do not result in significant water quality improvements or attain their 

applicable water quality standards, the waterbody might be removed from the 5R subcategory and 

reprioritized for TMDL development. 
 

Examples of Alternative Watershed Restoration Plans 

In New Hampshire, organizations and communities have worked with the NH Department of 
Environmental Services to produce 25 watershed-based plans, many of which represent alternatives to 
the traditional TMDL-based planning approach. As of March 2021, EPA has accepted 53 alternative 
restoration plans from 17 states4. Below are several examples of TMDL alternatives developed in New 
Hampshire and other states. 
 

5R Plan for the Savannah River Basin, Georgia and South Carolina: 

 

https://epd.georgia.gov/document/publication/savannahharbor5rplan09152015pdf/download 

 

The Savannah River, including the Harbor, serves as the boundary between Georgia and South Carolina. 

The Savannah Harbor is located at the mouth of the Savannah River where it discharges to the Atlantic 

 
9 U.S. Environmental Protection Agency. 2013. A Long-Term Vision for Assessment, Restoration, and Protection 
under the 
Clean Water Act Section 303(d) Program. https://www.epa.gov/sites/production/files/2015-
07/documents/vision_303d_program_dec_2013.pdf 
10 U.S Environmental Protection Agency. 2021. “Alternative Restoration Plans”. 
https://www.epa.gov/tmdl/alternative-restoration-plans 



 

 

 
 

Ocean. This 5R plan documents the total pollutant loading of oxygen-demanding substances (5-day 

Carbonaceous Biochemical Oxygen Demand [CBOD5] and ammonia) that can assimilate and still 

prevent excessive exceedances of dissolved oxygen criteria. The 5R process allowed the major municipal 

and industrial point sources to cooperatively determine how the assimilative capacity would be divided 

among them, subject to state and USEPA approval. 

 

Winnicut River Watershed Restoration and Management Plan, New Hampshire 

 

https://nhrivers.org/wp-content/uploads/2019/10/WinnicutRiverWRMP.pdf 

 

The Winnicut River is one of seven major tributaries to Great Bay. The water quality and habitat of the 

Winnicut River and several of its tributaries have been degraded by increased nonpoint source (NPS) 

pollution resulting from rapid land development in the watershed over the past 20 years. Impacts 

associated with NPS pollutants have led to impairments included on the NHDES 2014 303(d) list for 

Aquatic Life Use, Primary Contact Recreation, and Secondary Contact Recreation, due to low levels of 

dissolved oxygen and elevated levels of E. coli bacteria. The primary goal of this watershed management 

plan is to assess the Winnicut River watershed and identify actions that will improve in water quality and 

aquatic habitat. 

 
Reedy River 5R Plan (South Carolina): 

http://cleanreedy.org/ 

 

The Reedy River has headwaters near Greenville, SC, and is listed as impaired for excessive nutrients. 

Efforts at developing a TMDL in the 2010s were hampered by insufficient data and model calibration 

challenges. Local stakeholders chose the 5R process to take leadership in the monitoring, modeling, and 

restoration efforts. The Reedy River Water Quality Group includes a wide range of stakeholders from 

local governments and utilities to environmental groups and regional planning agencies. The South 

Carolina Department of Environmental Health Control and USEPA are active participants with 

approval authority of the 5R plan. The group is currently in the modeling stage and expects to develop 

the draft 5R plan in 2022. 

 


