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Green Infrastructure Overview AKA Structural BMPS
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Non-Structural BMPS – Pollution Prevention

SEPTIC SYSTEM RETROFITS

CATCH BASIN CLEANING

STREET SWEEPING

LEAF LITTER COLLECTION

FERTILIZER RESTRICTIONS
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A National Marine Fisheries Service study that examined the 

effects of stormwater on salmon.  

• Salmon exposed to undiluted stormwater from a major 

highway were killed within hours; 

• When that same stormwater was pre-filtered through soil, 

no fish died.

• Previous field assessments in urban stream networks 

have shown adult coho salmon are dying at high rates 

(>50%).  

• The study provides direct evidence that toxic runoff is 

killing adult coho salmon in urban watersheds and that 

inexpensive mitigation measures (e.g., green 

infrastructure) can improve water quality and promote 

salmon survival.  

Source: Spromberg, J. A. et al. (2015).  Coho salmon spawner mortality in western U.S. urban watersheds: bioinfiltration prevents 

lethal stormwater impacts.  Journal of Applied Ecology. doi: 10.1111/1365-2664.12534.

GI Reduction of Aquatic Mortality
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◼ To determine the feasibility and cost to implement 

the optional 45% reduction of non-point source and 

stormwater point source nitrogen reduction pathway 

(Appendix II) with draft Great Bay TNGP

◼ The TNGP covers nitrogen discharges from 12 New 

Hampshire communities in the Great Bay watershed 

with WWTF including Dover, Durham, Epping, 

Exeter, Milton, Newfields, Newington, Newmarket, 

Portsmouth (Pease Tradeport and Peirce Island), 

Rochester, Rollinsford, and Somersworth. 

◼ There are 4 Maine communities within the 

watershed that are not covered under this permit 

(Berwick, Kittery, North Berwick and South Berwick) 

because they are regulated separately by MEDEP.

Purpose and Summary
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◼ Feasibility was evaluated for a community’s ability to reduce NPS and 

stormwater-derived nitrogen by 45% over four 5-year permit periods.

◼ Included an assessment of methods to implement nitrogen controls 

and a corresponding cost analysis. 

◼ Optimization by land use determined how to get the most bang for the 

buck  through a variety of stormwater Best Management Practices 

(BMPs).  

◼ Examined reductions for BMPs to reduce the volume and pollutant 

load 

◼ Structural BMPs – built infrastructure such as gravel wetlands, dry 

wells and rain gardens to treat runoff from paved roads, rooftops, 

parking areas and other hardened surfaces 

◼ Non-structural BMPs that are typically planning- or maintenance-

based strategies such as street sweeping, leaf litter control, catch 

basin cleaning, septic system retrofits, and fertilizer reduction 

programs. 

Study Elements
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◼ This study presents a plan, not a prescription, for 

how to implement the optional pathway of the 

TNGP. 

◼ This represent one scenario of many possible 

pathways - each community will need to determine 

what combination of management approaches is 

most suitable and achievable. 

◼ EPA‘s job is not to tell communities how to 

implement a permit, but rather what the goal is. 

◼ The solution to this wicked problem will need to 

come from the communities and their consultants 

working together with EPA.

Caveats

All Models Are Wrong

Some Models Are Useful
George Edward Pelham Box (1919 –2013)
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◼ Land use and land cover were evaluated 

followed by a pollutant load analysis (PLA) 

to quantify N sources including atmospheric 

deposition and septic-derived groundwater 

loading. 

◼ Methods are consistent with EPA, USGS, 

and others and generally accepted for 

water quality permitting purposes. 

◼ Includes new elements of the 2017 MS4 

permit including  Identification, delineation, 

and prioritization of potential catchments 

with high nitrogen loading and identification 

of potential retrofit opportunities or 

opportunities for the installation of structural 

BMPs during redevelopment.

Methodology
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Unit Costs

• A feasibility target of 

$1000/lb N/yr was chosen 

because it is less than a 

typical cost to remove N 

by WWTP at 8 mg/L or 

below. 

• At costs above $1000/lb

N/yr, it could be argued 

that treatment for nitrogen 

would be more 

economically achieved at 

a WWTP. 
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Nutrient Control Plan Summary
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◼ It is feasible to reduce nitrogen loads by 45% at costs within national 

norms while still allowing for growth and development in our communities. 

◼ Costs of BMPs vary by community depending largely on density and 

development patterns, with an average unit cost of $561/lb N, and a range 

of $429 - $755 in contrast with WWTP costs between $300-$1,500

◼ If implemented widely, non-structural BMPs such as street sweeping, 

catch basin cleaning, and leaf litter collection are the most cost-effective 

management approaches at an average unit cost of $282/lb N.

◼ Low-cost structural BMPs such as rain gardens, dry wells and gravel 

wetlands, with an average annual unit cost of $557/ lb N, can be small-

sized and used widely and efficiently in areas with the highest nutrient 

loads. 

◼ Septic system retrofits offer significant opportunities to reduce nitrogen 

loads - at an average cost of $630 per pound N, they could reduce nearly 

40% of the entire NPS load.

Key Findings
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◼ Total costs over 20 years range on the low end from 

$2.2 million for Newfields, $3.1 for Rollinsford and 

$5.2 for Somersworth, and on the high end to $13.4 

million for Berwick, $17.5 for Dover, and $22.3 for 

Rochester.

◼ Towns can plan systematically for structural BMPs in 

highly impacted areas over the 20-year timeframe 

proposed in the TNGP; smaller municipalities like 

Newfields, Rollinsford and North Berwick would need 

to treat 5, 10 and 20 acres per year respectively, 

while cities of Rochester, Portsmouth and Dover 

would need structural BMPs to treat 67, 77, and 107 

acres per year.  

Key Findings Cont’d

BMP 

Characteristics

BMP 

Performance Costs

BMP Type
System 

Size

TP 

Load 

Reduce

d (%)

TN Load 

Reduce

d (%)

Bid 

Cost       

($)

Unit 

Cost 

($/lb P)

Unit 

Cost 

($/lb

N)

Bid Cost 

per Acre 

of DA

($)

Bioswale

0.25" 

WQV 39% 76% $15,504 $10,507 $603 $3,424 

Tree Planter

0.75" 

WQV 81% 95% $20,997 $35,049 $3,717 $12,530 

Total - - - $36,501 $17,594 $1,164 $5,883 
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◼ There are significant costs to design, build and maintain municipal stormwater management infrastructure, 

to prevent flooding and protect water quality. 

◼ A stormwater utility is a common municipal funding mechanism to support a program to design, build and 

maintain stormwater infrastructure.

◼ The stormwater user fee is paid by all developed properties within a municipality that generate stormwater 

runoff, and is analogous to drinking water or wastewater fee for service.

◼ In 2012 there were 1,500-2,000 communities using stormwater utilities 

◼ The national average stormwater fee for a residential home was $52 per year with a maximum of $268 in 

Portland Oregon. (EPA 2013). 

◼ This study found that annual fees averaged $91 with a high of $198 (Milton) and a low of $26 (Portsmouth) 

for a 20-year program. 

◼ The majority of fees were between $52 and $135 per year, well within the national norm and consistent 

with a 2011 study for Portsmouth (AMEC 2011).

Stormwater Utility As A Funding Mechanism
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Stormwater Utility Funding Annual Fee 

Average of $91 with a high of $198 (Milton) and a low of $26 (Portsmouth) for a 20-year program 
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Assumptions
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Small Sized BMPs With Optimization

1 acre 1 acre1 acre1 acre1 acre

1”WQV 0.25”WQV 0.25”WQV0.25”WQV 0.25”WQV

Removes 12.7 lbs
N/ac/yr

Each removes 10 lbs N/ac/yr for a total of 40 lbs

DRAINAGE
AREA

BIORETENTION

POLLUTANT 
LOAD 

REDUCTION

COST

•$40K  can build one large system or 4 smaller systems

•An additional 27 lbs of nitrogen per year at nearly equivalent costs, or approx. 315% increase.
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◼ Most pretreatment approaches are hugely inadequate

◼ Goal is to use existing staff, equipment for standard catch basin cleaning

◼ Appropriate for land-use and trash and debris load

◼ Separate maintenance for aesthetics (frequent) and functionality 

(infrequent)

Low Maintenance Asset Management

Condition Shortly after Install

Condition after Winter
Image Source: NYC Office of Green Infrastructure
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Street Sweeping

◼ Weekly; High-Efficiency Regenerative Air-Vacuum 

◼ NRF = 0.1, 10% RE

◼ Applicable for all roadways

◼ Commercial and Industrial Impervious = 15.0 lbs N/acre/year

◼ Residential Impervious = 14.1 lbs N/acre/year

◼ Highway Impervious = 10.5 lbs N/acre/year

◼ All assumed to be highway because not subdivided by LU type

◼ [IA] x [NLER] x [NRF] = [14.1 - [0.1*14.1]] = 12.69 lbs N/ac/yr

◼ Sweeper Cost to operate (sweeper, fuel, maint, operator, 

benefits) = $112/hr

◼ Acres swept/day/sweeper = 27.5 acres/day

◼ Disposal Cost = $6.5/cyd

◼ Unit Cost Sweeping and Disposal = $31.52/ac

◼ Material swept per acre = 0.47 cyds/acre

◼ Unit cost $21-30/lb N
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Leaf Litter Collection 

◼ Approx at least 4 times during fall

◼ Leaves vacuumed, or manually loaded into vehicle, such as a 

garbage truck or covered dump truck. 

◼ Within 24 hours of leaf collection, remaining leaf litter in the 

street collected using street sweeping

◼ NRF = 0.05, 5% RE (0.05 by MS4)

◼ Applicable for all residential areas excluding ROW

◼ Leaf Collection Cost to operate 5 vehicles per day (equipment, 

fuel, maint, operator, benefits) = $309/hr

◼ Acres per day = 232

◼ Cost leaf litter pick up $11/acre

◼ Unit cost weighted average approx. $345/lb N

◼ [DA] x [NLER] x [NRF] = [3.6 - [0.05*3.6]] = 3.42 lbs N/ac/yr
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Catch Basin Cleaning

◼ Applicable for all roadways

◼ Commercial and Industrial Impervious = 15.0 lbs N/acre/year

◼ Residential Impervious = 14.1 lbs N/acre/year

◼ Highway Impervious = 10.5 lbs N/acre/year

◼ All assumed to be highway because not subdivided by LU type

◼ NRF = 0.06 (NH MS4 Permit)

◼ Catch basins per day per vehicle 5

◼ Labor and Equip Rate $/HR $100.00 

◼ Cost per catch basin $160.00

◼ Est CB IC Drainage area 0.501 acres

◼ Cost per acre $320.00

◼ Unit cost weighted average approx. $378/lb N

◼ [DA] x [NLER] x [NRF] = [10.5 - [0.06*10.5]] = 9.87 lbs N/ac/yr
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Urban Fertilizer Control

◼ Based on GBNNPSS Appendix E

◼ Applicable for residential pervious, golf courses, schools, park

◼ 2.4 lbs N/acre/year (HSG-C), ranges 0.3 (HSG-A) - 3.6 (HSG-D)

◼ NRF = 0.09 (CBP) 

◼ MS4 permit only specifies a phosphorus reduction credit for this

◼ CBP =6% RE for low risk, 20% for high risk lawns, 9% for ‘blended’

◼ Assumes 45% of residential lawns are fertilized

◼ Cost per acre $74.00 (from ORIWMP)

◼ Unit cost weighted average approx. $343/lb N

◼ [DA] x [NLER] x [NRF] = [2.4 - [0.09*2.4]] = 2.2 lbs N/ac/yr
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Septic System Retrofits

Retrofit

◼ Applicable for  residential, over 19,000 septic systems 

within the regulated communities

◼ Based on GBNNPSS App G

◼ 10.6 lbs N/person/yr

◼ # of septic systems per community, population

◼ NRF = 0.6,  60% RE by MA Septic System Test Center. 

◼ Cost per system $4,000

◼ Unit cost weighted average approx. $629/lb N

◼ [# of Systems] x [NLER] x [NRF] = [10.6 - [0.6*10.6]] = 

4.2 lbs N/ac/yr

◼ State supported retrofit programs exist
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Credit Trading 

◼ Nitrogen credit trading has great potential, and a market demand for trading could be developed.

◼ Upper watershed communities, often unregulated, have tremendous potential for the lowest-cost nutrient 

controls, such as agricultural BMPs and buffer protection. 

◼ The 12 communities within the TNGP represent 35% of the land area within the Great Bay watershed.

Septic System Retrofit Programs

◼ This study identified septic system retrofits that could cost effectively reduce nearly 40% of the NPS load

◼ Would likely require a state coordinated effort similar to other successful examples in FL and NY.

◼ Incentive program that offsets homeowner costs by providing up to $10,000 in targeted areas . 

Future Considerations
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Conclusions
◼ Communities have expressed their fear of exorbitant costs and the 

lack of ability to implement the TNGP. 

◼ Cost estimates to comply with the TNGP could be astronomically high 

if using conventional strategies. 

◼ To solve this problem with conventional wastewater treatment facilities 

and stormwater management would be exorbitant. New problems will 

require new solutions that will be far cheaper.

◼ The draft TNGP is basically an open door to innovative nutrient control 

strategies so long as they are defensible and trackable. 

◼ This plan represents one scenario of many possible pathways - each 

community will need to determine what combination of management 

approaches is most suitable and achievable. 

◼ The solution to this wicked problem will need to come from the 

communities and their consultants working together with EPA.
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Melissa Paly, Great Bay Water Keeper mpaly@clf.org 

Robert Roseen, PHD, PE, DWRE   rroseen@waterstone-eng.com

THANK YOU

mailto:rroseen@Waterstone-eng.com
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