
 

 

 

MEMORANDUM 

To: Mr. Paul Vlasich and Ms. Jennifer Perry, Town of Exeter 

From: Renee L. Bourdeau, Project Manager, Horsley Witten Group 

Date: November 27, 2017, Revised July 17, 2018 

Re: Nitrogen Control Plan – Preliminary Nitrogen Reduction Alternatives 

cc: Ed Leonard, Wright-Pierce 

 

1.0 PURPOSE 

The purpose of this memorandum is to summarize the methodology and results for developing 

planning-level cost estimates and rate of implementation for three nitrogen reduction 

alternatives.  These alternatives include: 

1) to meet minimum MS4 requirements; 

2) meet minimum MS4 requirements with an additional annual investment of $100,000;  

3) implement controls to the maximum on Town property; and 

4) reduce nitrogen non-point sources to a level equivalent to the removal if the wastewater 

treatment facility (WWTF) were upgraded to achieve a 3-mg/L effluent concentration at 

current flows (10,400 pounds of nitrogen). 

 

This memorandum builds on a previous Baseline Nitrogen Modeling Methodology and Results 

memorandum prepared by the Horsley Witten Group (HW), dated June 15, 2017, revised July 

18, 2017 (HW, 20171), which describes the baseline nitrogen loads from the Town.  

2.0 NON-POINT SOURCE LOAD REDUCTION STRATEGIES  

There are a variety of feasible non-point source load reduction strategies that Exeter can 

consider to reduce the Town’s baseline nitrogen load to receiving waters. These strategies are 

described below, including the level of nitrogen load reduction expected from implementation of 

each strategy and the 20-year life-cycle cost to implement each strategy.  The level of 

implementation for each of the strategies and the total cost to the Town for each of the 

alternatives is described in Section 3 of this memorandum.  Baseline nitrogen loading from the 

Town and definitions can be found in the prior HW memorandum (HW, 2017).  

                                                

1
 

https://www.exeternh.gov/sites/default/files/fileattachments/public_works/page/38361/nitrogen_control_pl
an_memo_ph_1_task_1_7.18.17.pdf 
 

https://www.exeternh.gov/sites/default/files/fileattachments/public_works/page/38361/nitrogen_control_plan_memo_ph_1_task_1_7.18.17.pdf
https://www.exeternh.gov/sites/default/files/fileattachments/public_works/page/38361/nitrogen_control_plan_memo_ph_1_task_1_7.18.17.pdf
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2.1 Non-Structural Load Reduction Strategies 

2.1.1 Atmospheric Deposition 

Atmospheric sources of nitrogen are a non-negligible portion of the total nitrogen load and has 

historically been treated as a static value based on published values representative of the late 

1990s; however, there is a growing body of data which indicates that atmospheric nitrogen 

deposition is decreasing, especially since the late 1990s when the Clean Air Act and Clean Air 

Act Amendments were promulgated (Wright-Pierce, 2017).  In particular: 

 The Long Island Sound TMDL Report (CTDEP, 2000) included an 18% reduction in 

atmospheric nitrogen deposition as a part of the required reductions.  The CTDEP Long 

Island Sound Study Work Group is currently re-evaluating the TMDL and expects that 

atmospheric nitrogen deposition has been reduced more than the 18% value. 

 A paper entitled "Historical Changes in Atmospheric Deposition to Cape Cod", (Bowen, 

Valiela, 2001) analyzed atmospheric nitrogen deposition trends for the 20th century.  The 

conclusions presented in the paper indicate that there was an upward trend through the 20th 

century; that the data was very variable; and that the upward trend through the 20th century 

seems to slow down or even reverse in the last decade.   

 The NHDES "Great Bay Non-Point Source Study" (Trowbridge, et.al., 2014) summarizes the 

basis for the NHDES nitrogen loading model for the Great Bay Estuary.  Appendix A of the 

report summarizes data regarding wet deposition rates, dry deposition rates, NOx emissions 

estimates and NOx emissions projections through 2020.  Referencing EPA estimates, 

NHDES cites that NOx emissions are expected to decrease by 65% from 2001 to 2020. 

 The EPA CASTNET (Clean Air 

Status and Trends Network) 

program is a long-term 

environmental monitoring 

program.  Data collected from 

selected sites around the country 

are posted on their website 

(www.epa.gov/castnet).  Data for 

wet deposition, dry deposition 

and total deposition for their site 

in Abington, CT (which is the 

closest site) indicate clear trends 

towards reduced atmospheric 

nitrogen deposition (see inset figure).  Reductions in total deposition from the late 1990s to 

2012 at this site are approximately 20%. 

By documenting the reductions in atmospheric sources of nitrogen over the planning period, the 

scope and cost of implementing non-point source controls will be reduced.  For planning 

purposes, we have assumed an expected 18% reduction in the nitrogen load from atmospheric 

deposition, which is applied to all land uses in the Town.  To verify these observations, the 

Town could request that the a local agency (i.e., UNH, PREP) establish a local atmospheric 

file:///C:/Users/rbourdeau/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/TV6UH1QM/www.epa.gov/castnet
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deposition monitoring station for the benefit of all Great Bay communities.  Estimated total 

nitrogen reductions in atmospheric deposition come at no cost to the Town.  

2.1.2 Agriculture Nutrient Management Program 

Nitrogen is one of the most important crop inputs; yet, it is also one of the most complex. It is 

susceptible to environmental losses, and its effectiveness is impacted by soil types and 

weather.  Feasible and widely used agricultural best management practices (BMPs) include the 

use of slow release fertilizer and the use of cover crops.  

UNH Cooperative Extension recommends that at least 15% of the fertilizer be of a reduced 

water solubility to be considered a slow release fertilizer.  This reduced water solubility allows 

for the gradual release and uptake of nitrogen and phosphorous which in turn reduces excess 

nutrient wash off.   

 

Cover crops are another valuable management practice available for protecting water quality, 

especially groundwater quality. Cover crops reduce soil erosion by protecting the soil surface 

from raindrop impact, increasing water infiltration, trapping and securing crop residues, 

improving soil aggregate stability and providing a network of roots which protect soil from 

flowing water (USDA, 2013). 

 

The Chesapeake Bay Program (CBP) established nitrogen removal efficiency credits of up to 

40% for farmers that adopt agricultural fertilizer best management practices primarily through 

enhanced and comprehensive nutrient management plans. The enhanced nutrient management 

plans involve a number of agronomic practices and land/crop treatment measures.  Further, the 

2010 Maryland TMDL Plan listed specific nitrogen removal credits for the following agriculture 

best practices: 

 

 Nutrient Management Plan Compliance: 3 pounds per acre reduction 

 Precision Agriculture: 2 pounds per acre reduction 

 Cover Crops: 5.8 pounds per acre reduction 

 Conservation Tillage: 4.6 pounds per acre reduction 

 Streamside Buffer: 17.1 pounds per acre reduction 

 

The proposed measures outlined in the CBP to reduce nitrogen loads in existing agricultural 

operations consist of: 

 

 Enhancing Nutrient Management Plans (application timing, rate and agronomic 

utilization)  

 Increased Use of Land Treatment Measures (cover crops, conservation tillage, 

vegetated stream buffers)  

 Possible Use of Structural Nutrient Management (structural BMPs for treatment removal, 

additional storage, anaerobic digesters and/or offsite transport systems) 

 

A potential program for Exeter could focus on the development and implementation of enhanced 

nutrient management plans including increased use of land treatment measures and possible 
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structural nutrient management measures for agricultural activities in collaboration with United 

States Department of Agriculture (USDA) Natural Resource Conservation Service (NRCS) and 

UNH Cooperative Extension. We can assume that implementation of a program such as this 

could achieve, at a minimum, a potential reduction of 15% from the agricultural load.  This is 

consistent with assumptions made in the Oyster River Watershed Integrated Plan (VHB, 2014), 

developed for Durham, NH.  

 

According to the Town only one (1) farm is regulated under NRCS within the Town boundaries 

and therefore a program like this may not be worth the staff and financial investment.  If the 

Town decided in the future to implement such a program, it would require an estimated 

additional 0.1 full time staff (FTE) to assist in the program management and administration, 

oversight of any regulation changes, and consultation with farmers and NRCS staff (Table 1).  

The cost per farm to develop a management plan is estimated to be approximately $5,000.  The 

total cost for implementation of a nutrient reduction management plan for an average farm in the 

Northeast was estimated at $9,307 per year, based on data provided in NRCS, 2003.  This is 

equivalent to $12,100 per year per farm in 2017 dollars (an assumed additional 30% was added 

to account for inflation to 2017 dollars).   

 

Table 1. Agriculture Nutrient Management Program Estimated Costs1 

Program Measure 
Estimated 

Annual Cost 

Estimated 
One Time 

Capital Cost 

Development of Comprehensive Plans  $5,000 

Farm Program Implementation $12,000  

Annual Administration of Program (0.1 FTE) $9,000  

Total $21,000 $5,000 

20-Year Life-cycle Cost2 $469,000 

1. Estimated cost are rounded to the nearest $1,000 

2. Life-cycle Cost calculated assuming 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 

 

2.1.3 Residential Fertilizer Program 

The Town of Exeter under their Zoning Ordinances (2016) with the oversight of the Healthy 

Lawns Clean Water committee prohibits the use of fertilizer within wetland buffers, shoreland 

protection and aquifer protection districts on any land use.  The Ordinance prohibits the use of 

fertilizer, except lime or wood ash, based on the following criteria: 

 

 Within the following wetland buffers: 

o 40’ for very poorly drained soils (hydric A) soils; 

o 50’ poorly drained soils (PD) 

o 100’ Prime Wetlands; and 
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o  75’ Vernal Pools. 

 Within the shoreland buffers as described in Table 2.  

 Aquifer Protection District in its entirety.   

Table 2. Shoreland Buffer Distances 

Watershed River Segment Type Buffer Distance 

Exeter River  
Major tributary 300 feet 

Perennial brooks and streams 150 feet 

Fresh River 
Major tributary 300 feet 

Perennial brooks and streams 150 feet 

Squamscott River  

Major tributary 300 feet 

Perennial brooks and streams 150 feet 

Upland extent of any tidal marsh  150 feet 

 

The Town and the Healthy Lawns Clean Water committee are working to develop a proposed 

amendment that may allow for the use of organic products in the shoreland and aquifer 

protection districts with an annual maximum of 1-2 lbs of Nitrogen per 1,000 square feet of lawn.  

Since the current ordinance does not capture all residential lawns within the Town, we explored 

the potential additional pollutant load that could be removed if a Town wide residential lawn 

fertilizer program were implemented.    

The Chesapeake Bay Program developed an Urban Nutrient Management Program targeted at 

reducing pollutant loads from residential lawns (Schueler and Lane, 2014).  The program 

estimates that it could achieve a nitrogen removal efficiency ranging from 6% for low risk lawns 

to 20% for high risk lawns and a blended efficiency of 9%. High risk lawns have one or more of 

the following characteristics: 



 Owners are currently over-fertilizing beyond state or Cooperative Extension 
recommendations  

 Soils are phosphorus-saturated soils as determined by soil analysis  

 Newly established turf  

 Steep slopes (greater than 15%)  

 5% or more of the soil is exposed soil for managed turf, or more than 15% of the soil is 
exposed for unmanaged turf  

 Water table within 3 feet of soil surface  

 Over-irrigated lawns  

 Soils are shallow, compacted or have low water holding capacity  

 High use areas  

 Sandy soils, or soils with infiltration rates greater than 2 inches per hour  

 Within 300 feet of a stream, river, or Bay  

 Located on karst terrain  
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 Active construction sites  

 

The overall effectiveness of the program is dependent on the number and extent of core 

elements promoted and adopted by homeowners and lawn care professionals as a result of a 

comprehensive and multi-faceted Public Education and Outreach Program.  The core elements 

of CBP’s Urban Nutrient Management Program include the following: 

 

 Maintain dense vegetative cover to reduce runoff, prevent erosion, and retain nutrients. 

 Choose not to fertilize, or adopt a reduce rate/monitor approach or a small fertilizer dose 

approach.   

 Retain clippings and mulched leaves on yard and keep them out of streets & storm 

drains.  

 Do not apply fertilizers before spring green up or after grass becomes dormant.   

 Maximize use of slow-release N fertilizer during the active growing season.  

 Set mower height at 3 inches or taller.   

 Immediately sweep off any fertilizer that falls on a paved surface. 

 Restrict fertilizer usage within 25 feet of a water feature and require this zone as 

meadow, grass buffer, or a forested buffer.  

 Employ lawn practices to increase soil porosity and infiltration capability, especially 

along portions of the lawn that convey or treat stormwater runoff. 

 

For the Town, an assumed load reduction of 9% is being applied, which represents a blend of 

low and high risk lawns. Since a lawn fertilizer program is already underway in Exeter for 

wetland buffers and shoreland and aquifer protection districts, it is anticipated that participation 

would be high as the residents are generally well-engaged and aware of the environmental 

issues. 

 

Implementation of a successful program would require additional staff time of approximately 0.5 

FTE to assist in the program management and administration, oversight of any regulation 

changes, consultation with residents and landscapers, and assistance with the promotion and 

tracking of certification trainings, outreach and participation levels.  Coordination with 

homeowner associations in key neighborhoods will also be important. Staffing needs for this 

program could potentially be met through a new staff position that could also provide 0.5 FTE 

for administering and managing other components of a Non-Point Source Program. 

 

Full implementation of this program is anticipated to take several years and perhaps as much as 

five years to fully implement.  Depending on the results after the fifth year, additional measures 

may need to be considered. The level of effort required to sustain the program beyond the five 

years will depend on the initial resident response and the level of involvement / interaction with 

other program partners. 

 

The estimated program costs, including one-time capital costs, staff time and other annual 

costs, are outlined in Table 3.   
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Table 3. Residential Fertilizer Program Estimated Costs1 

Program Measure 
Estimated 

Annual Cost 

Estimated 
One Time 

Capital Cost 

Develop Outreach Plan and Materials  $25,000 

Staff (0.5 FTE) $45,000  

Personnel Training/Certification $5,000  

Assessment Survey  $25,000 

Total $50,000 $50,000 

20-Year Life-cycle Cost2 $1,165,000 

1. Estimated cost are rounded to the nearest $1,000 

2. Life-cycle Cost calculated assuming 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 

 

2.1.4 Enhanced Street/ Pavement Cleaning Program 

In accordance with the final 2017 NH Municipal Separate Storm Sewer System (MS4) permit, 

the Town is required to develop and implement an Enhanced Street/Pavement Cleaning 

Program. As part of this program, the Town is required to clean all curbed impervious cover 

(i.e., directly connected impervious cover) two times per year (spring and fall).  The final permit 

provides expected nitrogen load reduction factors based on the type of sweeper technology.  

We assume that a high-efficiency regenerative air-vacuum sweeper will be used by the Town to 

complete sweeping twice per year, which would result in a 2% reduction in initial load from 

directly connected impervious surfaces.     

The Town currently conducts street sweeping and pavement cleaning more than twice per year, 

therefore meeting the minimum requirements under the MS4 permit.  The estimated program 

costs are outlined in Table 4.  These costs include a one-time investment to develop the 

program, an estimated cost to replace an existing high-efficiency regenerative air-vacuum 

sweeper every five-years, and the annual cost to maintain the program.  Maintenance of the 

program includes staff time to operate the sweeper and equipment operation and maintenance 

including fuel and sweeper brushes.  The costs also include a subcontractor to implement 

weekly sweeping from September 1 through December 1 to meet the requirements under 

Section 2.1.6.  These costs are based on local data provided by the Town.   
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Table 4. Enhanced Street/ Pavement Cleaning Program Estimated Cost1 

Program Measure 
Estimated 

Annual Cost 

Estimated  
One-Time 

Capital Cost 

Develop Program  $5,000 

Regenerative Sweeper  

(replaced every 5 years) 

 $880,0003 

Sweeper Maintenance $13,000  

Sweeper Operation (1 FTE) $95,000  

Subcontractor  $78,000  

Total $186,000 $885,000 

20-Year Life-cycle Cost2 $3,330,000 

1. Estimated cost are rounded to the nearest $1,000 

2. Life-cycle Cost calculated assuming 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 

3. Represents the cost to purchase four (4) regenerative sweeper 

 

2.1.5 Infrastructure Operations and Maintenance Program 

In accordance with the final 2017 NH MS4 permit, the Town is required to develop and 

implement an Infrastructure Operations and Maintenance Program detailing the activities and 

procedures the Town will implement to maintain the MS4 infrastructure in a timely manner.  The 

program shall include routine inspections, cleaning and maintenance of catch basins to maintain 

50% free-storage capacity in the catch basin sump.  Through implementation of this program, 

the Town would achieve a 6% (NH MS4 Permit, 2017) reduction in the initial nitrogen load from 

all directly connected impervious cover.   

Currently the Town subcontracts catch basin cleaning services and cleans about 50 percent per 

year.  The estimated program costs are outlined in Table 5.  These costs include a one-time 

investment to develop the program and the annual cost to implement the program.  These costs 

are based on data from the Town.  

Table 5. Infrastructure Operation and Maintenance Program Estimated Cost1 

Program Measure 
Estimated 

Annual Cost 

Estimated 
One Time 

Capital Cost 

Develop Program  $5,000 

Implementation of the Program 
(Subcontractor) 

$25,000 
 

Total $25,000 $5,000 

20-Year Life-cycle Cost2 $557,000 

1. Estimated cost are rounded to the nearest $1,000 

2. Life-cycle Cost calculated assuming 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 
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2.1.6 Enhanced Organic Waste and Leaf Litter Collection Program 

In accordance with the final 2017 NH MS4 permit, the Town can receive nitrogen reduction 

credits by performing regular gathering, removal and proper disposal of landscaping wastes, 

organic debris, and leaf litter from impervious surfaces. In order to receive this credit, the Town 

must gather and remove all landscaping wastes, organic debris, and leaf litter from impervious 

roadways and parking lots at least once per week during the period of September 1 to 

December 1 of each year. The gathering and removal shall occur immediately following any 

landscaping activities and at additional times when necessary to achieve a weekly cleaning 

frequency. The Town must also ensure that the disposal of these materials will not contribute 

pollutants to any surface water discharges. The Town may use an enhanced sweeping program 

at a weekly frequency provided that the sweeping is effective at removing leaf litter and organic 

materials (such as a regenerative sweeper). Through implementation of this program, the Town 

would receive a 5% reduction in the initial nitrogen load from all directly connected impervious 

cover.  The cost to implement this program would be covered under the Town’s current efforts 

for enhanced street sweeping, as described in Section 2.1.4 and Table 4.  

2.2 Structural Load Reduction Strategies 

2.2.1 Advanced Onsite Septic Systems 

Traditional septic systems do not remove nitrogen from wastewater.  Advanced systems are 

similar to traditional septic systems, but have an added component that reduces nitrogen 

concentrations from the effluent before it is discharged to the ground. They are installed at an 

individual home or cluster of homes, and usually cost more to operate and maintain than a 

traditional septic system. The increased O&M costs are due to power needs for the system 

(e.g., pumps, aerators), required water quality sampling, and other elements that are not 

needed for a traditional onsite system. 

An advanced treatment system refers to a system that includes a septic tank, an aeration 

system, and a recirculation system in the septic tank.  Some systems may also have an 

additional component for advanced denitrification.  Alternative treatment components can be 

added to a conventional system, often between the septic tank and the drainfield, to provide 

advanced treatment of nitrogen (Figure 1). 
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Figure 1. Advanced Onsite System with Nitrogen Treatment (Source: EPA, 2013) 

A typical human contributes approximately 10.6 pounds of nitrogen in wastewater to the drain 

field each year (Trowbridge, et. al., 2014).  According to the 2010 US Census, an average 

household in New Hampshire is made up of approximately 2.4 persons, which would result in 

approximately 25.4 pounds of nitrogen per year entering an average septic system drain field.  

The nitrogen load delivered to a receiving waterbody from a septic system drain field (the 

‘delivered load’) depends on the distance of the system to that receiving waterbody.  According 

to Trowbridge, et. al. (2014), a septic system drain field within 200 meters of a receiving 

waterbody would deliver approximately 60% of the initial load, whereas a septic system drain 

field outside 200 meters would deliver approximately 26% of the initial load.   

Implementation of an advanced onsite system removes approximately 7 pounds of nitrogen per 

person per year to the drain field (66% reduction in initial load) (EPA, 2013).  Therefore, 

approximately 8.6 pounds of nitrogen per year would enter an advanced onsite treatment drain 

field.  Table 6 presents the estimated initial and delivered load for both traditional and advanced 

onsite treatment systems in Exeter.  

Table 6. Initial and Delivered Load by Onsite System Type 

System Distance from 

Waterbody 

No. of 

Systems 

Traditional System Advanced System 

Initial 

Load  

(lbs N/yr) 

Delivered 

Load  

(lbs N/yr) 

Initial 

Load  

(lbs N/yr) 

Delivered 

Load  

(lbs N/yr) 

Within 200 meters 19 25.4 15.2 8.6 5.2 

Greater than 200 meters 1,318 25.4 6.5 8.6 2.2 
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The average capital cost per household to install a traditional septic system is estimated to be 

between $5,000 and $6,000 (EPA, 2013); to be conservative, we have used a value of $10,000 

in this analysis. The average advanced onsite treatment system, which includes a septic tank, 

an aeration system, and an anoxic environment separate from the septic tank, is approximately 

$10,000 to $15,000.  In our analysis, we used the difference between a traditional system and 

an advanced system, or an estimate of $15,000 per system for installation, with an annual 

operation and maintenance cost of $1,000 per system.  These costs assume a new system is 

being installed and represents an average system with ideal subsurface conditions to treat 

onsite wastewater.  The 20-year life-cycle cost for an advanced septic system is approximately 

$41,000.  

2.2.2 Sewer Extensions 

The Exeter Wastewater Facilities Plan (Wright-Pierce, 2015) explored locations in Town that are 

currently serviced by septic systems that could be served by the wastewater treatment plant 

through sewer extensions.  Sewer extensions would result in the wastewater load being diverted 

from a non-point source (groundwater) to a point source (wastewater treatment plant) 

discharge.  The conversion of an on-site septic system to a sewer connection for an average 

residence in Exeter would result in an estimated average 34% reduction in delivered load to the 

receiving water (6.7 lbs N/yr delivered from a traditional septic system compared to 4.25 lbs N/yr 

delivered from the wastewater treatment facility).   The cost to connect a single home to sewer 

was assumed to be $40,000 per household (Wright-Pierce, 2015).  The annual operation and 

maintenance is assumed to be equivalent to an estimated annual sewer bill which is estimated 

to be 90 units per household (or 67,230 gallons) at a rate of $7.39 per 1,000 gallons plus a 

quarterly fee of $40.  This results in an average annual sewer bill of approximately $660. The 

20-year life-cycle cost per household for a sewer extension is approximately $65,000.  

2.2.3 Stormwater Best Management Practices 

In accordance with the final 2017 NH MS4 permit, the Town must implement and enforce 

regulations which require the use of structural stormwater BMPs optimized for the reduction of 

nitrogen in both new development and redevelopment.  To reduce the baseline nitrogen load 

from stormwater runoff, the Town will need to make efforts to retrofit existing impervious areas 

(including both publicly and privately owned) with structural stormwater BMPs.  The final 2017 

NH MS4 permit lists a range of structural stormwater BMPs that provide varying degrees of 

nitrogen load reduction based on the practice type, the underlying soil type (i.e., rate of soil 

infiltration) and the capture depth of the BMP (i.e., the size of the practice compared to the 

drainage capture area).  These practices and the range of cumulative nitrogen load reduction 

are presented in Table 7 below. Infiltration practices (i.e., trenches, basins, rain gardens and 

bioretention) are suitable for soils capable of infiltrating a minimum of 0.17 inches per hour 

which is characteristic of soils with a hydrologic soil group (HSG) of A or B.  Therefore, in areas 

of Town with underlying soils in HSG A and B, infiltration BMPs will be most suitable when 

optimizing for nitrogen.  For areas of Town with underlying soils in HSG C and D, gravel 

wetlands or enhanced biofiltration systems with internal storage reservoirs will be most suitable 

when optimizing for nitrogen removal.  
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Table 7. Range of Cumulative Nitrogen Load Reduction for Structural Stormwater BMPs 
(Source: 2017 NH MS4 Permit) 

Stormwater Structural BMP Practice 
Range of 

Cumulative 
Nitrogen Load 

Reduction* 

Infiltration Trench 56% - 100% 

Surface Infiltration Practices (i.e., basins, rain gardens and bioretention) 52% - 100% 

Bio-filtration Practice 9% - 40% 

Gravel Wetland System 22% - 79% 

Enhanced Bio-filtration with Internal Storage Reservoir (ISR) 22% - 79% 

Sand Filter 9% - 40% 

Porous Pavement; 76% - 79% 

Wet Pond or wet detention basin; 9% - 40% 

Dry Pond or detention basin; and 1% - 23%  

Dry Water Quality Grass Swale with Detention. 1% - 23% 

*Range based on underlying soil infiltration rate and/or BMP capacity   

 

Using a literature review together with best professional engineering judgment estimates for the 

cost to implement structural stormwater BMPs in Exeter are provided in Table 8.   These costs 

include both construction and pre-construction costs (i.e., design and permitting) (which typically 

range from 10 to 40 percent of the BMP construction cost) by impervious acre treated.  Since 

structural BMPs will be selected based on their nitrogen load reduction capability (Table 7), the 

average cost per impervious acre treated for infiltration practices and wetland/enhanced 

biofiltration were averaged.  The capital costs are presented in Table 8. Operation and 

maintenance cost was assumed to be approximately 3 percent of the capital cost per BMP.   

Since a portion of the developed load that could be treated by structural stormwater practices 

may come from pervious area, a cost per pervious acre treated needs to be estimated.  

Pervious areas when compared to impervious areas, produce a reduced volume of runoff and 

pollutant load, therefore, the cost per pervious acre treated is expected to be less than and 

impervious acre.  To determine the cost reduction of a pervious acre compared to an impervious 

acre, the ratio of pervious load (68%) from the Town to the impervious load (32%) was 

compared.  Based on this ratio, the cost per impervious acre was discounted by 70% to derive a 

pervious cost per acre, which is approximately $17,000 for infiltration practices and $16,000 for 

enhanced biofiltration practices.   

The structural stormwater BMPs, nitrogen load reduction capability and cost will be used in a 

range of alternatives to determine the level of reduction the Town could achieve through 

implementation of these controls.     
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Table 8. Planning Level Unit Cost for Structural Stormwater Best Management Practices1 

(UMCES, 2011) 

ROW ID Structural Stormwater BMP 

Initial Capital Costs Per Impervious Acre 
Treated 

Pre-
Construction 
Capital Costs

2
 

Construction 
Capital Costs

3
 

Total Initial 
Capital Costs 

A Wet Ponds   $ 21,333   $ 42,665   $ 63,998  

B Dry Extended Detention Ponds   $ 22,500   $ 45,000   $ 67,500  

C Infiltration Practices w/o Sand, Veg.   $ 16,700   $ 41,750   $ 58,450  

D Infiltration Practices w/ Sand, Veg.   $ 17,500   $ 43,750   $ 61,250  

E Filtering Practices (above ground)  $ 14,000   $ 35,000   $ 49,000  

F Filtering Practices (below ground)  $ 16,000   $ 40,000   $ 56,000  

G Bioretention   $ 9,375   $ 37,500   $ 46,875  

H Vegetated Open Channels  $ 4,000   $ 20,000   $ 24,000  

I Bioswale   $ 12,000   $ 30,000   $ 42,000  

 

     Average Cost – Infiltration Practices 
(Rows C, D, and G) 

$14,525 $41,000 $56,000 

 

     Average Cost –Enhanced Bio 
(Rows E and F) 

$15,000 $37,500 $53,000 

Notes: 
 

1. All costs are expressed per acre of impervious area treated, not per acre of BMP.  Initial costs are 
assumed to take place in year T=0; annual costs are incurred from year T= 1 through year T= 20. 

2. Includes cost of site discovery, surveying, design, planning, permitting, etc. which, for various 
BMPs tend to range from 10% to 40% of BMP construction costs. 

3. Includes capital, labor, material and overhead costs, but not land costs, and associated 
implementation. 
 

3.0 NUTRIENT REDUCTION ALTERNATIVES 

With guidance from the Town, HW evaluated a range of alternatives with varying nutrient 

reduction goals.  For each strategy, we also evaluated the level of implementation and 

developed a planning-level cost to implement the strategy. For each strategy the following load 

reduction metrics were evaluated: 

 Available acreage – estimated as the total available land area in the Town for the 

management strategy to be implemented 

 2010 Baseline initial load – the estimated 2010 baseline initial (unattenuated) load from 

the available acreage and associated land use category as calculated in the Baseline 

Nitrogen Modeling Methodology and Results Memorandum (HW, 2017) 

 Estimated nitrogen reduction from strategy – the estimated nitrogen reduction as a 

percentage of existing load for each of the strategies as described in Section 2 above 

 2010 Baseline initial load removed – calculated as the 2010 baseline initial load 

multiplied by the estimated nitrogen reduction from each strategy 
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 2010 Baseline initial load remaining – calculated as the 2010 baseline initial load minus 

the baseline initial load removed 

 2010 Baseline delivered load – calculated as the 2010 baseline initial load multiplied by 

the delivery factor which is based on the target transport pathway (i.e., stormwater, 

groundwater) as described in the Baseline Nitrogen Modeling Methodology and Results 

Memorandum (HW, 2017) 

 Delivered load remaining – calculated as the 2010 baseline initial load remaining 

multiplied by the delivery factor which is based on the target transport pathway (i.e., 

stormwater, groundwater) as described in the Baseline Nitrogen Modeling Methodology 

and Results Memorandum (HW, 2017) 

 Delivered load removed – calculated as the 2010 baseline delivered load minus the 

delivered load remaining 

 

Costs were broken down into the following categories: 

 One-time capital cost – represents the cost that would occur one time over the course of 

implementing the strategy 

 Annual operation and maintenance cost – the annual operation and maintenance cost to 

implement the strategy 

 Total 20-year life-cycle cost – the cost if financed over a 20-year loan term with 2.5% 

annual interest rate, and 1% annual O&M inflation 

 Equivalent annual cost – calculated as the total 20-year life-cycle cost divided by 20-

years 

 Estimated annual cost per pounds of nitrogen removed – calculated as the equivalent 

annual cost divided by the delivered load removed minus the atmospheric deposition 

load 

 

Each of the metrics and the cost items described above are presented in Tables 13, 14, 16 and 

18. The alternatives and results are described in the following three sections.  

3.1 Alternative 1: Nitrogen Load Reduction Target of 10,400 Lbs N/ Year 

Alternative 1 is the implementation of a combination of nitrogen non-point source mitigation 

strategies to achieve a nitrogen reduction of 10,400 pounds of nitrogen per year, which the 

equivalent amount of nitrogen that would be removed by upgrading the  Exeter wastewater 

treatment facility (WWTF)  from 5-mg/L to achieve a 3-mg/L effluent concentration. The level of 

implementation strategy and planning-level cost to implement these strategies to meet the 

10,400 pounds is presented in Table 13 below.  The most cost-effective strategies, based on 

dollars per pound of nitrogen removed, were selected first.   

For Alternative 1, we assumed that the Town would implement all non-structural programmatic 

strategies as described in Section 2, above.  Implementation of the non-structural strategies 

achieves a reduction of 3,505 pounds of nitrogen per year, which alone will not achieve the 

10,400 pound load reduction; therefore, structural reduction strategies (i.e., advanced septic 

systems, sewer extensions and stormwater structural BMPs) also need to be implemented.   
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The level of implementation of structural strategies was determined simply based on what is 

necessary to meet the load reduction target of 10,400 pounds.  We assumed that the Town 

would implement a combination of advanced septic systems and structural stormwater BMPs to 

achieve this load reduction target.  Sewer extensions were not considered, as the Town has not 

identified locations where extending sewer is necessary or feasible. Based on these 

assumptions, approximately 40% of the total septic systems in town (535 systems) would be 

replaced with advanced onsite treatment system.  

Table 9 provides supporting calculations of the expected load reduction from septic systems.  

The delivered load values were calculated using the average pounds per year per system as 

described in Sections 2.7. Through implementation of advanced septic systems in Town, an 

additional 2,430 pounds of nitrogen would be removed.   

Table 9. Estimated Initial and Delivered Load Removed through Septic System Retrofit 

Type of Treatment 

System 

2010 Baseline Condition Alternative 1 

No. of 

Systems 

Estimated 

Initial 

Load 

(lbs N/yr) 

Estimated 

Delivered 

Load 

(lbs N/yr) 

No. of 

Systems 

Estimated 

Initial Load 

(lbs N/yr) 

Estimated 

Delivered 

Load 

(lbs N/yr) 

Traditional (in 200m) 19 483 290 0 0 0 

Traditional (out 200m) 1,318 33,477 8,604 802 20,376 5,237 

Advanced (in 200m) 0 0 0 19 163 98 

Advanced (out 200m) 0 0 0 516 4,436 1,140 

TOTAL 1,337 33,960 8,894 1,337 24,975 6,475 

REMOVED 8,985 2,419 

 

The implementation of non-structural and septic system retrofit strategies (Table 9) results in a 

total load reduction of 5,924 pounds of delivered nitrogen load per year, which leaves another 

4,476 pounds of delivered nitrogen to be removed in order to meet the 10,400 pound target.  To 

provide this additional load reduction, structural stormwater BMPs optimized for nitrogen 

removal were evaluated.   

Since the 2017 NH MS4 Permit presents a range of cumulative nitrogen load reductions (Table 

7) based on the underlying soil type and capture depth of the BMP, assumptions need to be 

made on capture depth of the BMPs assumed to install for this analysis.  It was assumed that 

BMPs sized to capture 0.5 inches of runoff would be used for both infiltration and enhanced 

biofiltration practices, with an understanding that BMPs with a smaller or larger capture depth 

may be used once projects are identified.  The average cumulative nitrogen load reduction for 

both infiltration and enhanced biofiltration are presented in Table 10.   
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Table 10. Average Nitrogen Load Reduction for Infiltration and Enhanced Biofiltration 
BMPs 

Structural Stormwater  
BMP Practice 

Assumed  
BMP 

Capture 
Depth (in) 

Assumed 
Infiltration 

Rate,  
B Soils 
(in/hr) 

Cumulative 
Nitrogen 

Load 
Reduction  

Assumed 
Infiltration 

Rate,  
A Soils 
(in/hr) 

Cumulative 
Nitrogen 

Load 
Reduction  

Infiltration Trench 

0.5 

0.27 91.0% 0.52 92.5% 

Surface Infiltration Practices (i.e., 
basins, rain gardens and bio-
retention) 

0.27 90.0% 0.52 91.5% 

Average Infiltration Practices 91% 
 

92% 

Gravel Wetland System 

0.5 NA 53% NA 53% Enhanced Bio-filtration with 
Internal Storage Reservoir (ISR) 

Average Enhanced Biofiltration Practices 53% 
 

53% 

 

The available developed land for treatment in the Town is presented by cover type (pervious vs. 

directly connected impervious area (DCIA)) and HSG in Table 11.   For each of the developed 

land types the initial baseline pollutant load is estimated along with an average pollutant load 

export rate (PLER).  The average pollutant load export rate was estimated using an average 

area weight value equivalent to the initial pollutant load divided by the land area.  Table 11 also 

presents the BMP removal efficiency and BMP cost associated with the land type if it were 

optimized for nitrogen reduction based on the 2017 NH MS4 permit. These values will be used 

to calculate the expected load reduction from structural stormwater BMPs for all alternatives 

evaluated.  Operation and maintenance cost associated with the structural stormwater BMPs is 

assumed to be 3 percent of the capital costs.  
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Table 11. Available Developed Land Area by Cover Type for Treatment 

 Developed Land 
Type 

Developed 
Land Area 

(acres) 

Initial 
Pollutant 

Load  
(lbs N / Year) 

Average 

PLER  

(lbs N/ ac/ 

yr)1 

BMP Type 
Optimized for 

N Removal 

BMP N 
Removal 

Efficiency2 

BMP Capital 
Cost  
($/ac) 

Pervious HSG A 362 108 0.30 Infiltration 92%  $        17,000  

DCIA HSG A 20 234 11.70 Infiltration 92%  $        56,000  

  
  

  

 
  

Pervious HSG B 1,309 1,568 1.20 Infiltration 91%  $        17,000  

DCIA HSG B 85 1,083 12.74 Infiltration 91%  $        56,000  

  
  

  

 
  

Pervious HSG C 38 92 2.42 Enhanced Bio 53%  $        16,000  

DCIA HSG C 2 25 12.50 Enhanced Bio 53%  $        53,000  

  
  

  

 
  

Pervious HSG D 2,198 7,919 3.60 Enhanced Bio 53%  $        16,000  

DCIA HSG D 241 3,133 13.00 Enhanced Bio 53%  $        53,000  

TOTAL 4,255 14,162       
NOTES: 
1. Calculated as initial pollutant load divided by the land area.  
2. BMP Removal Efficiency optimized for nitrogen, per MS4 permit 

 

To achieve the additional reduction of 4,476 pounds of delivered nitrogen load, approximately 1,560 acres of developed land would need 

to be retrofit within the Town with structural stormwater BMPs (Table 12).  This represents approximately 37% of the total developed land 

area within the Town.  Of the 1,560 acres, 100% or 348 acres of the directly connected impervious area (DCIA) would need to be 

treated, which would be a difficult task for the Town.  To treat 37% of the Town’s developable land, the 20-year life-cycle cost to the City 

would be approximately $73.35 Million. The life-cycle cost includes a 20-year loan term with an interest rate of 2.5 percent and a 1 

percent inflation rate on the operation and maintenance cost for each strategy.   
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Table 12. Alternative 1: Structural Stormwater BMP Estimated Acres Treated and Cost 

Developed Land Cover 
Treated 

Town Area 
(acres) 

2010 
Baseline 

Initial Load  
(lbs N/ 
Year)1 

BMP Load 
Removal 

(%) 

BMP Initial 
Load 

Removed 
(lbs N/ 
Year)2 

2010 
Baseline 

Initial 
Load 

Remaining  
(lbs N/ 
Year)3 

2010 
Delivered 

Load 
Removed 

(lbs N/ 
Year)4 

2010 
Delivered 

Load 
Remaining 

(lbs N/ 
Year)5 

% Total 
Town 

Developed 
Area6 

One Time 
Capital Cost7 

Annual O&M 
Cost8 

20-Year Life-
Cycle Cost9 

DCIA LAND                       

      HSG A 20 234 92% 215 19 187 16 100%  $    1,120,000   $             33,600  

 

 

      HSG B 85 1,083 91% 980 103 853 90 100%  $    4,760,000   $           142,800  

      HSG C 2 25 53% 13 12 11 10 100%  $       106,000   $               3,180  

      HSG D 241 3,133 53% 1645 1488 1431 1295 100%  $  12,773,000   $           383,190  

Total DCIA 348 4,475   2,853 1,622 2,482 1,411 100%  $  18,759,000   $           562,770  

PERVIOUS LAND 
                    

       HSG A 0 0 92% 0 0 0 0 0%  $                 -     $                     -    

 

 

      HSG B 0 0 91% 0 0 0 0 0%  $                 -     $                     -    

      HSG C 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

      HSG D 1,212  4,365 53% 2,292 2,073 1,994 1,804 55%  $  19,384,000   $           581,520  

Total Pervious 1,212 4,365   2,292 2,073 1,994 1,804 31%  $  19,384,000   $           581,520  

TOTAL  1,560 8,840   5,145 3,695 4,476 3,215 37%  $  38,143,000   $        1,144,290   $      73,352,000  

 
NOTES: 

1. Baseline Initial Load = Town Developed Area for Treatment (acres) x Average PLER (Table 11) 
2. BMP Initial Load Removed = Baseline Initial Load x BMP N Load Removal 
3. Baseline Initial Load Remaining = Baseline Initial Load – BMP Initial Load Removed 
4. Delivered Load Removed = BMP Initial Load Removed x 0.87 (Stormwater Delivery Factor) 
5. Delivered Load Remaining = Baseline Initial Load Remaining x 0.87 
6. % Total Town Developed Area = Town Developed Area for Treatment ÷ Developed Land Area (Table 11) 
7. One Time Capital Cost = Town Developed Area for Treatment x BMP Capital Cost 
8. BMP O&M Cost = 3% of Capital Cost 
9. 20-year Life-cycle Cost = 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 
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Implementation of all of the strategies for Alternative 1 will result in an estimated annual nitrogen 

load reduction of 10,400 pounds.  To achieve this load reduction, the 20-year life-cycle cost 

would be approximately $102 Million (Table 13), with an equivalent annual cost of $5.1 Million or 

$680 per pound of nitrogen removed1 to implement Alternative 1.  The most cost effective 

strategy for reducing nitrogen is taking credit for changes in rates of nitrogen deposition on the 

land surface.  The next most cost effective strategy for the Town is implementation of a 

residential lawn fertilizer program ($140/lb N removed), followed by infrastructure maintenance 

($300/lb N removed), followed by advanced septic systems ($450/lb N removed).  Structural 

stormwater BMPs are approximately $800 per pound of nitrogen removed and street sweeping 

and catch basin cleaning the most costly at $2,500 per pound removed.   On average the cost 

to implement non-structural strategies to reduce nitrogen are $550 per pound of nitrogen 

removed; whereas, structural strategies are approximately $690 per pound of nitrogen removed 

on average. 

                                                

1
 Cost per pound of nitrogen removed excludes the load associated with atmospheric deposition because 

this removal is not associated with a cost to the Town. 
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Table 13. Alternative 1: Nitrogen Load Reduction Target of 10,400 Lbs N/ Year

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Baseline 

Initial Load 

Removed 

(LBS N/ YR)

Baseline 

Initial Load 

Remaining 

(LBS N/ YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ YR)
4

Delivered 

Load 

Removed

(LBS N/ 

YR)

One-Time 

Capital Cost

Annual O&M 

Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B x C) (B - D) (B x 0.87) (E x 0.87) (F - G) (K ÷ 20 YRS) (L ÷ H)

Atmospheric Deposition Stormwater 12,812 18,423 18% 3,316 15,107 16,028 13,143 2,885 -$                  -$              -$                  -$              -$             
Residential Fertilizer Program Stormwater 2,363 5,559 9% 500 5,059 4,836 4,401 435 50,000$            50,000$        1,165,000$       59,000$        140$             
Infrastructure Maintenance Program Stormwater 350 1,634 6% 98 1,536 1,422 1,336 85 5,000$              25,000$        557,000$          28,000$        300$             
Organic Waste and Leaf Litter Collection Program Stormwater 350 1,634 5% 82 1,552 1,422 1,351 71
Enhanced Street/ Pavement Cleaning Program Stormwater 350 1,634 2% 33 1,601 1,422 1,393 28

Non-Structural TOTAL 4,029 3,505 940,000$          261,000$      6,769,000$       340,000$      550$             

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Baseline 

Initial Load 

Removed 

(LBS N/ YR)

Baseline 

Initial Load 

Remaining 

(LBS N/ YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ YR)
4

Delivered 

Load 

Removed

(LBS N/ 

YR)

One-Time 

Capital Cost

Annual O&M 

Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B - D) (F - G) (K ÷ 20 YRS) (L ÷ H)

Stormwater Structural BMPs Stormwater 4,255 14,165 36% 5,145 9,020 12,324 7,848 4,476 38,143,000$     1,145,000$   73,352,000$     3,668,000$   800$             

Advanced septic systems Groundwater N/A 33,960 27% 8,985 24,975 8,894 6,475 2,419 8,025,000$       535,000$      21,912,000$     1,096,000$   450$             

Structural TOTAL 14,130 6,895 46,168,000$     1,680,000$   95,264,000$     4,764,000$   690$             

TOTAL (Non-Structural + Structural) 18,159 10,400 47,108,000$     1,941,000$   102,033,000$    5,104,000$   680$             

186,000$      5,047,000$       253,000$      2,500$          

NPS Non-Structural Reduction Strategies

NPS Structural Reduction Strategies

Primary Target 

Pathway

Primary Target 

Pathway

885,000$          

7/17/2018
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3.2 Alternative 2: Nitrogen Load Reduction Expected to Meet MS4 Requirements  

 

Alternative 2 represents the level of nitrogen non-point source strategy implementation required 

to meet the minimum control measures in the 2017 Final NH MS4 permit (effective July 1, 

2018). The requirements have been extrapolated out for 20-years, for comparison purposes to 

the other alternatives, with the assumption that the requirements would not become more 

stringent over time.  Based on the current permit requirements, the Town would be responsible 

for developing and implementing an organic waste and leaf litter collection program, 

infrastructure maintenance program and an enhanced street/pavement cleaning program.  

Beginning with the fifth annual report and in each subsequent annual report, the Town would 

report on Town owned properties and infrastructure that have been retrofitted with BMPs to 

mitigate impervious area.  Since the permit does not specify the number of BMPs required per 

year or the amount of impervious cover treated, we assume that 1 acre of impervious cover 

would be treated per permit year to meet this requirement. This alternative also assumes that 

there would be reductions in atmospheric deposition over the 20-year implementation period.  

This alternative could serve as the anticipated minimum estimated cost to the Town for 

implementation of strategies to provide nitrogen reduction.  The level of implementation by NPS 

strategy, estimated nitrogen load reduction and a planning-level cost to implement this 

alternative are presented in Table 14 below.  

To calculate the cost from retrofitting 1 acre of impervious area with structural stormwater BMPs 

for permit years 5 through 20, the same methodology used in Alternative 1 was applied to 

Alternative 2.  Table 15 presents the anticipated load reduction and cost to retrofit 16 acres of 

directly connected impervious cover.  Implementation of structural stormwater BMPs at this level 

would cost the Town approximately $1.72 Million (20-year life-cycle cost) with an expected 

delivered load reduction of approximately 161 pounds of nitrogen per year.  

For Alternative 2, the strategies required under the 2017 Final NH MS4 permit that achieve 

nitrogen removal would provide a reduction of 3,230 pounds of delivered nitrogen per year, 

which is 8 percent reduction in the delivered total non-point source load (40,485 pounds per 

year) or a 20 percent reduction in the delivered stormwater load (16,028 pounds per year).  The 

20-year life-cycle cost including would be approximately $7.3 Million, with an average annual 

cost of $386,000, and an average of $1,070 per pound of nitrogen removed to implement 

Alternative 21.  

                                                

1
 Cost per pound of nitrogen removed excludes the load associated with atmospheric deposition because 

this removal is not associated with a cost to the Town.  
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Table 14. Alternative 2: Nitrogen Load Reduction Expected to Meet MS4 Requirements

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ 

YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Baseline 

Initial Load 

Removed 

(LBS N/ 

YR)

Baseline 

Initial Load 

Remaining 

(LBS N/ 

YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ 

YR)
4

Delivered 

Load 

Removed

(LBS N/ YR)

One-Time 

Capital Cost

Annual 

O&M Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B x C) (B - D) (B x 0.87) (E x 0.87) (F - G) (K ÷ 20 YRS) (L ÷ H)

Atmospheric Deposition Stormwater 12,812 18,423 18% 3,316 15,107 16,028 13,143 2,885 -$                -$            -$               -$              -$           

Infrastructure Maintenance Program Stormwater 350 1,634 6% 98 1,536 1,422 1,336 85 5,000$            25,000$      557,000$       28,000$        300$           

Organic Waste and Leaf Litter Collection Program Stormwater 350 1,634 5% 82 1,552 1,422 1,351 71

Enhanced Street/ Pavement Cleaning Program Stormwater 350 1,634 2% 33 1,601 1,422 1,393 28

Non-Structural TOTAL 3,529 3,070 890,000$        211,000$    5,604,000$    281,000$      1,521$        

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ 

YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Baseline 

Initial Load 

Removed 

(LBS N/ 

YR)

Baseline 

Initial Load 

Remaining 

(LBS N/ 

YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ 

YR)
4

Delivered 

Load 

Removed

(LBS N/ YR)

One-Time 

Capital Cost

Annual 

O&M Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B - D) (F - G) (K ÷ 20 YRS) (L ÷ H)

Stormwater Structural BMPs Stormwater 4,255 14,165 1.3% 184 13,981 12,324 12,163 161 896,000$        26,880$      1,724,000$    87,000$        600$           

Structural TOTAL 184 161 896,000$        26,880$      1,724,000$    87,000$        500$           

TOTAL (Non-Structural + Structural) 3,713 3,230 1,786,000$     237,880$    7,328,000$    368,000$      1,070$        

2,500$        253,000$      5,047,000$    186,000$    

NPS Non-Structural Reduction Strategies
Primary Target 

Pathway

NPS Structural Reduction Strategies
Primary Target 

Pathway

885,000$        

7/17/2018
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Table 15. Alternative 2: Structural Stormwater BMP Estimated Acres Treated and Cost 

Developed Land Cover 
Treated 

Town Area 
(acres) 

Baseline 
Initial Load  

(lbs N/ 
Year)1 

BMP Load 
Removal 

(%) 

BMP Initial 
Load 

Removed 
(lbs N/ 
Year)2 

Baseline 
Initial 
Load 

Remaining  
(lbs N/ 
Year)3 

Delivered 
Load 

Removed 
(lbs N/ 
Year)4 

Delivered 
Load 

Remaining 
(lbs N/ 
Year)5 

% Total 
Town 

Developed 
Area6 

One Time 
Capital Cost7 

Annual O&M 
Cost8 

20-Year Life-
Cycle Cost9 

DCIA LAND                       

      HSG A 0 0 92% 0 0 0 0 0%  $                 -     $                     -    

  

      HSG B 16 204 91% 184 19 161 17 19%  $       896,000   $             26,880  

      HSG C 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

      HSG D 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

Total DCIA 16 204   184 19 161 17    $       896,000   $             26,880  

PERVIOUS LAND                       

      HSG A 0 0 92% 0 0 0 0 0%  $                 -     $                     -    

  

      HSG B 0 0 91% 0 0 0 0 0%  $                 -     $                     -    

      HSG C 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

      HSG D 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

Total Pervious 0 0   0 0 0 0    $                 -     $                     -    

TOTAL  16 204   184 19 161 17 0.4%  $       896,000   $             26,880   $        1,724,000  
 
NOTES: 

1. Baseline Initial Load = Town Developed Area for Treatment (acres) x Average PLER (Table 11) 
2. BMP Initial Load Removed = Baseline Initial Load x BMP N Load Removal 
3. Baseline Initial Load Remaining = Baseline Initial Load – BMP Initial Load Removed 
4. Delivered Load Removed = BMP Initial Load Removed x 0.87 (Stormwater Delivery Factor) 
5. Delivered Load Remaining = Baseline Initial Load Remaining x 0.87 
6. % Total Town Developed Area = Town Developed Area for Treatment ÷ Developed Land Area (Table 11) 
7. One Time Capital Cost = Town Developed Area for Treatment x BMP Capital Cost 
8. BMP O&M Cost = 3% of Capital Cost 
9. 20-year Life-cycle Cost = 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 
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3.3 Alternative 3: Nitrogen Load Reduction Expected to Meet MS4 Requirements plus 

an Additional Annual Investment of $100,000 

Alternative 3 represents the level of nitrogen non-point source strategy implementation required 

to meet the minimum control measures in the MS4 permit (Alternative 2) plus an additional 

annual investment of $100,000, or a total annual investment of $382,000 for Alternative 3.  The 

level of implementation by strategy, estimated nitrogen load reduction and a planning-level cost 

to implement this alternative is presented in Table 16 below.  

For Alternative 3, we assumed that the Town would implement all non-structural programmatic 

strategies as described in Alternative 2 with the addition of the residential lawn fertilizer 

program. To fully implement and maintain these programs for 20-years would require an annual 

investment of $340,000 ($59,000 more than Alternative 2) and a load reduction of 3,505 pounds 

of nitrogen per year.  Using the remaining $41,000 per year, structural stormwater BMPs would 

be implemented on 23.5 acres and account of an additional 236 pounds of nitrogen per year 

(Table 17).    

Implementation of Alternative 3, including both non-structural and structural strategies described 

above, will result in an estimated annual delivered nitrogen load reduction of 3,741 pounds, 23 

percent of the stormwater load (16,028 pounds per year) or 9 percent of the total delivered non-

point source load (40,485 pounds per year).  The 20-year life-cycle cost would be approximately 

$9.3 Million, an average annual cost of $467,000 or $550 per pound of nitrogen removed1 to 

implement Alternative 3.   

                                                

1
 Cost per pound of nitrogen removed excludes the load associated with atmospheric deposition because 

this removal is not associated with a cost to the Town. 
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Table 16. Alternative 3: Nitrogen Load Reduction Expected to Meet MS4 Requirements plus an Additional Annual Investment of $100,000

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ 

YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Baseline 

Initial Load 

Removed 

(LBS N/ 

YR)

Baseline 

Initial Load 

Remaining 

(LBS N/ YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ 

YR)
4

Delivered 

Load 

Removed

(LBS N/ 

YR)

One-Time 

Capital Cost

Annual 

O&M Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B x C) (B - D) (B x 0.87) (E x 0.87) (F - G) (K ÷ 20 YRS) (L ÷ H)

Atmospheric Deposition Stormwater 12,812 18,423 18% 3,316 15,107 16,028 13,143 2,885 -$              -$           -$               -$                 -$            

Residential Fertilizer Program Stormwater 2,363 5,559 9% 500 5,059 4,836 4,401 435 50,000$        50,000$     1,165,000$    59,000$           140$           

Infrastructure Maintenance Program Stormwater 350 1,634 6% 98 1,536 1,422 1,336 85 5,000$          25,000$     557,000$       28,000$           300$           

Organic Waste and Leaf Litter Collection Program Stormwater 350 1,634 5% 82 1,552 1,422 1,351 71

Enhanced Street/ Pavement Cleaning Program Stormwater 350 1,634 2% 33 1,601 1,422 1,393 28

Non-Structural TOTAL 4,029 3,505 940,000$      261,000$   6,769,000$    340,000$         550$           

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ 

YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Baseline 

Initial Load 

Removed 

(LBS N/ 

YR)

Baseline 

Initial Load 

Remaining 

(LBS N/ YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ 

YR)
4

Delivered 

Load 

Removed

(LBS N/ 

YR)

One-Time 

Capital Cost

Annual 

O&M Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B - D) (F - G) (K ÷ 20 YRS) (L ÷ H)

Stormwater Structural BMPs Stormwater 4,255 14,165 1.9% 271 13,894 12,324 12,088 236 1,316,000$   40,000$     2,531,000$    127,000$         600$           

Structural TOTAL 271 236 1,316,000$   40,000$     2,531,000$    127,000$         600$           

TOTAL (Non-Structural + Structural) 4,300 3,741 2,256,000$   301,000$   9,300,000$    467,000$         550$           

NPS Non-Structural Reduction Strategies
Primary Target 

Pathway

NPS Structural Reduction Strategies
Primary Target 

Pathway

2,500$        253,000$         5,047,000$    186,000$   885,000$      

7/17/2018
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Table 17. Alternative 3: Structural Stormwater BMP Estimated Acres Treated and Cost 

Developed Land Cover 
Treated 

Town Area 
(acres) 

Baseline 
Initial Load  

(lbs N/ 
Year)1 

BMP Load 
Removal 

(%) 

BMP Initial 
Load 

Removed 
(lbs N/ 
Year)2 

Baseline 
Initial 
Load 

Remaining  
(lbs N/ 
Year)3 

Delivered 
Load 

Removed 
(lbs N/ 
Year)4 

Delivered 
Load 

Remaining 
(lbs N/ 
Year)5 

% Total 
Town 

Developed 
Area6 

One Time 
Capital Cost7 

Annual O&M 
Cost8 

20-Year Life-
Cycle Cost9 

DCIA LAND                       

      HSG A 0 0 92% 0 0 0 0 0%  $                 -     $                     -    

 

 

      HSG B 23.5 299 91% 271 28 236 25 28%  $    1,316,000   $             39,480  

      HSG C 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

      HSG D 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

Total DCIA 23.5 299   271 28 236 25    $    1,316,000   $             39,480  

PERVIOUS LAND                     

       HSG A 0 0 92% 0 0 0 0 0%  $                 -     $                     -    

 

 

      HSG B 0 0 91% 0 0 0 0 0%  $                 -     $                     -    

      HSG C 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

      HSG D 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

Total Pervious 0 0   0 0 0 0    $                 -     $                     -    

TOTAL  23.5 299   271 28 236 25 0.6%  $    1,316,000   $             39,480   $        2,530,760  

 
NOTES: 

1. Baseline Initial Load = Town Developed Area for Treatment (acres) x Average PLER (Table 11) 
2. BMP Initial Load Removed = Baseline Initial Load x BMP N Load Removal 
3. Baseline Initial Load Remaining = Baseline Initial Load – BMP Initial Load Removed 
4. Delivered Load Removed = BMP Initial Load Removed x 0.87 (Stormwater Delivery Factor) 
5. Delivered Load Remaining = Baseline Initial Load Remaining x 0.87 
6. % Total Town Developed Area = Town Developed Area for Treatment ÷ Developed Land Area (Table 11) 
7. One Time Capital Cost = Town Developed Area for Treatment x BMP Capital Cost 
8. BMP O&M Cost = 3% of Capital Cost 
9. 20-year Life-cycle Cost = 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 
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3.4 Alternative 4: Nitrogen Load Reduction for Implementation to the Maximum on 

Town Property 

Alternative 4 represents the level of nitrogen non-point source strategies when implemented on 

Town property. This level of implementation includes the following strategies: 

 Required under the MS4 permit (i.e., Alternative 2) 

 Residential Lawn Fertilizer Program since the Town is already in progress with this effort 

 Upgrades of septic systems within 200 meters of a receiving water body 

 Implementation of structural stormwater BMPs on city owned parcels and within the 

right-of-way to treat directly connected impervious area (DCIA).   

 

While the Town has redevelopment standards in place which would require management of 

stormwater from existing impervious cover on private parcels, the timing of the redevelopment 

cycle of these parcels is outside of the Town’s control and therefore was not considered in this 

alternative.  The level of implementation by strategy, estimated nitrogen load reduction and a 

planning-level cost to implement this alternative is presented in Table 18 below.  

For Alternative 4, we assumed that the Town would implement all non-structural programmatic 

strategies as described in Alternative 3. To fully implement and maintain these programs for 20-

years would require an annual investment of $340,000 and a load reduction of 3,505 pounds of 

nitrogen per year.  To upgrade all septic systems within 200 meters of a water body 

(approximately 19 systems), would result in a load reduction of 192 pounds of nitrogen per year 

at a cost of $35,000 annually.   

By implementing stormwater structural BMPs on Town owned properties and within the right-of-

way, the Town would treat approximately 323 acres of directly connected impervious area 

(DCIA) (92% of total DCIA).  Implementation at this level would result in a load reduction of 

2,278 pounds of nitrogen per year at 20-year life-cycle cost of $33.4 Million or $1.7 Million 

annually (Table 19).   

Implementation of Alternative 4, including both non-structural and structural strategies described 

above, will result in an estimated annual delivered nitrogen load reduction of 5,974 pounds, 15 

percent of the total delivered non-point source load (40,485 pounds per year).  The 20-year life-

cycle cost would be approximately $40.9 Million, an average annual cost of $2.0 Million or $710 

per pound of nitrogen removed1 to implement Alternative 4.  

                                                

1
 Cost per pound of nitrogen removed excludes the load associated with atmospheric deposition because 

this removal is not associated with a cost to the Town. 
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Table 18. Alternative 4: Maximum Extent Practical Nitrogen Load Reduction 

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ 

YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Baseline 

Initial Load 

Removed 

(LBS N/ 

YR)

Baseline 

Initial Load 

Remaining 

(LBS N/ YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ 

YR)
4

Delivered 

Load 

Removed

(LBS N/ 

YR)

One-Time 

Capital Cost

Annual 

O&M Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B x C) (B - D) (B x 0.87) (E x 0.87) (F - G) (K ÷ 20 YRS) (L ÷ H)

Atmospheric Deposition Stormwater 12,812 18,423 18% 3,316 15,107 16,028 13,143 2,885 -$                -$           -$               -$                 -$            

Residential Fertilizer Program Stormwater 2,363 5,559 9% 500 5,059 4,836 4,401 435 50,000$          50,000$      1,165,000$    59,000$           140$           

Infrastructure Maintenance Program Stormwater 350 1,634 6% 98 1,536 1,422 1,336 85 5,000$            25,000$      557,000$       28,000$           300$           

Organic Waste and Leaf Litter Collection Program Stormwater 350 1,634 5% 82 1,552 1,422 1,351 71
Enhanced Street/ Pavement Cleaning Program Stormwater 350 1,634 2% 33 1,601 1,422 1,393 28

Non-Structural TOTAL 4,029 3,505 940,000$        261,000$    6,769,000$    340,000$         550$           

A B C D E F G H I J K L M

Available 

Acreage

Baseline 

Initial Load 

(LBS N/ 

YR)
1

Estimated N 

Reduction 

from 

Strategy
2

Initial Load 

Removed 

(LBS N/ 

YR)

 Initial Load 

Remaining 

(LBS N/ YR)

Baseline 

Delivered 

Load 

(LBS N/ 

YR)
3

Delivered 

Load 

Remaining 

(LBS N/ 

YR)
4

Delivered 

Load 

Removed

(LBS N/ 

YR)

One-Time 

Capital Cost

Annual 

O&M Cost

Total 

20-Year Life-

Cycle Cost

Equivalent 

Annual Cost

Estimated 

Annual 

$/LBS N 

Removed

Calculation (B - D) (F - G) (K ÷ 20 YRS) (L ÷ H)

Advanced Septic Systems Groundwater NA 33,960 2.2% 319 33,641 8,893 8,702 192  $       380,000  $       9,500  $       689,000 35,000$           200$           

Stormwater Structural BMPs Stormwater 4,255 14,165 18.5% 2,618 11,547 12,324 10,046 2,278 17,386,000$   521,580$    33,435,000$  1,672,000$      800$           

Structural TOTAL 2,618 2,469 17,766,000$   531,080$    34,124,000$  1,707,000$      700$           

TOTAL (Non-Structural + Structural) 6,647 5,974 18,706,000$   792,080$    40,893,000$  2,047,000$      710$           

2,500$        

NPS Structural Reduction Strategies
Primary Target 

Pathway

253,000$         

NPS Non-Structural Reduction Strategies
Primary Target 

Pathway

885,000$        186,000$    5,047,000$    

7/17/2018
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Table 19. Alternative 4: Structural Stormwater BMP Estimated Acres Treated and Cost 

Developed Land Cover 
Treated 

Town Area 
(acres) 

Baseline 
Initial Load  

(lbs N/ 
Year)1 

BMP Load 
Removal 

(%) 

BMP Initial 
Load 

Removed 
(lbs N/ 
Year)2 

Baseline 
Initial 
Load 

Remaining  
(lbs N/ 
Year)3 

Delivered 
Load 

Removed 
(lbs N/ 
Year)4 

Delivered 
Load 

Remaining 
(lbs N/ 
Year)5 

% Total 
Town 

Developed 
Area6 

One Time 
Capital Cost7 

Annual O&M 
Cost8 

20-Year Life-
Cycle Cost9 

DCIA LAND                       

      HSG A 16 196 92% 180 16 156 14 80%  $       896,000   $             26,880  

 

 

      HSG B 73 933 91% 844 89 735 77 86%  $    4,088,000   $           122,640  

      HSG C 2 17 53% 9 8 8 7 100%  $       106,000   $               3,180  

      HSG D 232 3,019 53% 1585 1,434 1,379 1,248 96%  $  12,296,000   $           368,880  

Total DCIA 323 4,164   2,618 1,546 2,278 1,345    $  17,386,000   $           521,580  

PERVIOUS LAND                     

       HSG A 0 0 92% 0 0 0 0 0%  $                 -     $                     -    

 

 

      HSG B 0 0 91% 0 0 0 0 0%  $                 -     $                     -    

      HSG C 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

      HSG D 0 0 53% 0 0 0 0 0%  $                 -     $                     -    

Total Pervious 0 0   0 0 0 0      $                     -    

TOTAL  323 4,164   2,618 1,546 2,278 1,345 7.6%  $  17,386,000   $           521,580  $33,435,000 

 
NOTES: 

1. Baseline Initial Load = Town Developed Area for Treatment (acres) x Average PLER (Table 11) 
2. BMP Initial Load Removed = Baseline Initial Load x BMP N Load Removal 
3. Baseline Initial Load Remaining = Baseline Initial Load – BMP Initial Load Removed 
4. Delivered Load Removed = BMP Initial Load Removed x 0.87 (Stormwater Delivery Factor) 
5. Delivered Load Remaining = Baseline Initial Load Remaining x 0.87 
6. % Total Town Developed Area = Town Developed Area for Treatment ÷ Developed Land Area (Table 11) 
7. One Time Capital Cost = Town Developed Area for Treatment x BMP Capital Cost 
8. BMP O&M Cost = 3% of Capital Cost 
9. 20-year Life-cycle Cost = 20-year loan term, 2.5% annual interest rate, and 1% annual O&M inflation 
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3.5 Alternative Comparison 

Table 20 presents the cost and load reduction for each of the four alternatives described above.  
Alternative 3 represents the most cost-effective alternative to implement with regards to the 
“estimated annual dollars per pound of nitrogen removed” metric ($550) with Alternative 2 being 
the least cost effective based on an $1,050 per pound of nitrogen removed.  Of the four 
alternatives, Alternative 1 would be the most expensive and most difficult for the Town to 
achieve as this would require implementing structural stormwater controls on all of the directly 
connected impervious cover in Town as well as on 45 percent of the pervious area.  Alternatives 
1 and 4 would require the Town to implement new regulations to the upgrade of certain septic 
systems to advanced treatment systems.  Currently, neither the State nor the Town has 
regulations in place mandating the use of advanced treatment systems.  

Table 20. Cost and Load Reduction by Alternative 

Alternative 

Total 20-Year 

Life-Cycle 

Cost 

Equivalent 

Annual Cost 

2010 Delivered 

Load Removed  

(lbs N/year) 

Percent of 

Total NPS 

Delivered 

Load 

Removed1 

Estimated 

Annual  

$ / lbs N 

Removed2 

1 – 10,400 lbs $ 102,033,000 $ 5,104,000 10,400 26% $ 680 

2 – MS4 $ 7,328,000 $ 368,000 3,230 8% $ 1,070 

3 – MS4 Plus $ 9,300,000 $ 467,000 3,741 9% $ 550 

4 – Town 

Property 
$40,893,000 $2,047,000 5,974 15% $ 710 

1. Includes both stormwater and groundwater load (40,485 pounds N per year) 

2. Does not include load removed from atmospheric deposition.  

 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

 Since the 2012 NPDES permit required the Exeter WWTF to achieve an effluent TN of 

3-mg/l, one premise of this analysis is that the required TN removals could be achieved 

by upgrading the WWTF again or by removing non-point source (NPS) nitrogen.   

  “NPS Alternative 1” consists of achieving 10,400 lbs per year via NPS removals within 

20-years.  This results in a reduction in delivered total non-point source loadings of 26%.  

This report estimates these costs with a 20-year life cycle cost of $102M, and an 

equivalent annual cost of $680 per pound N removed. 

 “NPS Alternative 2” consists of meeting the minimum requirements of the MS4 program.  

This results in a reduction in delivered total non-point source loadings of 8%.  This report 
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estimates these costs at a 20-year life cycle cost of $7.3M.  This would remove 3,230 

pounds N per year at an equivalent annual cost of $1,070 per pound N removed.  

 “NPS Alternative 3” consists of meeting the minimum requirements of the MS4 program 

plus spending an additional $100,000 per year.  This results in a reduction in delivered 

total non-point source loadings of 9%.  This report estimates these costs at a 20-year life 

cycle cost of $9.3M.  This would remove 3,741 pounds N per year at an equivalent 

annual cost of $550 per pound N removed.  

 “NPS Alternative 4” consists of meeting the minimum requirements of the MS4 program 

and implementing other strategies to the maximum extent practicable.  This results in a 

reduction in delivered total non-point source loadings of 15%.  This report estimates 

these costs at a 20-year life cycle cost of $40.9M.  This would remove 5,974 pounds N 

per year at an equivalent annual cost of $710 per pound N removed.  

 When optimizing structural stormwater BMPs for nitrogen removal, infiltration practices 

(i.e., trenches, basins, rain gardens and bioretention) should be used in areas with 

underlying hydrologic soil groups A and B; whereas, gravel wetlands and enhanced 

biofiltration practices with internal storage reservoirs should be used in areas with 

underlying hydrologic soil groups C and D.  

 The on-going Exeter WWTF Upgrade is targeting an effluent TN concentration of 5-mg/l.  

Based on information from Wright-Pierce, this on-going upgrade has a capital cost of 

approximately $53M for all phases (including some elements that are not nitrogen-

related) and is expected to be substantially completed in 2019. 

 A separate analysis by Wright-Pierce determine the estimated cost to implement an 

additional WWTF Upgrade to achieve 3-mg/l for 1.7-mgd at a capital cost of $6.4M (with 

no debt service) with a 20-year life cycle cost of $11.6M (including 20 years of 

operations and maintenance with no annual inflation). This would remove 10,400 pounds 

N per year at an equivalent annual cost of $56 per pound N removed.  

5.0 NEXT STEPS 

HW and Wright-Pierce will review this memorandum and alternative results with the Town in 

order to determine a path forward for the Town to develop a Nitrogen Control Plan in 

accordance with the Administrative Order on Consent.  
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• What will be in the Nitrogen Control Plan
• Next Steps and Key Decisions with Select Board

2
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• NPDES Permit - 2012
§ Achieve <3 mg/l TN

• Administrative Order on Consent (AOC) - 2013
§ Achieve  ‘interim limit’ of <8mg/l TN by 2019
§ Begin tracking all activities affect TN in town-wide
§ Coordinate with NHDES for ‘tracking and accounting for

total nitrogen’
§ Coordinate with NHDES for ‘nitrogen allocation’
§ Develop a Nitrogen Control Plan (2018)
§ Develop an Engineering Evaluation (2023)

3

• Document baseline loadings (2010) and load
reduction goals

• Take credit for actions already taken by the Town
§ Fertilizer regulation revisions implemented
§ Site Plan regulation revisions implemented
§ WWTF Upgrade underway
§ PTAPP tracking and accounting underway

• Develop a 5-year implementation plan leading up to
the Engineering Evaluation due in 2023
§ Approach to make progress towards goals
§ Approach to monitoring

4
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Excess Nitrogen contributes to:
• Increased algae
• Reduced water clarity
• Reduced light penetration
• Reduced dissolved oxygen
• Loss of habitat

6

Input
Load

Delivery
Method

Attenuation
Mechanism

Delivered
Load

• Wastewater
• Fertilizers
• Stormwater
• Leaf litter
• Atmospheric

Sources

• WWTFs
• Groundwater
• Precipitation
• Stormwater

• Storage in soils & plants
• Removal in crops & woods
• Microbial action in soils
• Aeration in surface water
• Treatment
• BMPs
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Baseline Load Reduced Load

“Load to be Removed”

Not yet agreed upon

Responsibility for Removal Allocated
to Watershed Communities

(aka “Load Allocation”)

Great Bay
Eelgrass

Great Bay
Macroalgae

Great Bay
DO

River
Eelgrass

River
DO

8

Based on NHDES Work:
Goal 1 = 161.7 tons/year for Great Bay Eelgrass
Goal 2 = 140 tons/year for River DO
Goal 3 = 88 tons/year for River Eelgrass
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Source:
1. DES GBNNPS Study, 2014
2. DES Draft GB NLA, 2010
3. HW Baseline Memorandum, 2017
4. Wastewater Facilities Plan for Exeter, W-P, 2015

24%

50%

26%

Exeter/Squamscott River Watershed
167 Tons/Year

Stormwater (1,3) Other NPS (1) Wastewater (4)
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Source:
1. DES GBNNPS Study, 2014
2. DES Draft GB NLA, 2010

35%

9%

9%
9%

8%

6%

24%

Exeter/Squamscott River Watershed
Load by Town

Exeter

Chester

Stratham

Brentwood

Sandown

Fremont

Other

12

AOC & NCP MS4 Exeter/Squamscott
River Only
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Source:
1. DES GBNNPS Study, 2014
2. DES Draft GB NLA, 2010
3. HW Baseline Memorandum, 2017
4. Wastewater Facilities Plan for Exeter, W-P, 2015

13%

20%

67%

Exeter’s Load to Great Bay
62 Tons

Stormwater (3) Other NPS (3) Wastewater (4)

14

Source:
1. DES GBNNPS Study, 2014
2. DES Draft GB NLA, 2010

5%

95%

Exeter's Portion of Load to Great Bay

Exeter

Other Communities

Exeter WWTF 3.5%
Exeter NPS 1.5%
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• Point Source Strategies >> WWTF Upgrade
§ Existing Conditions – Lagoons for 1.7-mgd at 20-mg/l
§ On-Going Upgrade – Enhanced Treatment for 2.2-mgd to 5-mg/l
§ Future Expansion – Enhanced Treatment for 3.0-mgd to 5-mg/l
§ Future Upgrade – Advanced Treatment for 3.0-mgd to 3-mg/l

15

• Non-Point Source Strategies
§ Atmospheric Deposition
§ Agricultural Nutrient Management
§ Residential Fertilizer Management∆

§ Enhanced Street/Pavement Cleaning Program*
§ Enhanced Organic Waste & Leaf Litter Collection*
§ Stormwater Infrastructure O&M Program*
§ Advanced On-Site Septic Systems
§ Limited Sewer Extensions
§ Stormwater Best Management Practices

16
∆ Under MS4 permit, this is only required on municipally owned properties
* Required under the 2017 Final MS4 Permit
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Strategy Est. 20 Year Cost Per
Pound TN Removed

Atmospheric Deposition Reductions from Clean Air Act $ 0
WWTF Upgrade (20-mg/l to 5-mg/l) $ 50
WWTF Upgrade (from 5-mg/l to 3-mg/l) $ 60
Residential Fertilizer Program $ 140
Agricultural Program $ 200
Septic System (within 200m of Waterbody) $ 210
Infrastructure Maintenance Program $ 330
Septic System (outside 200m of Waterbody) $ 470
Stormwater Infiltration BMP $ 520 - $1,170
Stormwater Enhanced Biofiltration BMP $ 850 - $1,910
Sewer Extensions $1,350
Enhanced Street/Pavement Cleaning Program, Leaf Litter Collection
Program $2,530

• Each alternative assumes that the Exeter WWTF is
upgraded to 5-mg/l effluent TN

• NPS Alternative 1
§ Remove the equivalent NPS load as upgrading the Exeter

WWTF to 3-mg/l effluent TN (i.e., equals 10,400 lbs/year by
NPS measures in 20 years)

• NPS Alternative 2
§ Meet the requirements of the MS4 program

• NPS Alternative 3
§ Meet MS4 requirements plus an additional $100,000/year

• NPS Alternative 4
§ Alternative 3 plus requiring select on-site denitrification

systems plus stormwater BMPs on public properties and
rights-of-way 18
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Alternative NPS Delivered
Load Removed

(lbsN/year)

Percent
Reduction of

NPS Delivered
Load

Total 20
Year Life

Cycle Cost

Est Cost per
NPS Delivered
Load Removed
($/lbN/year)

1 – 10,400 Lbs Reduction 10,400 26% $102.0M $680

2 – MS4 Requirements 3,230 8% $7.3M $1,070

3 – MS4 Plus 3,740 9% $9.3M $550

4 – Town Property 5,970 15% $40.9M $710

Comparison
WWTF Upgrade
“from 5 to 3” mg/l

10,400 - $11.6M $60

20

Source:
1. DES GBNNPS Study, 2014
2. DES Draft GB NLA, 2010
3. HW Baseline Memorandum, 2017
4. Wastewater Facilities Plan for Exeter, W-P, 2015
5. HW Alternatives Memorandum, 2018

12%

20%

21%

47%

Town of Exeter's Load to Great Bay
After WWTF Upgrade & Residential Fertilizer Ordinance

Stormwater (3) Other NPS (3) Wastewater (4) Reductions (5)
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Source:
1. DES GBNNPS Study, 2014
2. DES Draft GB NLA, 2010

22%

11%

11%

11%

9%8%

29%

17%

Exeter/Squamscott River Watershed Load by Town after
Exeter WWTF Upgrade & Residential Fertilizer Ordinance

Exeter

Chester

Stratham

Brentwood

Sandown

Fremont

Other

Exeter's Reduction

• Obtain input from the Select Board on the NPS
Alternative Selection shown in the NCP (7/23)

• Brief River Advisory Committee (8/23)
• Develop Draft NCP for Town staff input
• Submit Draft NCP for Select Board input (9/7)
• Present Draft NCP to Select Board (9/10)
• Receive comments from Town (9/18)
• Update and submit NCP to EPA (9/28)

22
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EXETER PUBLIC WORKS DEPARTMENT 
13 NEWFIELDS ROAD • EXETER, NH • 03833-4540 • (603) 773-6157 •FAX (603) 772-1355 

www.exeternh.gov 

 

 

MEMO 
 

DATE: July 20, 2108 

 

TO:  Russell Dean, Town Manager 

 

FROM: Jennifer R. Perry, P.E., Public Works Director 

 

RE:  Municipal Solid Waste Program Fee Increases 

 

 

The costs for collection and disposal of Exeter's municipal solid waste (MSW) continue to rise. 

There was a significant cost increase with the end of Northside Carting's 9 years of service (5 

year contract and 4 year extension) in May 2017. Waste Management's 5 year contract (through 

May 2022) increases fees 3% per year, includes a provision for biannual diesel fuel surcharges 

and reflects the changing value of recycling commodities (which has been decreasing in value).  

 

The Public Works Department has reviewed fees that support the MSW program and proposes 

several modifications to offset the costs of the program. The April 25, 2018 draft report "Solid 

Waste Program Review" prepared by intern Chris Robillard provides a thorough review of the 

MSW program and supports the following recommendations. 

 

1.  Increase the price of pay-as-you-throw blue bags from $2.00 to $2.50 for large bags and 

$1.00 to $1.25 for small bags.  

a. Blue bag prices were last adjusted in 2009. 

b. Increases would yield additional $121,000 annually if bag sales remain constant. 

c. The proposed prices are comparable to other PAYT communities: 

   Large Bag Small Bag 

 Concord $2.50  $1.25 

 Raymond $2.35  $1.80 

 Newmarket $2.25  $1.15 

 Dover  $2.15  $1.45 

 Kensington $2.00  -- 

 Somersworth $1.85  $1.30 

 

2. Increase the price of freon containing appliance sticker from $7.00 to $10. 

a. Exeter's current disposal cost is lower than surrounding communities. 

b. Increase would yield additional $1,200 annually. 

 

3. Require all users of the transfer station to obtain a $10 annual permit. Currently 

residents may dispose of leaf bags and Christmas trees without a permit. 

http://www.exeternh.gov/
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4. No longer allow commercial vendors or entities to dump brush and leaves. Most 

surrounding towns accept brush for free from residents, but do not accept from 

commercial vendors. Exeter is receiving excessive volumes of brush and some may be 

coming from beyond Exeter. An alternative could be to establish a fee schedule for 

commercial vendors, such as what Stratham charges residents: 

 6-foot pickup load............$25 

 8-foot pickup load............$30 

 single axle dump..............$50 

 tandem axle dump..........$100 

 






































































