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WATER QUALITY STANDARDS IN MS4 PERMITS

GENERIC
• NO AUTHORIZATION FOR THOSE 

DISCHARGES NOT MEETING WATER QUALITY 
STANDARDS

2003 PHASE II MA/NH PERMIT APPROACH

SPECIFIC
• SPECIFIC BMP IMPLEMENTATION 

REQUIREMENTS ABOVE MEP

• NUMERIC TARGETS WHERE APPLICABLE

• SCHEDULES WHERE APPROPRIATE 

2016 PHASE II MA PERMIT APPROACH



HISTORICAL OVERVIEW

Charles River P TMDLs, 
(Lower 2002–2007

Upper/Middle 2006-2011)

Sustainable 
Funding Study 

&
EPA Updated  
Optimization 
Analysis, 2011

SW Control 
Performance 

Analyses 
2010

Accounting System 
Phosphorus Source 
Loads &  Credible 

SW Control 
Reduction Credits 

~2014

MS4 Permits
with TMDL 

Related 
Reductions 

Requirements
MA Final (2016)

BMP Performance Curve: Gravel Wetland
Land Use: Commercial 
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Stormwater 
Management 
Optimization 
Analysis, 2010

Permitting Tools: Stormwater 
Management Optimization 

Tool “Opti-Tool” (2016), and 
BMP Accounting and 

Tracking Tool “BATT” (2016)



PERFORMANCE CURVE CONCEPT
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Physical Storage Design Capacity, Impervious Surface Runoff  Depth 
(inches)

SW Control Performance Curves 
Surface Infiltration Practices

rain gardens, swales, basins, etc.
(Saturated Soil Infiltration Rate 0.52 in/hr)

TP Volume

Small Rain Garden http://www.flickr.com/photos/cdwilliams1/2915660835/
Larger Stormwater Basin http://www.flickr.com/photos/leonizzy/6232922661/

http://www.flickr.com/photos/cdwilliams1/2915660835/
http://www.flickr.com/photos/leonizzy/6232922661/
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Cost per Pound of Phosphorus Removed by Gravel Wetland System 
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Percentage of Impervious Area Treated in Charles River Watershed of Milford, 
Bellingham & Franklin, MA 

Estimated Construction Costs for Structural Stormwater Controls to 
Achieve a 40 % Reduction in Phosphorus Load form the Charles 

River Watershed  in Milford, Bellingham & Franklin based on 
Amount of Impervious Area Treated 



NEW ENGLAND REGION  PRECIPITATION 
PATTERNS 

• MOST RAIN EVENTS ARE SMALL IN SIZE;

• OCCUR REGULARLY (AVERAGE ABOUT 
ONCE EVERY THREE DAYS)

• THE TOTAL VOLUME AND EVENT SIZE 
DISTRIBUTION ARE RELATIVELY CONSISTENT 
ACROSS NEW ENGLAND REGION

• IMPORTANT DRIVER FOR POLLUTANT LOAD 
DELIVERY AND CUMULATIVE 
PERFORMANCE OF SW CONTROLS

39%

27%

14%

5% 7%

3% 3%

Distribution of Precipitation Events by Depth; Boston, MA 
1992-2014 

(excludes all events with depths < 0.05 inches)

0.05 -0.2
inches

0.2 - 0.5
inches

0.5 - 0.8
inches

0.8 - 1.0
inches

1.0 - 1.5
inches

1.5 - 2.0
inches

> 2.0 inches



2 PHOSPHORUS 
TMDLS -

CHARLES RIVER 
WATERSHED

• 308 SQUARE MILE 
WATERSHED (61 SQ. MI. 
(39,000 AC.) OF 
IMPERVIOUS COVER (IC)

• 80 MILES IN LENGTH

• 35 CITIES AND TOWNS

• ~900,000 POPULATION

• ~747,000 IN BOSTON, 
CAMBRIDGE AND 

BROOKLINE



LOWER CHARLES RIVER PHOSPHORUS TMDL 
WASTE LOAD ALLOCATIONS

Source
Existing Load 

(kg/year) 
(1998-2002)

Waste Load 
Allocation 
(kg/year)

Load Allocation 
(kg/year)

TMDL 
(kg/year)

% Reduction

Upstream 
Watershed at 
Watertown Dama 28,925 15,109 0 15,109 48%

CSOsb 2,263 90c 0 90c 96%

Stony Brook 
Watershed   

5,123 1,950 0 1,950 62%

Muddy River 
Watershed

1,549 590 0 590 62%

Laundry Brook 
Watershed

409 155 0 155 62%

Faneuil Brook 
Watershed

326 125 0 125 62%

Other Drainage 
Areas

1,455 550 0 550 62%

Explicit Margin of 
Safety

- - - 979

TOTAL 40,050 18,565 0 19,544 54%



UPPER/MIDDLE AND LOWER CHARLES TMDL WLAS

Land Use Group
Upper TMDL WLA
% Reduction Rate

Lower TMDL WLA % Reduction 
Rate

Commercial 65% 62%

Industrial 65% 62%

High Density Residential 65% 62%

Medium Density Residential 65% 62%

Low Density Residential 45% 62%

Highway 65% 62%

Open Space 35% 62%

Agriculture 35% 62%

Forest 0% 0%



Land use based TP 
reduction 

requirements from 
Charles River 

TMDLs

Permittee specific 
allocations

TP reduction 
requirements for 

MS4 permit 
holders



INTERPRETATION OF WLAS



NUMERIC REDUCTION REQUIREMENTS IN THE PERMIT

Baseline 
(lb/yr)

Reduction 
(lb/yr)

Reduction 
(%)

Baseline 
(lb/yr)

Reduction 
(lb/yr)

Reduction 
(%)

Bellingham 2,112 759 36 1,790 670 37
Franklin 5,219 1,916 37 5,146 1,905 37
Medway 2,351 743 32 2,293 723 32
Natick 2,531 946 37 2,276 886 39
Somerville 1,870 300 16 448 95 21

Community

Community - Table F1 Regulated Area - Table F2
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DEMONSTRATING COMPLIANCE



GENERATION OF SW CONTROL PERFORMANCE 
CURVES

FOR NEW ENGLAND REGION 

Surface Infiltration 
(6 infiltration rates)

Infiltration trenches
(6 infiltration rates)

Bio-filtration

Porous pavement 
with underdrain

WQ Swales
(non-infiltration)

Gravel wetland

SW Controls

Enhanced Bio-filtration*
* Optimized for N and P removal

BMP Performance Curve: Infiltration Trench
Land Use: Commercial 

(Soil infiltration rate 0.17 in/hr)
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BMP Performance Curve: Gravel Wetland
Land Use: Commercial 
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BMP Performance Curve: Biorentention
Land Use: Commercial 
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BATT



BATT AUTOMATED CALCULATIONS

LAND AREA POLLUTANT 
LOADING:

• BASED ON LAND USE, SOIL TYPE, 
IMPERVIOUS AREA

• ANNUAL PHOSPHORUS LOAD EXPORT RATES 
(PLERS) FROM PERMIT BUILT INTO TOOL

BMP POLLUTANT REDUCTIONS:

• EPA/TETRATECH WORK ON BMP CURVES FOR 
STRUCTURAL BMPS IN PERMIT AND BUILT 
INTO TOOL

• LITERATURE VALUES FOR NON-STRUCTURAL 
BMPS FROM PERMIT BUILT INTO TOOL



OPTI-TOOL

• A SPREADSHEET-BASED BMP 
OPTIMIZATION TOOL

• PLANNING LEVEL ANALYSIS 
(EPA REGION 1 BMP 
PERFORMANCE CURVES)

• IMPLEMENTATION LEVEL 
ANALYSIS (EPA SUSTAIN 
BMP SIMULATION AND 
OPTIMIZATION ENGINE)

• CUSTOMIZED FOR EPA REGION 1 
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THANK YOU
MA SMALL MS4 WEBSITE:

HTTPS://WWW.EPA.GOV/NPDES-PERMITS/MASSACHUSETTS-SMALL-MS4-GENERAL-PERMIT

Mark Voorhees
Voorhees.mark@epa.gov
617-918-1537

Newton Tedder
Tedder.newton@epa.gov
617-918-1038

https://www.epa.gov/npdes-permits/massachusetts-small-ms4-general-permit
mailto:Voorhees.mark@epa.gov
mailto:Tedder.newton@epa.gov
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