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maximizes infiltration, reduces paved surfaces, and uses

decentralized stormwater management techniques to handle
runoff.
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Introduction

We have come a long way in restoring the Blackstone River, but there is still more to do t@akelihen
Blackstone Riverii @an by 2016. To further implement the Campaign for a Fishable/Swimmable
Blackstone River by 2015, the Blackstone River Coalition is targeting polluted runoff and stormwater
volume as the major issue impacting water qualitf.yolu are planning a construction projdot the
Blackstone watershed, a cleaner rigan begin with the runoff from your siteSmall changes in design

and maintenance cagreatly reduce polluted rurf§ while increasing criticaroundwater and drinking
water supplies.

Polluted stormwater runoff is the most significant, unaddressed cause of water quality problems today.
Rain andmelting snowtravel over paved surfaces and collecntaminants such as chemicals, nutrients,

oil, metals, litter and debris These contaminants are then carried to the storm drain, which often
discharges directly into locatreams and lakebhat drainto the Blackstone. By including stormwater
management in the site design, simple modifications can greatly improve thg gbialir drinking water

and protect rivers and lakes that are used for recreational pusplobegroviding important habitats for

the fish, birds, turtles and other wildlife that call the Blackstone Valley their home.

The Blackstone Valleguide toLow Impact Development Practices is a set of guidelines for developers,
designers and project reviewers intended to improve the quality of developniestBlackstone Valley.
This guidance mnual describes the preferred design and construction practatesl tesite planning
stormwater managementpsion and sedimentation conteold landscape desighhe three major
components of Stormwater Management include:

1 Site Planning: Design the development using environmentally sensitive site design and
low impact development techniques to preserve natural vegetation, minimize impervious
surfaces, slow down times of concentration, and reduce runoff;

1 Source Controls, Pollution Prevention, and Construction Period Erosion and

Sediment Control implement nonstructural measures to prevent pollution or control it at its
source; and

1 Structural BMPs: Design, construct and maintain structural BMi&attenuate peak

flows, capture and treat runoff, and provide recharge to groundwater.

None of the practices in thiSuidebook are new, and many have already been used extensively in
Massachusettend Rhode Island The Guidebook codifies these pracsicéhus taking some of the
Afguesswor ko out of project desi gn a msdurce refereneew . Tt
book for designers and reviewers working in the Blackstone Valley. Recognizing that many best
development practices are sitependent, the Guidebook identifies a range of practices that are relevant

to development and redevelopment projects on a variety of Eltasks to Richard Vacca and the Town

of Franklin for allowing the use of their Best Development Practices Guidebbakkd also to the Town

Planners throughout the Valley who spent time reviewing the document and suggesting examples of good
development.

Thank you for taking the time to read this Guidebook. With your participation, the Blackstone Valley will
become a maal for attractive and environmentally responsible community development.

Peter Coffin, Coordinator peter.coffin@zaptheblackstone.org
Blackstone River Coalition www.zaptheblackstone.org
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|. Site Planning

: PRINCIPLE: Subdivision plans and site plans for all forms of development should adhg¢
: the principles ofenvironmental compatibilityaesthetic compatibility and energyefficient :
: design .

This Guidebook recommends that site pland subdivision applications consider the presence of natural,
cultural, and aesthetic features on any proposed development or redevelsfimeDesigners should
utilize thefour-step planning processmown as Conservation Subdivision Destgridentify and plan for

these site featurésThis process can help expedite the project review and approval process and minimize
the need for relesigns.

Underthefoust ep process, the applicant first prepares
plano f or an initial Pl anning Board meeting. At t
identify those portions of the site that should be conserved (e.g., wetlandsshéds; specimen trees,

historic sites), and thogmortionsthat are most swible for development. This analysis should consider
natur al and visual features, as wel |l as the sitef¢
input, the designer then identifies building sites and lays out the internal circulation netwoslay that

minimizes clearing, vegetation disturbance angrealing, and situates the buildings within the natural
topography. Thdast step is to draw in the Wihes, if applicable. The goal of this process is not to

reduce the overall developmteprogram, but rather to lay it out in a less expensive and more
environmentally and aesthetically compatible fashion.

The four site planning steps are described below.

1. Constraints and Opportunities Plan

Site planning should begin with the preparatidéra Constraints and Opportunities Fan to understand

the siteds features and its context. The plan sh
vernal pools, floodplains, and springs or seeps), site conditions (steep slopes, significant rock
outcroppings, landforms such as knolls and hollows, hydric soils, and prime aquifer recharge areas),
ecological features (woodlands, wildlife habitat, and rare species), scenic/visual features (specimen trees,
farmland and meadows, and views both into antl from the site), and historic and archaeological
resources. The constraints and opportunities plan may be prepared in conjunction with the site survey, but
will require more investigation and analysis than a survey usually provides. Ideally a mipltithsg

team with an engineer, scientist, and landscape architect will visit the site and prepare the constraints and
opportunities plan. During this step, the designer should also consider the locational context, including
surrounding land uses, watersoerces, historic sites, and other features. The constraints and
opportunities plan can either be a single plan or a series of layers of clear plastic or tracing paper, each
representing one set of site features.

2. Identify the Conservation and Development A  reas

Once all of the existing conditions information has been combined on the constraints and opportunities
plan, the most suitable areas for development and conservation will become apparent. Conserved lands
should includgorimary conservation area@rea such as wetlands, floodplains, and steep slopes that are
generally unbuildable due to environmental regulations or site conditions) as wskcasdary
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conservation areagunique or attractive site features, or areas that are important for environmental
protection but not otherwise regulated). Working within the zoning guidelines, the designer should
identify areas that will be conserved and areas that will be developed. The designer should be creative in
trying to site the desired development prograrside of the identified conservation areas, using flexible
development options if appropriate.

3. Locate the Building Sites and Lay Out the Roads and Trails

Building padsshould be sited within the identified development areas to the maximum extent pdssible.
addition, the site wildl need to be designed caref
Sensitive features in the conservation areas (e.g., vernal pools) should be buffered from the development
areas, while scenic or historic faeds (e.g., knolls, meadows, or rock outcroppings) could be

i s h o wc apraviding arbopen view to sekem. In residential projects, natural vegetation will often

need to be retained on individual house lots so that the total development program intm dit

devel opment area that is only a fraction of the ¢
with consideration to the view from the public way as well as the view out from the buildings. In
suburban and rural sections of the Valldgyelopments should generally be as naturally camouflaged as
possible.

Buildings should also be oriented to the sun and wind for maximum efficiency. Protection from cold
winter winds can be achieved by ret waesnedgegrbyat ur al
planting evergreen species such as white giieu§ strobusin this location. For summer shading and

winter heating, deciduous species can be planted close to the building, along the east, south and west
exposures. Winter sunlight will petrate the empty branches and provide heat. Home interiors should be

laid out with timeof-day occupancy in mind. Living and higtectivity rooms should be placed on the

south side where they are heated by the low winter sun and shaded from the high sumrB@arages,

utility rooms and closets can be positioned to proindalating barriers on the noréimd west sides.

During this step, the system of roads and pedestrian network (if any) should be laid out based on the most
efficient way to access the ilding sites with a minimum of environmental and aesthetic impacts. From

an engineering standpoint, it is important to consider the topogtaptmnimize cuts and filtsfrom an
environmental approach, to consider mature tree stariltifevhabitat area, wetlands; from a water

guality perspective to minimize the amount of impervious surfaged from an aesthetic and speed
contr ol perspective to build fAslowd roads. ASl ow
segments connected with rélaly tight bends that force drivers to go slowly. As with the siting of
buildings, preserving vistas should be a prime consideration.

4, Draw in the Lot Lines

Once steps 1 through 3 have been completed, the lot lines (if any) can be drawn in basedilintpe bu
locations. The location of the buildings may necessitate a subdivision plan that takes advantage of any
flexible development options.

Appropriate site @nning will further thegoals of:

1 Protecting the environment including wildlife habitat, wate r esour ces, and i
servicesodo such as groundwater recharge, flood

1 Creating a visually appealing community
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T Preserving the Val,lirlydhg histonclsites vieam coriders, treesaane
other notewrthy features;

Stabilizing and increasing property valuesand

Encouraging sustainable developmerthat minimizes energy use and pollution.

In order to minimize costs related to design and engineering (as well as construction), it is recommended
that aplicants follow thefour-step planning processlescribedabove Creative designers will usually be

able to find many cost savings by reductions in cleanpaying widths,cut and fill, replanting, and
stormwater management needs.

Guidelines and criteritor site planning include the following:

1 Avoid, minimize and mitigate impacts to wetlands.Low Impact Development (LID) measures
mimic natural hydrology andh orderto do so must be dispersed through a site and not rely on
fewfdpi ped treadt ment system

1 Refrain from disturbing unique natural features of the site to the maximum extent possible.
Depending on the siteush features could include wooded areas, specimen trees (e.g. larger than
100 diameter at breast h e i aphwell) as th&k mavel typgally a n d
conserved streams, wetlands and ponds. These features should be identified early in the site
planning process (for example, in the survey or an early site visit) and incorporated into the site
pl an either a s thefidevelopanént op asi protected aréas, rwhichever is more
appropriate. In general, clearing of vegetatiod ahieration of topography shoukg limitedas
much as possibleNative vegetation shoulsk planted in disturbed areas as needed to enhance or
restore willlife habitat. Disturbance shoub# limited to construction areas only. Preservation of
groups of trees (e.g., beech, oak, hickory, etc.) is encouraged.

1 Refrain from disturbing sites of historic and/or cultural significance. Significant sites cdd
include old buildings, cellar holes or graveyards, as well as historic trees that have a diameter at
breast height of 200 or greater.

1 Preserve views and vistas both into and out of the sité. visual analysis should be conducted
to identify any scenidiwi ndows o6 into the site and preserve
whenever possible.

1 Minimize cut and fill. Roads should follow the natural contours whenever possible, taking a
steeper path only if necessary. Steep areas on individual house ldt gboerally be left as
natural vegetation, not regraded to allow for a sloping lawn. This approach can reduce grading
costs and stormwater control costs because it often results in less land being disturbed, thereby
creating fewer erosion or runoff probie. In addition, future homeowners will have fewer
expenses and hassles related to maintaining steep lawns and landscaped areas, which are often
costly to maintain and have low utility as yards.

1 Locate houses and buildings in a way that blends into the ha&al topography. Buildings
should not be set high up on a hill where they will be an eyesore or a focus of attention. Generally
buildings should be situated near the grade of the road, unless this would require extensive
regrading, in which case they mhg higher or lower. For buildings located much above the road,
an extra effort should be made to recess these buildings into the treeline to reduce their visual
impact.

1 Reduce the amount of impervious surfacesReduced roadway widths and smaller frontdya
setbacks lessen the amount of impervious surfadate directing rooftop and roady runoff to
Qualifying Pervious Areas can increase infiltration and help recharge groundwater.
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1 Conserve energy by orienting buildings to the sun and wind for maximum #&€iency.
Buildings should be aligned to be protected from cold winter winds, shaded from summer sun,
and open to winter sun. Protection from cold winter winds can be achieved by retaining natural
vegetation at a buil di ng 6éegreem gpediek suehsas whidedpine o r
(Pinus strobukin this location. For summer shading and winter heating, deciduous species can be
planted close to the building, along the east, south and west exposures. Winter sunlight will
penetrate the empty branchesd provide heat. Home interiors should be laid out with-tfre
day occupancy in mintiLiving and highactivity rooms should be placed on the south side where
they are heated by the low winter sun and shaded from the high summer sun. Garages, utility
rooms and closets can be positioned to provide insulating barriers on the northeast and northwest
sides.
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The Highland Park Subdivisions in Hopkinton were planned using Open Space Resi
Design. Large, expensive hesare built on 30,000 square foot lots, with the majority of |
set aside as permanent open space. A Landscape Architect laid out the roads, with wa
grade requirements to minimize cut & fill. A simple thing as grassing the center of tte ¢
sac helps reduce paving.
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lI. Stormwater Management

a. Overview and P rinciple s

The need for a strong and innovative stormwater management policy is based on an attempsso addr
several challenges:

1 The Blackstone Valley has numerous wetlands and water bodies, all of which drain to the
Blackstone River, which is affected by polluted runoff.

1 Many Towns rely on local groundwater aqusdor their public water supply. Wi the Valley
facing seasonal water shortages, groundwater recharge is an essential function.

1 The U.S. Environmental Protection Agency (EPA) has recently promulgated iballesb
iStor mwater Phase 1|1 Requirements, 0 wliioch req
manage polluted runoff effectivefyNotes and references are provided in the endnotes.)

In order to ensure a minimum level of stormwater management for development and redevelopment
projects, Towns are urged to adopt the following stormwater gesment performance standafdEhe
adoption of performance standards allows the design engineer to select one or more stormwater
management systems that are most appropriate andféasive for the particular site.

PRINCIPLE: All new development projects should meet the following three stormV\.
5 management performance standards. All redevelopment projects should meet the standards a'

: fail to meet the standards, should retrofit or expand existing stdenwaanagement systems :

improve existing conditions.

Teeccee

1. Postdevelopment peak discharge rates and volume of runoff from the site should not
pre-development peak discharge rates and volume of runoff.

recharge from the préevelopment site.

3. The stormwater management system should remove at least 80% of the average ann

3 2. Annual groundwater recharge from the pdsvelopmat site should approximate annu
: construction load of total suspended solids (TSS).

There is a growing realization anmgrwater resource professionals that conventional systems of
stormwater collection, conveyance, and -efidhe-pipe drybasin detention are no longer sufficient to
improve the water quality of surface water bodi€berefore, the general preference ig 8tarmwater be
conveyed and treated in natural and vegetated systems such as vegetated swales, filter strips, constructed
wetlands, and bioretention cells. While some of these practices may be new to local developers, they have
been used successfully ither towns and states and have gained support from the EPA because of their
generally superior performance in attenuating peak runoff rates, filtering pollutants, recharging
groundwater, and allowing retention of the natural landscape. Recognizing tksttuncioral systems are
not appropriate in all situations, the Guidebook also discusses other practices

PRINCIPLE: Non-structural stormwater management systems should be used wherevc

conditions allow, as outlined in the Guidebook. Drain pipe/catch basin systems should be usec:

or in whole, only if the applicant can demonstrate thheiosystems are not feasible due to «

conditions.
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This section of the Guidebook discusses nine stormwater management practices that can be used, alone or
in combination, to meet the performance stadslaOther systems not discussed in this guidebook may

also be acceptable if the applicant can demonstrate their fulfillment of the above standards.-1Table 2
provides a summary of the practices discussed in this chapter and when each practice iseencpurag
allowed.

Table 2-1: Use of Stormwater Management Practices

Practice Advisability Appropriate Uses

Vegetated Swales Strongly encouraged Roadsides, parking lots

Vegetated Filter Strips Strongly encouraged Roadsides, residential frontage aread
paking lots, perimeter protection

Constructed Wetlands Strongly encouraged Commercial and industrial sites, offic
campuses, subdivisions

Bioretention Cells (Rain Gardens) Strongly encouraged Residential lots, parking lot islands

Pervious Paving Surfaces Encouraged Parking overflow areas

Roof Garden&sreen Roofs Encouraged Office/industrial buildings

Retention BasirfsVet Basins Neutral Subdivisions, office developments

Detention Basins Allowed in combination All areas of developmeénif necessary

with other practices

Drain Pipe/Catch Basin System Allowed when other All areas of development, if necessarf
systems are not practical
due to site constraints

There are several factors to consider when deciding on which practice(s) to implement in any given
project. Among these factors are the space required, soils and slopes on site, depth to the water table,
maintenance requirements, pollutant removal efficiencies, costttandbility to meet stormwater
performance standards.

Rebekah Drive in Sutton is a good
residential culde-sac, with narrow widths of pavement, no sidewalks, and g
swales to handle stormwater. Nolasirno catch basins.
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b. Summary of Practices

Table 22 provides a summary of design and site considerations for the various stormwater management
systems.
Table 2-2: Design and Site Considerations for Stormwater Practicés
Vegetated Vegetated Constructed | Bioretention Pervious | Retention Detention | Catch
Swales Filter Strips | Wetlands Cells Paving Basins Basins Basins
Space Bottom width: 2 | Recommended | 5% of drainage | Min width: Not a facto | Min. pool 1 acre foot | Not a facto
Required ft. min. minimum width: | area 5-10 ft surface: per 4 acres
6 ft. max. 10-20 ft. Min length: 0.25 acres drainage are
10-20 ft recomdd
Min. depth:
2-4 1t
Soils Permeable soils| Permeable soils| Soils are ot a | Permeable soils | Permeable | Not a factor Not a factor | Not a facto
perform better, | perform better, | limitation recomobd |soils perform
but wet swales | but soils are not rates >0.27 better
can be used in | a limitation in/hr).
less permeable Underdrains
soils allow for less
permeable soils.
Slope of A design A design Max. 15% for | A design Usually not a) Maximum Maximum Not a factor]
Catchment consideration, | consideration, | forested; 5% fol consideration, | limitation 15% 15%
Area but usually not g but usually not a shrubs/ but usually not a
limitation limitation herbs limitation
Water Table Generally nota | Generally not a | Water table 2-4 ft above 2-5 ft above | Not a factor Generally Not a facto
and Bedrock | constraint constraint should be at or | water water table/ not a
near soil table/bedrock bedrock constraint
surface, or else| recommended |[r e c 0 md
a liner can be
used
Proximity to Min. 10 ft. Min. 10 ft. Minimum Min. 10 ft. Not a factor | Minimum Minimum Not a factor
Building downgradient | downgradient | distanceof downgradient distance of distance of
Foundations from buildings | from buildings | 10 ft. from buildings & 10 ft 10 ft.
& foundations | & foundations foundations
recomdd |recomdd recomdd
Max. Depth N/A N/A 4-6 ft. 2-4 ft., N/A 3-6 ft. 3-12 ft. N/A
depending on
soil type
Maintenance | Low: routine Low: routine Moderate; Low: property Low: routine | Moderate; Moderate: Moderate:
Requirement | landscape landscape depends on owner can landscape | dependson | routine routine
maintenance maintenane sedimeration | includein normal | maintenance| sedimentatio | sediment sediment
rate site landscape rate removal removal
maintenance
Blackstone Valley Guide to Low Impact Development Practices 9



Table 23 (below) should be used in determining compliance with the 80% TSS removal standard. TSS
removal efficiency for each of the various stormwater management systems shall be presumed to be the
value shown in Table -2 unless the applicancan provide additional satisfactory information or
documentation that the system has a greater TSS removal efficiency. Other systems not discussed in this
Guidebook may also be acceptable if the applicant can demonstrate their fulfilment of the stormwat
management performance standards.

If more than one practice is used to achieve the required 80% TSS removal, the removal efficiency rates
must be multiplied together, not added. For example, if the first practice has a 60% TSS removal rate and
the seond practice has a 20% removal rate, a total of only 68% of TSS would be removed. (60% of the
total, plus 20% of the remaining 40% of TSS.)

Table 2-3: TSS Removal Rates for Stormwater Management Practicés

Practice (IIDJSeS It%ir;nuRrr?égrftgrc;gjatF;ignmopvliche witl Eange O SO ke
the 80% TSS removal requirement) emoval Rates

Water QualitySwale 70% 60-80%

Vegetated filter strip 10%f or 256 & 45% f ¢ 1050%,

Constructed wetlard 80% 65-80%

Bioretention cell 90%° 65-80%

Retention basitwet basif 70% 60-80%

Detention basih 60% 60-80%

bD:Se;E sump and hooded catc| 2506 250 wicleanout

Must have a sedimefdrebay or prdreatment.

©If an underdrain is used, the water must be conveyed to a secondary treawiensdch as a constructed wetland
or a retention basin.

4 posttreatment is required (e.g., by a constructed wetland or retention basin).
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c. Discussion of Practices

Each of the nine stormwater management practices is discussed in morbealetailReferences in the
endnotes provide additional information on the use, design, and construction of these practices.

1. Water Quality Swales

Swales are earthen channels most commonly covered with a dense growth of grass or other vegetation,
and are dsigned primarily to control water quantity and qudiifjhe design of vegetated swales has
improved over the years, enabling engineers and hydrologists to implement them for a variety of different
purposes. Depending on hydrological conditions and deswgles can be dry, wet, or grassed:

1 Dry swalesare channels filled with approximately 30 inches of soil (50% sand and 50% loam)
that allows full infiltration of the stormwater.

1 Wet swalesare generally used when the water table is at or near the dadesor when soils are
poorly drained. Theses swales have a ponding area that should be planted wiioleraist
species to enhance nutrient uptake and sediment retention.

1 Grassed swalesre planted with grass species that provide a dense coverrapde@rovide
sediment retention, nutrient uptake and filtration. They are suitable for sandy loam soils.
Pollutants are removed from stormwater by the filtering action of the grass, sediment deposition,
and/or infiltration into the soil. Grass swales designed to remain dry most of the time and are
specifically planted with species to enhance nutrient uptake and filtration.

Design Considerations

Swales are easily implemented on large lot residential sites (%2 to 1 acre or larger), office and industrial
campuses, roadways where rigiftway widths are adequate, and parking lot raegiand edges (see

photo below. Ideally, stormwater should flow from the impervious surface through a vegetated filter strip
before entering the swales. Typically, dry andsgrewales are used for low density residential projects or
very small impervious areas and require soils that have infiltration rates ed.8@¥ches per hour. Wet
swales, on the other hand, are convenient for treating highway runoff in low lyiray tarflin areas and

need to be planted with water tolerant vegetation. Swales should be built at a gentle slope so that water
flows at a relatively low velocity. The minimum allowable slope is %%, while the maximum slope is
based on velocity. Water veldgiin the swale should generally not exceed 3 feet per second, which
typically corresponds to a maximum slope of about 5%. If necessary, the swale may be steeper in places,
provided that riprap or other stabilization is used to prevent scouring and engionthe swale. The

side slopes should be at a maximum of 3:1, and the length of the swale should be calculated to
accommodate the entire calculated runoff volume from -geHd storm. Regular maintenance such as
mowing, sodding, and repair of erodedcas is necessary for swales. In addition, the accumulated
sediment may need to be ripgically removed during constructon until the site is stabilized.

Grassed swale around a parkingitoEranklin, MA
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2. Vegetated Filter Strips

Filter strips are typidly bands of closgrowing vegetation, placed between pollutant source areas and
the receiving water body (either a natural water body or a constructed swale). To protect natural water
bodies (e.g., streams or wetlands), filter strips should consist wfahauffer strips already existing on

the site. Not only do filter strips protect sensitive areas such as wetlands, woodlands and erodible soils;
they also reduce runoff impacts by trapping sediment and sedbuend pollutants, provide some
infiltration, and slow and disperse stormwater flow over a wide %féx Figure belowillustrates some

of the biochemical processes by which filter strips remove pollutants.

Design Considerations

Treatment of stormwater in filter strips is accomplished physitsilg combination of filtration through

the standing vegetation and infiltration into the underlying soils. In order to treat stormwater effectively,
filter strips must be designed to function as overland flow systems where stormwater is evenly
distributed Because there is a high potential for stointuiting of the filter strips and reduced pollutant
removal, grading must be designed carefully to provide uniform flow into the filter strips.

If filter strips are wide enough and planted with appropridamtpspecies, they will provide wildlife
habitat as well as visual amenities in the landscape. It is important to note that filter strips are usually
implemented in combination with other stormwater management facilities that specifically control
stormwate volume. Finally, for a filter strip to be efficient, a minimum width of-2M feet is
recommended. Upkeep of filter strips should be incorporated into routine landscape maintenance, which
would include raking the filter strip, removing large trash orrdethat has accumulated, and regularly
cleaning up sediment.

Processes by which vegetated filters remove pollutants
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