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Stormwater Site Assessment Form  GREENFIELD, MA 

Inspection Data 

Municipality 
Greenfield, MA 

Site  

Legion Ave parking lot 
Date  
9/2/20 

Staff 
H. Farrell, FRCOG 
A. Twarog, Engineering 
Superintendent 

Weather 
Rain 
 

Temperature  
62-65 deg. F 

Site Conditions During Inspection  
Continuous rain, sheeting stormwater, 
active drainage 

Site Analysis 

Property Ownership 
Municipal, private 

Land Use 
Paved parking 

Impervious Surfaces 
Street paving, driveways, 
rooftops 

Soils 
Not tested 

Waterbodies Nearby 
No 

Seasonal High 
Water  
Not assessed 

Utilities  
Underground utilities, 
overhead wires 

Contamination/hotspots 
Adjacent brownfield, 
former historic mill site 

 

Site Description 

The site is the parking lot behind Greenfield’s Market in downtown Greenfield. The parking lot 

is approximately 150’ x 300’ and is 100% paved. There is a vegetated edge on the east boundary 

along the railroad right-of-way (ROW).  The commercial buildings along Main Street are located 

to the south and Patriot Care to the north. A former mill site and possible brownfield is 

northwest of the parking lot and is currently covered by turf. There is a continuous downhill 

slope across the site that drains stormwater to an existing catch basin in the northeast corner 

of the parking lot at the edge of the paved area. There is approximately 50’ x 50’ of open space 

surrounding the catch basin. The low point of the drainage area is between Patriot Care and the 

railroad ROW. 
 

 

 

 

 

 

On-site Interference & Adjacencies of Concern 

√ Utilities underground √ Buildings, driveways  High Water Table 
√ Trees √ Fencing, Paving, Curbs √ Surrounding Land Uses 

 Significant slopes √ Roads or Rails √ Abutters/Driveways 
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Recommended Stormwater BMPs for Legion Ave parking lot 

Mass Clean Water Toolkit1 
 

√ Bioretention Area  Vegetated Filter Strip 

√ Sediment Forebay  Lined Waterway  

 Dry Detention Basin  Drainage Channel with Check Dams  

 Extended Detention Basins √ Water Quality Swales (Grass or Vegetation) 

 Deep Sump Catch Basin  Infiltration Trenches 
√ Infiltration-Recharge Basins √ Outlet Sediment Trap 

 Subsurface Recharge or Leaching Basin  Constructed Stormwater Wetlands 

 Wet Basin √ Proprietary Separators 

 Permeable Paving  Flow Splitter 
√ Catch Basin Maintenance √ Road Salt Management 

√ Street Sweeping  Hazardous Materials Storage 

 Snow Disposal  DPW Pollution Prevention  

 Stormdrain Stenciling  Spill Prevention and Control Plans 

 Green Roofs  Lawn & Landscaping Education 

 Cisterns and Rain Barrels    Integrated Pest Management 
√ Rain Garden √ Tree and Shrub Planting 

 

BMP Concept - See attached maps and BMP fact sheets  

Stormwater runoff from the parking lot should flow into a sediment forebay connected to a 

bioretention area for short-term holding, pre-treatment and infiltration. Basin can be planted 

as a rain garden with low-maintenance native shrubs, trees, and herbaceous perennials. 

 

Parking lot design features linear bioretention areas between rows of parking and along paved 

edge for short-term holding, pre-treatment and infiltration of sheet flow. Basins can be planted 

as rain gardens, including with low-maintenance native shrubs, trees, and herbaceous 

perennials. 

 

Runoff from the parking lot has the potential for high concentrations of oil and grease. Assess 

the need for a proprietary oil grit separator, sand filter or equivalent to be added to the 

treatment train. Catch basins in the vicinity can be upgraded to deep sump catch basins. BMPs 

are more successful when used in combination as described, can be used individually in 

constrained locations or if funding is limited, and are especially important to protect adjacent 

natural resources.   

  

                                                           
1 Mass Clean Water Toolkit - http://prj.geosyntec.com/npsmanual/default.aspx 



*Concept design is for planning purposes
only. Design is conceptual, not to scale,
and represents approximate locations of
recommended BMPs.

Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AeroGRID, IGN, and the GIS User Community, Esri, HERE, Garmin, (c)
OpenStreetMap contributors, and the GIS user community

I

Legion Avenue/Greenfield Market Public Parking Lot

Stormwater Best Management Practices (BMPs) Concept Design
Franklin County Sustainable Stormwater Pilot Project

0 60 12030
Feet

Legion Avenue/Greenfields Market Public Parking Lot
STORMWATER BMPS PROJECT AREA

Stormwater runoff from the parking lot flows into a sediment
forebay (blue circle) connected to a bioretention area (green
circle) for short-term holding, pre-treatment and infiltration.
Basin can be planted as a raingarden with low-maintenance
native shrubs, trees, and herbaceous perennials. Surplus
stormwater can overflow into the existing catch basin.

Parking lot design features linear bioretention areas
(green rectangles) between rows of parking and along
paved edge for short-term holding, pre-treatment and
infiltration of sheet flow. Basins can be planted as
raingardens, including with low-maintenance native
shrubs, trees, and herbaceous perennials.
Parking lot runoff has the potential for high
concentrations of oil and grease. Assess the need for a
proprietary oil grit separator, sand filter or equivalent to
be added to the treatment train. Catch basins in the
vicinity can be upgraded to deep sump catch basins.

CITY OF GREENFIELD
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Stormwater Site Assessment Form  GREENFIELD, MA 

Inspection Data 

Municipality 
Greenfield, MA 

Site  

34 Riddell Street 

Date  
9/2/20 

Staff 
H. Farrell, FRCOG 
A. Twarog, Engineering 
Superintendent 

Weather 
Rain 
 

Temperature  
62-65 deg. F 

Site Conditions During Inspection  
Continuous rain, sheeting stormwater, 
active drainage 

 

Site Analysis 

Property Ownership 
Municipal 

Land Use 
Industrial, Mixed-Use   

Impervious Surfaces 
Street and rooftop 

Soils 
Not tested 

Waterbodies 
Nearby 
Maple Brook culvert 
underground 

Water Table  
Not assessed 

Utilities  
Overhead power 
lines, underground 
utilities, catch basins 
and storm sewer. 

Contamination/hotspots 
Brownfield, Historic mill 
site 

 

Site Description 

The industrial building site was formerly used for automobile manufacturing and is a brownfield 

that the City is working to redevelop. There is a narrow open space adjacent to the building on 

the west side where the Maple Brook runs through a culvert underground. An adjacent site, 

approximately 150’ x 300’ to the west of 34 Riddell Street is the location of an engineered dry 

basin that is connected to the Maple Brook culvert. The basin was constructed by the City to 

accommodate surplus stormwater from the Maple Brook to relieve stormwater pressure and 

flooding along the length of the brook.  However, the basin is not functioning as it should and 

needs to be reevaluated by a professional engineer. Access to the dry basin is off of Beacon 

Street to the south. The site of the dry basin is a former two-family home lot that is fenced off 

from abutters. 

 
 

 

 

On-site Interference & Adjacencies of Concern 

√ Utilities above/underground √ Buildings √ High Water Table 

√ Trees √ Fencing, Paving, Curbs  Surrounding Land Uses 

 Significant slopes √ Roads or Rails √ Abutters/Driveways 
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Recommended Stormwater BMPs for 34 Riddell Street 

Mass Clean Water Toolkit2 
 

√ Bioretention Area  Vegetated Filter Strip 

√ Sediment Forebay  Lined Waterway  

√ Dry Detention Basin  Drainage Channel with Check Dams  

 Extended Detention Basins √ Water Quality Swales (Grass or Vegetation) 

√ Deep Sump Catch Basin  Infiltration Trenches 

 Infiltration-Recharge Basins √ Outlet Sediment Trap 

 Subsurface Recharge or Leaching Basin  Constructed Stormwater Wetlands 

 Wet Basin  Proprietary Separators 

 Permeable Paving  Flow Splitter 
√ Catch Basin Maintenance √ Road Salt Management 

√ Street Sweeping  Hazardous Materials Storage 

 Snow Disposal  DPW Pollution Prevention  

 Stormdrain Stenciling  Spill Prevention and Control Plans 
√ Green Roofs √ Lawn & Landscaping Education 

√ Cisterns and Rain Barrels   √ Integrated Pest Management 
√ Rain Garden √ Tree and Shrub Planting 
√ Other: Parking Lot Design √ Other: Stream Daylighting 

 

BMP Concept - See attached maps and BMP fact sheets  

The former industrial building site is to be remediated and redeveloped. Opportunities for 

stormwater BMPs in new construction include planted green roofs, rainwater harvesting, 

storage and reuse, parking lot design with linear bioretention areas between rows of parking 

and along sidewalk edges for short-term holding, pre-treatment and infiltration of stormwater, 

and raingardens planted with low-maintenance native shrubs, trees, and herbaceous 

perennials. 

 

Chronic flooding persists along the length of the Maple Brook culvert system. Look for 

opportunities to daylight the brook along the location of Maple Brook culvert and reconnect it 

to its floodplain and/or constructed flood storage areas. 

 

The adjacent site with frontage on Beacon Street (former house lot) is the location of a dry 

basin that was engineered to receive and retain stormwater surges from the Maple Brook 

culvert to alleviate pressure on the underground culvert and reduce associated flooding. The 

dry basin has not been working as intended and requires reevaluation by a professional 

engineer. 

                                                           
2 Mass Clean Water Toolkit - http://prj.geosyntec.com/npsmanual/default.aspx 

TFlanders
Cross-out




Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AeroGRID, IGN, and the GIS User Community, Esri, HERE, Garmin, (c)
OpenStreetMap contributors, and the GIS user community

I

34 Riddell Street

Stormwater Best Management Practices (BMPs) Concept Design
Franklin County Sustainable Stormwater Pilot Project

0 30 6015
Feet

34 Riddell Street 
STORMWATER BMPS PROJECT AREA

Adjacent site with frontage on Beacon Street (former
house lot) is the location of a dry basin that was
engineered to receive and retain stormwater surges
from Maple Brook to alleviate pressure on the
underground culvert and associated flooding. The
dry basin has not been working as intended and
requires reevaluation by a professional engineer.

Former industrial building site to be remediated and
redeveloped. Opportunities for stormwater BMPs in new
construction include, planted green roofs and rainwater
harvesting, storage and reuse on the building, parking lot
design with linear bioretention areas between rows of
parking and along sidewalk edges for short-term holding,
pre-treatment and infiltration of stormwater, and
raingardens planted with low-maintenance native shrubs,
trees, and herbaceous perennials.

Location of Maple Brook
culvert. Chronic flooding
persists along the length of
the Maple Brook culvert
system. Look for
opportunities to daylight the
brook and reconnect it to its
floodplain and/or constructed
flood storage areas.

*Concept design is for planning
purposes only. Design is conceptual, not
to scale, and represents approximate
locations of recommended BMPs.

CITY OF GREENFIELD
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Stormwater Site Assessment Form  ORANGE, MA 

Inspection Data 

Municipality 
Orange, MA 

Site  

Town Center  
catch basins 

Date  
JAN 2021 

Staff 
H.Farrell, FRCOG 
Colin Killay, Orange Highway Dept. 
Ivan Ussach, Millers River Watershed 
Association 

 

Site Analysis 

Property Ownership 
Town streets and ROW 

Land Use 
Urban 
Residential 

Impervious Surfaces 
Streets, private driveways, 
rooftops 

Soils 
Not tested 

Waterbodies Nearby 
Millers River and 
tributaries 

Seasonal High 
Water  
Not assessed 

Utilities  
Overhead powerlines, 
underground utilities, 
stormwater structures. 

Contamination/hotspots 
None known 

 

Site Description 

The need for ongoing maintenance and funding to implement catch basin cleaning has 
outpaced the Highway Department’s ability to keep up with this important work.  As of spring 
2021, the Town has not cleaned basins for at least four years.   
 
Orange also needs an updated inventory of its current catch basins to support on-going 
maintenance.  The Highway Superintendent began creating a map by hand this spring, but the 
task required much more time than he could afford to spend. FRCOG transportation planning 
staff have been providing technical assistance in conducting this work for Franklin County 
towns through the District Local Technical Assistance (DLTA) program.  Orange can request a 
culvert inventory through DLTA and also continue participating in collective procurement for 
catch basin maintenance through FRCOG to help keep costs down.   
 
The Orange Highway Superintendent reported recently that the Town Finance Committee has 
approved adding $16K into the Highway budget to do catch basin cleaning pending approval at 
the 2021 Annual Town Meeting.  According to the superintendent, the Town appears to 
understand that catch basin cleaning needs to be every year and needs to be in the budget 
each year, barring any fiscal disaster. He expects to have enough funding to clean about 400 
catch basins in the summer and fall of 2021.    
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Recommended Stormwater BMPs  

Mass Clean Water Toolkit1 
 

√ Bioretention Area √ Vegetated Filter Strip 

√ Sediment Forebay  Lined Waterway  

√ Dry Detention Basin  Drainage Channel with Check Dams  

 Extended Detention Basins √ Water Quality Swales (Grass or Vegetation) 
√ Deep Sump Catch Basin √ Infiltration Trenches 
√ Infiltration-Recharge Basins √ Outlet Sediment Trap 

√ Subsurface Recharge or Leaching Basin  Constructed Stormwater Wetlands 

 Wet Basin √ Proprietary Separators 

√ Permeable Paving  Flow Splitter 
√ Catch Basin Maintenance √ Road Salt Management 

√ Street Sweeping  Hazardous Materials Storage 
√ Snow Disposal √ DPW Pollution Prevention  
√ Stormdrain Stenciling √ Spill Prevention and Control Plans 

 Green Roofs √ Lawn & Landscaping Education 

√ Cisterns and Rain Barrels    Integrated Pest Management 
√ Rain Garden √ Tree and Shrub Planting 

 

BMP Concept - See attached maps and BMP fact sheets 

Seek funding to complete prioritized catch basin maintenance in the downtown area, especially 

the main lines on East Main Street, West Main Street, West River Street, East River Street and 

South Main Street. Note that the priority area includes four tributaries and their confluences 

with the Millers River. Structures that outlet to these tributaries should also be prioritized for 

cleaning and maintenance. 

In addition to catch basin cleaning in the priority area, implementing other stormwater BMPs 
for temporarily holding and infiltration stormwater and for capturing/settling mobilized 
sediment (such as those indicated in the checklist above), as well as engaging residents and 
homeowners in applying stormwater management practices on private property can help 
mitigating flash flooding.  Utilizing structural and non-structural stormwater BMPs is especially 
important given the close proximity to wetland areas and BioMap Core Habitat.  Implementing 
stormwater BMPs in combination, as a “treatment train”, is more effective than isolated 
projects or stormwater strategies. 
 

  

                                                           
1 Mass Clean Water Toolkit - http://prj.geosyntec.com/npsmanual/default.aspx 



Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), (c) OpenStreetMap
contributors, and the GIS User Community

ITOWN OF ORANGE
Stormwater Best Management Practices (BMPs) Concept Design
Franklin County Sustainable Stormwater Pilot Project

BioMap 2 Core Habitat

Streams

200ft River Buffer

Wetlands

0 250 500 750 1,000Feet

Catch Basin Maintenance Priorities

Prioritized catch basins for maintenance and potential upgrades are
concentrated in the downtown area, especially the main lines on East
Main Street, West Main Street, West River Street, East River Street
and South Main Street.
Note that the priority area includes four tributaries and their
confluences with the Millers River.

* Structural and non-structural
stormwater BMPs are especially
important in very close proximity
to the Millers River and BioMap2

Core Habitat.

*Concept design is for planning purposes only. Design is
conceptual, not to scale, and represents approximate
locations of recommended BMPs.
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Stormwater Site Assessment Form  ORANGE, MA 

Inspection Data 

Municipality 
Orange, MA 

Site  

South Main Street 

Date  
APRIL 2021 

Staff 
H. Farrell, FRCOG 
Alec Wade, Community Development 
Director. 

 

Site Analysis 

Property Ownership 
Town owned, ROW 

Land Use 
Urban Streetscape, urban 
residential 

Impervious Surfaces 
Streets, sidewalks, 
buildings, rooftops 

Soils 
Not tested 

Waterbodies 
Nearby 
Millers River and 
tributaries 

Water Table  
Not assessed 

Utilities  
Overhead 
powerlines, 
underground 
utilities 

Contamination/hotspots 
Tier II Facility 

 

Site Description 

South Main Street extends in a north-south direction, on the south side of the Millers River and 

the center of Town.  With funding from a MassWorks Infrastructure Grants, the Town’s capital 

stabilization fund for beautification of streets and green infrastructure upgrades, and other 

funding, approximately 3,000 linear feet of South Main Street will undergo roadway and 

sidewalk redevelopment in a project area that stretches from West River Street to Gay Street.  

Work will include road resurfacing and new sidewalks and represents a prime opportunity to 

incorporate green infrastructure and stormwater BMPs into the design, planning and 

implementation of a major downtown revitalization project that is also located in the Town’s 

priority stormwater management and water resource protection area.  

  
 

 

 

 

 

On-site Interference & Adjacencies of Concern 

√ Utilities above/underground √ Buildings √ Abutters  
√ Trees √ Fencing, Paving, Curbs √ Surrounding Land Uses 

 Significant slopes √ Roads or Rails  Depth to Bedrock 
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Recommended Stormwater BMPs for SOUTH MAIN STREET 

Mass Clean Water Toolkit2 
 

√ Bioretention Area √ Vegetated Filter Strip 

 Sediment Forebay  Lined Waterway  

 Dry Detention Basin  Drainage Channel with Check Dams  

 Extended Detention Basins  Water Quality Swales (Grass or Vegetation) 

√ Deep Sump Catch Basin  Infiltration Trenches 

 Infiltration-Recharge Basins  Outlet Sediment Trap 

 Subsurface Recharge or Leaching Basin  Constructed Stormwater Wetlands 

 Wet Basin √ Proprietary Separators 

 Permeable Paving  Flow Splitter 

√ Catch Basin Maintenance  Road Salt Management 

√ Street Sweeping  Hazardous Materials Storage 

 Snow Disposal  DPW Pollution Prevention  

√ Stormdrain Stenciling  Spill Prevention and Control Plans 

 Green Roofs √ Lawn & Landscaping Education 

 Cisterns and Rain Barrels    Integrated Pest Management 
√ Rain Garden √ Tree and Shrub Planting  

 

BMP Concept - See attached maps and BMP fact sheets. 

Incorporate linear bioretention areas (raingardens) into designs for the proposed new sidewalk 

and beautification improvements along 3,000 linear feet proposed project area on South Main 

Street between West River Street and Gay Street. Sidewalk resurfacing and grading should shed 

stormwater quickly into a series of linear bioretention areas/raingardens directly between the 

road ROW and the sidewalk for short-term holding and infiltration. Bioretention areas should 

overflow into upgraded deep sump catch basins and/or a separated storm sewer.  Upgrade 

existing catch basins to deep sump catch basins. Include native street trees and shrubs into 

streetscape beautification plantings, especially in the bioretention areas/raingardens.  Practice 

non-structural stormwater BMPs, including regular catch basin cleaning/maintenance and 

street sweeping. 

Bioretention areas/raingardens should be planted with low-maintenance native shrubs and 

canopy street trees. Maintenance of bioretention areas consists of removing trash, sediment 

buildup and plant debris at least 2x annually, mulching as needed.  

BMPs are more successful when used in combination as described, can be used individually in 

constrained locations or if funding is limited, and are especially important to protect adjacent 

natural resources.   

                                                           
2 Mass Clean Water Toolkit - http://prj.geosyntec.com/npsmanual/default.aspx 



Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO,
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong Kong), (c) OpenStreetMap contributors, and the GIS User
Community

Upgrade existing
catchbasins to deep sump

catchbasins. Practice
non-structural stormwater
BMPs, including regular

catchbasin
cleaning/maintenance and

street sweeping.

*Concept design is for planning purposes
only. Design is conceptual, not to scale,
and represents approximate locations of
recommended BMPs.

I
TOWN OF ORANGE

SOUTH MAIN STREET_MassWorks/Street Beautification Project

Stormwater Best Management Practices (BMPs) Concept Design
Franklin County Sustainable Stormwater Pilot Project

0 500 1000250
Feet

Incorporate linear bioretention areas (rain
gardens) into designs for the proposed new
sidewalk and beautification improvements
along 3,000 linear feet proposed project area
on South Main Street between West River
Street to Gay Street. Sidewalk resurfacing
and grading should shed stormwater quickly
into a series of  linear bioretention areas/rain
gardens directly between the road ROW and
the sidewalk for short-term holding and
infiltration. Bioretention areas should
overflow into upgraded deep sump
catchbasins and/or a separated storm sewer.

Bioretention areas/rain gardens should be
planted with low-maintenance native shrubs
and canopy street trees. Maintenance of
bioretention areas consists of removing
trash, sediment buildup and plant debris at
least 2x annually, mulching as needed.

Stormwater BMPs integration with planned upgrade and beautification project on South Main Street:



Town of Erving 

Stormwater Site Assessments and Conceptual Designs 
 

A Downtown Revitalization Pilot Community 
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Stormwater Site Assessment Form  ERVING, MA 

Inspection Data 

Municipality 
Erving, MA 

Site  

Briggs Street 

Date  
Nov 2020 

Staff 
H. Farrell, FRCOG 
Erving Highway Dept. 
Mariah Kurtz, Planning Dept. 

Weather 
Overcast, light drizzle 
 

Temperature  
45 deg. F 

Site Conditions During Inspection  
Raining, observable runoff 

 

Site Analysis 

Property Ownership 
Town street and ROW 

Land Use 
Rural 
Residential 

Impervious Surfaces 
Private driveways, rooftops 

Soils 
Not tested 

Waterbodies Nearby 
200’ stream buffer to the 
east. Wetland @ base of 
hill on other side of Rte. 2. 

Seasonal High 
Water  
Not assessed 

Utilities  
Overhead powerlines, 
likely underground utilities, 
stormwater structures. 

Contamination/hotspots 
None known 

 

Site Description 

The site is a residential neighborhood settled into the slopes below Farley Ledges. Briggs Street 

ascends steeply northwest from Holmes Street, off Route 2, and forms a grid layout with 

adjacent side streets that form the neighborhood.  The road was recently re-crowned and 

paved. Prior to the street resurfacing, the stormwater would stay in the road and flow all the 

way down the hill to Holmes Street in ruts in the road surface. Runoff now quickly sheds from 

the road into the adjacent landscape. Residents have noticed a significant increase in water in 

their front yards. DPW has been receiving concerns and complaints from residents about the 

stormwater.  The Town’s ROW is much wider than the new paved surface, which is an 

opportunity for accommodating stormwater BMPs to better manage runoff from the road 

within the neighborhood context.  

 
 

 

 

On-site Interference & Adjacencies of Concern 

√ Utilities above/underground √ Buildings, driveways  High Water Table 
√ Trees √ Fencing, Paving, Curbs √ Depth to Bedrock 

√ Significant slopes  Roads or Rails √ Abutters/Driveways 
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Recommended Stormwater BMPs for BRIGGS STREET 

Mass Clean Water Toolkit1 
 

√ Bioretention Area  Vegetated Filter Strip 
√ Sediment Forebay √ Lined Waterway  

 Dry Detention Basin √ Drainage Channel with Check Dams  

 Extended Detention Basins  Water Quality Swales (Grass or Vegetation) 

√ Deep Sump Catch Basin  Infiltration Trenches 

 Infiltration-Recharge Basins  Outlet Sediment Trap 

 Subsurface Recharge or Leaching Basin  Constructed Stormwater Wetlands 

 Wet Basin  Proprietary Separators 

 Permeable Paving  Flow Splitter 

√ Catch Basin Maintenance  Road Salt Management 

 Street Sweeping  Hazardous Materials Storage 

 Snow Disposal  DPW Pollution Prevention  

 Stormdrain Stenciling  Spill Prevention and Control Plans 

 Green Roofs √ Lawn & Landscaping Education 

 Cisterns and Rain Barrels    Integrated Pest Management 
√ Rain Garden √ Tree and Shrub Planting 

 

BMP Concept - See attached maps and BMP fact sheets 
Newly planted street trees intercept rainfall and help to reduce runoff.  Roadside drainage 

channel/erosion resistant waterways receive runoff from the recently recrowned road surface on Briggs 

Street. A series of check dams in the waterway help slow, infiltrate and uptake stormwater. Waterways 

deliver stormwater to a series of raingardens situated within the road ROW.  Two to four basins could be 

created depending on what the DPW feels is suitable within the neighborhood setting. Due to the steep 

grade change, a series of smaller basins used in series may be necessary rather than one large 

raingarden. Basins should be located away from residents' driveways and away from where snow plows 

pile snow. Waterways and rain garden basins can be planted with native, herbaceous wet/dry tolerant 

species. Maintenance of lined waterways and raingardens will be needed at least 2x annually. Rain 

gardens overflow into inter-connected deep sump catch basins, which send surplus runoff into the 

existing storm sewer. A new sediment forebay and large bioretention area at base of the hill in the 

grassed area in between Holmes Street and Route 2 can be created to outlet stormwater and manage it 

on site. Cleanouts of the sediment forebay and catch basin will be needed at least 1x annually. 

Stormwater BMPs and the benefits they offer are more effective when used in combination, as a 

“treatment train”, as described above. BMPs can be used individually if necessary, if funding is limited. 

Stormwater BMPs are especially important to help protect habitat and water resources in the project 

area. Briggs Street is located near NHESP priority habitat and the 200’ river buffer of a perennial stream. 

                                                           
1 Mass Clean Water Toolkit - http://prj.geosyntec.com/npsmanual/default.aspx 



Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), (c) OpenStreetMap
contributors, and the GIS User Community

Wetlands
NHESP Priority Habitat
Streams
200ft River Buffer
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TOWN OF ERVING
Briggs Street Stormwater BMPS Concept Design

Stormwater Best Management Practices (BMPs) Concept Design
Franklin County Sustainable Stormwater Pilot Project

*Concept design is for planning
purposes only. Design is
conceptual, not to scale, and
represents approximate locations
of recommended BMPs.

Roadside drainage
channel/erosion resistant
waterways (blue lines)
receive runoff from recently
recrowned road surface. A
series of check dams and
tree plantings within the
waterway help slow, infiltrate
and uptake stormwater.

Waterways deliver stormwater to a
series of rain gardens (blue squares)
situated within the road ROW, 2 to 4
basins depending on how many fit
comfortably within the neighborhood
context. Due to the steep grade change,
a series of smaller basins used in series
is recommended instead of one large
rain garden. Basins should be located
to optimally capture runoff, at locations
away from residents' driveways and
from where snow plows pile snow. Plant
waterways and rain garden basins with
native herbaceous wet/dry tolerant
species.

BRIGGS STREET STORMWATER BMPS PROJECT AREA

New stormwater BMPs,
especially BMPs used in
combination (treatment train)
are important to help protect
the water and habitat resource
areas located in close
proximity to the project area.

Rain gardens overflow into inter-connected deep sump catch basins
(yellow circles), which connect to the storm sewer under Briggs and
Holmes (pink lines). Storm sewer outlets at a sediment forebay (blue circle)
with a large bioretention area (green oval) at the base of the hill in grassed
area in between Holmes Street and Rte. 2. Sediment forebay and catch
basin cleanouts will be needed at least 1x annually.
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Stormwater Site Assessment Form  ERVING, MA 

Inspection Data 

Municipality 
ERVING, MA 

Site  

Vets Field & Fire 
Station 

Date  
NOV 2020 

Staff 
H. Farrell, FRCOG 
Erving Highway Dept. 
Mariah Kurtz, Planning Dept. 

Weather 
Overcast, light drizzle 
 

Temperature  
42 deg. F 

Site Conditions During Inspection  
Raining, observable runoff 

 

Site Analysis 

Property Ownership 
Town owned 

Land Use 
Urban recreational. 
Critical facilities. 

Impervious Surfaces 
Large driveway and 
parking lot; rooftop 
of the Fire Station 

Soils 
Not tested 

Waterbodies 
Nearby 
No 

Water Table  
Not assessed. 
Groundwater table must 
be >6ft. from ground 
surface for subsurface 
BMPS to be suitable. 

Utilities  
Overhead 
powerlines, 
underground 
utilities 

Contamination/hotspots 
Possible, related to uses of 
Fire Station site.  
Not assessed. 

 

Site Description 

Veterans Memorial Field and the Erving Fire Station are located on Route 63 on parcels 

immediately south of the Route 2 overpass.  The sidewalk along the Route 63 frontage of Vets 

Field is flanked by a short, continuous slope that drains southwest toward the low point of the 

site in the vicinity of the existing tennis courts.  The surrounding park landscape includes 

basketball, baseball, and open green space. Some surfaces are impervious and significant 

compaction of soil underpinning the open green spaces is likely. The tennis courts are damaged 

and need to be removed, which offers an opportunity to increase stormwater infiltration near 

the low point of the site. Depending on depth to groundwater, removing the tennis courts also 

creates significant area for subsurface water storage. The fire station rooftop, driveway, and 

parking lot runoff can be captured, filtered, and stored. Potential for stormwater drainage 

surges from across Route 63 on Moore St. at Pleasant Street can be managed on site as well. 

 
 

On-site Interference & Adjacencies of Concern 

√ Utilities above/underground √ Buildings  High Water Table 
√ Trees √ Fencing, Paving, Curbs √  Surrounding Land Uses 

√ Significant slopes √ Roads or Rails  Abutters/Driveways 
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Recommended Stormwater BMPs for VETS FIELD and FIRE STATION 

Mass Clean Water Toolkit2 
 

√ Bioretention Area √ Vegetated Filter Strip 

√ Sediment Forebay  Lined Waterway  

 Dry Detention Basin  Drainage Channel with Check Dams  

 Extended Detention Basins √ Water Quality Swales (Grass or Vegetation) 
√ Deep Sump Catch Basin √ Infiltration Trenches 

√ Infiltration-Recharge Basins  Outlet Sediment Trap 

√ Subsurface Recharge or Leaching Basin  Constructed Stormwater Wetlands 

 Wet Basin √ Proprietary Separators 

 Permeable Paving  Flow Splitter 

 Catch Basin Maintenance  Road Salt Management 

 Street Sweeping  Hazardous Materials Storage 

 Snow Disposal  DPW Pollution Prevention  

 Stormdrain Stenciling  Spill Prevention and Control Plans 

 Green Roofs √ Lawn & Landscaping Education 

√ Cisterns and Rain Barrels    Integrated Pest Management 

 Rain Garden √ Tree and Shrub Planting  

 

BMP Concept - See attached maps and BMP fact sheets.  
A water quality swale shaped into the existing topography captures runoff from the adjacent sidewalk 

and street side of the park and distributes sheet flow through a vegetated filter strip to slow, filter and 

infiltrate runoff. Surplus stormwater leaves the water quality swale and enters a large bioretention area 

at the low-point of the site where it is pre-treated before entering another BMP: either a dry well that 

dissipates it into groundwater, or cisterns that store the water for use in the irrigation of the ball fields.  

Roadside drainage from Moore Street at Pleasant Street may also be delivered to and managed at the 

site, via a storm drain that outlets to a sediment forebay connected to the bioretention area. 

Stormwater runoff from the Fire Station driveway and parking lot has the potential for concentrations of 

oil and grease and should be conveyed to the bioretention area for pretreatment. If oil and grease are 

significant, an oil grit separator, sand filter, or equivalent can be added to the treatment train. 

Stormwater runoff from the roof of the Fire Station can be conveyed to and stored in the underground 

cisterns with minimal pre-treatment and either infiltrated to the water table or used for park irrigation. 

Cleanouts of the water quality swale, sediment forebay, and rain garden/bioretention area maintenance 

will be needed at least 2x annually.  

Stormwater BMPs can be implemented independently of planned road work and upgrades.  BMPs are 

more successful when used in combination as described, but can be used individually in constrained 

locations, and are especially important to protect adjacent natural resources.  

                                                           
2 Mass Clean Water Toolkit - http://prj.geosyntec.com/npsmanual/default.aspx 



Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

ITOWN OF ERVING

VETERANS MEMORIAL FIELD AND ERVING FIRE STATION
Stormwater BMPS Concept Design

Stormwater Best Management Practices (BMPs) Concept Design
Franklin County Sustainable Stormwater Pilot Project

0 10025 50 75
Feet

VETERANS MEMORIAL FIELD AND ERVING FIRE STATION 
STORMWATER BMPS PROJECT AREA

Fire Station

The water quality swale conveys stormwater into a large bioretention
area/rain garden (green rectangle) situated in the location of the tennis
courts (to be removed). The bioretention area provides pre-treatment of
the stormwater before it enters the (orange rectangle) subsurface BMP:
either a dry well where it can be safely dissipated into groundwater or
cisterns to store the water for use in the irrigation of the ball fields.

A water quality swale  (yellow rectangle) captures runoff
from the adjacent sidewalk and park edge, distributing
sheet flow through a vegetated filter strip to help slow
runoff, trap sediment, and promote infiltration.Surplus
stormwater is conveyed via a water quality swale into a
large bioretention area for pre-treatment.
Ideally, existing trees can remain when regrading
existing slope. Maintenance is needed to inspect and
treat erosion 2x/year, regularly mow the grass, reseed,
and remove sediment from toe of slope as needed.

Stormwater runoff from the roof
of the Fire Station can be stored
in the underground cisterns with
minimal pre-treatment and either
infiltrated to the water table or
used for park irrigation.

Roadside drainage from Moore
Street at Pleasant Street may
also be delivered to and
managed at the site, via storm
drains that outlet to a sediment
forebay (blue rectangle)
connected to the bioretention
area (green rectangle).
Stormwater runoff from the Fire
Station driveway and parking lot
has the potential for
concentrations of oil and grease
and should be conveyed to the
bioretention area for
pretreatment. If oil and grease is
significant, an oil grit separator,
sand filter or equivalent can be
added to the treatment train.

*Concept design is for planning purposes only. Design is
conceptual, not to scale, and represents approximate
locations of recommended BMPs.



Sustainable Stormwater Management Plan  

for Franklin County 

Stormwater BMPs from the Massachusetts Clean 

Water Toolkit1 
 

Recommended BMPs in Concept Designs developed  

for  Stormwater Pilot Communities 

                                                           
1 https://megamanual.geosyntec.com/npsmanual/bmpfactsheetmenu.aspx 
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Outlet Sediment Trap
From the MassHighway Storm Water Handbook for Highways and Bridges

Description:
An Outlet Sediment Trap is a small basin lined with riprap or
other suitable non-erosive lining, and located at the end of an
outlet pipe, paved waterway, or channel outlet. The Outlet
Sediment Trap is designed similar to a plunge pool, to dissipate
the energy of incoming runoff. It is also sized to detain the
runoff for initial settling of coarse particulates. Outlet Sediment
Traps may be used for pretreatment of runoff before it
discharges to another BMP, or they may be used as a BMP at
the outlet of a drain system without further downstream
treatment. This device can be employed where insufficient
space is available to install another type of BMP, and where the
device can be inspected and cleaned on a regular basis. 

 

Design Criteria

Design Parameter Criteria

Applicable DEP Stormwater
Management Policy Performance
Standards

Standard #4 (TSS Removal)

TSS Removal DEP Credit:     
25% for “Sediment Traps/Forebays” meeting a specified
sizing rule. An alternative sizing method is provided in
this fact sheet.

 Estimated Range from
Literature: Data Not Available

 Estimated Range : 35% to 45% (based on modeling with P-8 Urban
Catchment Model)

Relative Cost
Construction:    Low

Maintenance:     Low to moderate

Potential Constraints to Use Depth to bedrock

Toolkit Topics Interactive Scenarios BMP Factsheets

https://megamanual.geosyntec.com/npsmanual/source/MassHighways%20Storm%20Water%20Handbook%20for%20Highways%20and%20Bridges.pdf
https://megamanual.geosyntec.com/npsmanual/default.aspx
https://megamanual.geosyntec.com/npsmanual/bmpfactsheetmenu.aspx
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Other Considerations Recommended for use where space requirements preclude the use of other
BMPs
Should be designed for stability as an energy dissipation device.
Where feasible, design to minimize short-circuiting between inlet and outlet
ends of the trap.

Maintenance Requirements

Inspect annually;
Removal of debris from outlet structures as needed;
Remove and dispose of accumulated sediment based on inspection.

Design References
Current MassHighway design manuals, applicable sections on design of plunge
pools.

Contributing Drainage Area No minimum or maximum drainage area specified for this device.

Minimum Area (Top of Pool)
100 square feet per acre of contributing impervious area.

Minimum area of 50 square feet.

Minimum Depth 24 inches

Interior slopes 2:1 or flatter recommended.

Other

Trap should also be designed as a plunge pool for dissipating flow velocities at
the drainage system outlet (refer to MassHighway Design Manual and Drainage
Manual).
Stabilize interior surface of trap with properly designed riprap or other suitable
lining for stability under anticipated flow conditions
Exit velocities from the trap shall be non-erosive.
Maintenance access should be provided

Example Of Outlet Sediment Trap:









































































Dry Detention Basin
From the Massachusetts Stormwater Handbook

Description:
A dry detention basin is an impoundment or excavated basin
for the short-term detention of stormwater runoff from a
completed development that allows a controlled release from
the structure at downstream, pre-development flow rates.
Conventional dry detention basins typically control peak runoff
for 2-year and 10-year 24-hour storms. They are not
specifically designed to provide extended dewatering times,
wet pools, or groundwater recharge. Sometimes flows can be
controlled using an outlet pipe of the appropriate size but this
approach typically cannot control multiple design storms. 

 

Ability to Meet Massachusetts Stormwater Management Standards

Standard Description

2 - Peak Flow Provides peak flow attenuation

3 - Recharge Provides no groundwater recharge

4 - TSS Removal Does not receive any TSS removal credit

5 - Higher Pollutant Loading May be used if bottom is lined and sealed

6 - Discharges near or to Critical Areas Do not use for discharges near or to critical areas

7 - Redevelopment Not usually suitable

Advantages/Benefits:

Controls peak runoff flows for 2-year and 10-year storms
Low cost BMP

Disadvantages/Limitations:

Provides negligible removal of TSS compared to extended dry detention basins and wet basins.
Provides negligible groundwater recharge.
Frequently clogs at inlets and outlets, dramatically affecting retention times and pollutant removal efficiency.
Cannot be used to control multiple storm events
Susceptible to resuspension of settled materials by subsequent storms
Requires large land area
Cannot be used in watersheds with cold- water fisheries.

Pollutant Removal Efficiencies:

Total Suspended Solids (TSS) Does not remove TSS.
Bacteria (coliform, e coli) Less than 10%

Toolkit Topics Interactive Scenarios BMP Factsheets

https://megamanual.geosyntec.com/npsmanual/source/Massachusetts%20Stormwater%20Handbook.pdf
https://megamanual.geosyntec.com/npsmanual/default.aspx
https://megamanual.geosyntec.com/npsmanual/bmpfactsheetmenu.aspx


Total Phosphorus 10% to 30%
Total Nitrogen 5% to 50%
Metals copper, lead, zinc, cadmium) 30% to 50%

Maintenance:
Activity Frequency

Inspect wet basins to ensure they are operating as designed At least once a year.

Mow the upper-stage, side slopes, embankment and emergency spillway. At least twice a year.

Check the sediment forebay for accumulated sediment, trash, and debris and
remove it. At least twice a year.

Remove sediment from the basin. As necessary, and at least once every 10
years

Special Features:
Include a multiple stage outlet structure to control peak discharges for the 2-year and 10-year storms.

LID Alternative:
Consider using a treatment train that includes vegetated filter strips or dry water quality swales and bioretention areas. 

Consider decentralized stormwater management systems that direct stormwater runoff from various portions of the site to bioretention
areas selectively located across the site.

Applicability:
Because they have a limited capability for removing soluble pollutants, dry detention basins are used solely for water quantity control to
attenuate peak flows and limit downstream flooding. Generally, dry detention basins are not practical if the contributing watershed area
is less than ten acres. MassDEP recommends at least four acres of drainage area for each acre-foot of storage in the basin. 

Dry detention basins may be used as part of a stormwater treatment train in combination with other treatment practices that are
effective at removing TSS and providing recharge. The size of a dry detention basin can be substantially reduced if it is placed at the
end of a treatment train to take advance of reduced runoff volume resulting from upstream practices that provide infiltration.

Effectiveness:
Compared to extended dry detention basins or wet basins, dry detention basins have an extremely limited ability to remove TSS. A dry
detention basin is designed to empty out completely in less than 24 hours, resulting in limited settling of sediments and the potential for
resuspension of sediments in subsequent storms. Extended dry detention basins provide a minimum 24-hour detention time and
incorporate in their design additional features aimed at enhancing pollutant removal, such as a sediment forebay, micropool, or shallow
marsh.

Planning Considerations:
Consider the following setback requirements when designing a detention basin:

Distance from a septic system leach field - 50 feet.
Distance from a septic system tank - 25 feet.
Distance from a private well - 50 feet
Distance from the property line -10 feet.

Investigate soils, depth to bedrock, and depth to water table at a site before designing a dry detention basin. At sites where bedrock is
close to the surface, high excavation costs may make dry detention basins infeasible. If soils on site are relatively impermeable (such
as Soil Group D), a dry detention basin may experience problems with standing water. In this case, building a wet basin may be more
appropriate. On the other hand, if the soils are highly permeable, such as well-drained sandy and gravely soils (Soil Group A), it will be
difficult to establish a shallow marsh component in the basin. 

The maximum depth of dry detention basins typically ranges from 3 to 12 feet. The depth of the basin may be limited by groundwater
conditions or by soils. Locate dry detention basins above the normal groundwater elevation (i.e., the basin bottom should not intercept
groundwater). Investigate the effects of seepage on the basin if the basin intercepts the groundwater table. 

Investigate the effects of a dry detention basin on wetland resources. Mitigate altered wetland resources according to local, state and
federal regulations. Like all stormwater BMPs, dry detention basins may not be constructed in wetland resource areas except for
bordering land subject to flooding, isolated land subject to flooding, land subject to coastal storm flowage, and riverfront areas.
Embankments or dams that store more than 15 acre- feet or that are more than 6 feet high are regulated by the state Office of Dam
Safety.

Design:
The critical parameters in determining the size of the basin are the storage capacity and the maximum rate of runoff released from the
basin. Design dry detention basins to store the volume required to meet the peak rate attenuation requirements of Standard 2 for the 2-



year and 10-year 24-hour storms. In some cases, compliance with Standard 2 may require flood storage volume to prevent an
increase in off-site flooding from the 100-year 24-hour storm. 

Design a multiple stage outlet structure to control peak discharges for the 2-year and 10-year 24-hour storms. Provide an emergency
spillway. Build the spillway in the existing ground--not in the embankment. Make the interior embankment slopes no greater than 3:1.
To provide drainage, make the minimum slope of the bottom 2%. Provide access for maintenance. Design embankments to meet
safety standards. Stabilize the earthern slopes and the bottom of the basins using seed mixes recommended by the NRCS. 

[Note: for complete design references, see: Design of Stormwater Pond Systems. 1996. Schueler. Center for Watershed Protection.] 

MassDEP recommends using impervious channels because they are simple to construct and easy to maintain. They can be designed
to empty completely after a storm. Impervious channels can be undermined by runoff and differential settling if they are not constructed
and maintained properly. Locate the top of the impervious channel lining at or below the level of the adjacent grassed areas to ensure
thorough drainage of these areas. When designing the channels, consider settlement of the lining and the adjacent areas, the potential
for frost impacts on the lining and the potential for erosion or scour along the edges of the lining caused by bank-full velocities. Provide
impervious linings with broken stone foundations and weep holes. Design the channel to maintain a low outflow discharge rate at the
downstream end of the channel. 

Use low-flow underdrains, connected to the principal outlet structure or other downstream discharge point, to promote thorough drying
of the channel and the basin bottom. Consider the depth of the low flow channel when preparing the final bottom-grading plan. 

Design dry detention basin side slopes to be no steeper than 3:1. Flatter slopes help to prevent erosion of the banks during larger
storms, make routine bank maintenance tasks (such as mowing) easier, and allow access to the basin. Include a multi-stage outlet
structure to provide an adequate level of flood control. To meet the water quantity control standards, use the required design storm
runoff rates as outlet release rates. 

Design the outlet to control the outflow rate without clogging. Locate the outlet structure in the embankment for maintenance, access,
safety and aesthetics. Design the outlet to facilitate maintenance; the vital parts of the structures should be accessible during normal
maintenance and emergency situations. Include a draw-down valve to allow the dry detention basin to completely drain within 24
hours. To prevent scour at the outlet, include a flow transition structure, such as a lined apron or plunge pad, to absorb the initial
impact of the flow and reduce the velocity to a level that will not erode the receiving channel or area. 

Design embankments and spillways in conformance with the state regulations for Dam Safety (302 CMR 10.00). All dry detention
basins must have an emergency spillway capable of bypassing runoff from large storms without damaging the impounding structure.
Provide an access for maintenance by public or private right-of-way, using a minimum width of 15 feet and a maximum slope of 5:1.
This access should extend to the forebay, safety bench and outflow structure, and should never cross the emergency spillway, unless
the spillway has been designed for that purpose. Use vegetative buffers around the perimeter of the basin for erosion control and
additional sediment and nutrient removal.

Maintenance:
It is critical to provide access for maintenance, especially to the interior of the basin. Inspect dry detention basins at least once per year
to ensure that they are operating as intended. Inspect basins during and after storms to determine if the basin is meeting the expected
detention times. Inspect the outlet structure for evidence of clogging or outflow release velocities that are greater than design flow.
Potential problems that should be checked include: subsidence, erosion, cracking or tree growth on the embankment; damage to the
emergency spillway; sediment accumulation around the outlet; inadequacy of the inlet/outlet channel erosion control measures;
changes in the condition of the pilot channel; and erosion within the basin and banks. Make any necessary repairs immediately. During
inspections, note changes to the detention basin or the contributing watershed because these changes could affect basin performance.
Mow the side slopes, embankment, and emergency spillway at least twice per year. Remove trash and debris at this time. Remove
sediment from the basin as necessary, and at least once every 10 years or when the basin is 50% full. Provide for an on-site sediment
disposal area to reduce the overall sediment removal costs.

Resources:
MassHighway. Stormwater handbook for Highways and Bridges. May 2004. 

T.R. Schueler. Center for Watershed Protection. Design of Stormwater Pond Systems. 1996.
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Green Roofs
Adapted from the Massachusetts Low Impact Development Toolkit

Description:
A green roof is a low maintenance vegetated roof system that
stores rainwater in a lightweight engineered soil medium,
where the water is taken up by plants and transpired into the
air. As a result, much less water runs off the roof, as compared
to conventional rooftops. Green roofs have been in use in
Europe for more than 30 years; they are easy to incorporate
into new construction, and can even be used on many existing
buildings. 

 
Green roofs provide an extra layer of insulation that reduces
heating and cooling costs, and they are likely to last much
longer than conventional roofs, since the roofing material itself
is shielded from ultraviolet light and thermal stress. The
vegetation on green roofs also improves air quality, enhances
the appearance of the building, and reduces the urban "heat
island" effect. 

 
There are two distinct types of green roofs: extensive green
roofs require less than 6" of soil medium and support mostly
herbaceous plants; these utilitarian "roof meadows" generally have no public access and require little maintenance. In contrast,
intensive green roofs include shrubs and small trees planted in more than six inches of growing medium; they are often designed as
accessible building amenities. This fact sheet focuses on extensive green roofs and their stormwater management benefits. Both types
of green roofs seek to transform rooftops from "wasted space" into a form of infrastructure that has environmental, economic,
aesthetic, and social benefits.

Applications:

Green roofs are appropriate for commercial, industrial, and residential structures, especially those with a wide roof area. They
can be incorporated into new construction or added to existing buildings during renovation or reroofing. Most green roofs are
built on flat or low angle rooftops, but some have been installed on pitched roofs up to 40% slope, with special design features
to prevent slumping and ensure plant survival.
Green roofs are appropriate anywhere it is desirable to reduce the overall amount of storm water runoff. They are an excellent
technique to use in dense urban areas, in areas where infiltration is difficult due to tight soils or shallow bedrock, or on sites
where infiltration is undesirable due to existing soil contamination. Because green roofs return rainwater to the atmosphere they
should not be used in situations where groundwater recharge is a priority, such as in stressed basins with chronic lowflow
conditions. In these circumstances, roof run off should be infiltrated whenever feasible.
Like conventional roofs, the basic element of a green roof is a waterproof membrane over the roof sheathing. The system also
includes a root barrier; a drainage layer; filter fabric; and 2"6" of a lightweight growth substrate consisting of inorganic absorbent
material such as perlite, clay shale, pumice, or crushed terracotta, with no more than 5% organic content. Substrates should not
be too rich in organic material such as compost, because of the potential for settling, nutrient export, and toorapid plant growth.
Gravel ballast is some times placed along the perimeter of the roof and at air vents and other vertical elements, in order to
promote drainage and facilitate access.
Extensive green roofs require moderate structural support which can be easily accommodated during design for new
construction; existing roofs may be adequate or may require additional structural supports that can be added during reroofing or
renovation. An extensive green roof may weigh approximately 1025 pounds per square foot when fully saturated, whereas a
conventional rock ballast roof weighs approximately 1012 pounds per square foot (neither includes potential snow load.)
Vegetation on extensive green roofs usually consists of hardy, lowgrowing, droughtresistant, fireresistant plants that provide
dense cover and are able to withstand heat, cold, and high winds. Varieties commonly used include succulents such as sedum
(stonecrop) and delosperma (ice plant.) During dry periods, these plants droop but do not die back; when it rains, they quickly
revive and absorb large amounts of water. Grasses and herbs are less common on green roofs because to survive dry periods
they require either irrigation or deeper substrate that retains more water.
A common concern about green roofs is the potential for leaks. The performance of green roofs has improved dramatically
since the 1970s, when many leak problems were associated with the first generation of green roofs. Current waterproofing
materials, root barriers, and rigorous design and construction standards have largely eliminated these problems; low cost
electronic grids installed under the membrane during construction can also help to pinpoint leaks and minimize repair costs.
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Benefits and Effectiveness:

Green roofs effectively reduce stormwater runoff. Researchers at North Carolina State have found that a 3" green roof can
retain approximately 0.6" of rain for each rainfall event, even when storms come on consecutive days. The Center for Green
Roof Research at Penn State University reports that a 4" green roof can retain 50% of total rainfall over a series of storm
events.
Green roofs reduce peak discharge rates by retaining runoff and creating longer flow paths. Research indicates that peak flow
rates are reduced by 50% to 90% compared to conventional roofs, and peak discharge is delayed by an hour or more.
Green roofs lower heating and cooling costs because the trapped air in the underdrain layer and in the root layer help to
insulate the roof of the building. During the summer, sunlight drives evaporation and plant growth, instead of heating the roof
surface. During the winter, a green roof can reduce heat loss by 25% or more. Because green roofs shield roof membranes
from intense heat and direct sun light, the entire roofing system has a longer lifespan than conventional roofs.
The presence of a green roof helps to reduce air temperatures around the building, reducing the "heat island" effect and
reducing the production of smog and ozone, which forms in the intense heat (175 degrees) over large conventional roofs. The
vegetation on green roofs also consumes carbon dioxide and increases the local levels of oxygen and humidity.
Green roofs have demonstrated aesthetic benefits that can increase community acceptance of a highvisibility project; they may
also add value to the property if marketed effectively.
Load restrictions are usually the main limitation for green roofs in retrofit applications. A professional engineer must assess the
necessary load reserves and design a roof structure that meets state and local codes.
Slopes greater than 15% require a wooden lath grid or other retention system to hold substrate in place until plants form a thick
vegetation mat.
Green roofs should not be used where groundwater recharge is a priority, such as in aquifer recharge areas or watersheds
experiencing lowflow stresses.
The initial construction cost is higher than conventional roofs.

Maintenance:

Green roofs require some support during establishment and then yearly maintenance thereafter. Plants or sprigs should be
irrigated until established, and additional plants or sprigs added to ensure good plant coverage if necessary. With
droughtresistant vegetation, irrigation of an extensive green roof is rarely necessary after the twoyear establishment period.
Weeding and mulching may be needed during the establishment period and periodically thereafter over the life of the roof. Any
woody plants which become established on the roof need to be removed regularly.
If necessary (many roofs can survive on deposition of airborne nitrogen and biomass breakdown), application of a slowrelease
fertilizer once a year will ensure continued vigorous growth of the vegetation. Soluble nitrogen fertilizers and compost should not
be used due to the potential for nutrient and bacteria export.

Cost:
Green roofs start at $5 per square foot. They generally cost more to install than conventional roofs, but are financially competitive on a
lifecycle basis because of longer life spans (up to 40 years), increased energy effciency, and reduced stormwater runoff. If the
application is a retrofit, structural upgrades may increase the cost somewhat.

Design Details:

Waterproof membranes are made of various materials, such as modified asphalts (bitumens), synthetic rubber (EPDM), hypolan
(CPSE), and reinforced PVC. The most common design used in Europe is 6080 mil PVC singleply roof systems. Modified
asphalts usually require a root barrier, while EPDM and rein forced PVC generally do not. Attention to seams is critical because
some glues and cements are not always root impermeable.
The underdrain layer may be constructed of perforated plastic sheets or a thin layer of gravel. Pitched roofs and small flat roofs
may not require an underdrain.
Vegetation should be lowgrowing, spreading perennial or selfsowing annuals that are drought tolerant. Appropriate varieties
include sedum, delospermum, sempervivium, creeping thyme, allium, phloxes, anntenaria, ameria, and abretia. Vegetation may
be planted as vegetation mats, plugs or potted plants, sprigs (cuttings), or seeds. Vegetation mats are the most expensive but
achieve immediate full coverage. Potted plants are also expensive and labor intensive to install. Sprigs are often the most cost
effective option, even considering that initial irrigation is necessary and repeat installations may be required due to mortality.
Conventional sod should not be used because it requires irrigation, mowing, and maintenance.
Access routes should be identified during the design phase, and access paths of gravel or other inert materials provided, as well
as safety harness hooks for inspection and maintenance personnel.

This fact sheet was adapted from the Massachusetts Low Impact Development Toolkit, a production of the Metropolitan Area Planning
Council, in coordination with the I495 MetroWest Corridor Partnership, with financial support from US EPA. The Massachusetts Low
Impact Development Interagency Working Group also provided valuable input and feedback on the LID Toolkit. For more information,
visit www.mapc.org/lid and www.arcofinnovation.org.

Additional Resources:
www.greenroofs.org (Green roof industry association; training and design courses) www.greenroofs.com (The Green Roof Industry
Resource Portal) www.bae.ncsu.edu/greenroofs/ (North Carolina State University)

https://megamanual.geosyntec.com/npsmanual/www.greenroofs.org
https://megamanual.geosyntec.com/npsmanual/www.greenroofs.com
https://megamanual.geosyntec.com/npsmanual/www.bae.ncsu.edu/greenroofs/


http://hortweb.cas.psu.edu/research/greenroofcenter/ (Penn State University) www.greeninggotham.org/home.php
www.roofmeadow.com (North American Green Roof Provider)
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Infiltration-Recharge Basins
From the MassHighway Storm Water Handbook for Highways and Bridges

Description:
Recharge basins temporarily store runoff, but release at least a
portion of that runoff by infiltrating the water into the ground.
The recharge volume is stored and allowed to infiltrate into the
underlying soils over a period of time following a storm event.
The storage volume above this level may be released by an
outlet structure designed to bypass all excess flows. Recharge
Basins may be designed on-line or off-line. To maintain proper
function of an infiltration-recharge basin, it is important to avoid
soil compaction. 

 

General Information  

Applicable DEP Stormwater
Management Policy Performance
Standards

Standards #3 and #4.

TSS Removal DEP Credit:          80% ( for infiltration basin)

 Estimated Range from
Literature: >90%

Relative Cost
Construction:        Moderate to high; varies depending on types soils of contributing
drainage area, soils at site of system, storage depth, and type of outlet structure

Maintenance:       Moderate to high

Potential Constraints to Use

Depth to groundwater
Depth to bedrock or other impermeable stratum
Suitability of site soils for infiltration

Other Considerations Pre-treatment must be provided, to prevent clogging of soils surface by
sediments in the influent storm water.
Frequent maintenance may be required, to remove accumulated sediment and
restore infiltrative capacity.
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Recharge systems can provide high levels of treatment of other pollutants, in
addition to TSS removal.

Maintenance Requirements

Inspect a minimum of twice annually.
Periodic mowing of embankments
Removal of woody vegetation from embankments
Removal of debris from outlet structures
Clean forebay as required.
Clean basin of accumulated sediment as required.
Clean flow control structures at least once annually, or as indicated by
inspection.
Maintain vegetation in healthy condition.

Primary Design References

MA-DEP Stormwater Technical Handbook:
http://www.mass.gov/dep/brp/stormwtr/stormpub.htm

Schueler, 1987

Schueler, et. al., 1992

Young, et. al., 1996

 

DESIGN CRITERIA  

Design Parameter Criteria

Contributing Drainage Area 15 acres or less

Storm frequency for design flow Varies with system. Recharge systems are sized for recharging an annual volume, not
an event storm.

Annual Recharge Volume
Compute annual recharge volume using methodology specified in the MA-DEP
Stormwater Technical Handbook, or use an alternative method conforming to
accepted engineering practice.

Required Storage Volume Compute storage volume using methodology specified in MA-DEP Stormwater
Technical Handbook.

Design Recharge Rate
Determine recharge rate based on soil texture/hydrologic group as specified in the
MA-DEP Stormwater Technical Handbook, confirmed by on-site field testing; or use
an alternative method conforming to accepted engineering practice.

Design Safety Factor Surface systems shall be sized with a safety factor of 1.0 times the design recharge
rate.

Maximum Draw-down Time The basin should be designed to drain the design storage volume in 48 hours or less,
using the design recharge rate times the applicable safety factor.

http://www.mass.gov/dep/brp/stormwtr/stormpub.htm
http://www.mass.gov/dep/brp/stormwtr/stormpub.htm
http://www.mass.gov/dep/brp/stormwtr/stormpub.htm
http://www.mass.gov/dep/brp/stormwtr/stormpub.htm


DESIGN CRITERIA  

Design Parameter Criteria

Maximum Depth of System Depth of system shall be equal to or less than the depth permitting draw-down in the
required time.

Depth to Bedrock or Impermeable
Stratum Minimum 0.6 meters (2 feet) below bottom of system.

Depth to seasonal high groundwater
Small systems: Minimum 0.6 meters (2 feet) below bottom of system.

Large systems: Groundwater mounding analysis may be required.

Pretreatment Pre-treatment system required; provide 25% TSS removal prior to discharge to a
surface recharge system. Use forebay or equivalent measure.

Velocity Dissipation at Inlet Provide measures to dissipate velocity of flows into the recharge basin, to prevent
erosion of basin interior.

Setback from slab foundation 3.0 meters (10 feet)

Setback from cellar foundation 6.1 meters (20 feet)

Setback from slope >15%
4.6 meters (15 feet) (top edge of system to top of slope), or as required for
impoundment stability. Distance may need to be greater where potential for “break-
out” and resulting slope instability may be a problem.

Setback from on-site sewage disposal
system 15.2 meters (50 feet) (or greater, if required under 310 CMR 15.000 [Title 5])

Setback from private well 30.5 meters (100 feet)

Setback from groundwater supply Zone I radius; additional setback may be required depending on hydro-geologic
conditions

Setback from surface water supply Zone A, and 30.5 meters (100 feet) from tributaries

Performance under frozen conditions.

Recharge basins should be designed to either:

Provide for capture and recharge of required annual volume during the period
April to December; or
Provide for capture and recharge during the entire year, with provisions for
introduction of recharged storm water into the ground under frozen conditions
(e.g., through use of wick drains, leaching galleries, or chambers, or other
measures).



DESIGN CRITERIA  

Design Parameter Criteria

Construction of infiltration surface

The infiltration surface shall be constructed to preserve and enhance the capability of
the soil to pass flows from the basin into the groundwater.   Consider measures such
as:

Minimizing trafficking by heavy construction equipment
Use of a minimum thickness of topsoil required to establish plantings
Using a planted surface, rather than crushed stone or sand surface

Protection During Construction
Runoff from disturbed areas shall not be discharged to the recharge basin. The
contributing site shall be completely stabilized, prior to placing the recharge basin in
service.

Access for maintenance, repair, and
rehabilitation

Design shall consider accessibility to system, and capability to replace system
components, to provide for eventual repair and rehabilitation of the system.

Other

Provide maintenance access, including access to basin interior
Stabilize slopes as indicated for other impoundment-type BMPs
Design embankment to meet applicable safety standards
Provide emergency spillway as indicated for other impoundment-type BMPs
Consider providing method to drain lowest stage in the event of clogging of
infiltration surface, so that surface can be rehabilitated.

Several of the design criteria regarding setbacks from slopes, foundations, and other site features have been adapted from the
requirements for on-site sewage disposal systems described in Massachusetts Title 5 (310 CMR 15.000). However, storm water
quantities and flow durations differ markedly from the hydraulic loadings to septic systems. The design engineer should be aware of
these differences, and may need to consider additional setbacks to provide for slope stability, protect structures, and provide for the
satisfactory performance of the recharge system.

Example Of Infiltration Basin:

Illustration by Geosyntec Consultants, Inc.
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Permeable Paving
Adapted from the Massachusetts Low Impact Development Toolkit

Description:
Since impervious surfaces are the primary source of
stormwater runoff, Low Impact Development strategies
recommend permeable paving for parking areas and other hard
surfaces. Permeable paving allows rainwater to percolate
through the paving and into the ground before it runs off. This
approach reduces stormwater runoff volumes and minimizes
the pollutants introduced into stormwater runoff from parking
areas. 

 
All permeable paving systems consist of a durable, load
bearing, pervious surface overlying a crushed stone base that
stores rainwater before it infiltrates into the underlying soil.
Permeable paving techniques include porous asphalt, pervious
concrete, paving stones, and manufactured "grass pavers"
made of concrete or plastic. Permeable paving may be used for
walkways, patios, plazas, driveways, parking stalls, and
overflow parking areas. 

All types of permeable pavement are typically designed to handle 70-80% of all storms (the most common ones). Longer, more intense
rain events are typically drained from permeable pavements, since inflow will exceed infiltration (outflow) during these storms.

Three Major Types Of Permeable Paving:

Porous asphalt and pervious concrete appear to be the same as traditional asphalt or concrete pavement. However, they are
mixed with a very low content of fine sand, so that they have 10%-25% void space and a runoff coefficient between 0.25 and
0.35 for the range of storms that permeable pavements are designed to handle.
Permeable Interlocking Concrete Pavement (PICP, a.k.a. unit pavers) are impermeable blocks made of brick, stone, or
concrete, set on a highly permeable bedding of #8 or #89 stone. The joints and opening voids within the pavers should also be
filled with #8 or #89 stone to allow water to percolate downward. When built on an open-graded reservoir base course such as
#57 crushed stone, the runoff coefficient range for PIPC is approximately 0.3 over the range of storms it is designed to handle.
The runoff coefficient of PICP will vary depending on rainfall intensity, joint width, and materials. Some concrete paving stones
have an open cell design to increase permeability.
Grass pavers (a.k.a. turf blocks) are a type of open-cell unit paver in which the cells are filled with soil and planted with turf. The
pavers, made of concrete or synthetic, distribute the weight of traffic and prevent compression of the underlying soil. Runoff
coefficients are similar to grass, 0.15 to 0.6.

Each of the techniques described above is constructed over a base course that doubles as a reservoir for the stormwater before it
infiltrates into the subsoil. The reservoir should consist of uniformly-sized crushed stone, with a depth suffcient to store all of the rainfall
from the design storm. The bottom of the stone reservoir should be completely flat so that infiltrated runoff will be able to infiltrate
through the entire surface. Some designs incorporate an "overflow edge," which is a trench surrounding the edge of the pavement. The
trench connects to the stone reservoir below the surface of the pavement and acts as a backup in case the surface clogs.

Applications:

Grass pavers are appropriate for pedestrian-only areas and for very low-volume, low-speed areas such as overflow parking
areas, residential driveways, alleys, and parking stalls. Permeable Interlocking Concrete Pavement can also be used in low to
medium volume settings such as residential streets and commercial parking lots.
Permeable paving is most appropriate for sites where the underlying soils have a permeability of at least 0.3" per hour. It has
also been successfully used in areas with lower infiltration rates by incorporating perforated pipes within the open-graded base
reservoir to drain excess water that isn’t able to infiltrate the soil.
Permeable paving is an excellent technique for dense urban areas because it does not require any additional land. With proper
design, cold climates are not a major limitation. Porous pavement has been used successfully in Norway, incorporating design
features to reduce frost heave.
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Permeable paving is not ideal for high traffic/high speed areas because it has lower load-bearing capacity than conventional
pavement. Nor should it be used on stormwater "hotspots" with high pollutant loads because stormwater cannot be pretreated
prior to infiltration. Heavy winter sanding may clog joints and void spaces.

Benefits and Effectiveness:

Porous pavement provides groundwater recharge and reduces stormwater runoff volume. Depending on design, paving
material, soil type, and rainfall, permeable paving can infiltrate as much as 70% to 80% of annual rainfall.
Porous pavement can reduce peak discharge rates significantly by diverting stormwater into the ground and away from the
pipe-and-pond stormwater management system.
Grass pavers can improve site appearance by providing vegetation where there would otherwise be only pavement.
Porous paving increases effective developable area on a site because portions of the stormwater management system are
located underneath the paved areas, and the infiltration provided by permeable paving can significantly reduce the need for
large stormwater management structures on a site.

Limitations:

Permeable paving can be prone to clogging from sand and fine sediments that fill void spaces and the joints between pavers.
As such, sand should not be applied on these products in the winter. Periodic maintenance is critical, and surfaces should be
cleaned with a vacuum sweeper at least once per year. Additional vacuum cleaning should be conducted as needed based on
site monitoring.
To avoid frost heave in cold climates, the reservoir base and soil should be designed to drain within 24 hours. In the event that
the reservoir base freezes within this time period, there is suffcient void space to accommodate expanding ice without moving or
heaving individual stones or surface pavers.
Permeable paving can only be used on gentle slopes (<5%).
Permeable pavement is not suited for high-traffic areas. It is generally not suitable for sites where it will be subject to heavy axle
loads, although PICP can be engineered for such sites.
Caution should be used when paving in areas with permeable pavement. Snow plows can catch the edge of grass pavers and
some paving stones, requiring that the plow blade be set higher or that rollers be used on the plow blade. If properly installed,
snow removal from PICP should be the same as conventional pavement and should not require rollers on plow blades.

Maintenance:

Post signs identifying porous pavement areas.
Minimize use of salt or sand during winter months
Keep landscaped areas well-maintained and prevent soil from being transported onto the pavement.
Clean the surface using vacuum sweeping machines.
Monitor regularly to ensure that the paving surface drains properly after storms.
Do not reseal or repave with impermeable materials.
Inspect the surface annually for deterioration.
Grass pavers may require periodic reseeding to fill in bare spots.

Design Details:

For all permeable paving, base course is a reservoir layer of 1"-2" crushed stone; depth to be determined by storage required
and frost penetration.
Permeable paving require a single-size grading of base material in order to provide voids for rainwater storage; choice of
materials is a compromise between stiffness, permeability, and storage capacity. Use angular crushed rock material with a high
surface friction to prevent traffic compaction and rutting.
The design may also include a 2" thick filter course of 0.5" crushed stone, applied over the base course.
For grass pavers, use deep-rooted grass species whose roots can penetrate the reservoir base course. Irrigation may be
required but should be infrequent soakings so that the turf develops deep root systems. Grass pavers are not suitable for every
day, all day parking because the grass will get insuffcient sunlight. Better for use as occasional overflow parking.
The introduction of dirt or sand onto the paving surface, whether transported by runoff from elsewhere or carried by vehicles,
will contribute to premature clogging and failure of the paving. Consequently, permeable paving should be constructed as one of
the last items to be built on a development site, after most heavy construction vehicles are finished and after the majority of the
landscaping work is completed.

Cost:

On most sites, permeable paving costs more than conventional asphalt or concrete paving techniques. In the case of porous
asphalt and pervious concrete, construction costs may be 50% more than conventional asphalt and concrete. Construction
costs of paving stones and grass pavers vary considerably and will depend on the application. As with any site improvement or
stormwater management structure, property owners should provide a budget for maintenance of permeable paving, at an
annual rate of 1%-2% of construction costs.



Permeable paving reduces the need for stormwater conveyances and treatment structures, resulting in cost savings elsewhere.
Permeable paving also reduces the amount of land needed for stormwater management and may satisfy requirements for green
space, allowing more development on a site.

Local Case Study:
West Farms Mall – West Hartford, CT 

Grass pavers were installed at the West Farms Mall off of I-84 at exit 40, to handle peak-season overflow parking associated with a
mall expansion. Over four acres of reinforced turf was designed to accommodate 700 spaces of overflow parking for the peak
shopping seasons. There are a few drains installed in the reinforced turf that are only used during very heavy storms. Because the
reinforced turf works so well the existing storm drainage system did not have to be enlarged for the additional parking. The overflow
parking area needs to be mowed on a regular basis and treated like a regular lawn. The area also needs to be plowed as any parking
would be. Rollers were fit to the bottom of the snow plow so the reinforced turf would not be damaged. The manager of the Westfarms
facility is satisfied with the turf.

Websites:
www.unh.edu/erg/cstev/index.htm www.invisiblestructures.com/GP2/whole_lotof_turf.htm www.icpi.org 
www.uni-groupusa.org/case.htm www.nemo.uconn.edu/ www.lowimpactdevelopment.org/epa03/pavespec.htm
www.epa.gov/ednnrmrl/repository/abstrac2/abstra2.htm 
www.forester.net/sw_0503_advances.html 

This fact sheet was adapted from the Massachusetts Low Impact Development Toolkit, a production of the Metropolitan Area Planning
Council, in coordination with the I-495 MetroWest Corridor Partnership, with financial support from US EPA. The Massachusetts Low
Impact Development Interagency Working Group also provided valuable input and feedback on the LID Toolkit. For more information,
visit www.mapc.org/lid and www.arc-of-innovation.org.
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Pollution Prevention At Municipal DPWs
From Massachusetts EOEA-OTA fact sheet

Introduction:
This Fact Sheet is a compilation of common recommendations
for Departments of Public Works (DPWs) that originated from
on-site technical assistance evaluations by the Massachusetts
Office of Technical Assistance for Toxics Use Reduction (OTA).
The fact sheet highlights some of the simple pollution
prevention practices specifically for DPWs to integrate into their
daily routine that will improve worker safety and protect the
environment.

Hazardous Waste Storage and Shipping
Storage:

Practice good housekeeping and consistent disposal
practices
Establish and maintain a separate storage area
Use proper labels and signs

Main Areas of Responsibility for Municipal DPWs May Include:

Road maintenance and other highway issues
Sidewalk maintenance
Vehicle maintenance and fueling
Snow removal and sanding/salting
Roadside spraying for vegetation control
Trees and parks
Household hazardous waste
Recycling
Maintenance of other municipal buildings
Water and Sewer
Sanitation
Inspectional services
Abandoned hazardous waste
Assist fire department with chemical emergency response
Shipping:
Insure that you utilize a licensed hauler/handler
Make sure that you and your transporter fill out a Hazardous Waste Manifest
Make sure all required record keeping is maintained and filed

Chemical Management:

Ensure that you set up a protocol and implement proper management of all chemicals – both virgin stock and waste
Designate someone to be responsible for these areas

Employee Training:

Set up a protocol for training and periodic refresher training of all personnel at the facility as required
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Make sure that documentation of these activities is kept

Non-Toxic Alternatives:
Use environmentally preferable products wherever possible. Refer to the MA OSD website for vendor information:
http://www.state.ma.us/osd/enviro/enviro.htm

Air Pollution Prevention:

Chemical management and employee training (as specified above)
Ensure that proper techniques for mixing coatings, spraying, and use of solvents are employed.
Keep all containers closed when not in use, this includes: solvents, paints, gun washers, etc.
Research the latest developments with vendors on a routine basis

General Recommendations for Vehicle Maintenance:

Take steps to minimize impacts due to automotive fluids. Immediately check for leaking fluids
Wash vehicles with non-toxic, phosphate-free, biodegradable cleaners
Wash vehicles on an asphalt lot using a collection system, which collects potential pollutants while protecting nearby water
bodies and ground water. A system with containment berms and pump out or drainage to a tight tank is required
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Road Salt Management
Adapted from Pollution Prevention/Good Housekeeping for Municipal Operations (USEPA)

Description:
The application and storage of deicing materials, most
commonly salts such as sodium chloride, can lead to water
quality problems for surrounding areas. Salts, gravel, sand, and
other materials are applied to highways and roads to reduce
the amount of ice during winter storm events. Salts lower the
melting point of ice, allowing roadways to stay free of ice
buildup during cold winters. Sand and gravel increase traction
on the road, making travel safer. 

 
MADEP has developed a guidance document for communities
regarding snow disposal, available on the web at:
http://www.mass.gov/dep/brp/files/snowdisp.htm. This guidance
document recommends the following to establish a snow
disposal site. The key to selecting effective snow disposal sites
is to locate them adjacent to or on pervious surfaces in upland
areas away from water resources and wells. At these locations,
the snow meltwater can filter in to the soil, leaving behind sand
and debris which can be removed in the spring. The following
areas should be avoided:

Avoid dumping of snow into any waterbody, including rivers, the ocean, reservoirs, ponds, or wetlands. In addition to water
quality impacts and flooding, snow disposed of in open water can cause navigational hazards when it freezes into ice blocks.
Do not dump snow within a Zone II or Interim Wellhead Protection Area (IWPA) of a public water supply well or within 75 feet of
a private well, where road salt may contaminate water supplies.
Avoid dumping snow on DEP-designated high and medium-yield aquifers where it may contaminate groundwater (see the next
page for information on ordering maps from MassGIS showing the locations of aquifers, Zone II’s, and IWPAs in your
community).
Avoid dumping snow in sanitary landfills and gravel pits. Snow meltwater will create more contaminated leachate in landfills
posing a greater risk to groundwater, and in gravel pits, there is little opportunity for pollutants to be filtered out of the meltwater
because groundwater is close to the land surface.
Avoid disposing of snow on top of storm drain catch basins or in stormwater drainage swales or ditches. Snow combined with
sand and debris may block a storm drainage system, causing localized flooding. A high volume of sand, sediment, and litter
released from melting snow also may be quickly transported through the system into surface water.

In addition to carefully selecting disposal sites before the winter begins, it is important to prepare and maintain these sites to maximize
their effectiveness. The following maintenance measures should be undertaken for all snow disposal sites:

A silt fence or equivalent barrier should be placed securely on the downgradient side of the snow disposal site.
To filter pollutants out of the meltwater, a 50-foot vegetative buffer strip should be maintained during the growth season between
the disposal site and adjacent waterbodies.
Debris should be cleared from the site prior to using the site for snow disposal.
Debris should be cleared from the site and properly disposed at the end of the snow season and no later than May 15.

Applicability:
This practice is applicable to areas that receive snowfall in winter months and require deicing materials. Municipalities in these areas
must ensure proper storage and application for equipment and materials and identify appropriate areas for snow disposal. 

 
Siting and Design Considerations: Many of the problems associated with contamination of local waterways stem from the improper
storage of deicing materials. Salts are very soluble when they come into contact with storm water. They can migrate into ground water
used for public water supplies and also contaminate surface waters. 

 
More information about road deicing materials can be found at the American Association of State Highway and Transportation Officials
web page at www.transportation.org/aashto/home.nsf/FrontPage.
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Limitations:
Road salt is the least expensive material for deicing operations; however, once the full social costs are taken into account, alternative
products and better management and application of salts become increasingly attractive options. 

Maintenance Considerations: Covering stored road salts may be costly; however, the benefits are greater than the perceived costs.
Storing road salts correctly prevents the salt from lumping together, which makes it easier to load and apply. In addition, covering salt
storage piles reduces salt loss from storm water runoff and potential contamination to streams, aquifers, and estuarine areas. Salt
storage piles should be located outside the 100-year floodplain for further protection against surface water contamination. 

During road salt application, certain best management practices can produce significant environmental benefits. The amount of road
salt applied should be regulated to prevent oversalting of motorways and increasing runoff concentrations. Many drinking water supply
watersheds in Massachusetts use lower amounts of road salt to protect the resource. 

The amount of salt applied should be varied to reflect site-specific characteristics, such as road width and design, traffic concentration,
and proximity to surface waters. Calibration devices for spreaders in trucks aid maintenance workers in the proper application of road
salts. Alternative materials, such as sand or gravel, should be used in especially sensitive areas. 

References:
Massachusetts Guidelines on Deicing Chemical (Road Salt) Storage (1997), available on the web at:
http://www.state.ma.us/dep/brp/dws/files/saltgui.doc 

American Association of State Highway and Transportation Officials. 2000. AASHTO: Transportation Center of Excellence.
www.transportation.org/aashto/home.nsf/FrontPage 

Massachusetts Executive Office of Environmental Affairs. Adopt a Stream Program. Road Salt: Some Alternatives and Strategies.
http://www.mass.gov/dfwele/river/programs/adoptastream/index.htm 

MA-DEP Bureau of Resource Protection. 1997. Massachusetts Guidelines on Deicing Chemical (Road Salt) Storage.
http://www.state.ma.us/dep/brp/dws/files/saltgui.doc USEPA. 1995. Planning Considerations for Roads, Highways and Bridges. U.S.
Environmental Protection Agency, Office of Water, Washington, DC. www.epa.gov/OWOW/NPS/education/planroad.html 

Koppelman, L.E., E. Tanenbaum, and C. Swick. 1984. Nonpoint Source Management Handbook. Long Island Regional Planning
Board, Hauppauge, NY.
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Snow Disposal
Adapted from the MassDEP Snow Disposal Guidance

Introduction:
Finding a place to dispose of collected snow poses a challenge
to municipalities and businesses as they clear roads, parking
lots, bridges, and sidewalks. While we are all aware of the
threats to public safety caused by snow, collected snow that is
contaminated with road salt, sand, litter, and automotive
pollutants such as oil also threatens public health and the
environment. 

 
As snow melts, road salt, sand, litter, and other pollutants are
transported into surface water or through the soil where they
may eventually reach the groundwater. Road salt and other
pollutants can contaminate water supplies and are toxic to
aquatic life at certain levels. Sand washed into waterbodies can
create sand bars or fill in wetlands and ponds, impacting
aquatic life, causing flooding, and affecting our use of these
resources. 

 
There are several steps that communities can take to minimize
the impacts of snow disposal on public health and the environment. These steps will help communities avoid the costs of a
contaminated water supply, degraded waterbodies, and flooding. 

The guidelines below are intended to help municipalities and businesses select, prepare, and maintain appropriate snow disposal sites
before the snow begins to accumulate through the winter.

Site Selection:
The key to selecting effective snow disposal sites is to locate them adjacent to or on pervious surfaces in upland areas away from
water resources and wells. At these locations, the snow meltwater can filter in to the soil, leaving behind sand and debris which can be
removed in the springtime. The following areas should be avoided:

Avoid dumping of snow into any waterbody, including rivers, the ocean, reservoirs, ponds, or wetlands. In addition to water
quality impacts and flooding, snow disposed of in open water can cause navigational hazards when it freezes into ice blocks.
Do not dump snow within a Zone II or Interim Wellhead Protection Area (IWPA) of a public water supply well or within 75 feet of
a private well, where road salt may contaminate water supplies.
Avoid dumping snow on MassDEP-designated high and medium-yield aquifers where it may contaminate groundwater (see the
next page for information on ordering maps from MassGIS showing the locations of aquifers, Zone II's, and IWPAs in your
community).
Avoid dumping snow in sanitary landfills and gravel pits. Snow meltwater will create more contaminated leachate in landfills
posing a greater risk to groundwater, and in gravel pits, there is little opportunity for pollutants to be filtered out of the meltwater
because groundwater is close to the land surface.
Avoid disposing of snow on top of storm drain catch basins or in stormwater drainage swales or ditches. Snow combined with
sand and debris may block a storm drainage system, causing localized flooding. A high volume of sand, sediment, and litter
released from melting snow also may be quickly transported through the system into surface water.

Site Selection Procedures
 It is important that the municipal Department of Public Works or Highway Department, Conservation Commission, and Board of Health

work together to select appropriate snow disposal sites. The following steps should be taken:

Estimate how much snow disposal capacity is needed for the season so that an adequate number of disposal sites can be
selected and prepared.
Identify sites that could potentially be used for snow disposal such as municipal open space (e.g., parking lots or parks).
Sites located in upland locations that are not likely to impact sensitive environmental resources should be selected first.
If more storage space is still needed, prioritize the sites with the least environmental impact (using the site selection criteria, and
local or MassGIS maps as a guide).
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Site Preparation and Maintenance:
In addition to carefully selecting disposal sites before the winter begins, it is important to prepare and maintain these sites to maximize
their effectiveness. The following maintenance measures should be undertaken for all snow disposal sites:

A silt fence or equivalent barrier should be placed securely on the downgradient side of the snow disposal site.
To filter pollutants out of the meltwater, a 50-foot vegetative buffer strip should be maintained during the growth season between
the disposal site and adjacent waterbodies.
Debris should be cleared from the site prior to using the site for snow disposal.
Debris should be cleared from the site and properly disposed of at the end of the snow season and no later than May 15.

Emergency Snow Disposal:
As mentioned earlier, it is important to estimate the amount of snow disposal capacity you will need so that an adequate number of
upland disposal sites can be selected and prepared. If despite your planning, upland disposal sites have been exhausted, snow may
be disposed of near waterbodies. A vegetated buffer of at least 50 feet should still be maintained between the site and the waterbody
in these situations. Furthermore, it is essential that the other guidelines for preparing and maintaining snow disposal sites be followed
to minimize the threat to adjacent waterbodies. Under extraordinary conditions, when all land-based snow disposal options are
exhausted, disposal of snow that is not obviously contaminated with road salt, sand, and other pollutants may be allowed in certain
waterbodies under certain conditions. In these dire situations, notify your Conservation Commission and the appropriate MassDEP
Regional Service Center before disposing of snow in a waterbody. Use the following guidelines in these emergency situations:

Dispose of snow in open water with adequate flow and mixing to prevent ice dams from forming.
Do not dispose of snow in saltmarshes, vegetated wetlands, certified vernal pools, shellfish beds, mudflats, drinking water
reservoirs and their tributaries, Zone IIs or IWPAs of public water supply wells, Outstanding Resource Waters, or Areas of
Critical Environmental Concern.
Do not dispose of snow where trucks may cause shoreline damage or erosion.
Consult with the municipal Conservation Commission to ensure that snow disposal in open water complies with local ordinances
and bylaws.

For More Information:
If you need more information, contact one of MassDEP's Regional Service Centers: 
Northeast Regional Office, Wilmington, 978-694-3200 
Southeast Regional Office, Lakeville, 508-946-2714 
Central Regional Office, Worcester, 508-792-7683 
Western Regional Office, Springfield, 413-755-2214
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Storm Drain Marking
Adapted from USEPA Stormwater Best Management Practices Fact Sheet

Description:
Storm drain marking involves labeling storm drain inlets with
plaques, tiles, painted or pre-cast messages warning citizens
not to dump pollutants into the drain. The messages are
generally a simple phrase or graphic to remind those passing
by that the storm drains connect to local waterbodies and that
dumping will pollute those waters 

 
Some storm drain stencils specify the name of the waterbody
that the inlet drains to. More general messages include: "No
Dumping. Drains to Water Source," "Drains to River," and "You
Dump It, You Drink It. No Waste Here." Pictures can also be
used to convey the message, such as a fish or frog, or a
graphic depiction of the flow path from drain to waterbody.
Communities with a large Spanish-speaking population might
wish to develop stencils in both English and Spanish, or use a
graphic alone.

Applicability:
Municipalities can undertake storm drain marking projects
throughout the entire community, especially in areas with
sensitive waters or where trash, nutrients, or biological oxygen
demand (BOD) have been identified as high priority pollutants.
However, regardless of the condition of the waterbody, these
signs can raise awareness about the connection between
storm drains and receiving waters and can help to deter
littering, excess fertilizer use, dumping, and other practices that
contribute to stormwater pollution. Municipalities should
prioritize drains for marking because marking all drains within a
municipality may be prohibitively expensive. The drains should
be carefully selected to send the message to the maximum
number of citizens (for example, in areas of high pedestrian
traffic) and to target drains leading to waterbodies where illegal
dumping has been identified as a source of pollution.

Implementation:
Municipal crews or volunteers can affix or stencil messages on
storm drains. Some municipalities feel that having their own
crews do the work produces better results and eliminates
liability and safe ty concerns. Stenciling projects are also
frequently conducted by volunteer groups in cooperation with a
municipality. In such an arrangement, volunteer groups provide
the labor and the municipality provides supplies, safety
equipment, and a map and/or directions to the drains to be
marked. Using volunteers lowers costs and increases public
awareness of storm water pollutants and their path to
waterbodies. A municipality can establish a program to comprehensively address storm drain stenciling and recruit volunteer groups to
help, or the municipality can facilitate volunteer groups that take the initiative to conduct a marking project. 

 
Regardless of who initiates the stenciling project, the municipality should designate a person to take charge of the storm drain marking
program. Many municipalities will designate a person from the public works or water quality department to coordinate marking projects
by volunteer groups, but some might work with their communications department. Because these programs depend heavily on
volunteer labor, organizers and coordinators should possess skills in recruiting, training, managing, and recognizing volunteers.
Organizers and coordinators should provide the following:

Marking kits containing all materials and tools needed to carry out a marking project,

Toolkit Topics Interactive Scenarios BMP Factsheets

http://water.epa.gov/polwaste/npdes/swbmp/Storm-Drain-Marking.cfm
https://megamanual.geosyntec.com/npsmanual/default.aspx
https://megamanual.geosyntec.com/npsmanual/bmpfactsheetmenu.aspx


A map of the storm drains to be marked,
Training for volunteers on safety procedures and on the
technique for using stencils or affixing signs,
Safety equipment (traffic cones, safety vests,
masks/goggles for spray paint, and gloves if glue is
used), and
Incentives and rewards for volunteers (e.g. badges, T-
shirts, certificates).

It is also recommended that the coordinator provide pollutant-
tracking forms to participants, so that serious instances of
dumping may be recorded. Participants in storm drain marking
projects can also note storm drains that are clogged with
debris. This tracking system enables city crews to target
cleanup efforts. Organizers should instruct volunteers on the
signs of dumping and explain how to fill out data cards. In
addition, volunteers should record the locations of all storm
drains labeled during the project for the city to track.
Additionally, the participants should convene after the event to
discuss their findings. Participant feedback can help organizers
improve future marking projects. 

If a municipality chooses to initiate a storm drain stenciling
program and solicit the help of volunteer organizations, they can advertise through a variety of channels. Outreach strategies include:

Creating a web site with background and contact information
Social media postings (e.g., Facebook, Twitter)
Local newspaper ads
Distributing pamphlets and brochures to area service organizations
Making presentations at community meetings

Contact newspapers to provide advanced notice of a planned storm drain marking event. Newspapers might choose to cover the event
itself as an environmental feature story to further public awareness. A news release issued for the day of the event can draw television
and newspaper coverage. Public service announcements made before the event also will help to reinforce the message. Additionally,
in targeted neighborhoods, volunteers can distribute door hangers that notify residents that storm drain marking is taking place, explain
the purpose of the project, and offer tips on how citizens can reduce urban runoff. For any volunteer project to be successful,
volunteers must feel they have done something worthwhile. Communities active in storm drain stenciling have developed a variety of
ways to recognize volunteers, including

Providing each participant with a certificate of appreciation and/or letter of thanks signed by the mayor
Distributing logo items such as T-shirts, hats, badges, plastic water bottles, or other items to participants before or after the
event
Holding a picnic or small party after the event with refreshments donated by a local business
Providing coupons for free food or merchandise donated by local businesses
Taking pictures of stenciling teams in action to create a pictorial record of volunteers’ activity, and for posting to website and/or
social media.

Materials:
Permanent signs made from metal, ceramic, plastic, or other durable materials can be affixed with adhesive applied to the street or
sidewalk surface. These markers last longer than stenciled messages and need only glue to affix them to storm drain inlets. Non-toxic,
double stick adhesive pads are available from sign manufacturers as an alternative to glue, which may not be appropriate for use by
children. While many stock sign designs are available, municipalities can develop or commission designs specific to the locality,
including, for example, the name of the waterbody to which the inlet drains. These permanent signs can also be neater and easier to
read from a distance. Tiles or plaques can be dislodged by pedestrian traffic if they are disturbed before the glue dries, so pedestrians
should be excluded from areas where signs have been recently affixed. 

Alternatively, communities can use stencils and paint to label their storm drains. Some communities stencil directly onto the curb,
street, or sidewalk, while others first paint a white background and then stencil over it. The most commonly used stencils are made of
Mylar, a flexible plastic material that can be cleaned and reused many times. However, stencils can also be made from cardboard,
aluminum, or other material. Because painted stencils are not as durable as other types of markers, the message might need to be
retouched or reapplied every few years. 

Paint or ink can be sprayed on or applied by brush and roller. Spray paint is the quickest and probably the easiest to apply neatly.
However, regions that do not meet federal air-quality standards should avoid using spray paints, since many contain air-polluting
propellants. To prevent any materials from entering the storm drain, the use of "environmentally friendly" paints free of heavy metals
and low in volatile organic compounds is recommended. 

Storm drain messages can be placed flat against the sidewalk surface just above the storm drain inlet, while others are placed on the
curb facing the street or on the street itself, either just upstream of the storm drain or on the street in front of the drain. However,
messages placed on the street might wear out or dislodge sooner. 



Another option is to retrofit or equip new developments with catch basins, grates, or inlet covers that are pre-cast with a stormwater
education message. While this option is the most costly of the storm drain marking alternatives, it is also the most durable and requires
the least amount of maintenance. It does not foster public participation, however, because the messages require installation by
professionals or city crews. Westchester County, New York, and the City of White Plains have begun installing the "Eco Curb" catch
basins cast with location-specific messages on county and city roads (Westchester County Department of Planning, 2001).

Effectiveness:
By raising public awareness of urban runoff, storm drain marking programs should discourage practices that generate stormwater
pollutants. As with any public education project, however, it is difficult to precisely measure the effect that storm drain marking
programs have on human behavior. Surveys of public recognition of the storm drain message, or surveys that capture changes in
behavior, can indicate whether a storm drain marking program is effective. 

Urban runoff, by definition, is diffuse in origin, making it difficult to directly measure the reduction of pollutants found in urban runoff.
Some municipalities attempt to assess the effectiveness of storm drain marking programs by periodically examining water samples
from targeted storm drain outfalls (places where storm drains empty into a waterbody). If the storm drains leading to a particular outfall
have been labeled, and if the levels of pollutants from that outfall decline after the labels were put in place, one can assume the
labeling has been effective. This monitoring can be conducted by the same volunteer groups that marked the drains and can be
incorporated into existing volunteer monitoring programs or can initiate the development of a new program. 

Cities also infer storm drain marking program success from increases in the volume of used motor oil delivered to used-oil recycling
centers. Others measure success by how many drains are marked and the number of requests received by volunteer groups to
participate in the program. The number of cleanups conducted by the city as a result of reports made by volunteers can also be
considered.

Costs:
Plastic stencils, which can last for 25 to 500 stencilings, depending on whether paint is sprayed or applied with a brush or roller, can be
purchased for $13-$20 depending on the size, materials, quantity purchased, and manufacturer. Metal stencils, which last longer, can
cost $100 or more. 

Storm drain markers vary in cost depending on materials, design requirements, and the quantity purchased. Custom sizes, shapes,
and designs, such as those that specify a local waterbody, can increase the unit cost. For stock messages, plastic markers of 4-inch
diameter range in cost from $2.50 and $6.00. Metal markers, typically available in aluminum, stainless steel, and brass, range from
$5.00 to $10.00 depending on the type of metal and mounting method.

References:
Center for Marine Conservation. How to Develop a Storm Drain Stenciling Program and Conduct Projects. 1998. Million Points of
Blight. 

Texas Natural Resource Conservation Commission. No date. Storm Drain Stenciling: Preventing Water Pollution. 
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Street Sweeping
From the MassHighway Storm Water Handbook for Highways and Bridges

Description:
Street sweeping is a non-structural method of controlling
pollutants in storm water. It is essentially a source reduction
practice. It involves the use of mechanical or vacuum pavement
cleaning equipment (and sometimes, manual labor), to remove
particulates from the pavement surface prior to wash-off by
storm water runoff. To be effective in controlling storm water
pollution, sweeping must be conducted regularly. Vacuum
sweepers are more effective than brush or broom sweepers
because they do a better job at picking up fine-grained
particulates (clays, silts, fine sands) in addition to coarse
materials (sand and gravel) and debris. 

 

Applicable DEP Stormwater
Management Policy Performance

Standards
Standard #4. Street Sweeping is the only nonpoint pollutant source control

measure for which DEP provides a credit for TSS removal.

TSS Removal

DEP Credit:     
Up to 10%. Street sweeping program needs to be
specified in an Operations and Maintenance Plan that
ensures sweeping on a regular basis.

Estimated Range from
Literature:

<5% to >50%;   varies widely with frequency of sweeping
and type of cleaning equipment

Relative Cost
Capital Cost:     High (street cleaning equipment)

Maintenance:     Low to high; varies widely with frequency of sweeping and type of
equipment

Potential Constraints to Use

Equipment availability
Limitations on use imposed by high traffic volumes on certain roadways
On street parking in highly developed urban areas

Other Considerations

Vacuum sweepers are generally more effective than mechanical (brush or
broom) sweepers
Dry weather sweeping is generally more effective than wet weather sweeping
Pollutant removal rates are directly related to frequency of sweeping; generally
street sweeping program must be aggressive to obtain effective pollutant
reduction. Refer to Primary Reference and other literature for additional
information on removal effectiveness as a function of frequency and type of
equipment.
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Disposal of Street Sweepings Dispose of street sweepings in accordance with Reuse and Disposal of Street
Sweepings, MA DEP Bureau of Waste Prevention, Final Policy #BWP-94-092.
http://www.mass.gov/dep/bwp/dswm/files/stsweep.htm

Primary Reference Young, et. al., 1996

References:
Smith, Kirk P., 2002, Effectiveness of Three Best Management Practices for High-Runoff Quality along the Southeast Expressway,
Boston, Massachusetts, USGS, Water-Resources Investigations Report 02-4059. http://water.usgs.gov/pubs/wri/wri024059/ 

 
Tiefenthaler, L. L.; Schiff, K. C.; Bay, S. M., 2001, Characteristics of Parking Lot Runoff Produced by Simulated Rainfall, Appendix F of
the City of Long Beach Storm Water Monitoring Report 2000-2001, prepared by the Southern California Coastal Water Research
Project, July 2001. ftp://ftp.sccwrp.org/pub/download/PDFs/characteristics_of_parkinglot_runoff.pdf 

 
U.S. EPA, 1983, Results of the Nationwide Urban Runoff Program, Volume 1, Final Report, Office of Water, Washington, D.C. 

 
Waschbusch, Robert 2003, Data and Methods of a 1999-2000 Street Sweeping Study on an Urban Freeway in Milwaukee County,
Wisconsin, USGS, Open File Report 03-93. http://wi.water.usgs.gov/pubs/ofr-03-93/ofr-03-93.pdf 

 
Zarriello, Phillip J., Breault, Robert F., and Weiskel, Peter K., 2002, Potential Effects of Structural Controls and Street Sweeping on
Stormwater Loads to the Lower Charles River, Massachusetts, USGS, Water Resources Investigation Report 02-4220.
http://water.usgs.gov/pubs/wri/wri024220/
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Leaching Catch Basin/Leaching Basin
From the MassHighway Storm Water Handbook for Highways and Bridges

Description:
A leaching catch basin is a catch basin that is fabricated of
barrel and riser sections that permit the infiltration of runoff into
the ground. A leaching basin is a similar device, installed
adjacent to a deep sump catch basin that provides
pretreatment (see illustration). Because of this pretreatment,
the catch basin/leaching basin combination is preferable to
the leaching catch basin, where feasible. 

 
Leaching catch basins and leaching basins should only be
used in areas with highly permeable soils. Designers should
also provide for the safe overflow of these devices in severe
storm events, or in the event of clogging of the soils
surrounding the device. 

 
Leaching basins are generally set in an excavation lined with a
geotextile. The basin is placed on a pad of free draining
crushed stone, with the excavation around the basin back-filled
with similar material. The base and barrel of the basin are
perforated, so that water entering the basin can enter the
surrounding stone fill and infiltrate into the ground. Leaching catch basins should be used as "off-line" devices (that is, they should not
generally be piped in series as "flow-through" devices). 

 

GENERAL INFORMATION  

Applicable DEP Stormwater
Management Policy Performance
Standards

Standards #3, #4:
Standard #2 (peak rate control), if sufficient number of leaching catch basins
are provided to handle the 10-year frequency storm.

TSS Removal DEP Credit:          80%

 Estimated Range from
Literature: >90%

Relative Cost
Construction:        Low to moderate (depends on number of catch basins per acre

Maintenance:       Moderate (annual cleaning required)

Potential Constraints to Use

Depth to bedrock or other impermeable substratum
Depth to groundwater
Soils must be well-drained to permit infiltration
Leaching catch basins should only be used where the water discharged will not
compromise the integrity of the road base
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Other Considerations Requires regular maintenance
Not recommended where sediment loading is likely to result in clogging of
infiltration surface
Leaching catch basins do not provide pretreatment of runoff. A deep sump
catch basin does provide for pretreatment prior to discharge to a leaching basin
unit

Maintenance Requirements

Inspection (typically annually, or more frequently as indicated by structure
performance)
Periodic sediment and debris removal (typically annually)
Rehabilitation in the event of failure due to clogging

Primary Design Reference

MA DEP Technical Bulletin, (pending)

MassHighway Design Manual,

MassHighway Construction and Traffic Standard Details (Metric Edition, 1996).

 

DESIGN CRITERIA  

Design Parameter Criteria

Contributing Drainage Area
Less than 0.4 ha (1.0 acre).

For roadways, the tributary area for each catch basin will be much less than this,
based on typical spacing of basins along a roadway.

Storm frequency for design flow

Varies with system.

To comply with Standard #3, recharge systems are sized for recharging an annual
volume, not an event storm.

To comply with Standard #2 (peak rate control), size must be determined based on
hydraulic/hydrologic modeling.

Annual Recharge Volume Compute “annual recharge loss” using methodology specified in DEP Technical
Bulletin (see Primary Design References),

Required Storage Volume
Compute storage volume required to compensate for “annual recharge loss” using
methodology specified in DEP Technical Bulletin or use an alternative method
conforming to accepted engineering practice. For peak rate control, compute required
storage by accepted runoff estimation/routing practice for required design storm.

Stone Void Space
When the void space in crushed stone is used for storage, the specified stone should
be uniformly sized. A porosity (volume of voids divided by total volume of bed) of 0.39
or less should be used for design.

Geotextile
The stone material surrounding the basin must be encapsulated by a geotextile fabric
designed to prevent the migration of fine soil particles into the void spaces in the
stone. Geotextile materials shall meet applicable MassHighway standard
specifications, and must be selected based on an analysis of on-site soils conditions.



Depth to Bedrock or Impermeable
Stratum

Minimum 0.6 meters (2 feet) below bottom of system.

Depth to Seasonal High Groundwater
Minimum 0.6 meters (2 feet) below bottom of system, unless engineering analysis
demonstrates that lesser separation is feasible.

Structural design loading Structural components should be designed for dead and live loads appropriate to their
location. The minimum design load shall be H-20 loading.

Inlet grate
Design and placement of inlet grates may require consideration of the capacity of
grates to pass design flows. Refer to MassHighway Drainage Manual for design of
catch basin inlet capacity.

Provision for Overflow

Design and placement of leaching catch basins should consider the impact of runoff
that exceeds the capacity of the device, either because of the magnitude of the event,
or the clogging of the infiltration surface. Provisions for overflow might include
redundant devices, paved “chutes” to discharge excess runoff to an acceptable outlet,
or other measure.

Setbacks Refer to Design Criteria for Recharge Wells and Galleys for recommended setbacks
from surface water supplies, wells, foundations, septic systems, and steep slopes.

Other Leaching catch basins are most effective as “beginning of system” or “off-line” devices
(no inlet pipes)

    Copyright Massachusetts Department of Environmental Protection
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Vegetated Filter Strips
From Massachusetts Stormwater Handbook

Description:
Vegetated filter strips, also known as filter strips, grass buffer
strips and grass filters, are uniformly graded vegetated
surfaces (i.e., grass or close-growing native vegetation) that
receive runoff from adjacent impervious areas. Vegetated filter
strips typically treat sheet flow or small concentrated flows that
can be distributed along the width of the strip using a level
spreader. Vegetated filter strips are designed to slow runoff
velocities, trap sediment, and promote infiltration, thereby
reducing runoff volumes. 

 

Ability to Meet Massachusetts Stormwater
Management Standards:

Standard Description

2 - Peak Flow Provides some peak flow attenuation but usually not enough to
achieve compliance with Standard 2

3 - Recharge No recharge credit

4 - TSS Removal If greater than or equal to 25’ and less than
50’ wide, 10% TSS removal. If greater than or equal to 50’ wide, 45% TSS removal.

5 - Higher Pollutant Loading May be used as part of a pretreatment train if lined

6 - Discharges near or to Critical Areas May be used as part of a pretreatment train if lined. May be used
near cold-water fisheries.

7 - Redevelopment Suitable for pretreatment or as a stand-alone practice if sufficient
land is available.

Advantages/Benefits:

Reduces runoff volumes and peak flows.
Slows runoff velocities and removes sediment.
Low maintenance requirements.
Serves as an effective pretreatment for bioretention cells
Can mimic natural hydrology
Small filter strips may be used in certain urban settings.
Ideal for residential settings and to treat runoff from small parking lots and roads.
Can be used as part of runoff conveyance system in combination with other BMPs
Little or no entrapment hazard for amphibians or other small creatures

Disadvantages/Limitations:
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Variability in removal efficiencies, depending on design
Little or no treatment is provided if the filter strip is short-circuited by concentrated flows.
Often a poor retrofit option due to large land requirements.
Effective only on drainage areas with gentle slopes (less than 6 percent).
Improper grading can greatly diminish pollutant removal.
TSS (if filter strip is 25 feet wide) 10% assumed (Regulatory)
TSS (if filter strip is 50 feet wide) 45% assumed (Regulatory)
Nutrients (Nitrogen, phosphorus) Insufficient data
Metals (copper, lead, zinc, cadmium) Insufficient data
Pathogens (coliform, e coli) Insufficient data

Maintenance:
Activity Frequency

Inspect the level spreader for sediment buildup and the vegetation for signs of erosion,
bare spots, and overall health.

Every six months during the first year.
Annually thereafter.

Regularly mow the grass. As needed

Remove sediment from the toe of slope or level spreader and reseed bare spots. As needed

Special Features:
Include an impermeable liner and underdrain for discharges from Land Use with Higher Potential Pollutant Loads and for discharges
within Zone IIs and Interim Wellhead Protection Areas; for discharges near or to other critical areas or in soils with rapid infiltration
rates greater than 2.4 inches per hour.

Applicability:
Vegetated filter strips are used to pretreat sheet flow from roads, highways, and small parking lots. In residential settings, they are
useful in pretreating sheet flow from driveways. They provide effective pretreatment, especially when combined with bioretention areas
and stream buffers. Urban areas can sometimes accommodate small filter strips depending on available land area, making them
potential retrofit options in certain urban settings. 

Vegetated filter strips can also be used as side slopes of grass channels or water quality swales to enhance infiltration and remove
sediment.

Effectiveness:
Variable TSS removal efficiencies have been reported for filter strips, depending on the size of the contributing drainage area, the width
of the filter strip, the underlying parent soil, the land slope, the type of vegetation, how well the vegetation is established, and
maintenance practices. Vegetated filter strips may remove nutrients and metals depending on the length and slope of the filter, soil
permeability, size and characteristics of the drainage area, type of vegetative cover, and runoff velocity.

Planning Considerations:
Vegetated filter strips may be used as a stand-alone practice for redevelopments, only where other practices are not feasible.
Vegetated filter strips can be designed to fit within the open space and rights of way that are available along roads and highways. Do
not design vegetated filter strips to accept runoff from land uses with higher potential pollutant loads (LUHHPL) without a liner.
Vegetated filter strips function best for drainage areas of one acre or less with gentle slopes.

Design:
Do not locate vegetated filter strips in soils with high clay content that have limited infiltration or in soils that cannot sustain grass cover.

The filter strip cannot extend more than 50 feet into a Buffer Zone to a wetland resource area. 

The contributing drainage area to a vegetated filter strip is limited to one acre of less. 

Design vegetated filter strips with slopes between 2 and 6 percent. Steeper slopes tend to create concentrated flows. Flatter slopes
can cause ponding and create mosquito-breeding habitat. 

Design the top and toe of the slope to be as flat as possible. Use a level spreader at the top of the slope to evenly distribute overland
flows or concentrated runoff across the entire length of the filter strip. Many variations of level spreader designs may be used including
level trenches, curbing and concrete weirs. The key to any level spreader design is creating a continuous overflow elevation along the
entire width of the filter strip. 

Velocity dissipation (e.g. by using riprap) may be required for concentrated flows. 

Design the filter strip to drain within 24 hours after a storm. The design flow depth must not exceed 0.5 inches. 

To receive TSS removal credit, make the filter strip at least 25 feet long and generally as wide as the area draining to the strip. To
prevent high-velocity concentrated flows, the length of the flow path must be limited to 75 feet if the filter strip handles runoff from



impervious surfaces, and 150 feet if the filter strip handles runoff from pervious surfaces. The minimum width of the filter strip must be
20% of the length of the flow path or 8 feet, whichever is greater. 

To prevent groundwater contamination, the filter strip must be constructed at least 2 feet above seasonal high groundwater and 2 to 4
feet above bedrock. 

The filter strip must be planted with grasses that are relatively salt-tolerant. Select grasses to withstand high flow velocities under wet
weather conditions. 

A vegetated filter strip may be used as a qualifying pervious area for purposes of the LID Site Design Credits for disconnecting rooftop
and nonroof top runoff.

Construction:
Proper grading is essential to establish sheet flow from the level spreader and throughout the filter strip. 

Implement soil stabilization measures until permanent vegetation is established. 

Protect the area to be used for the filter strip by using upstream sediment traps. 

Use as much of the existing topsoil on the site as possible to enhance plant growth.

Maintenance:
Regular maintenance is critical for filter strips to be effective and to ensure that flow does not short- circuit the system. Conduct semi-
annual inspections during the first year (and annually thereafter). Inspect the level spreader for sediment buildup and the vegetation for
signs of erosion, bare spots, and overall health. Regular, frequent mowing of the grass is required. Remove sediment from the toe of
slope or level spreader, and reseed bare spots as necessary. Periodically, remove sediment that accumulates near the top of the strip
to maintain the appropriate slope and prevent formation of a "berm" that could impede the distribution of runoff as sheet flow. 

When the filter strip is located in the buffer zone to a wetland resource area, the operation and maintenance plan must include strict
measures to ensure that maintenance operations do not alter the wetland resource areas. Please note, filter strips are restricted to the
outer 50 feet of the buffer zone.

Cold Climate Considerations:
In cold climates such as Massachusetts, the depth of soil media that serves as the planting bed must extend below the frost line to
minimize the effects of freezing. Avoid using peat and compost media, which retain water and freeze during the winter, and become
impermeable and ineffective.
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http://knoxcounty.org/stormwater/pdfs/vol2/4-3-9%20Filter%20Strip.pdf 

Knoxville, City of, 2003, Knoxville BMP Manual Stormwater Treatment, Filter Strips and Swales, Practice No. ST – 05,
http://www.ci.knoxville.tn.us/engineering/bmp_manual/ST-05.pdf 

Maine Department of Environmental Protection. 2006, Maine Stormwater Best Management Practices Manual, Chapter 5, Pp. 5-1 to 5-
18, http://www.maine.gov/dep/blwq//docstand/stormwater/stormwaterbmps/vol3/chapter5.pdf 

Maryland Department of the Environment, 2000, Maryland Stormwater Design Manual, Volume I, Chapter 2, Unified Sizing Criteria, P.
2.39, http://www.mde.state.md.us/assets/document/chapter2.pdf 

Massachusetts Highway Department. 2004. Storm Water Handbook for Highways and Bridges. 

Metropolitan Council. 2001. Minnesota Urban Small Sites BMP Manual: Stormwater Best Management Practices for Cold Climates.
Prepared by Barr Engineering Company. St. Paul, Minnesota. 

New Jersey Department of Environmental Protection, 2004, Best Management Practice Manual, Chapter 9.10, Standard for Vegetated
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New York State Department of Environmental Conservation (NYDEC). 2001. New York State Stormwater Management Design Manual.
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United States Environmental Protection Agency (EPA). 1999. Preliminary Data Summary of Urban Storm Water Best Management
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Transportation Research Council, Charlottesville, VA.

http://www.stormwatercenter.net/Assorted%20Fact%20Sheets/Tool6_Stormwater_Practices/Filtering%20Practice/Grassed%20Filter%20Strip.htm%3Ehttp://www.stormwatercenter.net/Assorted%20Fact%20Sheets/Tool6_Stormwater_Practices/Filtering%20Practice/Grassed%20Filter%20Strip.htm%3C/a%3E%3Cbr%20/%3E%3Cbr%20/%3EClaytor,%20R.A.%20and%20T.R.%20Schueler.%201996.%20Design%20of%20Stormwater%20Filtering%20Systems.%20Center%20for%20Watershed%20Protection.%20Silver%20Spring,%20Maryland.%3Cbr%20/%3E%3Cbr%20/%3EConnecticut%20Department%20of%20Environmental%20Protection.%202004.%20Connecticut%20Stormwater%20Quality%20Manual.%3Cbr%20/%3E%3Cbr%20/%3EInternational%20Stormwater%20BMP%20Database,%20Biofilter%20%E2%80%93%20Grass%20Strip,%20%3Ca%20href=
http://knoxcounty.org/stormwater/pdfs/vol2/4-3-9%20Filter%20Strip.pdf
http://www.ci.knoxville.tn.us/engineering/bmp_manual/ST-05.pdf
http://www.maine.gov/dep/blwq//docstand/stormwater/stormwaterbmps/vol3/chapter5.pdf
http://www.mde.state.md.us/assets/document/chapter2.pdf
http://www.njstormwater.org/tier_A/pdf/NJ_SWBMP_9.10.pdf
http://www.epa.gov/npdes/menuofbmps/menu.htm
http://dcr.state.va.us/soil_&_water/documents/Chapter_3-14.pdf

	Franklin Regional Council of Governments Staff:
	Insert from: "DR Pilot Cover Sheet.pdf"
	Sustainable Stormwater Management Plan
	for Franklin County

	Insert from: "Greenfield_Site Assessment.pdf"
	Stormwater Site Assessment Form  GREENFIELD, MA
	Inspection Data
	Site Analysis
	Site Description
	The site is the parking lot behind Greenfield’s Market in downtown Greenfield. The parking lot is approximately 150’ x 300’ and is 100% paved. There is a vegetated edge on the East boundary along the railroad right-of-way (ROW).  The commercial buildi...
	On-site Interference & Adjacencies of Concern

	Stormwater Site Assessment Form  GREENFIELD, MA
	Inspection Data
	Site Analysis
	Site Description
	The site was formerly used for automobile manufacturing and is a brownfield that the City is working to redevelop. There is a narrow open space adjacent to the building on the West side where the Maple Brook runs through a culvert underground. An adja...
	On-site Interference & Adjacencies of Concern


	Insert from: "DowntownPilots_Stormwater Assessments and Concept Designs.pdf"
	Insert from: "Orange_Green Infrastructure Site Assessment.pdf"
	Green Infrastructure Site Assessment Form  ORANGE, MA
	Inspection Data
	Site Analysis
	Site Description
	Recommended Green Infrastructure Stormwater BMPs
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets

	Green Infrastructure Site Assessment Form  ORANGE, MA
	Inspection Data
	Site Analysis
	Site Description
	South Main Street extends in a north-south direction, on the south side of the Millers River and the center of Town.  With funding from a MassWorks Infrastructure Grants, the Town’s capital stabilization fund for beautification of streets and green in...
	On-site Interference & Adjacencies of Concern
	Recommended Green Infrastructure Stormwater BMPs for SOUTH MAIN STREET
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets.


	Insert from: "Erving_Stormwater Site Assessments and Concept Designs.pdf"
	Green Infrastructure Site Assessment Form  ERVING, MA
	Inspection Data
	Site Analysis
	Site Description
	A residential neighborhood settled into the slopes below Farley Ledges. Briggs Street ascends steeply NW from Holmes Street, off of Rte.2, and forms a grid layout with adjacent side streets that form the neighborhood.  The road was recently recrowned ...
	On-site Interference & Adjacencies of Concern
	Recommended Green Infrastructure Stormwater BMPs for BRIGGS STREET
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets

	Green Infrastructure Site Assessment Form  ERVING, MA
	Inspection Data
	Site Analysis
	Site Description
	Veterans Memorial Field and the Erving Fire Station are located on Rte. 63 on parcels immediately south of the Rte. 2 overpass.  The sidewalk along the Rte. 63 frontage of Vets Field is flanked by a short, continuous slope that drains southwest toward...
	On-site Interference & Adjacencies of Concern
	Recommended Green Infrastructure Stormwater BMPs for VETS FIELD and FIRE STATION
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets.


	Insert from: "Pilot Cover Sheet Orange.pdf"
	Town of Orange
	Stormwater Site Assessments and Conceptual Designs

	Insert from: "Pilot Cover Sheet Greenfield.pdf"
	City of Greenfield
	Stormwater Site Assessments and Conceptual Designs

	Insert from: "Pilot Cover Sheet Erving.pdf"
	Town of Erving
	Stormwater Site Assessments and Conceptual Designs


	Insert from: "Orange_Site Assessment.pdf"
	Stormwater Site Assessment Form  ORANGE, MA
	Inspection Data
	Site Analysis
	Site Description
	Recommended Stormwater BMPs
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets

	Stormwater Site Assessment Form  ORANGE, MA
	Inspection Data
	Site Analysis
	Site Description
	South Main Street extends in a north-south direction, on the south side of the Millers River and the center of Town.  With funding from a MassWorks Infrastructure Grants, the Town’s capital stabilization fund for beautification of streets and green in...
	On-site Interference & Adjacencies of Concern
	Recommended Stormwater BMPs for SOUTH MAIN STREET
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets.


	Insert from: "BriggsStreet_VetsField_Site Assessment.pdf"
	Stormwater Site Assessment Form  ERVING, MA
	Inspection Data
	Site Analysis
	Site Description
	A residential neighborhood settled into the slopes below Farley Ledges. Briggs Street ascends steeply NW from Holmes Street, off of Route 2, and forms a grid layout with adjacent side streets that form the neighborhood.  The road was recently recrowne...
	On-site Interference & Adjacencies of Concern
	Recommended Stormwater BMPs for BRIGGS STREET
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets

	Stormwater Site Assessment Form  ERVING, MA
	Inspection Data
	Site Analysis
	Site Description
	Veterans Memorial Field and the Erving Fire Station are located on Rte. 63 on parcels immediately south of the Rte. 2 overpass.  The sidewalk along the Rte. 63 frontage of Vets Field is flanked by a short, continuous slope that drains southwest toward...
	On-site Interference & Adjacencies of Concern
	Recommended Stormwater BMPs for VETS FIELD and FIRE STATION
	Mass Clean Water Toolkit
	BMP Concept - See attached maps and BMP fact sheets.


	Insert from: "DR BMPs_reduced.pdf"
	Sustainable Stormwater Management Plan
	for Franklin County
	Stormwater BMPs from the Massachusetts Clean Water Toolkit


